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Abstract

This report describes recent improvements in the Global Reference
Atmospheric Model (NASA-TMX-64871 and 64872), originally developed as a
global scale (all latitudes and Tongitudes) model from surface tozbrbita1
altitudes. The basic model includes monthly mean valués of pressure, den-
sity, temperature, and geostrophic winds, as well as quasi-biennial and
random perturbations. The newer version reported here incorporates a re-
vised two scale random perturbation model using perturbation magnitudes
which are adjusted to conform to constraints imposed by the perfect gas
law and the hydrostatic condition. The two scale perturbation model pro-
duces appropriately correlated (horizontally and vertically) small scale
and large scale perturbations. These stochastically simulated perturba-
tions are representative of the magnitudes and wavelengths of perturba-

tions produced by tides and planetary scale waves (large scale) and turbu-

lence and gravity waves (small scale). Other new features of the model are:

1) a second order geostrophic wind relation for use at low latitudes, and
which does not "blow up" at low latitudes as the ordinary geostrophic
relation does, 2) revised quasi-biennial amplitudes and phases and revised
stationary perturbations, based on data through 1972. The new model is
better than the original version, especially in producing more realistic

simulations of vertical profiles of atmospheric parameters.
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" 1. 'INTRODUCTION

In response to needs for empirical model atmospheres of wider sco nd

J

application Georgia Tech recently developed, under NASA sponsorship, a G]oQgﬁf

Reference Atmosphere Model (GRAM) with latitude, longitude, and mon 1yx§ari-

o

ations over a height range from 0 to 700 km (Justus, et al., 1974 a4, b, 1975,

1976).

1.1 Description of the Basic Model

The Georgia Tech Global Reference Atmospheric Model (GRAM), is aﬁ4ama1ga-
mation of two previously existing empirical atmospheric models for the low

(< 25 km) and high (> 90 km) atmosphere, with a newly developed latitude-longi-
tude dependent model for the}niddle atmosphere. The high atmospheric region
above 115 km is simu1ated'ent{re1y by the Jacchia (1970) model. The Jacchia
program sections are in separate subroutines so thaf]1ater Jacchia models
(Jacchia, 1971) or other thermospheric-exospheric models could easily be adapted

and substituted into the program if required for speéia] applications. The

atmospheric region between 25 km and 115 km is simulated by a newly developed

latitude-Tongitude dependent empirical model modification of the latitude de-

pendent empirical model developed by Groves (1971), which is described more
fully in this report. Between 90 km and 115 km a smboth transition between the
modi fied Groves values and the Jacchia values is accomplished by a fairing tech-
nique. Below 25.km the atmospheric parameters are computed by a 4-D worldswide
atmospheric model developed for NASA by Allied Research Associates (Spiegler

and Fowler, 1972). Between 25 and 30 km an ihterpolation scheme is used between

}the 4-7 results and the modified Groves vaiues. Figure 1.1 presents a schematic

summary of the Global Reference Atmospheric ModéT program atmospheric regions

and how they are modeled.
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Tevel for 1966 and 1967 (NOAA, 1969b) and the 2 and 0.4 mb levels for 1966,

The modifications to Groves model to produce longitude as well as lati-
tude variations in the monthly mean were accomplished in two steps. For the

original version, upper air summary map data for monthly means at the 10 mb

1967, and 1968 (NOAA, 1969a, 1970, 1971) were read and converted to values fo
the 30, 40, and 52 km levels. These upper air map values at the 2 and 0.4 nib

levels were extended around the entire northern hemisphere by subjective extra-
polation. For the Mod 2 version, additional 10 mb data for 1964 and 1965 (NOAA,
1967a) and 2 and 0.4 mb data for 1964 and 1965 (NOAA, 1967 b, c) and/1972 (NOAA,
0.4 mb data

1975) were also read and added to the earlier data. The 1972 2 a
extended into the eastern hemisphere, so no extrapolation of it was necessary.
Next the 30, 40, and 52 km latitude-longitude dependent values/ were extrapolated

to 90 km by an extrapolation scheme developed by Graves, (1973). Al1 of the map

generated and extrapolated data were converted to percent deviation from the
longitudinal mean and these are applied as deviations (€ﬂ41ed stationary pertur-
bations) to the Groves model values, which are taken as/the latitude dependent
Tongitudinal means. //

The seasonal variations in the middle atmosphére (25-115 km) are assumed
to be the same in northern and southern hemispheresﬁwith a six months phase lag.
That is, the southern hemisphere July is the samefgs the northern hemisphere
January. In the 4-D region (< 25 km)separate glﬁba1 coverage data values are
available for each of the twelve months. A setfof annual reference period data
are also available for the 4-D and modified Gfsves regions. If the annuai ref-
erence period is selected, the Jacchia sectién sets the exospheric temperature
to 1000° K to represent annual mean conditibns.

The monthly mean geostrophic windgfare computed from horizontal pressure

gradients, estimated by finite differences. Near the equator, a newly devised




JACCHIA (1970)
2
MODEL
115
FAIRING BETWEEN THE MODIFIED GROVES AND THE JACCHIA VALUES
90
MODIFIED GROVES (1971)
\ MODEL
30
INTERPOLATION BETWEEN THE MODIFIED GROVES AND 4-D VALUES
25
4-D MODEL (SPIEGLER AND FOWLER, 1972)
SURFACE

Figure 1.1 Schematic summary of the atmospheric regions in the Global
Reference Atmospheric Model (GRAM) program and the simu-
Tation methods used for mean monthly values in each region
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second order geostrophic wind, which remains finite as f (the Corio]is para-
meter) approaches zero, is used instead of the usual geostrophic relation
(which-approaches infinite values as f approaches zero). Mean vertical winds,
of the order of a cm/sec, are also evaluated from the slopes of isentropic
surfaces and the horizontal advective winds. Wind shear in the monthly mean
horizontal wind is estimated from horizontal temperature gradients. These
parameters serve as a consistency check on the pressure and temperature fields
of the empirical model.

In addition to the monthly mean values of pressure, density and tempe-
rature, two types of perturbations are evaluated: quasi-biennial (QB0) and
random. The QBO oscillations in pressure, density, temperature, and winds,
empirically determined to be represented by an 870 day period sinusoidal vari-
ation, have amplitudes and phases which vary with height and latitude. The
QBO amplitudes are primarily significant at low altitudes (: 20 - 40 km) at
equatorial latitudes and at higher altitudes (50 - 60 km) at higher latitudes.
For the Mod 2 version, the QBO amplitudes and phases were newly evaluated
from a larger data set, which included MRN data through 1972.

For realistic simulation of actual atmospheric parameter values as they
would likely be at any given time, random perturbations are also computed and
applied as perturbations to the monthly mean values. The randdm perturbations
are evaluated by a simulation technique which uses empirical values of vari-
ation magnitudes and scales to generate random perturbations which have real-
istic space and time correlations.

Originally the perturbation model was characterized by a single vertical

“ﬂ.‘fn‘
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scale and horizontal scale, and no attempt was made to insure compliance with
constraints on the perturbation magnitudes, required by the perfect gas law
(Buell, 1970) and hydrostatic equation (Buell, 1972b). In an earlier report

(Justus and Woodrum, 1975), the revisions were described which improved the

data base of the perturbation magnitudes, and adjusted the magnitude profiles
to insure compliance with the Buell constraints. For the Mod 2 version re-
ported here, the use of a two scale perturbation model has been implemented.
This model simulates separately the perturbations of small scale (e.g. turbu-
lence and gravity waves) and large scale (e.g. tides and planetary waves)
effects. These perturbations are still treated stochastically, however - no
deterministic model of these physical processes is used.

In short, the major revisions in the Mod 2 version reported here are:
Y revised stationary perturbations (now based on 1964 - 1972

upper air charts),

® revised quasi-biennial amplitudes and phases (now based on

1961 - 1972 MRN data),

@ new second order geostrophic wind equations for use at low

latitudes, and mean vertical winds based on slope of
isentropic surfaces, and

® a two-scale random perturbation model to better simulate the
effects of both small scale and large scale perturbations

from monthly mean conditions.

The following sections give a technical description of the Global Refe-
rence Atmospheric Model - Mod 2 with emphasis on the new additions, and new

users'manua1'descriptions of the program aspects of the revised medel.

:,'r?:;»»».».
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2. TECHNICAL DESCRIPTION OF THE MODEL

2.1 The Jacchia Section

The Jacchia (1970) model for the thermosphere and exosphere was origi-
nally implemented to compute atmospheric density at satellite altitudes. The
Jacchia model accounts for temperature and density variations due to solar and
geomagnetic activity, diurnal and semi-annual variations, and seasonal and
Tatitudinal variations. The Jacchia model assumes a uniformly mixed composition
from sea level to 105 km, with diffusive equilibrium among the constituents
(nitrogen, oxygen, argon, helium, and hydrogen) above 105 km. Fixed boundary
values for temperature and density are assumed at 90 km. Alterations, described
in Justus et al (1974 a), vere mace to allow atmospheric pressure to be computed
from the density and temperature. Geostrophic winds (first order only) are
evaluated in the Jacchia section by computing horizontal pressure gradients with

successive evaluations of the Jacchia model at different latitudes and longitudes.

2.2 The 4-D Sectien (below 25 km)

The 4-D atmospheric model, developed by Ailied Research Associates

(Spiegler and Fowler, 1972) was designed to extract from data tapes and interpo-

late on latitude and longitude, mean monthly and daily variance profiles of
pressure, density, temperature, at 1 km intervals from the surface to a height
of 25 km for any location on the globe. The data tapes contain empirically
determined atmospheric parameter profiles at a large array of locations. The
northern hemisphere grid array is equivalent to the NMC grid network. Grids
spaced at 5 degree intervals of latitude and longitude are used in the equator-
jal and southern hemisphere regions.

Technical changes made in the 4-D program were: a modified latitude-

longitude interpolation method, previously described in Justus et al (1974 a),

an adjustment routine to modify the variance to comply with the Buell constraints,

6
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and a check routine to determine vertical and horizontal consistency of the
Y 4-D data.
The method of application of the 4-D model in the PROFILE program is as
follows: at the first time that atmospheric parameters at a Tocation below

30 km are required, a set of atmospheric profiles of monthly mean and daily

AR AR b e SO eSO IR IS i, B~ WO

variances of pressure, density, and temperature are generated at a i6 point
grid of locations spéced at 5 degree latitude and longitude intervals (a
s slightly different grid is used near the poles). This grid of profiles, cover-

ing 15° x 15° of latitude-longitude is then stored in the computer and all

e

further atmospheric parameter values in the 0-25 km range are found by interpo-
£ lation between locations within this grid. If the trajectory goes outside this

grid while the height remains below 25 km, the program attempts an estimate of

e

the atmospheric parameters by an additional call on the routine which sets up

the 4-D data grid.

The Tocation of the grid points to be evaluated is determined dynamically

based on the position and direction.of travel along the trajectory when the 4-D

SR\ S

grid is first required by a procedure described in Justus et al (1974 a). The

4-D data tapes normally contain data for the surface to 25 km in 1 km steps.
4 4 At Tocations where the surface is at more than 1 km above sea level the surface

value will be followed by one or more z2irg records, and the first non-zero

> record above the surface value will be at the lowest integer km higher than
3 the surface. For example, if the surface is at 700 m then there will be data at
‘f g surface, 1 km, 2 km, etc., but if the surface is at 1.3 kim the data will con-

tain the surface, one zero record, 2 km, 3 km etc. In the Mod-2 version an

¥ interpolation routine (based on the hydrostatic relation and constant 1apsé

rate altitude segments) is used to fill in data between sea level and the first
non-zero data above the surface. Interpolation is also used to fill in any |

missing data immediately below the 25 km height. The basic interpolation
7
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equations were described in Justus et al (1974 a). : o

" 2.3 The Modified Groves Section (25 - 90 km)

‘The starting point for the middle atmosphere (25 - 110 km) is the lati-
tude dependent model of Groves (1971). This empirical model combines many obser- »
vations from a wide range of longitudes. Observational results over approxi- ' .

] =
I

mately six years were used to compute 1ongitudina1‘averages, which are presented -,
Sa W

versus latitude and month. Latitude coverage of the Groves model is from the .
v equator to 70° or in some cases 80°. Southern hemisphere data were utilized in |
developing the Groves model as northern hemisphere data with a 6-month change of '
date. Tabulations of the Groves mpdel are at intervals of 5 km in height, 10° e
o in latitude (northern hemisphere), and one montﬁ in time (southern hemisphere
displaced six months). If the Groves values bf an atmospheric parameter y were

known up to 80° latitude, then the 90° latitude Groves value was computed from

Yoo *© (4y80 - Y70)/3 (2.1)

w

If Groves values of the atmospheric parameter y were known only up to 70° lati-

tude, then the 80° and 90° latitude Groves values was computed from
Yoo T (QY70 - 4y60)/5 (2.2)
Yago © (BY7O - 3y60)/5 | (2.3)

The Groves model data has only height and latitude variation for each ~”§
3 month. For longitude variation, the Groves model data is modified by lcngitude,
latitude, and height dependent stationary perturbations. These stationary

perturbations are derived, by methods described more fully in Justus et al (1974 a) ’

from 10, 2, and 0.4 mb map data and extrapolation up to 90 km. The stationary
perturbations were evaluated at longitudes 10°, 40°, 70°, ... 340° for latitudes

10°, 30°, 50°, 70°, and 90°.
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Originally, only the 1966 and 1967 10 mb monthly mean values (NOAA, 1969 b)
were read and averaged. The 2 mb and 0.4 mb weekly mean ﬁaps for 1966, 1967,
and 1968 (NOAA, 1969 a), 1970, 1971) were read for the first week of each month,
and averaged over the three years.‘ For the Mod 2 version, additional 10 mb data
for 1964 and 1965 (NOAA, 1967 a) and 2 and 0.4 mb data for 1964 and 1965 (NOAA,
1967 b, c) and 1972 (NOAA, 1975) were also read and added to the earlier data.
The 1972 2 and 0.4 mb data extended into the eastern hemisphere, so no extrapo-
lation into this hemisphere was required, as was done with the earlier data.

A%ter the upper air chart data were averaged, the next step was to con-
vert the readings to constant heights of 30, 40, and 52 km. This was done by
assuming that the temperature followed a constant lapse rate between each chart
level and the nearest interpolation altitude with lapse rates based on the Groves
model. |

In order to introduce longitude variability at heights above 52 km, the

extrapolation technique of Graves et al. (1972) was used to project the 52 km

interpolated chart data up to 90 km. The & extrapolation height levels are 60,
68, 76, 84, and 90 km.

After the chart data were interpolated to 30, 40, and 52 km and extra-
polated to 60, 68, 76, 84, and 90 km, the stationary perturbations (relative
deviations to be added to the Groves values) were calculated. At each altitude

and latitude the stationary perturbation s for a parameter y (which can repre-

y
sent pressure, density, or temperature) was computed by the reiation

sy, = - <)y (2.4)

where <y> represents the lTongitude averaged value of y (i.e. averaged around a
circle of fixed latitude). Note that the definition of sy makes it be identi-

cally zero at the pole. The stationary perturbation sy for parameter y is




added to the Groves value Gy,to produce the longitude variable modified Groves

value G'y, according ‘to the relation

&'y = 6,(1+5s) (2.5)

The modified Groves values, determined by relation (2.5) are used as the monthly

mean values for the altitude range 30 to 90 km. .

2.4 Interpolation and Fairing

The 4-D data are available on the data tapes at one km height intervals
and at 5° x 5° latitude-longitude grids in the southern and equatorial areas and
at the NMC grid locations fn the northern hemisphere. NMC grid profiles are
always converted (by interpolation) to 5° x 5° grids before interpolation to the
trajectory locations. The general interpolation requirements for the 4-D section
are height interpo]étion over 1 km and latitude-longitude interpolation over a
5° x 5° square grid. ‘

The Groves data are tabulated at 5 km height intervals and 10° 13titude
intervals. Interpolation is required between these tabulated locations. The
stationary perturbations are evaluated at 20° latitude and 30° longitude 1ﬁter-
vals and a£ 30, 40, 52, 60, 68, 76, 84, and 90 km aitktudes. Ihterpo]ation be-
tween these tabulated locations is also required. For values between 25 km and
30 km interpolation between the 4-D data and,Grovgs-p]us-stationary—perturbation
data are required.w The interpolations are alway; carried out in the brogram by
dd%ng the latitude (Groves) or latitude-longitude (4-D) interpolation first, and
then doing the height ihterpo]ation.

The Jacchia model can be evaluated at any height above 90 km and at any
Tatitude and longitude, so no interpolation is required. However, between 90
and 115 km there is overlap bétween the Groves data and the Jacchia model, so a

fairing procedure is used to effect a smooth transition between the Groves data

10




at 90 km and the Jacchia values at 115 km. . i

The method used to interpolate pressure, density, and temperature over a
height interval between heights Z and z, is to assume linear variation of the
temperature and of the logarithm of the density. The latitude interpolation for
the Groves data is done by assuming linear variation between the latitudes 49
and ¢, (which are at i = 10° apart). Two dimensional latitude-longitude
interpolation between a square or rectangular array of positions at iatitudes

¢q and ¢o and west longitudes M and Ao is done by the relation
Floo A) = Fy+ (Fy - Fde + (Fy - F s + (F3 = Fy = Fy + F )& &)

where 8¢ is (6 -61)/(¢5 - o) and &x s (x = A{)/ (25 = 24).
To accomb1ish smooth transition hetween the Groves values at 90 km and
the Jacchia values at 115 km a fairiné technique is used. This fairing techni-

que was described in Justus et al (1974 a). The fairing is done only at the

altitudes 95, 100, 105, 110, i.e. heights for which there are Groves values.
Linear interpolation is then used to fill in the remaining heights, as discussed
in the height interpolation section above.

A new feature of the Mod-2 version is that interpolation of the random
perturbation magnifudes is done linearly on the variance (02) rather than lin-
early on the magnitude (o). This is because the Buell adjustment equations (see
later sections) are nearly linear in the variances. Thus once variances have
been Buell adjusted, their adjustment would tend to be preserved by Tinear

interpolation on variances, not magnitudes.

2.5 Geostrophic Winds

The eastward (1.e. blowing toward the east) wind component u and north-

ward component v can be evaluated from the geostrophic wind equations

u = -(1/of) ap/3y (2.6)

1
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v = (1/0f) 3p/ox | (2.7)

where p is the density, f is the Coriolis parameter (2 @ sin ¢ ) and 3p/3x and
ap/ay are the eastward and noithward components of the horizontal pressure grad-
ient. For evaluation in the model, the pressure gradient terms must be approxi-
mated by finite differences.

Geostrophic wind values are also computed in the Jacchia height range by
evaluating the Jacchia model at 5 degree’ increments of latitude and Tongitude
and taking finite differences of the resulting pressure. 'Tﬁﬁs.techniéue broﬁ-
ably over extends the capabilities of the Jacchia model, however, and the com-

puted winds in this height range should not be considered precise.

2.6  Thermal Wind Shear

The wind shear components au/az and av/3z are evaluated by the thermal

* wind equations

Ju/ez -(g/fT) aT/ay (2.8)

(g/fT) oT/ax (2;§)

ov/az

which is the usual form, leaving off a correction term in 8T/3z, which is nor-
mally small. The horizontal temperature gradient terms are estimated by finite

differences in a similar manner to the pressure gradient components in equations

(2.6) and (2.7).

Thermal wind shears are also computed in the Jacchia height range in a
manner similar to that described for the wind calculations. Again, however, for

the reasons already discussed, these values should not be taken as precise.

2.7 Setond Order Geostrophic Winds

Since the ordinary geostrophic winds are inversely proportional to the

coriolis parameter f (which goes to zero at the equator), these relations give

12
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unrealistically large winds at low latitudes. To overcome this problem, sec-

ond order geostrophic relations

<
]

(g/D)[a ap/ax + (b - f) ap/ayl (2.10)

(g/D)[-a ap/az + (c + f) ap/ax] (2.11)

<
I

are used at Tow latitudes, where D is given by
D = ad - (b - f)(c + f) (2.12)

and the coefficients a, b, ¢, and d (related to second order pressure deriva-

tives) are evaluated by the method described in Appendix A.

2.8 Mean Vertical Winds

The Mod 2 version also evaluates mean vertical winds from the slope
of isentropic surfaces. On such surfaces, the entrory function y is con-

stant, where y is

¥ Cé T+ gz + (u2 + v2)/2 = const. (2.13)
Therefore, on isentropic surfaces

ay/at + usay/ox + vay/ay + woylez = O (2.14)
and, if 3y/at is assumed zero, the vertical wind w can be solved for as

w = -[usy/ax + vay/ayl/(sy/az) (2.15)

By differentiation of (2.13), with the assumption that u and v are the geo-
strophic winds ug and vg, and that 3u/sz and 3v/2z are given by the thermal

wind relations, (2.15) becomes

13
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(u

w o= -Cp [yg(aT/ax) +.vg(BT/a)0]/
{g + Cp(aT/az) +‘(g/fT)[yg(aT/ax) - ug(aT/ay)]} (2.16)

Mean vertical winds evaluated by (2.16) are generally less than a cm/sec,
and hence are realistic values for the large scale mean vertical winds affect-

ing mean meridional circulation.

2.9 The Quasi-Biennial Perturbations

In the Mod-0 Global Reference Atmospheric Model, MRN data from 1964-
1969 were used to evaluate quasi-biennial amplitudes and phases in the
height range 25-65 km. The quasi-biennial period which produce minimum
variance, when simultaneously evaluating the annual, semi-annual, and quasi-
biennial variation, was found to be 870 days. For the Mod 2 version, the
harmonic analysis was done the same way wfth MRN data for 1970-1972 added
to the original data base. Again the 870 day period was found to produce
minimum variance for the QBO winds, while a 900 day period did slightly
better for the thgrmodynamic variables. In order to retain a single period,
the original 870 day period was chosen as still the preferable value over-
all. The revised quasi-biennial magnitudes and phases are listed in the

"SCIDAT" data tape listing at the end of this report (Appendix B).

2.10 The Random Perturbation Model (Two Scale)

The original single scale perturbation model in the Global Reference

Atmosphere Model (Justus et al, 1974 a) was evaluated by the following met-

hod: first the density perturbation pz' at the new location was computed

from p]' the density perturbation at the previous location by the relation

(Dz'/'p-z) = A(p]'/B]) + Br] (2.17)

14
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where 51 and 52 are the known mean densities at the preVious and new positions,
A and B are determined from the required conditions, and " is a random num-
ber selected from a Gaussian distribution with mean zero and unit standard de-

viation. The required conditions to be used in determining A and B are
1 1 - ] LY
o' o> = Rop-l sz (2.18)
2 2 )
<pn'> = ¢ (2.19)
g 92 i
where 91 and 9,2 are the known standard deviations in density at the prev-
ious and new Tocation, and R is the known autocorrelation in density pertur-
bations between the previous and new locations. Next (with analogous nota-
tion as in (2.17) through (2.19), the new temperature perturbation was com-

puted by
(T,'/Ty) = C(Ty"/T7) + Dlpy'/5,) + Ery | (2.20)

In addition to the autocorrelation R (assumed the same for T' and o' in the
original one-scale model) the cross correlation (RpT)2 was also maintained
(through the coefficient D in equation (2.20)). The corre]ation~ (RoT)2 was
determined from the known standard deviations and means by the §ﬂglif(]970)

relation

) - a2 > 2
(R -) } [(Up)z/pz] - [(89)2/02] - [(UT)Z/TZJ (2.21)
pT/2 - ol .
2[(°p)2/02] [(OT)Z/TZ]

Once the density and temperature perturbations were evaluated, the pressure

perturbation was determined via
(pz'/Pz) = (02'/52) + (Tz'/Tz) (2.22)

which is a first order perturbation equation from the perfect gas law. In

15
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the original single sga1e perturbation model, wind perturbation components u'
v' were assumed to bé>uncorre1ated with each other and with the thermodynamic
variables, and hence were computed by relations analagous to equation (2.17).
In the original one-scale model, only the total perturbations are con-
sidered (e.g. p = p + ;‘) while in the new two scale model the perturbations
are assumed to be made up of a large scale and small scale componeni (e.g.
p=op + o t ps). To first order in the perturbations the state of the mean

atmosphere is described by
P = FRT (2.23)
and the mean plus large scale perturbations by
(+p) = (5+p) RT+T)) (2.24)
and the actual atmospheric parameters p, p, and T by
p = pRT (2.25)

Division of equations (2.24) and (2.25) by p on the left and by o R T on the

right yields, to first order in the perturbations

(PL/E) + (TL/T) (2.26)

PL/ﬁ

p/p = (og/p) + (T/T) | (2.27)

These results mean that the small scale and large scale perturbations each
separately must obey the Buell triangle relationships for their magnitudes.
Thus, analogous to equation (2.21), the correlations RpLTL for large scale
perturbations and RpSTs for small scale perturbations are given in terms of

their respective magnitudes by

16
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(o, /9% = (o /3)° = oy /T)2
S . A o L .28
. L :
L 2(a_ /p)(op /T)
°L 'L
o oy IRV (o, /202 - (op /T
R = S S .S (2 29)
T . - .
°s's 2(a, /p)(oy /T) ‘
S S

The large and small scale components are assumed to be independent so corre-

lations such as Rp T R T etc. are taken to be zero.

sL Pu's

The density perturbations pLZ and Pg at the new position are thus com-
i v 2
puted from the known perturbations oL and oy 2t the previous position by
]

relations analogous to equation (2.17)

i

(pL2/5) AL(le/Sl) + BLrL] (2.30)
(pSZ/S) = As(ps]/sl) * Brs, (2.31)

where A s B, A; and B, can each be determined (as before) from the conditions

<pL2 pL1> = R (p) opL2 OpL.! v (2.32)
<pL22> = opfz (2.33)
<p52 os]> = Rg () %s, GPST (2.34)
<p522> = cp§2 (2.35)

where the density autocorrelations R, (o) and Rg (p) are determined from the
known horizontal and vertical scale of the large scale and small scale pertur-

bations (see the following section on scales). Similarly, the temperature

17
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perturbations are computed (analogous to equation (2.20) by

"

(TLZI:!:Z) CL(TL1/f]) + DL(pLz/gz) RN, (2.36)

(TSZ/?Z) - cs(rs]/ﬂ) * Dyleg /) * Egrg, (2.37)

where again DL and DS are determined by the required cross correlations RpSTS
and RpLTL at the new position, as computed from equations (2.28) and (2.29).
Once the density and temperature perturbations are computed, the pressure per-
turbations are evaluated from equations (2.26) and (2.27).

A further addition to the new model has been brought about by empiric;
U vy’ Rusvs’ R”L”L’ n Rus"s
evaluating the velocity perturbation components is somewhat analogous to that

ally evaluated correlations R . The new method of

employed for the temperature component. The equations used are

u = Fu +Gp +Hr (2.38)

LZ ‘L L1 L LZ L uL

us2 = Fsus] + Gsps2 + Hsrus (2.39)
and

v = Iy +Jdu +Kr (2.40)

L, L, U, 4KL v,

v52 = IsV51 + Jsus2 + Ksrvs ‘ (2.41)

where the coefficients GL and GS are determined from the newly evaluated cor-

and Ru , and the coefficients‘dL and JS are evaluated from

relations Ru
LPL sPs

" the correlations Ru and R

L usvs.
For evaluation of the coefficients C, D, and E in {2.36) and (2.37),
and the coefficients F through K in (2.38) through (2.41), these equations are

successively multiplyed through by the perturbation quantities on the right

hand side (see Appendix B in Justus et al, (1974 a)). The relations thus

18
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established for the coefficients A through K (with analogous equations for

both large scale A - K and small scale A - KS) are.

R(p) 092/091

o [1 - R%(p)11/2
P2

[R(T) GTZ/GT]] {[] - RTZQZ RT]p']]/
2 2

1-R¥T)R

0 - R 1)

2
[R(T) o 0 = Ca7 J/(A R ar )
T 7T T Ty

2 2 2 2 2
[6F -C" 0 - D% © -
T2 T P2
1/2
2CDR(T)R or o ]
T Ty e

(o, /2, ) {IR() - Rlo) Ry o Ry Y/

Upppy Uyeq

2 2
1 - /) R, 0)

(R(u) 0“2 - F cu1]/[R(p) Ru]p] 002]

2 2 2 2 2
[0 -F ¢ -G o ° -
) U P2

2 FGR (o)R 11/2

a a
Uipy P2 Yy

(oy, /oy, ) {IREY) = RCe) R0 Ruror1/

2
[1 - R® (p) RV]p1]}

[R(v) UVZ -1 UVI]/[R(D) RV1p] 002]

-J¢5 € -

1/2
2 1 JR (p) R s o, ]
V]P] P2 Y
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(2.47)

(2.48)

(2.49)
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where the autocorrelations of density R (p), temperature R(T) and wind R(u)
(R(u) and R(v) are assumed equal), are determined from the horizontal and

s LH by the relations

vertical scales sz, LHp, LZT T? LZu and LHu
R(e) = exp { - [(ax® + y2)nl + a?p2 1% (2.53)
e p
R(T) - exp{ - [(Ax2 + Ayz)/LﬁT + AZZ/LET]]/Z} (2.54)
R(u) = exp { - [(ax? + Ayz)/Lﬁu + Azz/Lgu]‘/z} (2.55)

The following two sections describe how the total perturbaticn magni-

tudes (Buell adjusted, and obtained as described in Justus and Woodrum, 1975)

are subdivided into Targe and small scale magnitudes, and how the horizontal
and vertical scales for equation (2.53) through (2.55) were evaluated by

vertical structure function analysis.

2.11 Daily Difference Analysis for the Two Scale Perturbation Magnitudes

Consider the density p, and the zonal and meridional wind components u
and v to be made up of the following components: mean (subscript o), seasonal
variation (subscript s), planetary wave component (subscript p), tidal compo-
nent (subscript t), gravity wave,component (subscript g), and error and/or

small scale turbulence (subscript e). Thus, the parameters p, u, and v can be

written
P T pg T g tep e *togt e, (2.56)
u = uy tu o+ u, tug + ug +u, ; (2.57)
Vo= vty t v, vt Vg *+ Vg (2.58)

2
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By daily difference analysis (Justus and Woodrum, 1973) the mean square differ-

ences over one 24 hour day (< Ap]2> = <[p(t + 1 day) - p(t)]2>, etc.) are given

by

<Ap]2> = 2<pg2> + 2<p62> (2.59)

and similar relations for u and v and daily differences over n = 7 to 15 days

(<Apn2> = <[p(t + n days) - p(t)]2>, etc.) are given by
<Apn2> = 2<pp2> + 2<p92> + 2<pe2> (2.60)
and similar relations for u and v. The monthly means p, U, and v, are:

0 + (2.61)

p= eyt g

- .

u uy + Ug

- . .

v Vo t Vg (2.63)

and so mean square differences of deviations from the monthly means

(<Ap02> = <[p - 5]2>, etc. are given by

<p92> = <pp2> + <pt2> + <pgz> + <pe2> . (2.64)

and similar relations for u and v. Combination of the above equations allows
the following solutions for the desired component magnitudes in terms of the

measurable rms differences:

<pgz> + <pez> = 1/2 <Ap]2> (2.65)
<pp2> = 1/2 <Apn2> - 1/2 <Ap.|2> (2.66)
<pt%» = <Ap02> -1/2 <Apn2> (2.67)

21




¥

v v r;—v::‘,;_.

Ay
"\‘-vv

A1l of the quantities on the right of (2.65) through (2.67) are directly mea-
surable from data profiles.
For the two-scale perturbation model, the small scale component would be

represented by the gravity wave component

0F = <o ¥ <ol = 172 wpr’ (2.68)

where only the true turbulence contribution of <pe2

component can be estimated from time series analysis (Justus and Woodrum, 1973)

and the turbulence component can be estimated from turbulence studies). The
large scale component is represented by the sum of the planetary wave and tidal

components

O-L = <pp2.> + <pt2> = <Ap02> - ]/2 <Ap12> (2.69)

A similar analysis can be performed to determine the u - v cross corre-
Tations and the u - p cross correlations. The analysis is done in terms of
mean product daily differences (<Au] AVp> = <[u{t + 1 day) - u(t)] [v(t + 1 day)

- v(t)]>, etc). Application of the same daily difference techniques yields the

following:
<buy v = 2<ug vy 2<‘ue Vo© (2.70)
<huy boyp = 2<ug og + 2<uy pg” (2.71)
<Aun‘ by > = 2<up Vo> + 2<Aug ,Vg> + 2<u, V> | (2.72)
<bug Do = 2<up pp> + 2<ug 'pg> + 2<u2 Pe ’ (2.73)
<buy AV > = <Up Vo> i+ Uy Vot <Ug Vg +o<uy Vo> (2.74)
<buy Bpp> = <up pp> + <Qt g + <ug pg> +'<ue P> (2.75)
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Rearrangement to solve for the component cross products yieids:

v <.ug ,v9> + <ue ve> = 1/2 <Au-l Av-|>’~ ‘ (2.76)
,} Ug e * Uy b = 1/2 <huy Bop (2.77)
pu Uy Vg T 1/2 <ty Av> = 1/2 <duy avy> (2.78)
<up pp>  "= 172 <Au, Bp, - 1/2 <Ay Apy> (2.79)
a ' A
<Up Ve = <Aug AV - 1/2 <au Avp> | (2.80)
<Up pp = <AUg Ap> -1/2 <Aup Lo (2.81)
Again all the terms on the right are directly measurable from the MRN and upper
level profiles. The correlations (rup)S and (ruv)S for the small scale pertur-
- bations would be given by
<Uu_ p > + <u, p.>
(Y‘u )s = _g_(g_)__(c_e)__e; (2.82)
P u’s \%'s
U V> +<u_v> ‘
(r ). = —L3 £-& (2.83)
uv’s (UU‘)S (UV)S
N where the major contribution to <u, p> and <u, v> will come from the turbu-

~

lence (the error component assumed to be uncorrelated). The correlations
(r‘up)L and (ruv)L for the large scale perturbations would be given by

g +
(up pp> ) <ut pt> )

? (rup)L = (Uu)L (O'p)L (2.84)
(r ) = <'up Vp> + Uy Ve (2.85)
uv’L CRCHN '

.8

Application of the above daily difference analysis to MRN data for 1964-

1972 has yielded magnitudes of the large and small scale components, and values

23
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for the density - velocity correlations. Since large scale magnitudes oL and
small scale magnitudes o  must add as the sum of the squares to give the total
perturbation magnitude ar (because large and small scale perturbations are

considered independent), then
2 o 524,02 (2.86)

and the values of o and o can be described in terms of the previously eval-

s
uated total perturbations magnitudes (Justus and Wocdrum, 1975) and the frac-

tion fL of the total variance contained in the large scale variance, i.e.

f, = oo (2.87)

Thus, o and og are given in terms of oy and fL by
o = /ﬂ—_cT | (2.88)
og = /T -f op (2.89)

Total magnitudes for pressure, density and temperature perturbations are listed
as the code "R" data on the "SCIDAT" data tape (Appendix B), the total magni-
tudes for the wind components are the code "RW" data, and the fractional var-
jances in the large scale are the code "P" and "PW" data.

The wind - density correlations, determined from daily difference analy-
sis relations (2.82) through (2.85) are given in the SCIDAT data tape code "CS"
and "CL" data.

2.12 ‘Vertical Structure Function Analysis for Perturbation Vertical Scales

Vertical structure functions may be used to determine vertical scales of
the gravity waves, planetary waves, and tides. The vertical structure function

of the one déy‘differences (for example, in p) is
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<[apq (z.# 1) - a0y (2315

o
—~
Y
~

1

’ - 2oy (2 +3) = og ()15 +a > . (2.90)

' - 2D (;)‘-f- 4<p 2> ’
xt o} e
;- F9 .
and the vertical sfk0¢ture<function of the 7 - 15 day difference is

L v,

éprn (z +¢) - 80, (z)]ZL»‘ R S

Do, (¢)

oo, (242) -0, @B

i 4

i

Jradey (240) o (I 44 B L (2.91)

7
o It v

"o

2D (5) +20  (2) + 4<p >
SP p e
S g
Therefore the:structure function for the planetary waves Dp _is formed from
) - p°

DpID (z) = [pApn (£) - by, ()2 o ()

i

The vertical structure function for Apo is

Lo, (2 + ) - oy ()15

L=
&>
O
=
['a 1
~—
H

J
I

Do (z+ ) +5(z+2) - ol2) + 5(2)1>

Lop (2 + 2) =5 ()13 £ <oy (2 +2) - p,(2)15%
L A A

o SR
t<log (z+¢) - pg(Z)]2> + 20,5 - (2.93)

¥ | !
, 2

: D (g)+D (z)+D (z)+2<. 5%
pp Pt py €

“ Thus the structure function of the tides Dp (z) can be computed from - | K
, ‘ t S Ek

0, ) = Dt -2n, )
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Vertical structure function analysis was performed on 19§4-1922 MRN
data and the vertical structure functions of large scale and small scale com-
ponents were determined. Vertical scales were determined from subjective
intersection of the vertical structure function curves and 2&2 values (the

2 and the

small scale vertical structure function should level off at Zos
large scale at ZcLZ). Since ihe MRN- data cover 25 - 65 km, the vertical
scales thus determined are taken as applying to an average height of 45 km.

A set of vertical scales, thus determined, for the large scale and small scale
wind perturbations is shown in'ngure 2.1. Considerable variation with lati-
tude is seen for the large scale, hence ailatitude varying function was

selected to fit to all of the MéN determined vertical'scales. The latitude

function is of the general form

L, = a+b (90 -4)° (2.95)

where Lv is the vertical scale, a'and b are the émbifical coefficients re-
quired to fit the observed data, and ¢ is the latitude in degrees. These
functions, thus fit through the data points, for the large scale and small

scale components are shown as the solid and dashed curves in Figure 2.1.

D, given by the relation
- = 2 \1/2
D = H (o /B)/Llop/T(1 - REDIZ] (2.96)

svwhere Hp is the pressure scale height, was suggested as the vertical scale to
use in the single scale perturhation model. The cirrent vertical structure

function anéiysis has shown that this cannot be applied as fheAyertical scale
(either large or small scale) for all of the parameters, be:adsé the vertical

scales for temperaturexfend to be smaller than for density or pressuré, for
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examp1e; Nevertheless, thg'Bue11‘depth of pressure’scaje variation with height

as evaluated in Figure 4.3 Of’Jugfdszéﬁdtwéodfum (1975) has been taken as des-

cribing the form of the vertical variation of the vertical scale with height '
from the surface to near 60 km: The variations of vertical scale with height,

previously presented as Table 8 in Justus and Woodrum, (1972) were taken to

represent height variation of the vertical scales up to about 150 km altitude.
From these two sources of height variation of scale, a height function f(z)
has'peen empirically evaluated which adjusts the 45 km vertical scale, deter-
mined from (2.95), to any height z. This function, normalized to one at 45 km,

is given by
f(z) = 0.22 + 0.00258 212 (2.97)

and the vertical scale at any height z, is thus given, by combination of

(2.95) and (2.97) by
L, (z) = [a+b (90 - ¢)21[0.22 + 0.00258z -°] (2.98)

Figure 2.2 shows the data, normalized to one at 45 km, on which relation
(2.97) was based. The solid dots are the relative height variation of the

Buell depth of pressure scale up to 55 km (from Figure 4.3 of Justus and Wood-

rum, 1975). The open circles are the relative height variations of gravity

wave wind scales, from Table 8 of Justus and Woodrum, (1972), and the triangles

are the relative height variations of gravity wave pressure, density, and tem-
perature scales from Table 8 of the same source. The solid curve in Figure

2.2 is a plot of equation (2.97).

2.13 Horizontal Scales

The previous horizontal scales used in the single scale perturbation

model, varying linearly from 900 km at the surface to 1500 km at an altitude
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of 100. km, have been retained as the horizontal scale of the large scale per-
turbation components. Horizontal scales for the small scale component, ob-

tained from a subjective fit of data presented in Table 8 of 'Justus and Wood-

rum (1972), are given by
2

L, = 20+ 0.0125 ~

H (2.99)

‘{'\

This function goes from 20 km at the surface (z = 0) to 145 km at a height of

100 km and adequately fits the observed gravity wave horizgptal scale from
, L y /

Table 8 of Justus and Woodrum (1972). : 4

2.14 The Adjustment Technique for the Statistical Paraimeters

There are certain constraints which are placed on the thermodynamic
variation statistics as a result of the perfect gas law (Buéll, 1970) and the
equation of hydrostatic equilibrium (Buell, 1972). As Buell has shown, these

relations can be conveniently expiessed in terms of the coefficients of vari-

ation (Vp = op/E, Vp = op/S, Vr = cT/f) and the correlation coefficients
(rpT, roT rpp). The Buell equations for the perfect gas law constraint are:
s o2 2, g2
roT - (Vp - Vp + VT)/(ZVpVT) (2.100)
s oy 2 2
rr c (Vp Vp VT)/(ZVpVT) (2.101)
- 2 2 2 _
rpp (Vp + Vp VT)/(ZVpr) | (2.102)
which express the law of cosines for a tiriangle whose sides are Vp, Vp, and VT

and whose interior angles are arc cosines of the correlation coefficients.

-The Buell equation for the hydrostatic equilibrium constraint is

H avpz/az = v (2.103)

p P P

where Hp is the pressure scale height H Rf/g. Buell (1972b) described a
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method for numerically intecrating equation (2.103) to obtain adjusted values
of Vp, Vp, and VT which satisfy the constraint relationship from a set of
original coefficients of variation which ‘do not satisfy this constraint.

For the Mod 2 program, total perturbation magnitudes for heights above
25 km were obtained from MRN fSUMS" tape data and from rocket grenade and
other high altitude data sources (fhéoﬁ'ét'al, 1972), and were Buell adjusted,

as described in Justus and Woodrum, (1975). A new subroutine ADJUST was

added to the program to do the Bueil adjustment for the data profiles obtained
from the 4-D data tapes (0 - 25 km).
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3. SAMPLE RESULTS

Figure 3.1 shows a sample vertical profile of mean temperature (given
as percent deviation from the 1962 U;S; Standard Atmosphere) produced by the
Mod 2 Global Reference Atmospheric Mode1; This profile is for Kennedy Space
Flight Center in January. The dashed curve in Figure 3.1 shows, for compari-
son, the range reference atmosphere temperature profile for Kennedy Space
Flight Center. Figures 3.2 through 3.4 show similar comparisons between
Global Reference Atmospheric Model profiles and Kennedy range reference
atmosphere profiles for density, zonal (east-west) wind and meridional (north-
south) wind components. These figures show good agreement between the model
and the range reference atmosphere values, with only minor changes from the
mean atmospheric values produced by the original Mod 0 version (c.f. Figures

10.9 - 10.11 in Justus et al, 1974a).

Figure 3.5 shows an example vertical profile of mean values and mean
plus perturbation values from the original single scale perturbation mode]z

This figure shows zonal winds at Kennedy in January, compared to an ob-

served MRN profile measured on January 19, 1972. The single scale pertur-

bation model is seen to put too much perturbation variance into small vertical

scales. This problem is overcome with the new two scale perturbation model,
as shown in Figure 3.6 for Januar, zonal wind at Kennedy. In this fig-

ure a significant portion of the perturbation variance is in relatively large
vertical scales and a smaller amount of the variance is in the small vertical
wave lengths. Correspondence of the model generated mean plus perturhation
with the sample MRN observed data is considerably better with the two scale
perturbation model.

Further examples of two scale perturbation model results are shown in
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Figure 3.1 - GRAM2 generated monthly mean temperature for Kennedy SFC
in January, compared to the Kennedy January Range Reference Atmosphere.
Percent deviations are with respect to the 1962 U.S. Standard
Atmosphere.
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Figure 3.2 - As in Figure 3.1 for Density.
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Figure 3.3 - As in Figure 3.1 for Zonal Wind.
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Figure 3.4 - As in Figure 3.1
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Figure 3.5 - Single scale model zonal wind monthly mean and mean plus
perturbation for Kennedy SFC in January compared to an observed MRN
profile of January 19, 1972.
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Figure 3.6 - Two-Scale model zonal wind monthly mean and mean plus
perturbation for Kennedy SFC in January compared to an observed MRN
profile of January 19, 1972.
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Figure 3.7 - As in Figure 3.6 for Meridional Wind.
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Figure 3.8 - As in Figure 3.6 for Temperature. Perceznt Deviations are
with respect to the U. S. 1962 Standard Atmosphere.
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Figure 3.9 - As in Figure 3.6 for Density. Percent deviations are with
respect to the 1962 U. S. Standard Atmosphere. -
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Figures 3.7 through 3.9, for meridional wind, temperature, and density, re-
spectively. Good correspondence is seen in all of these between the relative
amounts of perturbation variance in large and small scales, énd the vertical

structure of the measured (January 19, 1972) profiles.
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4. USERS MANUAL

The Global Reference Atmospheric Model (GRAM) program is designed to
produce atmospheric parameter values either along a linear path (to be called
. a profile) with automatically stepped constant height, latitude, and longi-
tude increments, or along any set of connected positions (to be called a tra-
jectory) which must be input individually into the program.

There are three general types of input to the GRAM program: (1) A set
of three cards, called the initial data, which contain the values of the prog-
ram options, the initial position, the profile increments, and other infor-
mation required before the calculations are begun, (2) A data tape (SCIDAT)
containing parameter values for the Groves (1971) model, the stationary per-
turbations (deviations from the Groves model, to produce longitude varying
monthly means), and random and quasi-biennial perturbation parameter values,

and (3) The data tapes with one data file for each month, containing pro-

files of monthly mean pressure, density, temperature, and their variances
from the surface to 25 km, for the entire globe. If it is desired to compute
p atmospheric parameters along a trajectory instead of a linear profile, then

a fourth type of data - the trajectory times and positions - must,be input.

In terms of program function, the major elements of the GRAM program
are the main segment (GRAM), 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, and load the necessary starting conditions for
execution. Figure 4.1 shows a simplified schematic of thg main segment and
illustrates the function of the SETUP and SCIMOD subrout{ﬁes.

Output of the GRAM program consists of monthly mean pressure, density,

temperature, wind and wind shear, total (mean plus perturbation) values of
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Simplified flow chart of the GRAM program.
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pressure, density, temperature, winds, perturbation values, and magnitudes.
Complete discussion of the input, output, and program operation char-
acteristics for the GRAM program are given in the following sections of the

users manual.

4.1 The 4-D 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 GRAM, 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 WWIA-WW3A. Each tape contains four files of data where one

file 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 ref-
erence period has been added as a fourth tape.

Within each file are 3490 records representing the values at indi-

' vidual grid points. These points are grouped into three grids: 288 points

on the northern hemisphere equatorial (EQN) grid; 1977 points on the north-
ern hemisphere (National Meteorological Center) grid; and 1225 points on

the southern hemisphere (SH) grid. On the NMC grid, the data were computed
at NMC points and stored in the order given by the NMC grid table shown in
the SCIDAT data tape listing in Appendix B. On the other two grids, the
data was given at 50 latitude-longitude intersections westward from the
Greenwich Meridian to 5% east. The EQN grid covers the latitudes from 0° to
15° north with points occurring in the following order: 1-4 = Lon. 0, Lat.
0, 5, 10, 15; 5-8 = Ton. 5W, Lat. 0, 5, 10, 15; ... 285-288 - Lon. 5° E,
Lat. 0, 5, 10, 15. The SH grid contains all data from 59 south to the south

45

R — . B




PP,

BT e Ao R

pole as follows: 1 = South Pole, 2-18 = Lon. 0, Lat. -5 to -85; 19-35 =
Lon. 5° W, Lat. -5 to -85; ... 1209 - 1225 = Lon. 5° E, 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
contain the computed data for a point and the last two are identifiers.
A1l 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 tempera-
ture means and variances, moisture means and variances, and density means

and variances.

Word 105 contains the latitude and longitude of the point in question.

There are integer values that have beeﬁ multiplied by 10; each cccupies 18
bits of the word. The latitude is always positive (since the southern
hemisphere 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 num-
bers run from 1-288, 1-1977, and 1-1225, not from 1-3490. Figure 4.2 shows

the tape structure for one month.

4.2 The SCIDAT Data Tape

This section describes in detail the data contained on the SCIDAT

data tape. A listing of this tape, and a synopsis of the data contained on

46

er Jﬁ_“ e T V




LYy

3490 Records

Data for Month 1 of 4 Months

Equator Map NMC Map Southern Hemisphere Map
= -288 Physical Records 1977 Physical Records 1225 Physical Records e———y
£ Record 1 Record 289 —— 3 Record 2266 %
B4
§ 106 Words 106 VWords e———————y Ie 106 Words >
4
JT e e o g | RMﬂP_ PIT [T my]ofo Lfn [ Resse | P TR M M J0 ] O L] RMmEOF

PIP

This box represents 26 integer values P - Pressure (mb x 102)
of pressure in millibars x 102. Each Pv -  Pressure Variance (mb2 X 102)
value is packed sequentially as an 18 T - Temperature (°K x 102)
bit byte, starting with the surface T, - Temperature Variance (°K2 X 102)
and ending with the 25 km value M - Moisture (Q/m3 X 102)
M, - Moisture Variance (92/m6 X 102)
Variances are the square of the stan- 3 2
D - Density (g/m” x 10%)
dard deviations. 2 6 2
D, - Density Variance (g°/m” x 10%)
RM deriotes end of record mark. L - Word 105 Containing Latitude
and Longitude
EOF Denotes end of file mark. N - Word 106 Containing Homogeneous

Region Number, MSF Point Number,
and Month Number

. Figure 4.2: Record Structure on the 4-D Data Tapes




ok < Fotc L L ool

el

Ll

it are given in Appendix B.

NMC Grid Data. This data set gives the 4-D northern hemisphere point

number and the dual index.for the corresponding NMC location. 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 sequential 4-D NMC point number and the two-dimensional x-y NMC grid
point location. 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. The NMC grid data file contains 396 NTRAN readable records (36 bit
binary words) with 15 integers (one per word) in each record.

Groves Data. The Groves (1971) data for monthly mean pressure, den-
sity, and temperature 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 dis-
placed by 6 months. Annual mean (month 13) data is the same for both north-
ern and southern hemispheres.

The format of the Groves data is the same as in Groves (1971) origi-
nal 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, ...,90o 1atitﬁde values of the parameter expressed as a
three digit integer, with a exponent common to all of the values on the rec-

ord'appearing at the end of the record. Thus a value of 276 with an expon-
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ent 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 N/mz, density values are in
kg/m3, and temperatures are in %K. The Groves data set contains 702 NTRAN
readable (36 bit binary word) records with 14 integer values (one per word)
in each record (including the che word P, D, or T).

Stationary Perturbations. The stationary perturbations are latitude-

longitude dependent relative perturbations to be applied to the Groves val-
ues, considered to be the longitudinal mean vaTue. Data for each of 12
months and for the annual reference period (month 13) are given for the
northern hemisphere latitudes. Southern hemisphere data are the same as the
northern hemisphere values displaced by 6 months.

Each record contains the code S, the month, the height in km, the
west Tongitude, in degrees, and then 15 values of stationary perturbations
in per mill (%/10). The first five of the values are for pressure pertur-
bations at latitudes 10, 30, 50, 70, and 90. The next five values are for
density, and the last five values are for temperature. The monthly mean val-

ue 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
= + 100 4.1
Yo = & (1+5,/1000) (@)

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 sys-
tematic departure from Groves values is desired at the poles, a set of
stationary perturﬂation data reflecting this condition could be developed

and put on the tape. The stationary perturbations Tisted on the Mod-2 SCIDAT

tape have been revised, as described in Section 2, by the addition of data
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read from 1964, 1965, and 1972 upper air charts.

The Graves data and stationary perturbation data constitute the sec-
ond file on the SCIDAT tape. An end of file marker appears at the end of
the stationary perturbation data. The stationary perturbation code S data
consists of 1248 NTRAN qeadabTe (36 bit binary word) records, with 19 integer
values (one per word) in each record (including the code word S).

The Random Perturbation Data. Random perturbation magndtudes (stan-

dard deviations) are latitude dependent only. Each 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 g%ve
the relative standard deviations op/p, cp/p, and °T/T’ for use in the random
perturbation.modé].

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 total perturbation magnitudes have been revised by

the incorporation of new data sources, as described in dJustus and Woodrum,

(1975). The code R data have also been subjected to Buell (1970, 1972)

adjustment, also described in Justus and Woodrum (1975).

The code R and RW data constitute the third file on the SCIDAT tape.
An end-nf-file mark appears on the tape at the end of thé code RW data. The
code R data consist of 260 NTRAN readable (36 bit binary word) records with
18 integer words (one value per word) in each record (including the code
word R}. For the code RW data, there are 325 records with 13 36 bit binary

integer words (one value per word) in each record {including the code word

50




RW).

A Large Scale Fraction Data. From daily difference analysis descrfbed

in Section 2, the fraction of the total variance (02 from code R and RW
§§ a® data) contained in the large scale perturbations has been determined as a
i3

fraction of height and latitude. Separate evaluations by month were also

made, but were not found to be significantly different from the annual aver-

3 ages. Therefore the SCIDAT tape contains only the annual average fraction

(expressed as per mi1l1) of total variance contained in the large scale.

Large scale and small scale magnitudes o, and o are computed from the

fractional data fl (code P) in per mill, by the relations

o = /T’L/'IOOO ot (4.2)
o, = V1 - 1 /1000 o; (4.3)

where ot is the total perturbation magnitude (code R or code RW data). The
code P data set contains 25 NTRAN readable (36 bit binary word) records, with
18 words (one integer value per word) on each record (including the code word

P).

< Density-Velocity Correlations. Daily difference analysis described

in Section 2 was also used to evaluate the cross correlations Rup and RVp
for use in the velocity perturbation model (equations (2.38) - (2.41) and
(2.44) - (2.50)). Both large scale and small scale values of the density-
velocity correlations were evaluated, and are given on the SCIDAT data tape
(codes CL and CS) in per mil1l (i.e. divide by 1000 10 get correlations in
the range -1 to +1).

The code P large scale fraction data and the code CS and CL density-

=3

velocity correlation data constitute the fourth file on the SCIDAT tape. An

i e

end-of-file mark appears on the tape at the end of the code CL data. The
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code CS and CL data consist of 50 NTRAN readable (36 bit binary word) records,
with 13 integer values (one pe: word) in each record (including the code word
either CS or CL).

The Quasi-Biennial Oscillation (QBO) Data. The QBO data consists of

height and latitude dependent amplitudes and phases for quasi-biennial vari-
ations in pressure (QP), density (QD), temperature (QT), and eastward and
northward wind components (QU and QV, respectively). 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 January 0, 1966 for the
occurrence of the first maximum value. Since the period of the QBO varia-
tions 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 ampli-
tude and phase for 10° 1atitude, the amplitude and phase for 30° 1atitude,
etc. out to the amplitude and phase for 90° Tatitude. There are 80 NTRAN
readable (36 bit binary word) records in the QBO data set. Each record con-
tains 12 integer values (one per word), including the code word QP, QD, QT,
Qu, or QV. |

A final end of file mark appears at the end of the code QV data.
Appendix B gives a brief summary of the data on the SCIDAT tape and a complete

listing of all the values appearing in the tape records.

4.3 The Initial Input Data

The initial input data consists of two free field (no set format with
commas after each numberj cards containing initial position data, program
options, and other information required to begin computation, plus an opt-
ional third free field card to give initial random perturbation data if ran-

dom perturbations are to be computed, plus an optional set of trajectory
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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 C 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 indicates 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.

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

degrees, with southern latitudes negative. If the initial latitude, or any
subsequent latitude is greater than 90° in absolute magnitude, then a trans-

formation

(180° - |lat|)(lat/|1at|) (4.4)
Ton + 180° (4.5)

Tat

Ton

is made.

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

position in degrees. East longitude can be put in as negativz or converted
to 0 - 360° west longitude. If negative (east) longitudes are input they
are converted to the 0 - 360° scale before being used by the program. At
any time during the run if a longitude gets outside the 0 - 360° ~ange it
is put back into that range by adding or subtracting 3609, as necessary.

4. F10.7 (R): The solar 10.7 cm radio noise flux in units of 10‘22
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watts/m2 (the normal units for this parameter) at the time for which the
atmospheric values are to be computed. This factor is used only in the
Jacchia section, 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 conditions may be used, or consult the Aerospace Environ-
ment Division (AED) of Marshall Space Flight Center (MSFC) for monthly pre-
dictions. . ‘

5. Mean F10.7 (R}: T7The 81 day mean soiar 12.7 cm radio flux. This

parameter is used in the Jacchia section to compute the nighttime minimum
global exospheric 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 conditions, or cousult the AED or MSFC for
monthly predictions.

6. AP _(R): The geomagnetic index a_, used to compute a geomagnetic

correlation to the exospheric temperature, ?n 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
ap, or consult the AED at MSFC for monthly predictions.

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

or profile evaluation in month/day/two digit year form, as three integer in-

Aput values. 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 establisnh which Groves data, stationary perturbation data, and random
data (including large scale fractions and velocity-density correlations) to

load from the SCIDAT data tape into the working arrays. The program will
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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 start-

ing position 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 Tocal time of 0900 hours should be used for design steady state Jacchia
section conditions, and for maximum conditions the local time should be
taken as 1400 hours!

13. Latitude Increment (R): If a linear profile is to be generated

automatically this is the latitude increment (in degrees) beiween successive
profile positions. The new latitude would be the old latitude plus the
latitude increment. For a profile with decreasing latitude (going southward)
the increnent must be negative. Use zero if separate trajectory position
input is to be read in. If a verticé] profile (i.e. changing only height)

is to be evaluafed, then use zero latitude increment.

14. West Longitude Increment (R): If a Tinear profile is to be

generated automatically this is the west longitude increment (in degrees)
between successive profile positions. The new longitude will be the old
longitude 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 Incrément {(R): The height decrease in km between suc-
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cessive positions, for an automatically generated linear profile. The pro-
files normally are generated downward (descending height). (New height =
old height minus the height increment). If an upward generated profile is
desired the height increment should be negative. Downward generated pro-
files will be evaluated until the height is incremented to a negative value
or until the maximum number of positions (item 16, 1st card) is exceeded.

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

positions to be generated automatically. This does not include the initial
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 generated profile positions. This would normally
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 tfme generated by the time increment.
However, only the elapsed time in seconds is printed out on the present out-
put.

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

trajectory or a linear profile is to be éva1uated. 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 must be read in to determine the positions at which atmospheric para-
meters are to be evaluated. The unit from which the trajectory,&ata are to
be read is specified by the (non-zero) trajectory option. Thus, if trajec-

tory data are to be read in from cards, use a trajectory option of 5 {the
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card input unit).

19. OQutput Option (I): This option tells the program whether or

not to produce non-print output of the atmospheric parameters (see the out-
put description section). Non-print (i.e. disk or cards) output is conven-
ient to use as input to plotter programs. A value of 0 means no non-print

output. A value greater than 0 means to output the data on the unit number

equal to the output option value.

20. Minimum Geostrophic Latitude (R): Below this latitude (in

absolute magnitude) the second order geostrophic relations are used. Above
this latitude, or above 90 km, only the usual geostrophic relations are
used.

With normal numbers of decimal places and no unnecessary blank
spaces, the above 20 items should fit onto one card. However, if they
occupy more than the 80 columns allowed on one card, they may be spread
out onto two cards if the folfowing rules of 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 last 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 sub-

routine SETUP and contains various unit numbers to be used and options con-
troiling the random and quasi-biennial calculations. The unit numbers are
the parameters 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 pro-

gram. A1l input items on card number 2 are integers.
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1. Groves Input Unit: This is the unit number of the SCIDAT tape

file. If the SCIDAT tape has been assigned by the UNIVAC control statements -
@ ASG, T SCIDAT, T, U1961 N
@ USE 3, SCIDAT
where U1961 is the reel number for tape SCIDAT, then the Groves input unit
number should ba 3 on this input card. The Groves and stationary pertur-
bation data must be read from the SCIDAT tape. Latar options on this card
. allow the NMC grid data, the random perturbation data, and the quasi-bien-
nial data each to .e read from other files.

2. Random Input Unit: This is the unit number for the random per-

- turbation standard deviations (and the large scale fraction data and den-
sity-velocity correlations). If this unit number is the same as the Groves

input unit number, then all of the random perturbation data are read from

the SCIDAT data tape. Otherwise all of the random perturbation data are
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

' | X, A1, 12, 14, 3(1X, 514)
for the random pressure, density, and temperature data (see Appendix B and

- Section 4.3 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)
If the random data input unit is different from the Groves input
- unit, then the code P and PW large scale fraction data and code CS and CL
density-velocity correlation data must follow (after an end-of-file) the

code RW data on the random input unit. The FORTRAN readable format for the
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large scale fraction (code P) data is
1X, A1, 12, 14, 3(1X, 514)
The format for the code PW data is
1X, A2, 12, 14, 2(1X, 514)
The format for the CS and CL data is
1X, A2, 12, 14, 2(1X, 5I5)
See Appendix B and Section 4.3 for description of the values which must go
in each of these records.

A11 of the random perturbation data, random pressure, density, and
temperature data. random wind data, large scale fraction data, and densi;y-
velocity correlation data must be read in from the same file, either all
from SCIDAT, or all from the alternate FORTRAN readable file.

3. QBO 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 FORTRA« readable file. Use Unit 5 for card input. The
format for all of the alternate QBO input is
1X, A2, 13, 5(14, I5)

(See Appendix B and Section 4.3 for which data values must go into each
record). 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 alter-
nate 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 January daca, has been assigned by the control statements

@ ASG, T WWIA, T, U 2400 N

@ USE 4, WWIA

59




ARS8 race

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" aﬁd a dump of the parameters most recently
read in.

6. QBO Option: This option tells the program whether or not to
compute QBO perturbations. If the value is 1 QBO perturbations are com-
puted. 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

parameter for the random number generating subroutine RAND. Any odd posi-
tive integer can be used. Use a value of 1 for a standard design appli-
cation run. Provided all other input is the same, a given value for the
starting random number will always produce the same random perturbation
output. Therefore, to get a set of different perturbations along a given
single trajectory, a set of different starting 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 pertur-
bations.

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
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required to interpolate to the 5° x 5° grid locations are read from the
tapes to this scratch file rather than being put into arrays. The unit
number for this scratch file can be any available unit. Normally the file
is a temporary drum file, and, if so, does not (on the UNIVAC) have to be
assigned (@ ASG) before execution of the program.

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

storage, 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 (on the UNIVAC)
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. A1l values of this free
field format card are real. 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 ran-
dom parameters of the last output position are input, and the last output
position becomes the initial position of the new run.

1-6. Initial PL, PS, DL, DS, TL, TS: These are initial values of

random relative pressure (p'/p), density (p'/p), and temperature (T'/f) in
percent for the large scale (L) and small scale (S) componentg. These are
starting values for the initial position. Use zero for standard design
applications.

7-10. Initial UL, US, VL, VS: Initial values of the random east-

ward (U) and northward (V) random wind components in m/s for the large

scale (L) and small scale (S) components. Use zeros for standard design
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applications.

Trajectory Input. The free field trajectory position input and back-

up record are put in only if a trajectory is to be evaluated, rather than a
linear profile, generated automatically in the program from information on
the first input card. There is no limit to the number of trajectory posit-
ion records which can be put in. The program continues evaluating the atmos-
pheric parameters and looping back to read a new trajectory position until a
position below the surface is reached, or until the trajectory backup record
is reached. Each free field trajectory record h&s the time (integer seconds),
the height (kilometers), the latitude (degrees, southern latitude negative),
and the west 1ongitude'(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 record has the

same free field form as a regular trajectory record, except any negative value

for height is used. The negative height terminates the loop which evaluates
atmospheric parameters and reads a new trajectory record. If a trajectory
height goes negative, then any remaining trajectory input cards are read and
ignored. The trajectory input can either be input from cards (trajectory
option = 5) or form any other unit (with trajectory option = unit number).

The trajectory option is item 18 on card #1.

4.4 Qutput 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, tem erature, 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), the mean vertical wind and the

perturbation data are also given for each
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position. The perturbation data consist of the stationary perturbations,
the quasi-biennial values at the position and 1:1'me:i the quasi-biennial mag-
nitudes, the random perturbation values, and the random pérturbatiog stan-
dard deviations. . Optional non-print (e.g. disk or punch) output for values
at each position is also available to be used for input to_p]otter 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° <
lat < 0°, then it is converted to a west longitude in the 0-360 range before
the heading is listed. The program evaluates the initial random pressure,
density, temperature and wind standard deviations and the initial density
velocity correlation from data on the SCIDAT data tape, and lists the com-
puted values on the heading. The Julian date is computed by the program
from the input date and is also listed with the heading information. The
Julian date is required by the Jacchia and QBO sections of the program. If
month 13 (annual reference period) is input, then the Julian date is set to
zero. (The Jacchia section takes the exospheric temperature to be 1000° K
and the QBO section is bypassed if month 13 is input).

Position and Time OQutput. Positions and times as generated by the

automatic linear profile features 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 continuously increasing time in seconds is printed out. If
time in hours, minutes, and seconds were desired, thesé variables could
easily be printed out by adding them to the output 1list. Al11 output west

longitudes are converted to the 0-360 range before being printed out. If a
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latitude greater than 90° in absolute magnitude is generated (or input)
then a transformation
Tat (180° - |lat|)(1at/|lat}) (4.6)

Ton + 180° (4.7)

Ton
is made.

Monthly Mean 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, or (5) faired values between Groves and Jacchia if the height is
between 90 and 115 km.

The percent deviations from the U.S. 1962 Standard Atmosphere are
evaluated by using standard atmosphere values computed by the subroutine
STDATM. The percent deviations are evaluated by the relations 100(T - TS)/
Tes 100(p - ps)/ps, and 100(p - ps)/ps, where the supbscript s refers to the
standard atmosphere values. This subroutine accurately reproduces the tabu-
Tated 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 weight above 90 km. The
subroutine reproduces the tabular values even more accurately in the height
region below 90 km, where the molecular weight is constant. Since the U.S.
1962 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 3u/3z and 5v/3z for the monthly

mean geostrophic wind (see Section 2). The wind values, computed from the
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usual geostrophic wind equation or the second order geo;trophic relation if
the latitude is less than the input value of minimum geostrophic latitude,
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 geostrophic mean winds and
the thermal wind shear serve as a check of the mean pressure and temperature
fields. The mean vertical wind is evaluated, as described in Section 2, by
combinations of horizontai and vertical temperature gradients and the geo-
strophic winds.

The Total (Mean Plus Perturbation) Data. The parameter values Tisted

under the heading of "Mean Plus Perturbations" are the monthly mean values;
as defined above, plus the random perturbations, plus (if the height is be-
tween 10 and 90 km) the quasi-biennial perturbations. -These mean-plus-per-
turbation values represent va1ueslwhich would be typical "instantaneous"
values of the pressure, density, temperature or winds. The percent devia-
tions from the U.S. Standard atmosphere are computed in the same way as for
the percent deviations of the monthly mean values from the standard atmos-
phere.

Perturbation Values. The data under the "Perturbation Values" head-

ing are the various perturbation values, magnitudes, and amplitudes. The
stationary perturbations (denoted SP on the printout) are defined only if the—__
height is between 30 and 90 km. The monthly mean Y of parameter y should

be the Groves value Gy, evaluated from the SCIDAT data tape, modified by the

given stationary perturbation value s, in percent, by the relation

y
Y = & (1+5,/100) (4.8)
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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 perturbation values

~ should always be less than or equal to the magnitude values in absolute

value. The data labeled "RANL", "RANS","RANT" are the large scale, small
scale and total random perturbations evaluated at the output time and place.
The data labeled "SIGL", "SIGS", and "SIGT" are the standard deviations of
the large scale, small scale, and total 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
+ o 68% of the time and outside the range + o 32% of the time. Similarly,
the perturbation values should be within the range + 20 95% of the time,

and outside the range *+ 2¢ 5% of the time. The evaluation of the QBO and
random perturbation output can be suppressed by the QBO and random options,
if desired. |

Non-Print Output. The non-print output is avaiiable as an option,

controlled by the input value of the output option parameter. If non-print
output is desired, it comes out in the form of records with format F5.1,
F6.2, F7.2, 2F5.1, 3F5.0, 5F5.1, 2E10.3, I5, I3 containing the following
information: (1) the height in km, (2) the latitude in degrees, (3) the
west longitude in degrees 0-360, (4-5) the percentage deviation of the mean
monthly values of pressure and density from the 1962 U.S. Standard Atmos-
phere, (6) the monthly mean temperature, (7-8) the eastward and northward
components of the monthly mean (geostrophi;) wind, (9-13) the magnitudes

of the total random perturbations in pressure, density, temperature (per
cent, and eastward and northward wind (m/s), (14-15) the monthly mean pres-

sure (N/mz) and density (kg/m3), (16) the time, in seconds, and (17) the
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month (with 13 indicating annual mean).

4.5 Program Diagnostics. There are several possible reasons which

can cause the printing of diagnostic messages and termination of the run dur-
ing 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 REC@RDS WRITTEN BY SETNMC IN 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 B), then the message results

Diagnostic 2: "ERROR IN SETUP INPUT" followed by a 1istfng 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. Any condi-
tion which results in this error message terminates the execution.

There are also general conditions which could resuit 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) FPR RECPRD N@ N" is printed -

execution continues. Such an error will only be of consequence if the parti-
cular record read is required for interpolation. If an end of file is read,

a message is written

Diagnostic 4: "***** UNIT NP. JT IN ERR@R IRC RECPRDS READ

IREAD(IRN, 3) + XXXX MP = XX MINTH = XX IP = XXXX IPT(I, J) = XXXX IRN = XX
M STATUS L"

Where
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JT = Unit or which 4-D data;tape is mounted

IRC = Total number of records read thus far from 4-D tape
IREAD(IRN, 3) = Sequeptia] point number selected by SELEC4
MP = Month word in last record read

MENTH = Run month

IP = Point number word in last record read

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

IRN = Sequential point number required
M
L

Unit status (READ)

NTRAN status (-2 for end of file, -3 for parity, etc.)

and EXECUTION IS TERMINATED

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

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

The writing of scratch file SCRCH1 with data for subsequent unpacking
and interpolation is also checked. If there is a write error, the diagnostic
4 is printed, with JT the scratch file unit number, M as WRITE and L as -3
or -4. EXECUTI@N 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
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range, it is found that the position is outside the previously established
4-D grid, then a new grid is generated by calling GEN4D. If this occurs

again, the message results

Diagnostic 5: "UNABLE TO GENERATE 4-D GRID" and EXECUTI@N IS TERMINATED.

A new feature, the wind diagnostic symbol (asterisk), has also been
added to the program. Presence of the asterisk between the E-W and N-S
wind components on the print output indicates a diagnostic condition yield-
ing questionnable wind values. Conditions which can produce this are: 1)
a negative value computed for ;2 (equation A-14 when attempting to evaluate
second order geostrophic winds (in this casekg2 is set to zero and calcu-
lation proceeds), 2) second order geostrophic wind speed greater than nor-
mal geostrophic wind speed when the latitude is in the second order geo-
strophic range (in this case the normal geostrophic wind components are output
instead of the second order geostrophic winds), 3) a 4-D data consistency
check violation (i.e. unrealistic scale heights or unrealistic horizontal

pressure gradients) within the 4 x 4 grid of 4-D data profiles.
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5. PROGRAMMERS MANUAL

5.1: Description of Subroutines

The following is a brief description of each of the PROFILE program
subroutines, in alphabetical order:

ADJUST:  Adjusts the 4-D profiles of pressure, density, and temperature
variance (read from the 4-D tapes) to satisfy the Buell constraints
imposed by the perfect gas law @nd hydrostatic equation

CHECK: A consistency check routine for the 4-D 16 profile grid data pro-
duced by GEN4D. CHECK is called for each height to be evaluated,
and tests for reasonable values of scale height immediately above
and below that height. It also tests for reasonable horizontal
pressure gradients. Failure of either test produces the diag-
nostic asterisk between the odtput values of wind components.

CORLAT: Evaluates the horizontal and vertical scales for large and small
scale density, temperature, and wind components, computes the auto-
correlations and cross correlations for the two scale perturbation
model, and evaluates new perturbation values having appropriate
correlations with the perturbations at the previous position.

DIAGEQ: A matrix diagonalizing procedure used by the ADJUST subroutine.

FAIR: Fairs between the Groves and Jacchia values in the 90 to 115 km
height range.

GEN4D: Generates the polar (|latitude} > 75°) or non-polar (16 5° x 5°
points) grid of pressure, density, temperature and variance pro-
files. See Figure 5.1 for a fiow chart of this subroutine.

GETNMC: 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
origina] 4-D program. '

GRAM:; The main segment of the Global Reference Atmospheric Model program.
The main segment serves as a driver for the SETUP and SCIMOD sub-
routines,
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SUBROUTINE
GEN4D

)

DETERMINE LOCATION

OF 4 x 4 GRID

v
CALL GRID4D

R

LOOP THRU END OF LOOP ™ cArL
ALL PROFILES ADJUST

RETURN
DETERMINE HV
(HIGHEST VALID
ALTITUDE)
O
CALL GTERP CALL GTERP
(30 KM) (25 KM)
¥
CALL INTERZ2 FOR
CALL PDTUV FOR y
STATIONARY HV T0 25 KM
PERTURBATIONS
(30 kM)
¥ EVALUATE o'S
CALL INTERZ FOR > FOR HV TO 25 K
HV to 25 KM
Y
_‘
Figure 5.1: Simplified flow chart of the GEN4D subroutine.
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GRID4D:

GR@UP

GTERP:

INTERW:

INTERZ:

INTER2:

INTER4:

INTLL:

After array of 4-D grid lat-lons has been evaluated, this subrou-
tine looks up the data from the 4-D data tapes and interpolates
to determine profiles of pressure density, temperature, and var~
iance at the 4-D grid locations. Profiles to be interpolated to
4-D grid locations are loaded onto a scratch file from the tapes
before the interpolation is done.

A subroutine, called by CHECK, which groups the 16 4-D pressure data

at the given height into one or more groups which have consistent

and reasonable horizontal pressure gradients within each group.

If the subsequent geostrophic wind calculations in WIND use hori-

zontal pressure gradients evaluated from differences across incon-
sistent groups of 4-D data, the diagnostic asterisk is printed be-
tween the output values of wind components.

Uses linear latitude interpolation and linear temperature and
Tinear logarithm of density interpolation on height to evaluate
Groves data to a given latitude and height. See Section 5 of
Justus et al (1974a). '

Two variabie linear interpolation between known value Ul and V1 at
Z1 and U2 and V2 at Z2 to determine U and V at Z, where Z is be-
tween Z1 and Z2.

Three variable interpolation, linear on temperature, and gas con-
stant (R = p/pT), and Tinear on the logarithm of pressure, with
pressure computed from perfect gas law and interpolated tempera-
ture and density, and gas constant,

Three variable interpolation, linear on all three variables.

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

One variable interpolation between values in an array of latitude

and longitude locations by equation (5.6) of Justus et al (1974a).
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INTRP4:

INTRUV:

JAC:

JACCH:

NORMAL:

PDTUV:

PERTRB:

PHASE:

QBOGEN:

RAND:

RIG:

RTERP:

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

Evaluates the standard deviations of the random wind components at
given height and latitude by calling INTERW subroutine.

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

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

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

Interpolates the stationary perturbations on latitude and longitude
at a given height. Ths 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 section of the
report.

A linear neight-latitude interpolation routine for the quasi-bien-
nial phase. The interpolation properly accounts for the phase.
discontinuity between 0 and 870 days (the quasi-biennial period).

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 be-
tween 0 and 1. This is required as input to the subroutine NORMAL.

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

Computes the standard deviations of the random pressure, density,
and temperature perturbations by calling subroutine INTERZ.
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RTRAN:

SCIMOD:

SELECA:

SETUP:

SORT4:

STDATM:

TINF:

TME:

WIND:

This subroutine contains several NTRAN read sections with multiple
entry points coming from subroutine SETUP. The NTRAN read state-
ments are for reading the SCIDAT data tape.

The heart of the GRAM program. This subroutine branches on

height to evaluate the atmospheric parameters by the Jacchia, the
modified Groves, or the 4-D methods. The QBO and random pertur-
bations are also evaluated and the output is printed (and option-
ally also punched) by the SCIMOD subroutine. See Figure 5.2 for a
flow chart of the SCIMOD subroutine and Figure 4.1, for a flow
chart showing how SCIMOD fits into the overall GRAM prog-

gram,

Selects the 4-D data needed for interpolation. This subroutine
is a modification of the INPUT subroutine of the original 4-D pro-
gram.

This subroutine reads in the NMC grid points with the GETNMC sub-
routine and reads and loads the data from the required month on

the SCIDAT data tapes into arrays. See Figure 5.3 for a flow chart
of the SETUP subroutine, and'Figure 4.1 for a flow chart showing
how SETUP fits into the overall GRAM program.

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

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

This subroutine computes the exospheric temperature for the
Jacchia model.

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

This subroutine evaluates the first order (usual) geostrophic winds
from input values of horizontal pressure gradient. If the latitude
is below the minimum geostrophic latitude, it evaluates the second
order geostrophic wind, and uses that wind (if it is smaller in
magnitude than the first order geostrophic wind). If a qegative
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H < 1157

|54

TR,

H> 90

| SUBROUTINE SCIMOD |

BRANCH

CALL CALL JACCH
JACCH
A
' CALL JACCH
CALL FOR WINDS
JACCH
FOR
WINDS CALL GTERP
W [caL FAIR )
CALL .
WIND [TcALL INTERZ ]
| CALL WIND ]
\ 4

CALL GTERP

¥

{ caLL poTuv |

W
[ CALL INTER?2}

4“W

H < 25 KM

ON HEIGHT

25 < H <90

| CALL GTERP |}

{ cALL poTUV |
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Figure 5.2:

BATIONS WITH NEW

REPLACE OLD POSI-

L——3{CALL RTERP}=3{CALL PERT@]—)[TION AND PERTUR-

PRINT OUTPUT
NON-PRINT
QUTPUT,

An abbreviated flow chart of the SCIMOD subroutine.

TO ZERO

ET OUTPUT

RETURN

RETURN
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- SUBROUTINE
SETUP

|EVALUATE JULIAN DATE]

NSAME = 1?

M1 = MONTH (N. HEMISPHERE)
M2 = MONTH + 6 (S. HEMISPHERE

CALL GETNMC

NTRAN

v

MOVE PAST
MOVE PAST EOF] READ ON SCIDAT
ON SCIDAT STATIONARY
PERTURBATIONS
NTRAN
< . READ
[ < < RANDOM
PERTURBATIONS
MOVE PAST EOF A ’
ON SCIDAT \
FORTRAN READ
€ < RANDOM
A PERTURBATIONS
[SET RANDOM PERTURBATIONS <
T0 ZERO
_ SET LARGE
SCALE FRACTION
DATA_TO ZERQ
N "SET DENSITY-
WIND CORRELATIONS FORTRAN READ1
TO ZERO ‘LARGE 'SCALE s
FRACTION DATA DENoY 1M
CORRELATIONS
Y (" FORTRAN READ
DENSITY - WIND
CORRELATIONS
MOVE PAST
EOF ON
| SCIDAT TAPE CONVERT TO
RELATIVE
DEVIATIONS
A [evacuate
INITIAL
RANDOM
}9 SIGMAS
&) FORTRAN READ] ,MOVE PAST EOF| |
QBO 1 _ON SCIDAT
RETURN
Figure 5.3: Abbreviated flow chart of the SETUP subroutine.
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value of ;2 is computed or if the low latitude second order geo-
strophic wind is larger than the first orde: geostrophic wind, a
diagnostic asterisk will be output between the wind component
values printed out.

The UNIVAC tape reading library routine NTRAN is not available on all
computers. However, a similar function (reading 36 bit binary integer arrays
in tape records) can be performed easily by alternate program techniques.
For example, on Georgia Tech's CDC Cyber 74 system, this function is done by
BUFFER IN statements. These routines are.used to read the SCIDAT and 4-D
data tapes. Also the FLD function, a UNIVAC library routine used to divide
the 36 bit 4-D tape words onto 2 18 bit integers, must also be programmed
by alternate methods on non-UNIVAC machines. On Georgia Tech's CDC machine,
this is done by specially written subroutines (WRDCHG, RFLD, and FLD) which
utilize the SHIFT and MASK bit manipulating CDC Tibrary routines.

If the GRAM program is mappcd without segmenting the program, it
requires approximately 39 K decimal words core storage. In order to take up
Tess core storage {e.g. be accomodated into smaller core partitions), the
program Ean be mapped in segmented form. An efficient segmentation of the
program can be accomplished by subdividing the program into a primary seg-
ment, a setup segment, a Jacchia segment, and a 4-D segment. The primary
segment should contain CORLAT, GRAM, GTERP, INTERW, INTERZ, INTERZ, INTRUV,
NORMAL, PDTUV, PERTRB, PHASE, QBOGEN, RAND, RIG, RTERP,ASCIMOD, STDATM, and
WIND. The setup segment should contain: GETNMC, RTRAN, and SETUP. The
Jacchia segment should contain: FAIR, JAC, JACCH, TINF, and TME. The 4-D
segment should contain: ADJUST, CHECK, DIAGEQ, GEN4D, GRID4D, GROUP, INTER4,
INTLL, INTRP4, SELEC4, and SORT4. The following MAP statement for file GRAM
to create absolute element ABS will accomplish the mapping of tne program

with these segments setup as described:
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@MAP, IS , GRAM. ABS

IN GRAM. CORLAT, GRAM,

IN GRAM. INTERZ, INTRUV, . NORMAL, . PDTUV, PERTRB, PHASE
IN GRAM. QBOGEN, RAND, . RIG, . RTERP

IN GRAM. SCIMOD, STDATM, WIND

NOT TPF$

SEG SETUP*

IN GRAM. GETNMC, RTRAN, SCTUP

NOT TPF$

SEG JACCH*, SETUP .

IN GRAM. FAIR, JAC, JACCH, TINF, T™ME

NOT TPF$ .

SEG SEG4D*, SETUP

IN GRAM. ADJUST, . CHECK, DIAGEQ

IN GRAM. GEN4D, GRIDAD, INTER4, INTLL, . INTRP4
IN GRAM. SELEC4, SORT4, GROUP

NOT TPF$

END

This segmented map saves approximately 4 K (decimal) in core storage, but
does not significantly affect run time, since the segments being overlayed
(the setup, Jacchia, and 4-D segments) only have to be loaded in once during
any given trajectory or profile evaluation. If further reduction in size is
desired the 4-D segment can be subdivided into two parts, one containing
only CHECK, GROUP, INTER4, and INTLL and another segment containing ADJUST,
DIAGEQ, GEN4D, GRID4D, INTRP4, SELEC4 and SORT4.‘ fhis saves another 1 K in

' storage, approximately.

Some characteristics of some of the subroutines in each of these seg-
ments are described more fully in the following sections.

5.2: The Primary Section

This section consists of the main program segment GRAM, the SCIMOD
subroutine, the subroutines for evaluating Groves values, the stationary per-
turbations, the QBO and random perturbations, and general interpolation sub-
routines. With the exception of GRAM 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 discussion
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in this and subsequent sectiocns describes the input and output of some of
the subroutines, both by argument 1ists and via COMMON statements.

Main Segment GRAM. This program serves as a driver for the SETUP and

SCIMOD subroutines (see Figure 4.1). It reads one card, the first input

card, in free field format. This card contains:

1. The initial height H1
2. The initial latitude (degrees) PHI1
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 ap geomagnetic index AP
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
incremenss 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 output option : 10PP
20. The minimum geostrophic latitude GLAT

The trajectory input records (if used) are aiso read by GRAM, after control
has returned from SETUP, which ritads the second and third initial data in-
put cards. See Section 4.4 and Appendix C for further description of the
card input.

The COMMON "IOTEMP" transfers data from the card input in GRAM to the
other subroutines called by GRAM (SETUP, SCIMOD, and RIG).
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Subroutirie SCIMOD. This program is the primary subroutine of the GRAM

program.

It serves as a driver for all of the various sections of the atmos-

pheric evaluation. See Figure 5.2 for a flow chart of this subroutine.

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

is:

S W N

9-11..
12-14.
15.
16.
17.
18-20.

21-23.

24-25,

26-27.

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

Longitude (radians)

F10.7 solar flux

Mean F10.7 solar flux
Geomagnetic index ap
Date

Time

Previous height (km)

Previous latitude (radians)

Previous longitude (radians)

Previous random pressure, density, and
temperature perturbations (%), large
scale (L) and small scale (S)

Pfevious random pressure, density, and
temperature standard deviations (5),
large scale (L) and small scale (S)

Previous random winds (m/s), large
scale (L) and small scaie (S)

Previous standard deviation of random

winds (m/s), large scale (L) and small
scale (S)
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PHIR

THETR

F10

F10B

Ap

MN/IDA/IYR
IHR: MIN: ISEC
H1

PHITR

THETIR

RPIL, RDIL, RTIL, RP1S, RD1S, RTIS

SP1L, SDIL, STIL, SP1S, SDi1S, STIS

RUIL, RVIL, RU1S, RVIS

SUiL, SviL, SuUtls, SVIS
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The COMMON "PDTCOMf contains data transferred into SCIMOD from SETUP.
The COMMON "IOTEMP" transfers data in from GRAM. The COMMON ﬁC4" transfers
data out to the 4-D section of the program. The COMMON "COMPER" trénsfers
data out to the random perturbation subroutines.

The SCIMOD subroutine prints and (optionally) punches on a non-print out-
put file, the output described in Section 4 and Appendix C. It also trans-
fers output 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 1ist unit the next call to
SCIMOD. The previous random perturbations are handled in similar fashion

5.3 The Setup Section

The function of the setup section of the program is to load the init-
ial data and the data from the SCIDAT tape. See Figure 4.1 for a flow chart
illustrating how the SETUP subroutine fits into the overall program and Fig-
ure 5.2 for a flow chart of the SETUP subroutine.

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

second cards contains:

1. Groves input unit IUG

2. Random input unit IUR

3. QBO input unit IUQ

4. 4-D input unit U4

5. Random option IOPR
6. QBO option ioPQ

7. First random number NR1

8. NMC read option NMCOP
9. 4-D scratch unit IOTEMI
10. NMC grid point scratch unit I0TEM2
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The third card (optional, read only if IOPR = 1) contains:
1-6. Initial random perturbations in pressure,
density, and temperature (%), large scale RP1L, RDIL, RTIL
(L) and small scale (S) RP13, RD1S, RT1S

7-10. Initial random wind perturbation (m/s),
large scale (L) and small scale (S) RIITL, RYTL_ RUTS, RVIS

The COMMON 1ist "PDTCOM" transfers tiie arrays, loaded with tne appro-
riate data from the SCIDAT data *tzpe, to the other subroutines. This COMMON
list contains the following arrays:

1-3. Groves pressure, density, and temperature PG, DG, TG

4-6. Stationary perturbations in pressure, den-
sity, zud temperature PSP, DSP, TSP

7-11. Amplitudes of QBO pressure, density, and
temserature, and winds PAQ, DAQ, TAQ, UAQ, VAQ

12-16. Piases of QBO pressure, density, and tem-
erature, and winds pDQ, DDQ, TDQ, UDQ, VDQ

17-21. Standard deviations for the random pres-
sure, density, temperature and winds PR, DR, TR, UR, VR

The COMMON Tist "COTRAN" is used to transfer data to setup from the
NTRAN v:ad subroutine RTRAN, which has multiple entry points for various dif-
ferent types of data from the SCIDAT data tape.

5.4 The Jacchia Section

The subroutine JACCH calculates the pressure, density, and temperature

at a point in space for heights above 90 km for a particular time.

1. Height in km \\ H

2. Latitude in radians PHIR
3. MWest longitude in degrees (0 to 360 degrees) THET
4. Solar radio noise flux F10.7 (1072% watts/m?) F10

5. 81 - day average solar flux F10.7 F10B
6. Geomagnetic index ap AP

o
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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/m3 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. A1l sections have numerous comments to explain

each part of the program.

Main Routine (JACCH). The main routire acts as the calling routine,
and also, calculates the seazonal - latitudinal variations in the lower
thermosphere.

The seasonal - latitudinal density variations are given by equation

(2.1) of Justus et al (1974 a).

The equations for the molecular weight and the relative temperature

were given as equations (2.2) and (2.3) of Justus et al (1974 a).

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

pressure is calculated from the ideal gas law:

t = oRT
. P M

where p is the density, R is the Universal gas constant, \' is the temperature,
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and M is the molecular weight.

An option is included in the main routine whereby the yearly mean
values of the density, pressure, and temperature may be calculated directly.
If the value of the month input variable is thirteen, (MN = 13), the exosphere
temperature is immediately set equal to 1000° K (which is the recommended
design value for annual mean conditions) and the yearly mean density, pres-
sure, and temperature values are calculated. Note that the 1962 U.S. Stan-
dard Atmosphere has an exospheric temperature uf approximately 1500° K and
is thus considerably different from the 1000° K results of the annual mean
in the PROFILE program.

Subroutine TME. This subroutine calculates variables necessary for

input into the subroutine TINF. The input variables are:

1. month (month = 13 denotes annual mean and bypasses

this subroutine) \ MN

2. day of month IDA
3. year IYR
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
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Subroutiné TINF. This subroutine calculates the exospheric tempera-

ture. The input variables 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 0.3 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 temperature without the seasonal - latitudinal variations. The
input variables are:

1. height in km A

2. exospheric temperature T

The output variables are:

1. temperature TZ
2. molecular weight EM
3. density DENS

5.5 The 4-D Section

GRID4D and subroutines S@RT4, INTRP4 and SELEC4 are basically the MAIN
PR@GRAM, SGRT, INTERP and INPUT as documented in the 4-D users reference man-
ual and subsequent updates.

Some changes have been made.
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Statement numbers have been ordered in GRID4D and SORT4.

In GRID4D, NTRAN MPVE statements are used to select the appropriate
file for a given month on the 4-D data tape mounted on UNIT IT in the UNIVAC
version. In Georgia Tech's CDC version, and on other machines, separate
reads for each record must be used until and end of file is reached, and
reading continues until the proper file is found. If a parity error is
encountered in reading IT, a message

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

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

Any erro: in the handiing of the 4-D data tape or UNIT SCRCH(IQTEMI
in calling program) by TRID4D 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 Section 4.5).

Slight changes have been made to the logic of S@RT4 in the interests
of efficiency.

SELEC4 is concerned only with the selection of the record numbers of
the appropriate interpolation profiles.

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 (IOTENZ 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
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"N RECPRDS WRITTEN BY GETNMC ON SCRATCH FILE M"

is printed and execution terminated.

INTRP4 uses a modified Tatitude - 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 instead of 25
as in the 4-D model), and to provide the index word for each record of
SCRCH1 (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 inter-

polations required are performed by SCIM@D.
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APPENDIX A
THE SzCOND ORDER GEOSTROPHIC WIND RELATIONS

The atmospheric equations of motion in 8 plane representation on con-

stant pressure surfaces, as derived in any of the standard meteorological

e e e b 2 T i i e« e e

3 references (e.g. Hess, 1959), can be written as

* - = - -
uy + u(ux) + v(qy f) gz, (A-1)
vy + u(vx + f) + v(vy) = 92z (A-2)

where u and v are respectively the eastward and northward wind components, f

s ety

is the Coriolis parameter (2 2 sin¢), g is the acceleration of gravity, z
! is the height of the constant pressure surface, and subscripts denote partial
§ ’ differentiation with respect to the subscript variable. For the geostrophic

approximation the local and convective derivatives are assumed hegligible so

that balance results between the Coriolis force and the pressure gradient

j force.

<1
]

g z/f (A-3)
-9 2, /f (A-4)

) |
]

where u and v are the geostrophic wind components. The geostrophic wind
equations suffer from the well known problem that they produce unreasonably
large velocity estimates as f becomes small (i.e. at equatorial latitudes),
because f appears in the denominator. This Appendix describes a wind equa-
] tion which is only slightly more generalized than the geostrophic equation,
but does not suffer this anomaly at low latitudes. The new zquation is also
based on the assumption of stationary flow (ut = vy = 0), but the spatial
derivatives (ux, uy, etc) are assumed to be constants, rather than zero as

in the geostrophic analysis. Thus, the new equations are referred to as

A-1
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second order geostrophic relations.

If the assumptions Up = Vg = 0 and u, = a, uy = b, Vy = Cs vy = d
(where a, b, c and d are constants) are substituted into equations (A-1) and
(A-2), and the resultant equations are differentiated alternately with re-

spect to x and y, the following four equations result:

a’ + (b - flc = ~g Zs (A-5)
ab + (b - f)d = ~g Z,y (A-6)
a(c + f) + cd = -g Zyy (A-7)
b(c + f) + d2 = ~g Zyy (A-8)

The continuity condition on constant pressure surfaces is (see, e.g. Hess,
1959; page 262)
+ = -
u, + vy + b 0 (A-9)

where w is the vertical velocity (w = dp/dt) in constant pressure coordi-
nates. This relation is exact in that the density gradient terms do not
appear in the constant pressure surface analysis. If the vertical term in

(A-9) is neglected then the continuity condition becomes
u+v., = a+d = 0 (A-10)
from which it follows, by (A-6) and (A-7), that

a = -d = -g zxy/f (A-11)

Subtraction of (A-5) from (A-8) yields the foliowing equation foir the strain

v{y = ¢ + b)
y = glz,, - zyy)/f (A-12)

A-2
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ana addition of (A-5) and (A-8) yields a relation for the vorticity ¢ (¢ =
c - b)
2 2 2 -
to/2 + fr - g(zxx + zyy) -2 -~x/72 = 0 (A-13)

which has as a solution

2 2

N 2 _ 1/2
c o= -f+[f° +y" +4a" +4g(z, + zyy)] (A-14)
where the positive sign is for norther: hemisphere and the negative sign for
southern hemisphere. Relations (A-12) and (A-14) can be used to evaluate
the constants b and ¢ by the relations

b

(v - t)/2 (A-15)
(y + ¢)/2 (A-16)

With values for the constants a, b, c, and d, the solutions to (A-1) and

C

(A-2) (now easily found as the algebraic solution of these iwo simultaneous

equations, Tinear in u and v) are given by

u = (g/D) [az, + (b - f)zy] (A-17)

v = (g/D) [wazy + (c + f)zx] (A-18)
where D is the determinant of the system given by

D = ad - (b - f)(c + f) (A-19)

Although the geostrophic wind is O(f']) as f approaches zero, the gen-
eralized gradient wind solutions (A-17) and (A-18) are O(f) as f approaches
zero. This follows from the fact that although the wind derivatives a, b,

c, and d are O(f"]) the determinant D is O(f'z), hence u and v become O(f).
This overcomes the geostrophic dilemma of large velocities at equatorial
latitudes. The generalized gradient wind does become exactly zero at f = 0,
an obvious simplification from what really occurs, but not a gross error,
since the true winds at the equator are generally light.

For a constant gecmetric height representation, in which pressure grad-
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ients must be used instead of the gradients of the pressure contour “eights,

the substitutions

z, = (o/g) p, (A-20)

z, = (d9) p, (A-21)

2, = (o/g) p,, + 2(a/g) p, (A-22)
z,, = (o/9) py, +2(q/9) p, (A-23)
2y = (o/9) pyy + (o/9) by, + (o/9) by (A-24)

must be made into equations (A-11) through (A-19). The equations (A-20)

through (A-24) come frcm the general pressure-height transformation equations

(fx), = (R, + (a/9) by T, (A-26)

(fy), = (fy), + (J9) p, T, (A-27)

wheve the subscripts x, y and z denote partial differentiation, and the
notation ( )p and ( )z denotes differentiation on a constant pressure sur-
faces or a constant height surface, respectively. In equations (A-20)
through {A-27) o specific volume (1/p) and the derivatives o and o are

evaluated from the perfect gas law by

a = oT /T - p,/p) (A-28)
o, = oT /T - py/p) (A-29)
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at the beginning of each record.

APPENDIX B

LISTING OF THE REVISED TAPE
"SCIDAT-MOD-2" FOR THE GRAM PROGRAM

The tape contains the following data, identified by code characters

Month 13 refers to annual mean values.

For code P, D, T, S, R and RW data, southern latitudes are given by northern

hemisphere data displaced six months.

meters are the same for both southern and northern hemispheres.

Annual mean data and the QBO para-

For a more

complete discussion of the input data, see Section 4.2.

Code

None

- O U

RW

PW

Data

NMC Grid Data

Groves Pressure (nt/mz)
Groves Density (kg/m3)
Groves Temperature (°K)

Stationary Perturbations in
monthly means (per mill)

Random pressure, density and
temperature perturbation
magnitudes (per mill)

Random magnitudes wind per-
turbation (m/s)

Fractional variance in large
scale thermodynamic variables

Fractional variance in large
scale winds

Description

Same as NMC Grid Required by NASA ver-
sion 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.

Month, height, values at latitudes O,
10, 20, ... 90 exponent. Same format
as in Groves report.

Month, height, longitude, Ap at north
latitude, 10, 30, 50, 70, 90, Ap same,
AT same,

Month, height, Ap at north latitude
10, 30, 50, 70, 90, Ap same, AT same

Month, height, Au at north latitude
10, 30, 50, 70, 90, Av same

13 (Annual), height, fractional var-
iance in large scale per mill for Eres-
sure, density and temperature, each -
at latitude 10°, 30°, 50°, 70°, 90°

13 (Annual), height, fractional var-
jance in u at 10°, 30°, 50°, 70°, 90°
latitude, same for v
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Code ‘Data Description
S Small. scale density-velocity 13 (Annual), height, <pu>g at 10°,

correlations 30°, 50°, 70°, 90° latitude, same
for <pv> -
CcL Large scale density-velocity 13 (Annual), height, <pw o at 10°,
correlations 30°, 50°, 70°, 90° latitude, same
f0P><pV>L ' '
QP QBO pressure parameters-amp-

litude (per mill) and phase
(days after Jan. 0, 1966
when 1st maximum occurs)

QD QBO density parameters (as
in QP)
Height, amplitude and phase at 10°
QT QBO temperature parameters latitude, amplitude and phase at 30°
. » amplitude and phase at 90°
Qu QB0 eastward wind para- g
meters-amplitude (0.1 m/s)
and phase (days after Jan.
0, 1966)

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

The tape consists of five NTRAN readable (36 bit binary integer word record)
files with an end of file marker 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 perturbation data, the fourth contains the
fractional Targe scale variances and the density-velocity correlations, and
the fifth 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 396 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 pertur-

bations, 18 for the code R data, 13 for the code RW data, 18 for the large
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S

<,

scale fractional variances in thermodynamic variables, 13 for Targe scale
fractional wind variances, 13 for the density-velocity correlations (small
scale and large scale), and 12 for the quasi-bieraial data. The Groves data
contains 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, the code P Targe scale fractional variances contain 25
records, the code PW large scale fractional wind variances contain 25 records,
and code CS and CL density-velocity correlation data contain 25 records each,
and the QBO data contain 80 records. -

Following is a listing of the data contained on the SCIDAT tape.
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APPENDIX C
SAMPLE INPUT AND OUTPUT FOR THE PROFILE PROGRAM

Input to PROFILE is as follows:

(A11 input data cards are in free field format.)

CARD 1

- INTTIAL LATITUDE

INITIAL HEIGHT

Height of starting position, km

Latitude of starting position (degrees, southern lati-
tudes negative)

INITIAL WEST - MWest longitude of starting position (degrees, 0 to 360
LONGITUDE degrees, or east longitudes negative)
22

F10.7 - Solar 10.7 cm radio noise flux (10~ watts/mz) at time
of calculations. Use zero if height does not go over
90 km. Use 230 for design applications or consult Aero-
space Environment Division (AED) of Marshall Space Flight
Center (MSFC) for monthly predictions.

; MEAN F10.7 - 81 day mean solar 10.7 cm flux. Use zero if height does

not go over 90 km. Use 230 for design applications or
consult AED, MSFC for monthly predictions.

AP - 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 consult AED, MSFC.

DATE - Date for starting time of calculations (month, date, two

digit year). Use month 13 for annual reference period.

GREENWICH TIME - Time for starting position (hours, minutes, seconds).
Use time corresponding to local time - 0900 for design
steady state, or 1400 maximum conditions.

LAT INCREMENT - Latitude displacement (degrees) between successive posi-
tions (new lat = old lat + lat increment). Use zero if
trajoztory positions are to be read in.

WEST LON . West longitude displacement (degrees) between successive
INCREMENT positions (new long = old lon + lon increment). Use zero
: if trajectory positions are to be read in.

HEIGHT INCREMENT Height decrease (km) between successive positions (new
height = old height - height increment). Normal profiles
are generated downward. If an upward generated profile

id desired set height increment negative.

-1
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_ CARD 1

~ CARD 2 —

MAXIMUM NUMBER OF

POSITIONS

TIME INCREMENT

TRAJECTORY OPTION

OUTPUT OPTION

LAT.

© MIN. GEOSTROPH. _

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

Time displacement (seconds) between successive positions
for automatically generated profiles (new time = old time
+ time increment{

0 for Tinear profile generated automatically internal to
the program, or value equal to unit number (e.g. 5 for
card input) for a trajectory with each position to read

in.

0 for no non-print output of atmospheric parameter values,
or value equal to unit number to get non-print output.

Lowest latitude (magnitude) for which only ordinary (first
order) geostrophic winds are to be considered. Below this
latitude second order geostrophic wind will be evaluated.

- GROVES INPUT UNIT

RANDOM INPUT UNIT
QBO INPUT UNIT

4-D INPUT UNIT
RANDOM OPTION
QBO OPTION
FIRST RANDOM
NUMBER

NMC READ OPTION

4"’D’ P’ D’ T’
SCRATCH UNIT

Unit number for tape containing Groves and stationary per-
turbations (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 available
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, otherwise
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 nor-

‘mally is a temporary drum file.

c-2




CARD’3

9
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.UI
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Qi
N
a
(-4
<C
S

NMC GRID POINTS
SCRATCH UNIT

Unit number for scratch file to store NMC grid point data.
Use any available unit number. This norxally is a tempo-

rary drum file.

*E—(OPTIONAL)*

INITIAL PL, DL,
TL, PS, DS, TS

INITIAL UL, VL,
Us, VS

- Initial values of large scale and small scale random rela-

tive pressure, density, and temperature perturbations,
percent. Use zeros for standard design applications.

Initial values of large scale and small scale random wind
components, m/s. Use zeros for standard design appli-
cations.

* -~ Include card 3 only if random option = 1.

TRAJECTORY INPUT -

TRAJECTORY BACKUP _
RECORD

Use only if linear profile is not to be generated automati-
cally. Each record has time (seconds), height (km), lati-
tude (degrees), and west longitude (degreesg.

Only if trajectory input is used. Same form as a trajec-
tory position but with any negative height value.

The trajectory input records are optional, in free field format. If

included, use as many records (e.g. cards), as necessary.

Input for the following sample output listing is a$ follows:

CARDI: 92.9, 28.45, 80.53, .0, .0, .0, 1, 1, 75, 0, 0, 0, .0, .0, 2., 47, 0, 0,

0, 20,

CARD2: 3, 3, 3, 4,1,

.', 1, 0, ]2’ ]3

CArD3: 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.,

Initial Da}g

A SUMMARY OF THE ORGANIZATION OF AN
INPUT DATA DECK IS AS FOLLOWS

dard 1, as described at the beginning of this Appendix

Card 2, as described at the beginning of this Appendix

Card 3, optional, included only if random option =1

c-3
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NMC Grid Data

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

Randdm‘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.

QBO 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, and if trajectory option is 5. Trajec-
tory data is on other file if trijectory unit is not 0 or 5.

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

can be avoided for each subsequent data set.

OUTPUT OF PROFILE IS AS FOLLOWS

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

INITIAL STAND- -  Computed for initial position on input data
ARD DEVIATIONS :

INP, D, T, U,

V FOR LARGE

SCALE AND SMALL

- SCALE




A

Y

HEIGHT, LAT, LON,_  Position and time where atmospheric parameters are eval-
TIME uated ‘

UNPERTURBED PRES-  Computed from Jacchia, 4-D, or Groves - plus - stationary
SURE DENSITY, - perturbations, depending on height.
TEMPERATURE AND
GEOSTROPHIC WIND
(monthly mean
values{

TOTAL PRESSURE, Monthly means plus random perturbations and QBO pertur-
DENSITY, TEMPE- - bations

RATURE, AND

WIND

THERMAL WIND From thermal wind equations using finite differences of

SHEAR Jacchia, 4-D, or Groves - plus - stationary perturbations,
depending on height.

MEAN VERTICAL  _ From mean isentropic surface slopes

WIND :

PERTURBATION _ Stationary perturbations, QBO perturbations and amplitudes,

VALUES and random perturbations and magnitudes for the small scale

(S), large scale (L), and total (T) perturbations. Per-
turbations are those which are added to monthly means to
produce total results output.
Following is a listing of sample output from the GRAM program. Initial
lines of output are merely listings of the input data for easy reference.
These listings are provided to indicate formats and kinds of input and output

data. For a listing of the input cards for these sample outputs, see earlier

in the Appendix.
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9-0

®seses GLUBAL REFIRENCE ATMOSPHERE =~ MOD 2 ssssss

INIFIAL HEIGHT =  32.00 KM

File.7 = G005

QATE = 4/ L/75

LAT INCREMENT = G.00 DEG

MAXIMUM NUMBER OF POSITIONS = (Y4
TRAJECTORY OPTION = 0

GROVES INPUT UNIT 3

4=D INPUT UNIT = &
FIRST RANDUM NUMBER = 1

NMC RZAD OPTION = @

NNC GRID POINTS SCRATCH UNIT = 13

INITIAL Py0sT = .66 7 Ledi %
INITIAL Uy = Ged0 M/S 0.00 M/S
INITIAL PyDeT = be00 X 000 %
INITIAL Ue¥ = 3400 M/S 600 M/s
INITIAL UOLsVDL = «i0e23 Z =16.72 X

*%  PERCENT DEVIATIONS FROM 1962 US STANDARD ATMOSPHERE APPEAR BELCOW PRESSUREs DENSITY AND

(MONTHLY MEAN)

INITIAL LAT =

28.45 DEG INIVIAL WEST LON = 80,53 DEG

MEAN F10.7 = .60 AP = 0.00
GREENWICH TIME = @8 0t 0
WEST LON INCREMENT =  0.00 DEG HEIGHT INCREMENT = 2.00 kM
TIME INCREMENT = 0 SEC :
QUTPUT OPTION = § MIN GECSTROPH LAT = 20.0
RANOOM INPUT UNIT = 3 QBO INPUT UNIT = 3
RANOOM OPTION = 1 280 OPTION = 1
4=0 PeDsT DATA SCRATCH UNIT = 12
JULIAN DATE = 2442414.0
.08 % SIGNA PyDsT = 11413 X 11.06 2 6458 %

SIGMA UsV = 47,48 N/S 93,93 M/S
0,00 2 SIGMA PyDsT = 7453 % 11,89 % Te81 %

SIGMA UsV = 31,35 M/S 62,02 M/S

INITIAL UDS,V0S = =10.71 % =9,15 %

MEAN PLUS PERTURBATIONS

TEMPERATURE VALUES

THERMAL
WIND

UNPERTURBED
HEIGHT ~ LAT WEST. PRES. 0ENS.
(XM LON I(NT/ (KG/
YIME . (DEG) (DEG)  Mee2) He*3)
(SEC)
3G.00  28.45 B0.53 41995¢00 JSH67E-d
) 21.0% 15.8%
88.Uu 28445 80453 2BLE#0C +5i3E=D
0 o ...18e5Z 1240%
ra
v
86.00 28.45 8Us53 +3S8E00 726E=0
u i A6 % B4 2%

5

S

5

TENP
(DEG
KEL~-
VIN)

207.

209.

213

TEM® GEOSTROPH, PReSe DENS.

{DEG WIND (M/S) (NT/ (XG/

Kel= crosccccaa He82) MEeZ)

VIN) E-N N=S

189, 14, 19, .229<+00 .386E~05

L% 4 39.3% 21.8% 14.8%
i%. 12. 200 «324E+00 +S543E-05

.50 9% . . 36.6% 18,52 15.87%
196 ile 20 o44BECQD .736E~05

TeuX - ~30.6% 11.2% 17.7X%

TOTAL SHEAR

LARGE SCALE

SMALL SCALE

PERTURBATION VALUES

WINO tM/S)

E-N N=S

(M/S/KN) ==
cecoaces P D
E=H N-S
«16. 82, =8 ~oi
7«9 -
B.0
0.9
9.6
Y4
Sele
11.1
151
13.5

el
 Te?
~el

7.8
0.0
0.0
246
11.8
2.6
11.4
$.2
1604
19. Tha =140
’ 7.3
-o1

-5
10.0
6.5
10.0
6.0
1461

77

'.!

Teb

‘..“

1503

1207

19 18, =fel ~-ol

75

el

6.8
LY 4

=2.0
7.8
5.0
‘.1

3ok
6e9
9.2
9.6

T
(¥4

o1
0.0
8.0
7.0
8.2
249
7.0
9.9

10.8

'“
-0

8.2
7ol
1.1
602
9.3
g.“

7
-l

Se5
5.9
4e2
5e2

M/S

0.
-be
30.

=260
47
=30
56e

-0.

0.
14
2€.
e
“l.

48.

=1.

22.
20.
=12.
33,

8.
0.
7.
62.
55.
7.
62,
115,

0.
[
25.

s2.

30.
82,
S4e
97.

-13.
39,
1t.
64e

CH/S
~-e19

Qec

MAG

RANS
SIGS
RANL
S16L
RANT
SIGY

~e29

Q8o

MAG

RANS
S16S
RANL
SIGL
RANT
SIGY

~e39
SP
Q8o
MAG
RANS
SIGS
RANL
SIGL

~




i

84.00
0

32.00
0

30+00

78.G0
o

76.30
0

Thel0
0

28445 8Ge53 «S6IE400.-e996E=05 1964
12.9%

9.3%

4e1% 8.7%

- 28+05. B80.53 +702E¢00 .138E-04 198,

ol 9,87

2806580453 LUIEF0L +191E-0& 200,

S5.3%

“4e7% 10.8%

28445 80453 +152E001 262E~04 203.

2424

’bogl Te?7% -

€8.45 80e53 2128401 .359E~04 206.

7%

=3.8% . b7

28.95 80.53 ,293E+01 .43%0E-06 208,

=e3%

~2e2% .. 2,04

T3

20.

21

254

25.

3be

21s +632E¢00 ,103E-04 213,
27e4% 0.21 ;',!z

21 867400 .146E-06 207,
20.9% 5.5% 140X

28 +119E+01 L205E-06 202,
1467 287  11.7%

20e <163E¢01 +279E~0% 203.

9.6% 1.3% 14344

20 224E001 o379E~04 204,
603% LT SRYS & 4

19. 26876901 .526E~06 108,

«2.3% SobZ =8,0%

2e

2o

=13,

3.

~=6e

12.7

3.9

. 11.8 11.3

176 =Lk ol
- 7.3
-l

6e2
6.5
6.8
8.9
13.0
11.0

ke =15 2
€.9
“sl

10.4
6e1
6
..2
11.9
10.2

12 =1.7 3
A 6.5
-0
1.8
€e€
5.6
z.s
Tele
9.1
9.3

=11. =201 ol

6.‘

o0
1.2
3.0
LTY
bol
6.8
Te2
8.6

=24 ~2eb o5 .
Se7
2
1o
2.6
.80
‘.1
- 6.2
Sete

7.8

oo =23 - S

s.h

‘.6
7.7
&.6

(71 3
-l

1ol
6.5
3.2
6.9
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APZENDIX D - PROFILE PROGRAM LISTING

| Following is a listing of the Global Reference Atmospheric Model
(GRAM) - Mod 2. Sequence numbers containing a three character subroutine

code and a five digit number appear on the right of the printout.
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SUIRCUTINE GRIDLD GRIGJLIGL
FEAL LATLLON - - GRIGJZ0(
CGMMON/CA/LAT(ié’9LON(16vaFvP‘;0920)19(16076) T{16+26)4SP(16420i-5GRIGU3CO
SR(16422)4ST(10542F) GRIDO4LGO
COMMON /7PCTCOM/ IToMONTH gs%ggggg
SUBROUTINE TO SZTLZCT PRESSUREe TENMPZIIATUREs ANC DENSITY FROFILES (GRIQGO100
TCGEZTHER WITH THE NORMALIZEDS VARIANCES IN £ACHye AT UP TG 16 “GRIC GRIGDZ2CC
AT LAT/LONS SIZLECTED Sy CALLING F=0OGRAM, Gg%gngE
G 1 J40C

USZS NASA HIUNTSVYILLE MSFC 4= JATA TAEES GRI0Q0SOC
_ GRIGOBEGC

DIMENSION INCLu7) UFFZR(64) GRIGEG7GC
GRI00G80C

COMMCYN /ICTZtP/ SCRCHLLWSCRCHZ GRICOSCC
CCMMGCN /PCINT/ IPT(1545)4LL(16)yCXY(10s2) GRIQ1000
COMMON /ZOKRDSR/ LFTN(1645) s IREAD(8543) GRIC11CC
COMMCN ZINTZ 0(20345)4IGCE)40YX(2)40LACL) «OLO(4) gg%g%g&g
INTSEGe s SCRCH1,FZADs WRITE GRI(G1400
GRIO15CO

GRID1600

INITIALIZE GRIGL70C
GRIQ0180¢C

ZER0=C.0 6RIG19CC
OhZ=1,0 GRIVZ00C
TeN=10.0 GRIC210¢0
HUNDF=2Cuael GRIG22CC
THOU=10ud.9 GRIC23060
FEAD=EH READ GRIN2400
WFITE=6H WRITS GRILZ25L(
GRI0Z26GC

N=MOMTH=1=«((Z2*MUNTH) 73) %4 GRI027€0
IF(MONTH,EQe 23} N=0 GRID28C0
NUMEQF = I GRI02900
CALL NTRPAN(IT,10.22) GRIC3IOCC
IF (N.EQ.0) GO TO 20 GRIO310C
CALL NTRAMN(IT,84.Nyec2) GRIN3Z2GC
GRIG330C

AFPRCPRIATE W=0 INPUT TAPE NOW POSTTIONED = FILT NEIDED FROFILES GRIC3400
. 6RI0N350¢C

: GRIO3E00
CELL SELECH GRIO37CC
GRIS3IALH

IFC=C GRI03900
IFN=1 B GRIO4OGO
IF(IREAD(IRNG IV LENLCGDY GO TO 39 GRIU410G
Jr=17 , GRILWL2CGC
M=RZAD GRIJ®«3(C0
CALL NTRAN(CIT,241069INyLy22) GRID&440O0
IFC =IRC <1 6GRI0N4ES5CC
IF (L.cQ.=2) GO TO 39_ GRIOGLEQC
IF (LelLTeC) WRITZE(69423) ITyL,yIRC GRIO47CC
FORMAT (" INFUT UNIT NOL' ,IBo“ IN EF?OR ("9120") FOR RECOKC NO."'ISS§§gzgg3
) . § "
IF(IFC.LT.IRZAD(IRN,3)) GO TO 22 GRIUJSQECO
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APPENDIX E

SUMMARY OF PROGRAM CHARACTERISTICS
(Progi-am Operating Environment)
Hardware

a. Computer - Univac 1108 (implemented at Georgia Tech on the CDC
Cyber 74 System)

b. Core Requirements - Approximately 45K on the Georgia Tech CDC.
The CDC System routines require more core than the Univac rou-
tine so there is no comparison between the system. It will be
necessary to segment the program. See Section 5.1,

c. Magnetic Tapes - All tapes are 7 tracks. Tapes required are:
1 program tape (if the program is stored in UNIVAC COPOUT tape
format), 1 “SCIDAT" data tape (see Section 4.2),

from 1 to 4 4-D data tapes, depending on the number of
months to be used under control of one run card (see

Section 4.1 and Appendix B.

d. Card Punch - not required unless optional card output is desired.

e, Plotter - nore required

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

~permanent drum or disk files are created by a program run unless
optional non-print output is generated as a permanent disk or
drum file.

g. Other Hardware - none

Software

a. Operating System - UNIVAC EXEC 8 (Georgia Tech version is CDC NOS 1.1)

b. Language - FORTRAN IV (UNIVAC FORTRAN V)

c. Type of Run - Batch )

d. Lfbrary Subroutines - NTRAN and FLD are UNIVAC subroutines. NTRAN
reads 36 bit binary integer word records. FLD manipulates word
bits and is used to break up 4-D data tape 36 bit words into two
18 bit integer words.

e. Program Overlays - (Optional) - see Section 5.1

Program Specifications

a. Common - See Sections 5.2 -54
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"~ 'Program Specifications (cont'd.)

b.
c.

d.

Program Segments - See Sections 5.2 - 5.4
Program Subroutines - See Section 5.1
Listing - See Appendix D.

Flow Charts - See Figures 5.1, 5.2, 5.3
Sample Input - See Appendix C.

Sample Output - See Appendix C.

Diagnostic Messages "~ See Section 4.5
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