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1. Background

The Mars Global Reference Atmospheric Model (Mars-GRAM) was developed
(Johnson et al., 1989; Justus 1990, 1991) as an engineering-oriented, empirical model of the
Mars atmosphere. A complete history and description of the model, through version 3.34, was
recently given in the Mars-GRAM programmer's guide (Justus et al., 1996). Mars-GRAM is
based on surface and atmospheric temperature data observed during the Mariner (orbiter) and
Viking (orbiter and lander) missions and on surface pressure data observed by the Viking
landers. At the higher altitudes (above about 120 km), Mars-GRAM (through version 3.34)
was based on the Stewart (1987) model for the global-mean thermosphere.

Mars-GRAM provides both mean and mountain-wave perturbed atmospheric density
for any location (height, latitude, and longitude) and time (seasonal and diurnal). Other
atmospheric variables provided include atmospheric temperature, pressure, and wind
components. Dust storm effects are included for all atmospheric parameters controlled by
user-selected options. The model also includes the option to simulate either local-scale or
global-scale dust storms and density perturbations from tidal waves, computed by the Zurek
wave model, Pitts et al. (19907). Other recent features include (1) a limitation, based on
atmospheric stability considerations, for the magnitude of the mountain-wave density
perturbations, (2) comparisons of density, temperature, and pressure with the COSPAR
reference atmosphere (Pitts et al., 1990?), and (3) a new method for estimating the diurnal
range of the surface temperature based on the diurnal variability of the surface-absorbed solar
energy. Technical descriptions of all these features are given in the programmer's guide
(Justus et al., 1996).

' The original Stewart (1987) thermospheric model, designed to estimate global mean
conditions only, has two major shortcomings for use as the thermospheric portion of Mars-
GRAM: (1) does not produce realistic variations of temperature and density with latitude and
time of day (or longitude), (2) is not capable of providing realistic horizontal gradients of
pressure, from which thermospheric winds are estimated. The additions to Mars-GRAM
discussed here are designed to overcome these deficiencies.

Mars-GRAM was developed from parameterizations to atmospheric data observed by
the Mariner (orbiter) and Viking (orbiter and lander) missions and thus, is representative of
the Mars atmosphere during the 1970's. Recent observations by Clancy et al. (1990) indicate
that, in response to atmospheric cooling as the dusty atmosphere has cleared in the last two
decades, current Mars temperature profiles are distinctly cooler than those observed in the
Viking era. Comparisons of Mars-GRAM 3.34 mid-latitude average temperature profiles with
recent data from Clancy (provided by Rich Zurek, private communication), indicate about 20
K cooling in the 40-50 km height range, about 15 K at 20-30 km, but little change in the 5-10
km region. This temperature change could have significant effects on atmospheric density at
high altitudes and, as pointed out by Clancy et al. (1990), is quite important in planning for
Mars missions that involve aerobraking.

To accommodate these possible effects of climate shifts, Mars-GRAM version 3.4
allows the user to select climate modification factors for the temperature profile between the
surface and 75 km. Additionally, the user may adjust at run time relevant values of the global




mean thermosphere (exospheric temperature, and temperature and height of the base of the
thermosphere).

Proper computations of variation with time of day depend on accurate estimates of
longitude of the sub-solar point on the surface of Mars. In the original (1989) development of
Mars-GRAM an empirical fit for sub-solar longitude versus time was derived from Mars
ephemeris data for 1984 through 1988. This empirical fit was incorporated into the "ORBIT"
subroutine. The original ORBIT subroutine used a time variation for sub-solar longitude
based on a Fourier harmonic series with a basic period of 696 days. For Mars-GRAM version
3.4, we obtained (Myles Standish. Jet Propulsion Laboratory, private communication) a set of
Mars ephemeris data from 1984 through 2003. A Fourier fit with this longer time series
revealed that the sub-solar longitude was reproduced significantly better with two harmonic
series. one with the basic period of the Mars orbit (687 days) and another with 777 days. This
new, dual-period parameterization was incorporated into the ORBIT subroutine of Mars-

GRAM 3.4,




2. Methods for Thermospheric Calculations

2.1 Overview of Thermospheric Model Methods

Five basic parameters are used to prescribe the height variation of pressure, density,
and temperature in the Stewart (1987) thermospheric model: (1) pressure (PRESSF) at base
of the thermosphere, assumed to be the fixed value 1.26 nanobars (1.26 x 10-4 N/m2), (2)
height (ZF) of base of the thermosphere, (3) temperature (TF) of base of the thermosphere, (4)
exospheric temperature (TINF), and (5) a parameter (SCALE) that describes the height
variation of temperature between base of the thermosphere and the exosphere. In the original
Stewart thermospheric model, ZF, TF, TINF and SCALE are considered global average values
dependent on either the 10.7-cm solar flux (F10.7) or the heliocentric distance of Mars from
the Sun, in Astronomical Units (RAU). In the new thermospheric model, these parameters are
also functions of latitude and time of day (longitude). Details of computation of the height
variation of temperature, pressure, and density are identical to the original Stewart
thermospheric model.

For an altitude (Z) above the base of the thermosphere of ZZF = Z - ZF, located where
the radius of the Mars reference ellipsoid is RO (and RF = RO + ZF), the vertical temperature
variation is computed by

YSC = ZZF * RF / (RF + ZZF) THRM108
TZ = TINF - (TINF - TF) * EXP(-YSC / SCALE) THRM109

(Letters and number at the right are line numbers of the FORTRAN source code of the
Mars-GRAM program.) Scale height (HH) and partial pressure (PRZ) for each
thermospheric constituent are computed by

HH(I) = BK * TINF / (GF * DM(I)) / 1.0ES : THRM111

PRZ(I) = PRESSF*FF(I)*EXP(-YSC/HH(I)-(SCALE/HH(I))*ALOG(TZ/TF)) THRM113

where FF is a fractional composition for each constituent. This fairly simple analytical
expression for pressure variation can be used because the particular functional form
assumed for temperature variation (code line THRM109) yields a closed-form solution for
the vertical integral of the hydrostatic equation. Note that the decrease of gravity with
height (inversely proportional to the square of radial distance) is explicitly accounted for in
this hydrostatic integral solution (code line THRM113).

Density is computed from the total pressure (sum of the partial pressures) and
temperature, using the perfect gas law relation. The problem of specifying temperature,
pressure, and density at any height, latitude, time of day, time of year, and solar activity
condition, becomes specifying dependence of ZF, TF, TINF, and SCALE on these factors.
2.2 Dependence on Heliocentric Distance and Solar Activity




A collection of thermospheric parameter estimates, observations and model results, is
assembled in table 2.1. The data were collected and given in model results or measurement-
model comparisons by Bougher et al. (1988, 1990, 1993) and Bougher (1995). All parameter
values in table 2.1 are global mean conditions.

Table 2.1. Global mean values of thermospheric parameters from various measurements or
model results [Bougher et al. (1988, 1990, 1993) and Bougher (1995)]. R is the heliocentric
distance of Mars, TINF is exospheric temperature, TF and ZF are (respectively) the
temperature and height of the base of the thermosphere, and SCALE is the height variation
parameter for thermospheric temperature.

10.7-cm Sclar Flux

————————————————— TINF TF r STALE
Data Scurce R{AU) 1 AU Mars {(¥) (¥) (Jom) (k)
Marirer 4 1.55 77 32 117
Marirer €-7 1.45 206 98 240 17¢ 1289
Marirer 9 (primary) 1.48 11 5¢C 22C 160 123
Marirer ¢ (extended) 1.62 115 44 113
Viking Lander 1 1.62 €8 26 180 125 123
Viking Lander 2 1.62 74 28 18¢C 125 1z1
Phckcs (DMED) 1.53 15C 64 215 125
Phcekcs (DMAY) 1.67 150 sS4 20¢ 118
Phekcs (DMIRN) 1.3¢8 15C 79 23¢C 138
MTGCM, MGSOTL 1.38 130 (333 228 147 i28 5.0
MTGCM, MGSSEL 1.66 130 47 19¢ 141 113 1i2.9
MTGCM, MANCOC 1.53 150 64 229 147 122 14.6
MITGTM, MGSEIT 1.40 ¢ 41 185 13¢ 127 12.4

Regression relations versus both heliocentric distance (R) and 10.7 cm solar flux at
Mars (F10.7) were tested. The resulting best fit relationships to describe the variation of the
global mean thermospheric parameters are the following:

<TINF> = 156.3 + 0.9427 F10.7 @.n
<ZF> = 19794 - 49058 R 2.2
<TF> = 113.7 + 0.5791 F10.7 (2.3)
<SCALE> = 8.38 + 0.09725 F10.7 2.4)

where the angle brackets denote global average values.




Figures 2.1 through 2.4 illustrate the regression relations (2.1) through (2.4) versus
data from table 2.1. The example point (labeled VL-1) in each figure is the data point for
the Viking 1 Lander (VL-1) case. The figures show the VL-1 point is reproduced fairly
well for <TINF> and <TF> regressions, but the VL-1 point is a significant "outlier" in the
<ZF> regression. Thus, in order for the model to reproduce specific cases, it may be
necessary for the user to adjust the regression values by appropriate amounts (e.g., an
increase of about 8 km in <ZF> to replicate the VL-1 case). Note that the VL-1 case was
also a significant outlier in the regression plot Stewart (1987) derived for ZF versus
heliocentric distance (from which he derived a 1/R regression relation for ZF). The user-
input adjustment parameters (deltaTEX for exospheric temperature, and deltaTF and
deltaZF for temperature and height of the base of the thermosphere) are discussed more
fully below and in Appendix A.

The regression relation for global mean exospheric temperature [equation (2.1) and
figure 2.1] gives exospheric temperatures significantly lower than the original Stewart
regression. However, the new exospheric temperature regression is quite similar to the
curve described by the lower boundary of the shaded portion of figure 9 of Bougher et al.
(1990), which also applies to global mean exospheric temperature. [The middle and upper
curves within the shaded area of Bougher's figure 9 are for mid-afternoon and dayside-
mean exospheric temperatures, not global mean values.] Note that equation (2.3) implies
a dependence of Tr on solar activity (F1g7), rather than an orbital radius (R), as assumed by
Stewart. Residual error from regression via equation (2.3) is 8.1 K (essentially the same as
residual error from multiple regression against both Fjo7 and R). Residual error from
regression against R alone (yielding <Tg> = 267.13 - 80.905 R) is 13.9 K. The physical
reality of the dependence of Tr on Fiq, implied by equation (2.3), is still being evaluated.

2.3 Dependence on Latitude, Sub-Solar Latitude, and Time of Day

Four sets of output from the Mars Thermospheric Global Circulation Model
(MTGCM, Bouger et al., 1990) were used to derive the dependence of the thermospheric
parameters on latitude, sub-solar latitude, and time of day. Parameterization relations for
the various thermospheric parameters were derived and incorporated into a new subroutine
(Thermpar, line numbers denoted TPAR, see Appendix A). The four MTGCM cases used
were "MGS97L", "MGS98L", "MANCO00" and "MGS97T": characteristics are given in
table 2.1.

In the subroutine Thermpar, the local (latitude and time of day dependent) value of
exospheric temperature (TINFO, K) is computed from the global average value (<TINF> =
Tbar) by the program steps:

C... Zonal average exospheric temperature (K) versus latitude TPAR 47
Tavg = Tbar*(l. + 1.369E-4*sunlat*lat) TPAR 48
C... Phase angles (hours) for local solar time variation TPAR 49
tl = 13.2 - 0.00119*sunlat*lat TPAR 50
t2 = 9.4 - 0.00231*sunlat*lat TPAR 51
C... BAamplitude factor for local solar time variation TPAR 52
cphi = Cos(pil80*(lat + sunlat)/(l. + LATMAX/90.)) TPAR 53
C... Exospheric temperature (K) versus local solar time TPAR 54
TINFO = Tavg*(l. + 0.22*cphi*Cos(pil80*15.0*(LST-t1)) + TPAR 55
& 0.04*cphi*Cos(pil80*30.0* (LST-t2))) TPAR 56
5




where "lat” is the local latitude (in degrees), "sunlat" is the latitude (in degrees) of the sub-
solar point on the Mars surface, and "LST" is the local Mars solar time (in Mars hours =
1/24th sol).

Local height of the base of the thermosphere (ZF0 in km) is computed from the
global average value (<ZF> = Zbar) by program steps:

C... Latitude variatiocn factor TPAR 5¢
factlar = (sunlat/LATMAY)*(lax/77.5)°**3 TPAR €0

C... <Zcnal average base height (km) versus latitude TPAR 61
Zavg = Zbar + 4.3*factlacx TPAR €2

C... amplitudes for local sclar time variation TPAR €3
Al = 1.5 - Cos(pilB0*4.0*lax) TPAR €4

22 = 2.3*(Cos(pii80°*{lat + 0.5*sunlat))})**3 TPAR 65

C... Phase angles (hrours) for local sclar time variation TPAR €£
t1 = 1€.2 - (sunlat/LATMAX)*Atan(pil80*10.0*lax) TPAR €7

t2 = 11.5 TPAR €F

C... Base height of thermcsphere (km) versus local sclar time TPAR €5
ZFC = Zavg + A1°Cos(pilB0*15.0*(LST-t1l)) + TPAR 70

& RI*Ccs(pilB{*30.0°(LST-t2)) TPAR 71

Local temperature (TFO, K) at the base height of the thermosphere is computed
from its global average value (<TF> = Tbar), by subroutine steps:

C Zcnal average temperature at thermosphere base (K} vs. latitude TPAR 74
Tawvg = Thar*(l. + 0.18€*factlat) TPAR T3

C wplitedes for lecal solar time variation TPAR TE
2l = 0.06 - C.05°Cos(pilgl*45.0%1ar) TPAR 77

22 = 0.1*(Cos(pilB0*({lat + 0.5*sunlat)))**3 TPMR T8

C phase angles (hours) for local solar time variation TPAR 78
t1 = 17.5 - 2.5*(sunlat/LATMAX) Atan(pil80*10.0%lat) TPAF BT

t2 = 1C.0 + 2.0*(lex/77.5)"*2 TPAR E1

o Thermcsphere base temperature (K} versus local sclar time TPAR E2
TFC = Tavg* (1.0 + Al®Cos(pilB0®15.0°*(LST-tl)) + TPAR E3

& AZ*Ces(pilE0®30.0°(LST-t2))) TPAR B4

The SCALE parameter does not depend significantly on time of day, so the global
average value is simply adjusted for latitude dependence by program step:

C.. Zcnal average temperature scale height (km) wvs. laritude TPAE E7
SOMIE = SCALE*{1.14 - 0.18*Ccs(pilglf=lat)) TPAR B2

Following computation of the local (latitude and time-of-day-dependent)
thermospheric parameters by subroutine Thermpar, the values are adjusted for long-term and
short-term variability via the “ES" array of the Stewart mode! for the effects of seasonal
variations in surface pressure ("DR"), the effects of dust storms ("DUST"), and the user-
sclected adjustment parameters ("deltaZF" for the height of the base of the thermosphere.
"deltaTEX" for exospheric temperature, and "deltaTF" for temperature at the base of the
thermosphere). The adjustments are accomplished in the "STEWART?2" subroutine as
follows:




ZF = ZF0 * EXP(ES(8) + ES(9)) + DR + DUST + deltaZF STW2 38

TINF = TINFO * EXP(ES(2) + ES(3)) + deltaTEX STW2 46

TF = TF0 * EXP(ES(8) + ES(9)) + deltaTr STW2 47

The two ways to adjust thermospheric values are: (1) through input of “STDL”, which
controls the long-term variability by the Stewart ES parameters [ES(2) for TINF and ES(8)
for ZF and TF], see section 6, and (2) through input of adjustment parameters deltaZF,
deltaTEX, and deltaTF, see section 6. Short-term variability by the Stewart ES parameters
[ES(3) for TINF and ES(9) for ZF and TF] are set automatically in the program, during
computation of the high and low density perturbation magnitudes.

2.4 Revised Thermospheric Wind Calculations

Wind components in the Mars-GRAM thermospheric height region are computed
as follows:

VISCFAC = 0.04*VISC/(1.0E6*DENS*VLL**2) DSTPl34a
DENOM = CORIOL**2 + VISCFAC**2 DSTP158
C... Viscous-corrected areostrophic wind components DSTP159
EWWIND = (CORIOL*FUG - VISCFAC*FVG) /DENOM DSTP160
NSWIND = (CORIOL*FVG + VISCFAC*FUG) /DENOM DSTP161

where "VISC" is the coefficient of molecular viscosity, "DENS" is the atmospheric
density, "VLL" is a vertical scale parameter, and "CORIOL" is the coriolis factor. At
lower altitudes, where the viscosity effect is small, the eastward (northward) wind
component ("EWWIND" or “NSWIND”) becomes equal to the eastward (northward)
areostrophic wind (on Earth called the geostrophic wind) component ("FUG" or “FVG”).
The areostrophic wind blows parallel to isobars (lines of constant pressure). At higher
altitudes, where the viscosity effect becomes dominant, the winds take on a significant
cross-isobar component, with the viscous-corrected wind blowing perpendicular to the
isobars (toward the low pressure side). In the thermosphere, isotherms (lines of constant
temperature) tend to align somewhat with the isobars. Therefore, the viscous wind model
above has significant components along the isotherms at lower thermospheric altitudes and
significant cross-iostherm components at higher altitudes.

The only change in the viscous wind model for Mars-GRAM version 3.4 was to reduce
the coefficient (line DSTP134a) from 1 to 0.04. In the original Stewart model, the pressure
had extremely weak horizontal gradients (yielding weak areostrophic wind component
estimates). With the realistic latitude-longitude variability for pressure that is now
incorporated into the Mars-GRAM 3.4 thermospheric model, pressure gradients (and
areostrophic winds) are much larger in the thermosphere and require the smaller coefficient on
the viscosity term. The value of 0.04 was derived to reproduce as closely as possible the wind




data in the four MTGCM cases used to derive the parameterizations for the other
thermospheric variables.




3. Results from the New Thermospheric Model

Figures 3.1 and 3.2 compare plots of exospheric temperature versus latitude and time
of day from the Mars Thermospheric Circulation Global Model (MTGCM) case MGS98L (see
table 2.1 for characteristics of the model cases) with similar estimates from the new Mars-
GRAM thermospheric model. Figures 3.3 and 3.4 show analogous comparisons between
MTGCM case MGS97L and Mars-GRAM thermospheric temperatures.

Figure 3.4 also illustrates the wind vectors from the new thermospheric model and
shows the expected strong cross-isotherm components, discussed in Section 2.4. Strong
cross-isotherm components are also a feature of the upper levels of the MTGCM output (e.g.
Bougher et al., 1990, figure 7a; Bougher et al., 1993, figure 4a).

Figures 3.5 and 3.6 illustrate the latitude versus time of day dependence of
atmospheric density at a height intermediate between the base of the thermosphere and the
exosphere (180 km), for the MTGCM case MGS98L. Figures 3.7 and 3.8 are comparable
plots for MTGCM case MGS97L and Mars-GRAM new thermospheric model.

Figure 3.9 shows the MTGCM case MGS98L values of temperature (TF) at the base of
the thermosphere versus latitude and time of day. Figure 3.10 is a plot from Mars-GRAM for
temperature at a height of 130 km (near the base of the thermosphere) and for the time
corresponding to the MGS97L case. Figure 3.10 also shows the wind components derived
from Mars-GRAM, and illustrates the expected significant along-iostherm components.
Figure 3.11 illustrates the latitude and time of day dependence for the height of the base of the
thermosphere (ZF) for MTGCM case MGS97L.

Characteristics of the new thermospheric model in Mars-GRAM are to have a
predominant wave-one (one wavelength per 360 degrees of longitude) component for
exospheric temperature, but a predominant wave-two component, especially at low latitudes,
for the temperature and height of the base of the thermosphere. These features can be seen as
general characteristics of the MTGCM data (in figures 3.1, 3.3, 3.5, 3.9 and 3.11). Although
Mars-GRAM cannot reproduce the effects of components with wave numbers higher than
two, the effects are evident in the MTGCM results. General features of latitude versus time of
day variation of the MTGCM results are considered to be adequately represented by the new
Mars-GRAM thermospheric model.

Figures 3.12 and 3.13 compare the height versus time of day behavior for MTGCM
case MGS97L and Mars-GRAM. The general structure of the MTGCM results is reproduced
in the Mars-GRAM plot.




4. The New Sub-Solar Longitude Model

Regular publication of latitude and longitude of the sub-solar point on the Mars surface
began in 1984. Consequently, when Mars-GRAM was originally developed in 1989, the time
series of longitude for the sub-solar point on Mars was limited to the time period 1984-1988.
Mars ephemeris data are now available in computer-readable form from the Jet Propulsion
Laboratory (JPL). The available data include not only prior time periods. but also projections
for a number of years into the future. A set on Mars longitudes for the sub-solar point for
1984 through 2003 was constructed by making use of this JPL data (sent to us via electronic
file transfer by Myles Standish of JPL).

From the limited (1984 to 1988) time series, it was apparent that the sub-solar
longitude has a significant contribution from periods longer than the Mars orbit period (687
davs). An empirical Fourier harmonic fit (with three harmonic terms) and a basic period of
696 days was used in the original Mars-GRAM version. This procedure is retained through
Mars-GRAM version 3.34. However, it was recently noticed (Penny Niles, Lockheed Martin)
that for the years near the end of this century, the sub-solar longitude values from Mars-
GRAM could be in error by several degrees.

With the longer time series (1984 to 2003) a new harmonic fit showed that the sub-
solar longitude variations are much better reproduced by a (three harmonic) Fourier series
with two basic periods. The two periods in the new parameterization are 687 days (the
fundamental period of the Mars orbit) and 777 days. The new relations reproduce sub-solar
longitude values within a few tenths of a degree over the data series. This accuracy 1s
comparable to frequently-used methods to compute the solar position from Earth using the day
of the year as input. For leap year versus non-leap year variations, methods using day of the
year input are accurate to a few tenths of a degree.

Details of the new calculations for sub-solar longitude are seen in program changes for
the ORBIT subroutine in Appendix A.
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5. New Climate Adjustment Parameters

Mars-GRAM was developed from parameterizations to atmospheric data observed by
the Mariner (orbiter) and Viking (orbiter and lander) missions and represented the Mars
atmosphere during the 1970's. Recent observations by Clancy et al. (1990) indicate, in
response to atmospheric cooling as the dusty atmosphere has cleared in the last two decades,
that current Mars temperature profiles are distinctly cooler than those observed in the Viking
era. Comparisons between Mars-GRAM 3.34 mid-latitude average temperature profiles with
recent data from Clancy (provided by Rich Zurek, private communication), indicate about 20
K cooling in the 40-50 km height range, about 15 K at 20-30 km, but little change in the 5-10
km altitude region. This temperature change could have significant effects on atmospheric
density at high altitudes, and, as pointed out by Clancy et al. (1990), is quite important in
planning for Mars missions that involve aerobraking.

The temperature profiles in Mars-GRAM are built from parameterizations that
estimate temperatures at significant levels (0, 5, 15, 30, 50 and 75-km altitudes). To allow
user-controlled input incorporating the effects of temperature changes since the Viking era, a
set of climate factor values may be input to Mars-GRAM version 3.4. These factors, specified
by values of the climate adjustment factors (CF array), are multiplicative factors that alter
temperatures derived from the original parameterizations in Mars-GRAM. For example, if all
temperature values (from surface to 75 km) are to be increased by 10%, use values of 1.1 for
all CF array elements. For a decrease of all temperatures by 10% use CF values of 0.9.
Separate CF values may be selected at each significant level altitude (see section 6).

After the effects of the climate factor array are included in the temperature estimates,
effects on the pressure and density variations with altitude are then computed by applying the
hydrostatic balance equation and perfect gas law to the temperature profile values.

Together with adjustment parameters for the thermospheric variables (deltaTEX,
deltaTF, and deltaZF), the climate adjustment factors now allow maximum flexibility in
adjusting Mars-GRAM results to reproduce the temperature, pressure, and density expected
under any specific simulation case. Appendix A lists all changes in the program code required
to incorporate the new climate change factors.
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6. Revised Program Execution Procedures

Operation of the interactive form of Mars-GRAM is unchanged. Note however, that
input values for the climate adjustment factors (CF array) and thermospheric adjustment
parameters are not accepted by the interactive form (only default values of CF =1 and
deMaTEX = deltaTF = deltaZF = 0 are allowed in interactive mode).

In the batch form of Mars-GRAM, input is provided via the NAMELIST file INPUT.
The complete set of values for the reference INPUT file is as follows:

SINPUT
LSTFL "LIST', List file name (CON for consocle listing)
QUTFL CUTPUT', ! Cutput file name
MONTH 7, renth of year
NMDAY 20, t day of menth
MIERR 7€, ! year (4-digit; 197C-2069 can be 2-digit)
NPCS i1, ! max § positions tc evaluate (0 = read from TRAJDATA)
IEF 1z, G¥7 hour of day
I¥In e, ninute of hour
£C ¢.C, second of minute (for initial positicn)
rLSC 0.0, srarting Ls value (degrees) for dust stcrm (0 = nosne)
INTENS c, dust storm intensity (0.0 - 3.0)
FATMAX G. max. radius (km) of dust storm (0 or >iCC0T = glckal)
CUSTLAT G, ! latitude (deg) for center of dust stcrm
DUSTLCON c, ! west longitude (deg) of center of dust storm
Fi07 £.0, 10.7 cm sclar flux {(10°*°*-22 W/cm**l at 1 AU}
TCL std. dev. fcr thermosphere variation (-3.0 tc +3.0)
=ksth
)

TR LR N L WO L AN LU L L L (T TN 1 N (R T TN N T T 1 R AN OO L N [ { O O NS S 1 | SR L L B LB LB 1

1
1
3
s
)
1
1
t
1
[]
)
1
1
]
t
1
!
¢71, ! grarting random number (0 < NR1 < 30CC
1
1
1
]
1
¥
1
]
]
)
1
[}
4
)
1
]
1
1
]

MODPERT perturbation model; l=random, 2=wave, 3 v
NR1 0
WVARN , ! x-ccde for plotable output {l=hgt above ref. ellipse}
NVARY y-code for 2-D plotable output (C fo* 1-D plcts)
LOGSCALE 0=linear scale, l=log scale, 2=COSPAR % deviations
FLAT 2.0, initial latitude (M positive), degrees
FLCX 48. 0, initial longitude {(West positive), degrees
FHEGT -0.S, initial height (km), absve ref. elligse
DZLEGT 1¢0. ¢ height increment (km) between steps
DELLAT 0.0, ! latitude increment (deg) between sters
DELLON 0.0, ! West longitude increment (deg) between sters
DELTINE 0.C, time increment (sec) between sters
CF( 1.0 climate adjustment factcr at surface
CFEt 1.0 climate adjustment faztcr at S km
CFiS 1.0 climate adjustment factcr at 15 bk
CFIC 1.0 climate adjustment factor at 3C km
CFSO 1.0 climate adjustment factor at 50 km
CF7S 1.0 climate adjustment facter at 75 k-
deltalF?F 6.0 adjustment for base of thermosphere (k)
deltaTF 0.0 adjustment for temperature at height ZF (¥)
deltaTEY 0.0 adjustment for exospheric temperature (K)
SENT

The newly required inputs are CFO through CF75 (climate adjustment factors at significant
levels 0, 5. 15. 30, 50 and 75 km) and the thermospheric adjustment parameters (deltaZF for
base height of the thermosphere. deltaTF for temperature of the base of the thermosphere. and
deltaTEX for the exospheric temperature).

A new feature of Mars-GRAM is that values of the input parameters are needed as
input into the NAMELIST INPUT files only if they differ from the default values listed above.
Thus. the output for the above reference case is generated by using an empty INPUT file.
namely,




$INPUT
$END

The reference LIST output file for the reference input case above is given in Appendix
B and contains values for latitude and longitude of the sub-solar point, the heliocentric
distance (Mars orbital radius), and if the altitude is above 75 km, the local exospheric
temperature and the Jocal height and temperature of the base of the thermosphere.

13




10.

11

7. References

Bougher, S.W. et al. (1988): "Mars Thermospheric General Circulation Model:
Calculations for the Arrival of Phobos at Mars", Geophvs. Res. Let.. 15(13).1511-1514.

Bougher, S.W. (1995): Comparative Thermospheres: Venus and Mars”, Adv. Space Res..
15(4).21-45.

Bougher, S.W. et al. (1990): "The Mars Thermosphere: 2. General Circulation with
Coupled Dynamics and Composition®, Jour. Geophvs. Res.. 95(B9). 14,811-14.827.

Bougher, S.W. et al. (1993): "Mars Mesosphere and Thermosphere Coupling:
Semidiumnal Tides", Jour. Geophys. Res., 98(E2). 3281-3295.

Clancy, R.T.. D.O Muhleman and G.L. Berge (1990): "Global Changes in the 0-70 km
Thermal Structure of the Mars Atmosphere Derived from 1975 to 1989 Microwave CO
Spectra”, J. Geophys. Res.. 95(B9), 14,543-14,554.

Johnson. D.L. and Bonnie F. James (grant monitors), C.G. Justus and George Chimonas
(1989): "The Mars Global Reference Atmospheric Model (Mars-GRAM)", final report
under NASA Grant No. NAG8-078, Georgia Tech project G-35-685, October 8 (See also
Appendix B).

Justus, C.G. (1990): "A Mars Global Reference Atmospheric Model (Mars-GRAM) for
Mission Planning and Analysis", ATAA 90-004, 28th Aerospace Sciences meeting. Reno,
NV, January.

Justus. C.G. (1991): "Mars Global Reference Atmospheric Model for Mission Planning
and Analysis”, J. Spacecraft and Rockets, 28(2), 216-221.

Justus. C.G.. Bonnie F. James and Dale L. Johnson (1996): "Mars Global Reference
Atmospheric Mode! (Mars-GRAM version 3.34): Programmer’s Guide", NASA TMX
XXXX. April, 1996.

Pitts. David E. et al. (19907): "The Mars Atmosphere: Observations and Model Profiles
for Mars Missions. NASA JSC-24455.

Stewart, A.LF. (1987): Revised Time Dependent Model of the Martian Atmosphere for

use in Orbit Lifetime and Sustenance Studies”, Final report JPL PO# NQ-802429, March
26.52 pp.

14




4

"T'T AqBY, WO} B BB “XNY JB[0S UID /(] SNSIOA (3])

00t

06 08

*(1°7) uonenba st ouxy uoissaaSox ML

SIej\l Je Xnj4 Jejog wo 2 0}
09 0s

0.

oY

B2

08¢

aumjesadwa) dLoydsoxs uvaw [uqops) 1z aan3iy

4

0S1

ainjesadwia ] onvydsox3y ueapy jeqojo

-

A

15




9l

*(7'7) uonenba s1 dui| U0ISSAIZA AYY, Y°T QB WOl I8
BJB(Q *9OUBISIP ILIJUIVOIPY SNSIIA Qaaydsoursayy ay) Jo aseq ays jo (uny) 3y S1oy usaw [BQO[S) *T°T dan31y

Gl

NV ‘siepy 03 8sue)sig 2143usd0}jeH

vl

£l

0Ll

-IA

Qi

0ci

0tl

w)y ‘aseg suaydsouuay] ‘yybiaH uea|y

=4
<
-

16




"(£°7) wonunbo st duyy woissaaBax 3y, 17 Jqe], wo.lj dae viB(
XN J8J0S WD /°g] SnsIA draydsourions ay) Jo aseq a3 yu (3q) aamyeaadwoy uvour [8qOL) "7 danSyy

SIel Je Xn|4 Jejog wd 20}
00l 06 08 0. 09 05 O 0 02

L\v.s-
to T |

=
N
F

=4
<
F

—@—
o

- €O
F

S
00
F

M ‘eseg oueydsounay] ‘ainjesodwo 1 Ues\

17




*($°7) uonenba s1 Jul] UOISSIIZAA YL, *]'T QY WOI 18 B)BQ
XN} 18[08 W £°0] SNSIAA ‘(uny) 3[Bds amesadwd) dLIydsouray) (B4 UBIW [BQOLD 4T dAn3ig

slep Je xnj4 Jejos wo 20}

0L 09 0S 1] 4
— 71— 0}

it At A 1.1

N
v

L.l 2 4 1 1 2 1338

\ 7

wy ‘ajess ainjesadwa] jesiuap ueap

Lt 2 1 1 1 1 1

9l

18




ve 0¢

"s1pwB.IEd 358D [opom Jo SINJBA J0J [°Z IqBL 99S "IS6SOIN
358D [opow 10§ Avp Jo ) puk IPNIYE sNsIA () danjesaduroy LY dsoxd pPpow YOOI “1°¢ 9anSiy

uoou jsed sinoy ‘awi] Jejos [e20

\
— 091
[~

N
[

\____,/\

19

- soalbap ‘apnjijeq

<\\

)
\
\

| \\

JUBIOH W 0ZZ “186SOIN 9SED INDOLIN




‘s19jowe.1ed 9582 [opoul Jo SIN[BA 10} I°T IIqBL NS "I86SDI 58D
[9pou 1oj A8p Jo Jwi} pus IpnE| sn&IA O aanjesadway ouagdsoxa Ppow WVHH-SIBIA *7°€ 2an31g

sinoy sJepy ‘awi] Jejog |

B007

0z 9l r4) 8 ¥

i o8N I om I.\\\._

v e\ m

A/ NN

w\\ \\ ) v 7 A ///

) N
_ - /

JybloH wy 0£Z “186SOIN @S8D NVUO-SIEN

08-

"Bap ‘apnine

20




*s1a3omeaRd 358D [PPOW JO SIN[BA J0J [*Z AR, 39S .ﬁamwz, _
9SE) [9pow 10§ AP JO JuII} puE IPNIYE] SNSIIA 0D sameradmd) daydsoxs Ppow WOOLI ‘'€ aIngiy

uoou jsed sinoy ‘awi] Jejog |20

(A 0¢ 91 cl 8
og/ﬁw/ A
~ ” ﬁ@ \% pd

N AN St/
i ooz " m
AN =7/

K Nove " 27N >

08

d
——
—

e
v

<
NN
N

°.
soalbap ‘epmyze

Wby w 0ZZ “126SOIN 9seD WOOLIN

21




ve 0¢ 9l cl 8 L4 0
09¢ NS I ,
RS
oNN‘ WM‘“ Y M\ V %HH 3
SIS w

\a .\M 2 k \_.\ﬂ\\f < N :

= NN\ i

o8t s\u\s\
e o]
RS e

oot | Ve

14

*§/ul T 03 ( Wwoly IZusy
5103294 padds puipy ‘s13)dwuaed 358D [pow Jo SIN[BA 10) [°T JQBL RS “IL6SOIN 3582
[opou1 10§ Kvp jo Ay pus IpNIRE] snsIdA (3)) dmerIdwd)y L9y dsoxd Ppow WVYS-SBI p°€ 231

sinoy sJepy ‘awi] Jejos |e207

JybioH wy 0gzZ ‘@sed 1L6SON WVHOSIEN

"Bap ‘apnjne

22



"s1jomeasd 258 [9powt Jo SIN[BA 10J °7 IqBY, 39 I$6SOIN 58D [Ppout 10§ Avp
JO Iy puE opMINY] SNSIA YYS1aY uny ogJ v (cw/3y ‘o1-0s8q-30]) ANsuap Ppom WHIDLIN *S'E ngiy

sinoy sJey| ‘awi] Jejos [eso]

e 0z 9% 7 8 ¥ 0
" S . S WA T
AN Al -~ //.//F\J \ [

<
"~
\\
L~ :
\/""‘"\

S
\
/
vt
{
A

I \ 8012

[
|

\\

JUBISH unf 08} ‘oSED 186SON WODLIN-

© O O O O © ©o o o
® ® ¥ & §qF e

~*Bop ‘epnine

23




"s1)oweaed 3582 [Ppow Jo SIN[BA 10§ §°Z IqEL NS I86SOI I8 Ppow 10§ £8P jo
SWi} puB 3pmRE] susIIA Y31y uny 081 I8 (cw/3y ‘01-958q-0]) ASUIP PPOW WYYH-KIBJY *9°c 2anB1y

ve

sinoy sJep ‘ew|] Jejos [e207

114 cl 8
PESLERNNLG S
NN /:
4 N\ NS
/ AN
80l - ]
J —
\ ]

JyblaH wy 08l ‘esed 186SON WVHO-SIel

"Bap ‘apnjne
24




*s1939mured 958D [9powm JO SINJBA J0J T°7 I, NS IL6SOIA 58I [opow .10)
Aup Jo swy puw apnyye] sns1a4 ‘WS1oy uny 081 38 (/B ‘o1-0seq-Soj) Ansudp Ppow WHDLIN *Lc Sy

sinoy siep ‘awi] Jejog [eso]

¥e 0C

- 91 4

\

/

S

N

¢'Ol+

N
\

N

¥°0L~/

\/ =

N\

y A\/
AN
Vv

\

N /

\

N~

9°0L~

/A

A

N1

N

7

N8

Oi-

~__

WL

-

bBraH wy 08} ‘esed “126SON NODLIN

08-

09-

o
0¢-

Q O
N

09
08

‘Bap ‘apnyer

25




"s19jomB18d 358D [PPOW JO SIN[BA J0J ['Z AGBL IS *TLESOIN 958 [9pow 10§ K8p
JO Juwiy) pus IpNIjIe] sNsIIA 319y uny (8] I8 Ams\wu_ ‘01-958q-80]) A315Udp PPOW AVYO-SIBIA "§°€ 3nSiy

SINoY sJey ‘ewj] J1ejos |edo
ve 114 91 cl w v 0

1 1 1 14 1 1 14 1 4 1 ¥ 1 ] 1 J
Ve
-]
=

N.OP\

VN
|

/\//
<

(vor
N

‘QL-
N

AN \\\\\l/ H
/

S s e g o

ybiaH w 08l ‘ased 1L6SON WVHOSsIeN

08-
09-

‘Bap ‘apnjne]

26



. 's19pmuIRd 3589 [PPOM JO SIN[BA 10) T IqEL, 39S "I86SOIN 9589 [opown 1oj
Avp Jo owim) pue apnE] SNSIIA ‘arydsomioys oy Jo aseq je (31) samyurodudy Ppow WIOLI *6°€ anS1]

SINoy SJely ‘ow] Jejog [e90] !
2w oz ) 4} s v .

—— HJMI/M///MIQ/:\\\\ el
WAL ARSNCAG N
| \ ] \ \\ \\ ‘ / // 0
F\\w /bs A

08-

N

27

114

saaibop ‘opnjiye

O
-
s
A
/
AN
A .,
< ,
P

ov

09

08

Q
7
{

B
)
T
\

(M)41 “186SOIN @€ WIDLIN




/W 881 03 0

sinoy siep ‘ewi] Jejos |20

wotj I3unt

$10J034 pads puipy ‘s1jdweLsd 358 [Jpow JO SIN[BA 10§ [°T B 9IS TLESOJA 582 [Ppow
10 A8p Jo Jwy pus IPMIYE| snsIIA 943197 uny g£Y 38 (O1) Mn3radwd) Ppow WVYO-SIBIA *01°E 2]

Ve 0¢ 91 cl 8 14 0
SN =
Y T
N Mu (e
a\\, JWH\\NXf
NS Z
- /\\
3 T d/m
0s1 N\
ovi — = s g NN

JybloH wy 0g}) ‘@seD 1L6SON WVHOSIe

08-
09-
ot~
0¢-
0
0¢
(1) 4
09
08

"Bap ‘apnyije

28



"sjweIRd 358 [Opow Jo saneA Joj Tz AqBL RS TLESOIN 9582 [dpout .10j
Aep Jo omm) puw apmne] snsiaA ‘raydsourtay ay jo aseq arp Jo (uny) 3ySioy pPpow WHO LI ‘I1°¢ danSig

Sinoy sJepy ‘awl] Jejog [eso]
T4 0¢ Gl (1] G 0

.__...._...A..._...._.wal

Sa e AN
\////\\ ) oz B

o (NN T S

IR N ?

o= NN

I///wll\#é\v\wﬁ /“MM

(W) 47 “126 SO 2@s€D MDD LIN &.




*s193owBaBd 358D [PPOW JO SINBA 10J [°T IqBL RS "IL6SOIA 58I [dpout 10)
‘Yid0N $93133p §°79 Ipn3NyE| 38 L8P Jo Awy) pus Y31y snskAA ¢ (Of) 3anjeaadwd) Ppow WHOLI ‘TI°E 34ndiyg

sinoy siep ‘ewl] Jejos |es07]

A 0z 91 rd) 8 v coﬁ
T T T .\ul. T T T T T -‘"/ T Y T T T .1
\\ L H//AVMF\ ]
ovL .
quw ] .

o9t \ \vom / ] T

| Joal &

\ \ / oS\ 15 3

0ze ] 3

1081

100z

N §'29 apmije] “1L6SOIN 9seD WOOLIN




‘s19powe.Ied 958D [opPOW JO SIN[BA 10J °T I[qBL, NS "IL6SOIN 58I [opout .10)
“qIaI0N $980p S'79 IpMINE] 38 Aup Jo dmmy puw JYSRY snsiA ¢ () o..:ﬁ..onioa [Ppow AVEO-SIBIAL *€1°€ N1

' sinoy siep ‘owll] Jejog je20o7
ve 0¢ 91 cl 8 S 0
| 0S1 ~ | - |
091
081 GL/ |
\ \ osl/ .

o
©
F
uny WbroH

081

—— ,/oxs .
ot\\)// ,/ |
xg, V |

00¢ | i | i
\// ,. '/ 1 002

Bap §'z9 apnine “126SON INVIO-SIep

L

31




Appendix A - Updates in the Mars-GRAM Program Code

1. Comparing MARSGRAM.FOR for Mars-GRAM 3.34 and Mars-GRAM 3.4

The official version number is changed.

***k** Mars-GRAM 3.34\MARSGRAM.FOR

C... Program Mars~-GRAM Interactive version 3.34 - November 1, 1995
C

*¥**x*x* Mars-GRAM 3.4\MARSGRAM.FOR

C... Program Mars-GRAM Interactive version 3.4 - April 1, 1996

C

Output of the official version number to the LIST file is changed.

***x** Mars-GRAM 3.34\MARSGRAM.FOR

C
1 Format (' Mars-GRAM Interactive version 3.34 - November 1, 1995')
Cc
***x* Mars-GRAM 3.4\MARSGRAM.FOR
Cc
1 Format (' Mars-GRAM Interactive version 3.4 - April 1, 1996')
C

MARS
MARS

MARS
MARS

MARS
MARS
MARS

MARS
MARS
MARS

Climate factors (CF) and thermospheric adjustment parameters (deltaZF, deltaTF, and

deltaTEX) are added to the common DATACOM.

**k*x* Mars-GRAM 3.34\MARSGRAM.FOR
& logscale,dustlat,dustlon,dusthgt, radmax,Rref,modpert,alsO,
& intens, iu0, iup,maxfiles
COMMON /FILENAME/lstfl,outfl

**x%* Mars—-GRAM 3.4\MARSGRAM.FOR
& logscale,dustlat,dustlon, dusthgt, radmax,Rref,modpert,als0,
& intens,iu0, iup,maxfiles,CF(0:5),deltaZF,deltaTF,deltaTEX
COMMON /FILENAME/lstfl,outfl

% %k kK

** %k %% Mars-GRAM 3.34\MARSGRAM.FOR
Write(iu0,10)
10 format (' Enter name for LIST file (CON for console listing): ')
**x** Mars-GRAM 3.4\MARSGRAM.FOR

Write(iu0,10)
C... Set CF climate factors to 1.0 (.ne. 1 available in Batch version)
Do 5 i =20,5
CF(i) = 1.0
5 Continue
C... Set deltaZF, deltaTF & deltaTEX to 0.0 (available in Batch only)

deltaZF = 0.0
deltaTF = 0.0
deltaTEX = 0.0

10 format (' Enter name for LIST file (CON for console listing): ')
% %k %k %k

A-1

MARS
MARS
MARS

MARS
MARS
MARS

The climate factors (CF) are initialized to their default values of 1.0. The thermospheric
adjustment parameters (deltaZF, deltaTF, and deltaTEX) are initialized to their default values of 0.0.
User selected values of these parameters can be used in the batch form of Mars-GRAM. In the
interactive form of Mars-GRAM, these parameters cannot be changed from their default values.

MARS
MARS

MARS
MARS
MARS
MARS
MARS
MARS
MARS
MARS
MARS
MARS

IS

[ S

10
12
10

12

44
45

44

44a
44b
44c
444
44e
44F
44g
44h
45



2. Comparing MARSGRMB.FOR for Mars-GRAM 3.34 and Mars-GRAM 3.4

The official version number is changed.

seeve Warg-GRAM 3.34\MARSGRME FOR

C... Prcgram Mars-GRAM Batch version 3.34 - November 1, 19935 MARE ]
C MEPE 2
#eese Mars-GRAM 3. 4\MARSGRMB.FOR

C... Pregram Mars-GRAM  PBatch version 3.4 - April 1, 1986 MArE 1
C MARE 2
2EEEE

The default value of solar flux at 1AU (F107) is changed to 68, from 185. The 1AU value of
F107 on the day of the Viking 1 landing (July 20, 1976) was 68.

*eeve Mars-GERM 3. 34\MARSGRMB.FOR

¢c DusTLCh = 0.0, ! West longitude (deg) of center of dust stcrm MARRE 3%
c Fi107 = 1E5.0, ' 10.7 cm solar flux (10**-22 W/cm**2 at 1 RY) MARE 3E
Cc S8TDL = 0.0, t s=d. dev. for thermosphere variation (-3.0 MARE 37
sevee Mars-GRAM 3.4 \MARSGRMB.FOR

Cc prsTLew = 0.0, ! West longitude (deg) of center of dust sterm MARE 35
C FiC7 = 6£.0, t 10.7 em solar flux {10**-22 W’'cm**2 at 1 AU) MARE 36
cC SsToL = 0.0, ! std. dev. for thermosphere variation (-3.0 MARR 37
LA R 2 & J

The comment about the COSPAR model comparison {LOGSCALE = 2) is added.

sreve Mars-GRAM 3.34\MARSGRME.FOR

C H plcts) MARE 44
C LOGSCALE = ©, t 1 for log-kase-10 scale plets, O for linear MARE 45
C H scale MARE 46
C FLAT = 2.0, ! iritial latitude (N positive), degrees MARE 47
*ees e Wars-GRAM 3.4 \MARSGRME FOR

C ! plots? MARE 44
C LGCZSCALE = 0, ! O=zregular linear scale, l=log-base-1C scale, MARE 45
C ! 2=percentage deviations frcm COSPAR mcodel MARE 4€
C FLxT = 22.0, ' initial latitude (N positive), degrees MARE 47

seeee

Descriptions are added to the NAMELIST input for the new climate adjustment factors (CF)
and thermospheric adjustment parameters (deltaZF, deltaTF, and deltaTEX).

srere Mars-GRAM 3, 34\MARSGRMS.FOR
C DELTIME = (.0, ! time increment (cec) between steps
C SEND
*eree Marg-GRAM 3. 4\MARSGRMB.FOR
DELTIME 0.0, ¢ tlﬁe increment (sec) between steps
CF{ 1.0 ! climate adjustment factor at s
1.0 ! climate adjustment factor at S k

1.G t climate adjustment factor at 15 Ik=m
1.¢ ! climate adjustment factor at 30 km
1 1
1 1
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3. Comparing MARSSUBS.FOR for Mars-GRAM 3.34 and Mars-GRAM 3.4

The official version number is changed.

**x %% Mars-~GRAM 3.34\MARSSUBS.FOR

o) Subroutines and Functions for Interactive and Batch versions of

C Mars-GRAM version 3.34 - November 1, 1995

ottt ittt it et ta e e eeeeeaaansseeeaaseeeaseeeeeenteneeeeeesonenonenaaanan
¥*kx*x Mars-GRAM 3.4\MARSSUBS.FOR

C Subroutines and Functions for Interactive and Batch versions of

C Mars-GRAM version 3.4 - April 1, 1996

Gttt i ittt i it ittt ettt e enanassaseneeennnseseeeeeeenoensnsenaneeensenas

ALBL
ALBL
ALBL

ALBL
ALBL

The climate adjustment factors (CF) and the thermospheric adjustment parameters
(deltaZF, deltaTF, and deltaTEX) are added to the argument list for subroutine ATMOS2. The local
exospheric temperature (Texos) and local temperature of the base of the thermosphere (Tbase) are
added as output arguments, to pass these values for output to the LIST file.

*¥*xk* Mars-GRAM 3.34\MARSSUBS.FOR

& dustM, dustA, H, TEMP, DENST, UPFCTR, LWFCTR, PRES, RSC, Z0, TMAX, TMIN,
& TAVG, Bruntf,densurf, tfactor, 2F,als0, intens, iul)

REAL LWFCTR,MARSAU, INTENS
**%*¥* Mars-GRAM 3.4\MARSSUBS.FOR

& dustM, dustA,H, TEMP, DENST, UPFCTR, LWFCTR, PRES, RSC, 20, TMAX, TMIN,
& TAVG, Bruntf, densurf, tfactor, ZF,als0, intens, iu0,CF, deltaZF,

& deltaTF,deltaTEX, Texos, Thase)
REAL, LWFCTR,MARSAU, INTENS

*k Kk Kk

Comments about the input/output argament list for ATMOS2 are updated, to reflect the

new argument variables.

¥**x* Mars-GRAM 3.34\MARSSUBS.FOR
COMMON /THERM/F107,stdl
Dimension ES(0:11)

C

C CHGT SPACECRAFT HEIGHT ABOVE REFERENCE SURFACE (KM) (INPUT)
(o4 CLAT APACECRAFT LATITUDE (DEGREES) (INPUT)

C CLON WEST LONGITUDE OF SPACECRAFT (DEGREES) (INPUT)

C MARSAU MARS ORBITAL RADIUS (AU) (INPUT)

C SUNLAT AREOCENTRIC LATITUDE OF SUN (DEGREES) (INPUT)

c SUNLON MARS WEST LONGITUDE OF SUN (DEGREES) (INPUT)

C ALS AREOCENTRIC LONGITUDE OF SUN ORBIT (INPUT)

o4 DATE JULIAN DATE (INPUT)

c dustM dust storm magnitude for average T and p effect

C (1 = full magnitude, 0 = no dust storm) (INPUT)

C dustA dust storm magnitude for daily amplitude T and p effect
C (1 = full magnitude, 0 = no dust storm) (INPUT)

C H SCALE HEIGHT AT SPACECRAFT POSITION (KM) (OUTPUT)

C TEMP TEMPERATURE AT SPACECRAFT POSITION (K) (OUTPUT)

C DENST MASS DENSITY AT SPACECRAFT POSITION (KG/M**3) (OUTPUT)
C UPFCTR UPPER DEVIATION FACTOR ON MASS DENSITY (OUTPUT)

C LWFCTR LOWER DEVIATION FACTOR ON MASS DENSITY (OUTPUT)

Cc PRES PRESSURE AT SPACECRAFT POSITION (N/M**2) (OUTPUT)

C RSC AREOCENTRIC RADIUS TO SPACECRAFT (XKM) (OUTPUT)

C Z0 LOCAL TERRAIN HEIGHT RELATIVE TO REFERENCE ELLIPSOID
o4 (KM) (INPUT)

C TMAX Daily maximum surface temperature (X) (OUTPUT)

C TMIN Daily minimum surface temperature (X) (OUTPUT)

o} TAVG Daily average surface temperature (K) (OUTPUT)

C Bruntf Brunt-Vaisala frequency = Sqgrt((g/T)*(dT/dZ + g/Cp))
C (OUTPUT)
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densurf Density at surface (kg/m**
tfactcr Density perturkation facto
(GUTPUT)

ZF Height of base of thermosp
als? Initial Ls for dust storm
INTENS Dust storm intensity (G.0-
iul unit nurber for messages

Mavrs-GRAM 3.4\MARSSUBS.FOR
CCMMON /THERM/F107,stdl
Dimersicn ES{0:11),CF(C:5)
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r at base of thermocsphere

(OUTPUT)
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C
C CH3GT SPACECRAFT HEIGHT ABOVE REFERENCE SURFACE (M) (INPUT)
o CLAT SPACECRAFT LATITUDE (DEGREES) (INPUT)
C cLon WEST LONGITUDE OF SPACECRAFT (DEGREES) (INPUT)
C MARSAU MARS ORBITAL RADIUS (AU) (INPUT)
C SUNLAT RRECCENTRIC LATITUDE OF SUN (DEGREES) (INPUT)
C SUNLON MMRS WEST LONGITUDE OF SUN (DEGREES) (INPUT)
C ALS AREQOCENTRIC LONGITUDE OF SUN ORBIT (INPUT)
C DATE JULIAN DATE (INPUT)
c dustM dust storm magnitude for average T and p effect
C {1 = full magnitude, 0 = no dust storm) (INPUT)
C dusth dust storm magnitude for daily amplitude T and p effect
o (i = full magnitude, 0 = no dust storm} (INPUT)
C K SCALE HEIGHT AT SPACECRAFT POSITION (KM) (OUTPUT]
C TP TEMPERATURE AT SPACECRAFT POSITION (K) (OUTPUT)
C DENST MASS DENSITY AT SPACECRAFT POSITION (KG/M**3) (OUTPUT)
C UPFCTR UPPER DEVIATION FACTOR ON MASS DENSITY (OUTPUT)
C LWFCTR LCWER DEVIATION FACTOR ON MASS DENSITY (OUTPUT)
C PRES PRESSURE AT SPACECRAFT POSITION (N/M**2) (OUTPUT!
o RSC ARECCENTRIC RADIUS TO SPACECRAFT (¥M) (OUTPUT)
C 20 LOCAL TERRAIN HEIGHT RELATIVE TO REFERENCE ELLIPSOID
C (¥24) (INPUT)
C TMAY Daily maximum surface temperature (K) (OUTPUT)
o T™IN Daily minimum surface temperature (K) (OUTPUT)
C TAVG Daily average surface temperature (K) (OUTPUT)
C Eruntf Brunt-Vaisala freguency = Sqrt((g/T)*(d7/dZ + g/Cp!l)
C {CUTPUT
C densurf Density at surface (kg/m**3) (OUTPUT)
C tfactcr Density perturkation factor at base of thermocsphere
C (CUTPUT)
C ZF Lecal height of base of thermosphere (QUTPUT)
c als0 Initial Ls for dust storm
C INTENS Dust storm intensity (C.0-3.0)
C il unit number for messages
c (3 climaze adjustment factor array for temperature levels
o deltaZF adjustment in height (km) of base of thermosphere
C édeltaTF adjustment in temperature (¥) at height ZF
C deltaTEY adjustment in excspheric temperature (F)
C Texos lccal exospheric temperature (K) (OUTPUT)
C Tbase lczal temperature for base of exosphere (¥) (OUTPUT;
C
s eSS
The climate adjustment factors (CF) are added to the argument list of the subroutine
TEMPS.
seerr Wars-GRAM 3 .34\MARSSUBS.FCR
C. Evaluate temperatures at significant levels
Call Temps!Tlibar,Tsurf,gam, CLAT,dlon, dust¥, dustAh ALS,T)
C.. Evaluate surface pressure, N/m**2
serrr Wars-GRAM 3. 4\MARSSUBS.FOR
C. Evaluate temperatures at significant levels
Call Temps(Tltar,Tsurf, gam, CLAT,dlon,dustd, dustA 1S, 7,.CF)
C.. Evaluate surface pressure, N'm**2
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The local height of the base of the thermosphere (ZF) is computed, by calling the new
subroutine Thermpar, and applying the Stewart (ES), pressure (DR), and dust corrections. The
calling order for the Stewart2 subroutine is modified, to improve the program logic and run-time
efficiency. This is the section that calls Stewart2 for use in the interpolation between 75 km altitude
and the base of the thermosphere. The temperatures at the base of the thermosphere (Tbase) and in
the exosphere (Texos) are passed for output to the LIST file,

***** Mars—-GRAM 3.34\MARSSUBS.FOR

C... Height of base of thermosphere ATM2136
ZF = 124.4 * (SMA / MARSAU)*EXP(ES(8)) + DR + DUST ATM2137
C... Shgt = height for call to thermosphere model ATM2138
C... Shgt = ZF if current height < ZF ATM2139
Shgt = CHGT ATM2140
If (CHGT .lt. ZF) Shgt = ZF ATM2141
C... Evaluate atmospheric parameters at base of thermosphere ATM2142
Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRES, TEMP, DENST, ATM2143
& Shgt,Rstar,H,AMF, 0.0,als0, INTENS, iu0) ATM2144
C... Evaluate density perturbation factor at base of thermosphere ATM2145
Call Stewart2 (MARSAU,ALS,CLAT, TIME, PRESHI, TEMPHI, ATM2146
& DENSHI, Shgt,Rstar,HHI,AMHI,1.0,als0, INTENS, iu0) ATM2147
tfactor = DENSHI/DENST - 1.0 ATM2148
C... Use stratosphere model if current height < ZF ATM2149
If (CHGT .lt. ZF)then ATM2150
PF = PRES ATM2151
**xx*x Mars-GRAM 3.4\MARSSUBS.FOR
C... Height of base of thermosphere ATM2136
Call Thermpar (MARSAU,70.,CLAT, TIME, SUNLAT, TINFO,TF0,ZF0,SCALE) ATM2136a
ZF = ZFO*EXP(ES(8)) + DR + DUST + deltaZF ATM2137
C... Use stratosphere model if current height < ZF ATM2149
If (CHGT .1lt. ZF)then ATM2149%a
Shgt = ZF ATM2149b
C... Evaluate thermospheric parameters at base of thermosphere ATM2149c¢
Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRES, TEMP, DENST, Shgt, ATM214%d
& Rstar,H,AMF,0.0,als0, INTENS, iul, sunlat, deltazF, deltaTF, ATM214%e
& deltaTEX, TINF, TF) ATM2149f£
Tbase = TF ATM2148g
Texos = TINF ATM2145%h
C... Evaluate density perturbation factor at base of thermosphere ATM2149i
Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRESHI, TEMPHT, ATM21497
& DENSHI, Shgt,Rstar,HHI,AMHI,1.0,als0, INTENS, iu0, sunlat, ATM2149k
& deltaZF,deltaTF, deltaTEX, TINF, TF) ATM21491
tfactor = DENSHI/DENST - 1.0 ATM2149m
PF = PRES ATM2151

* Kk kk Kk

The calling order for the Stewart2 subroutine is modified, to improve the program logic and
run-time efficiency. This is the section that calls Stewart2 within the thermosphere. The
temperatures at the base of the thermosphere (Thase) and in the exosphere (Texos) are passed for
output to the LIST file.

**x*x% Mars-GRAM 3.34\MARSSUBS.FOR

Else ATM2163

Call Stewart2 (MARSAU,ALS,CLAT, TIME, PRESHI, ATM2164

& TEMPHI, DENSHI, Shgt,Rstar,HHI,AMHT,1.0,als0, INTENS, iu0) ATM2165

Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRESLO, ATM2166

& TEMPLO, DENSLO, Shgt,Rstar,HLO,AMLO,-1.0,als0, INTENS, iu0) ATM2167

UPFCTR = DENSHI/DENST ATM2168

*%*%%* Mars-GRAM 3.4\MARSSUBS.FOR

Else ATM2163
Shgt = CHGT ATM2163a
C... Evaluate thermospheric parameters at current height ATM2163b
Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRES, TEMP, DENST, ATM2163c
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& Shgt,BRstar,E,AMF,0.0,als0, INTENS, iul,sunlat,deltalZfF,deltaTF, ATM21€34
& deltaTEX, TINF,TF) ATMI1ESe
Texos = TINF ATM21E3f
Tbase = TF ATM21€3g
tfactcr = DENSHI/DENST - 1.0 ATM21E3h
Call Stewart2 (MARSAU,ALS,CLAT,TIME, PRESHI, TEMPHI, ATMZ1E4
& DENSHI, Shgt,Rstar HHI,AMHI,1.0,alsC, INTENS, iul,sunlat, ATM21ES
& deltaZFr,deltaTF,deltaTEY, TINF, TF) ATMZ1E52
Call Stewart2 (MARSAU,ALS,CLAT,TIME,PRESLO, TEMPLO, ATMI1ES
& DENSLO, Shot,Rstar, HLO, AMLO,-1.0,a1s0, INTENS, iul,surnlaz, ATM2L1ET
& deltaZ¥,deltaTF,deltaTEX, TINF, TF) ATMI1ET2
UPFCTR = DENSHI/DENST ATM21ES
L B ]
Adjustment parameters CF, deltaZF, deltaTF, and deltaTEX are added to the common
DATACOM.
*eees Mars-GRAM 3, 34\MARSSUBS.FCR
& logscale,dustlat,dustlon,dusthgt,radmax,Rref, modpert,als?, BL¥D €
& intens,iul,iup,maxfiles BL¥D 9
C... Unit nurbers fcr messages (normally tec screen) and tc list cutput BL¥D 10
***es Mars-GRAM 3.4\MARSSUBS.FOR
& logscale,dustlat,dustlon,dusthgt, radmax,Rref modpert, alsh, BL¥D &
& intens,iul,ivp,maxfiles,CF(0:5),deltaZF,deltaTF,delzaTEX L¥FD§
C... Unit nurbers fcr messages (normally tc screen) and to list output BL¥D 1C
L R 4

Data statements are added, to establish default parameters. Note, the parameter maxfiles
may need to be 16, for PC-based, 16-bit compilers. This will limit the number of output files that will
be produced; maxfiles may be set to a larger value on UNIX systems and 32-bit PC compilers.

sewee Mars-GRAM 3.34\MARSSUBS.FOR

Data maxfiles/1l€/
C... Zurek wave perturbation parameter data values
*#e*** Mars-GRAM 3.4\MARSSUBS.FCR

Data maxfiles/16/

C... Default = nc dust stcrm

Data Als0O,Intens,Radmax,Dustlat,Dustlon’/5*0.0/
C... Default mcdel parameters

Data Mcdpert, NVARY, NVARY, LGGSCALE,NP0S'3,1,0,0,21/
C... <Zurek wave perturbation parameter data values
L

ol e
fon
0

e

ot
tet

BLKED 18
EL¥D 18a
BL¥Z 1E%
EL¥Z 182
EL¥D 183
BL¥D 19

Adjustment parameters CF, deltaZF, deltaTF, and deltaTEX are added to the common

DATACOM.

***v* Mars-GRAM 3.34\MARSSUBS.FOR

& lcgscale,dustlat,dustlon,dusthgt, radmax,Pref, modpert,alst, CL3TF 11
& intens,iul,iup, maxfiles D3TF 12
Real intens DSTF 13
*rrre Mars-GRAM 3.4\MARSSUBS.FCR
& lcgscale,dustlat,dustlon,dusthgt,radmax,Pref, modpert,alst, DSTF 1t
& intens,iul,iup,maxfiles,CF(0:5),deltaZF,deltaTF,deltaTEX DSTF 12
Feal intens DSTF 13
LB N ]
Adjustment parameters CF, deltaZF, deltaTF, and deltaTEX are added to the common
DATACOM.
seere Mars-GRAM 3 .34 MARSSUBS.FOR
& lcgscale,dustlat,dustlon,dusthgt, radmax,Rref, modpery,alsl, o3TE 9
& interns,iul,ivp,maxfiles C5TF 106

A-6




COMMON /FILENAME/lstfl,outfl

***x*x* Mars-GRAM 3.4\MARSSUBS.FOR
& logscale,dustlat,dustlon,dusthgt, radmax, Rref, modpert,als0,
& intens,iu0l,iup,maxfiles,CF(0:5),deltaZzF,deltaTF,deltaTEX
COMMON /FILENAME/lstfl,outfl

% %k d k%

DSTP

DSTP
DSTP
DSTP

11

9
10
11

The new input and output parameters (CF, deltaZF, deltaTF, deltaTEX, Texos, and Thase) are

added to the argument list in the call statement for subroutine ATMOS2.

***x** Mars-GRAM 3.34\MARSSUBS.FOR
& dustM, dustA,HSCALE, TEMP, DENS, FACTHI, FACTLO, PRES, RSC, thgt,
& TMAX, TMIN, TAVG, Bruntf, densurf, tfactor, ZF,als0, INTENS, iul)
C... CHGT = height above reference ellipsoid
**x** Mars-GRAM 3.4\MARSSUBS.FOR
& dustM, dustA, HSCALE, TEMP, DENS, FACTHI, FACTLO, PRES, RSC, thgt,
& TMAX, TMIN, TAVG,Bruntf,densurf, tfactor, ZF,als0, INTENS, iul,CF,
& deltaZF,deltaTF,deltaTEX, Texos, Thase)
Zbase = ZF
C... CHGT = height above reference ellipsoid

* %k kk

The new input and output parameters (CF, deltaZF, deltaTF, deltaTEX, Texos, and Tbase) are

added to the argument list in the call statement for subroutine ATMOS2.

***x* Mars-GRAM 3.34\MARSSUBS.FOR
& dustM, dustA, HLONP, TLONP, DLONP, FHI, FLO, PLONP, RLONP, thgt,
& TMAP,TMIP,TAVP,bvf,denl, tfac,zt,als0, INTENS, iul)
CLONM = CLON - 2.5
*¥*k*x*x Mars-GRAM 3.4\MARSSUBS.FOR
& dustM, dusta, HLONP, TLONP, DLONP, FHI, FLO, PLONP, RLONP, thgt,
& TMAP,TMIP,TAVP,bvf,den0, tfac,zt,als0, INTENS, iul,CF,deltazF,
& deltaTF,deltaTEX,TINF,TF)
CLONM = CLON - 2.5

*k kKK

DSTP
DSTP
DSTP

DSTP
DSTP
DSTP
DSTP
DSTP

DSTP
DSTP
DSTP

DSTP
DSTP
DSTP
DSTP

41
43
41
42
42a

42b
43

87

89

87

88a
89

The new input and output parameters (CF, deltaZF, deltaTF, deltaTEX, Texos, and Tbase) are

added to the argument list in the call statement for subroutine ATMOS2.

**%** Mars—-GRAM 3.34\MARSSUBS.FOR
& dustM, dustA,HLONM, TLONM, DLONM, FHI, FLO, PLONM, RLONM, thgt,
& TMAM, TMIM, TAVM, bvf,den0, tfac, zt,als0, INTENS, iul)
C... First two heights for area average height
****x* Mars-GRAM 3.4\MARSSUBS.FOR
& dustM, dustA, HLONM, TLONM, DLONM, FHI, FLO, PLONM, RLONM, thgt,
& TMAM, TMIM, TAVM, bvf,den0, tfac, zt,als0, INTENS, iu0,CF, deltazF,
& deltaTF, deltaTEX, TINF,TF)

C... PFirst two heights for area average height
* %k %k k

DSTP
DSTP
DSTP

DSTP
DSTP
DSTp
DSTP

92

94

92

93a
94

The new input and output parameters (CF, deltaZF, deltaTF, deltaTEX, Texos, and Tbase) are

added to the argument list in the call statement for subroutine ATMOS2.

¥***x Mars—GRAM 3.34\MARSSUBS.FOR
& dustM, dustA,HLATP, TLATP, DLATP, FHI,FLO, PLATP,RLATP, thgt,
& TMAP,TMIP,TAVP,bvf,den0, tfac,zt,als0, INTENS, iul)
CLATM = CLAT - 2.5
***x* Mars-GRAM 3.4\MARSSUBS.FOR
& dustM, dustA, HLATP, TLATP, DLATP, FHI, FLO, PLATP,RLATP, that,
& TMAP,TMIP,TAVP,bvf,den0, tfac,zt,als0, INTENS, iul,CF, deltaZzF,
& deltaTF,deltaTEX, TINF, TF)
CLATM = CLAT - 2.5

* k% kk
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DSTP106
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DSTP105
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DSTP107
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The new input and output parameters (CF, deltaZF, deltaTF, deltaTEX, Texos, and Thase) are
added to the argument list in the call statement for subroutine ATMOS2.

Mars-GRAM 3.34\MARSSUBS.FOR

& dust),dusth, HLATM, TLATYM, DLATM, FEI,FLO, PLATY, RLATY, that,
& TMAY, TMIM, TAVM,bvE, denC,tfac,zt,alsl, INTENS, iul)

krea average height
Mars-GRAM 3.4\MARSSUBS.FOR

& dust¥,dusth, HLATM, TLATM, DLATY, FKI,FLO, PLATY, RLATM, that,
& TMAM, TVNIM, T2, bvf, denC,tfac,zt,als?, INTENS, iu?l,
& deltaTF,deltaTEX,TINF,TF)

krea average height

CF,delraZ?,

D3TPI14
D3TP115
D5TP:16
DSTP114
DSTP115
DSTPi15a
D5TP:11€

The coefficient on the viscosity term for the wind calculations is changed to 0.04 (from 1.0).

Mars-GRAM 3.34\MARSSUBS.FOR
'ISC = BETA®TEMP**1.5/(TEMP + SVAL)
VISCFAC = VISC/(1.0E6°DENS*VLL*"2)

FUG, FVG = Ccriclis parameter times components cf arec

Mars-GRAM 3.4\MARSSUBS.FOR

VISC = BETACTEMP**1.5/(TEMP + SVAL)

Use multiplier to scale wind magnitude

VISCFAC = 0.04°VISC/ (1. OLG'DMAS'"L"'Z)

FUG, FVG = Coriclis parameter times components of

DsTP133
DsSTP134
DSTP135

DSTP133
DSTP134
D5TP134a
DSTP135

The allowable upper and lower limits on the density perturbations are adjusted to better
account for the stability limits that would be encountered.

**rrr WMars-GRAM 3. 34\MARSSUBS.FOR
IF(RHC.GE.C.O)DENS? = DENS* (1. + wave) + RHO*LPLUS DSTP237
If (DENSP .lt. O.0)DENSP = 0.0S5°*DENS D3TPZ38
C. Standard deviation in random density perturkation (% of mean), DSTP23¢
*eeer Mars-GRAM 3.4\MARSSUBS.FOR
IF(RHEC.GE.C.C)DENSP = DENS* (1. + wave) + RHC*DPLUS DSTP237
C.. Fe-check upper and lower bounds cn density perturbations psTP237a
If (DENSP .1lt. 0.05*DENS)DENSP = (.05°*DENS D3TP238
If (DENSP .gt. (1l.+pertmax)*DENS)DENSP = (1.+pertmax pSTP23€a
C. Standard deviation in randem density perturbaticn (% ¢f mean), DSTPZ39
TP RS
A re-check of the density perturbation values is done, by comparing with the stability limits.
*rver Mars-GRAM 3. 34\MARSSUBS.FCR
SIGL = 50.°¢ (DENSHI-DENSLO) /DERS DsSTPI4l
C. Add Zurek wave amplitudes te DENSHI, subtract frcm DENSLO D3TR242
sever Mars-GRAM 3. 4\MARSSUBS.FOR
SIGL = SC.° (DENSHI-DENSLO) /DENS DSTPZ41
C. Fe-check SIGIZ, DENSHI and DENSLO D5TPZ4ia
If (51Gr.g¢. 10”.'pertmax)Then D5TPZ4ib
SIGE = 100.°*pertmax DSTPZ4dlic
DENSHI = D“NS'(l + pertmax) D3TP241d
DENSLC = DENS/ (1. + pertmax) D5TPZdlie
Endif D3TPZ41f
C. Aéd Zurek wave amplitudes to DENSHI, subtract frcm DE? D3TEZ4Z
. eSS
The Mars orbital radius (MARSAU) and the solar longitude (SUNLON} are added to the
output for the LIST file.
L L

Mars-GF «H 3.34\MARSSUBS . FCR
Iflicp.

t.CiWrite(ivyp,5%C)CSEC,CSEC/onesol  ALS,OH




& HSCALE, CLAT, CLON, SUNLON, TLOCAL

590 FORMAT (' T
***** Mars-GRAM

If(iup.gt.0)Write(iup,590)CSEC,CSEC/onesol,ALS,OHGT, OHGTS,

ime (rel. to T0) =',F10.1,' sec. (',F8.3,' sols)

3.4\MARSSUBS.FOR

& HSCALE, CLAT, CLON, SUNLAT, MARSAU, SUNLON, TLOCAL

590 FORMAT(' T

* %k %k k

ime (rel. to T0) =',F10.1,' sec. (',F8.3,' sols)

DSTP249
DSTP250

DSTP248
DSTP249
DSTP250

The formats are revised to accommodate the new output values. The line numbers are
changed on several lines to allow for these changes.

****x* Mars-GRAM
& 'Scale He
& ° West
& F8.3,' de
Call cospa
If (dcos.l
devlo
devav
devhi
Else
devlo
devav
devhi
Endif
If(iup.gt.
**%** Mars—-GRAM

wun

& 'Scale Height = ',F6.2,' km'/' Latitude = ',F8.3,' degrees
& ' West Longitude = ',F8.3,' degrees'/' Sun Latitude =',F9.2,
& ' deg. Mars Orbital Radius =',F6.3,' AU'/' Sun Longitude ='
& ,F8.2,' deg. Local Time = ‘',F6.2,' Mars hours')
If (iup.gt.0.and.OHGT.gt.75.0) Write(iup,595)Texos,Thase, Zbase
595 Format(' Exospheric Temp. = ',F6.1,' K',7X,'Tbhase = ',F6.1,
& ' K',3X,' Zbase = ',F6.1,' km')
Call cospar (OHGT, tcos, pcos,dcos)
If (dcos.le.0.0)Then
devlo = -99.9
devav = -99.9
devhi = -99.9
Else
devlo = 100.* (DENSLO-dcos)/dcos
devav = 100.* (DENS-dcos) /dcos
devhi = 100.* (DENSHI-dcos) /dcos
Endif
If(iup.gt.0)Write(iup,600)TEMP, PRES, DENSLO, DENS, DENSHI,

*kkkk

3.34\MARSSUBS.FOR

ight = ',F6.2,' km'/' Latitude = ',F8.3,' degrees
Longitude = ',F8.3,' degrees'/' Sun Longitude

g. Local Time = ',F6.2,' Mars hours')

r (OHGT, tcos, pcos,dcos)

e.0.0)Then

-99.9

-99.9

-99.9

100. * (DENSLO-dcos) /dcos

100.* (DENS-dcos) /dcos
100.* (DENSHI-dcos) /dcos

0)Write(iup, 600) TEMP, PRES, DENSLO, DENS, DENSHI,
3.4\MARSSUBS.FOR

DSTP252

DSTP253

DSTP254

DSTP254b
DSTP254c
DSTP2544
DSTP254e
DSTP254f
DSTP254g
DSTP254h
DSTP254i
DSTP2547
DSTP254k
DSTP255

DSTP252

DSTP252a
DSTP253

DSTP254

DSTP254a
DSTP254b
DSTP254c
DSTP2544
DSTP254e
DSTP254f£
DSTP254g
DSTP254h
DSTP2541
DSTP2543j
DSTP254k
DSTP2541
DSTP254m
DSTP255

The output variable for NVARX=8 is changed to local solar time in hours (from hour angle

in degrees).

***x*x* Mars-GRAM
If(NVARX.E

3.34\MARSSUBS.FOR
0.7)VARX = ALS

If (NVARX.EQ.8)VARX = TLOCAL*1S.

Alogdens =
**x***x Mars-GRAM
If(NVARX.E
If(NVARX.E
Alogdens =

* %k %k Kk

0.0
3.4\MARSSUBS.FOR
Q.7)VARX = ALS
Q.8)VARX = TLOCAL

0.0

DSTP272
DSTP273
DSTP273a

DSTP272
DSTP273
DSTP273a

The output variable for NVARY=8 is changed to local solar time in hours (from hour angle

in degrees).




*ere® Mars-GRAM 3.34\MARSSUBS.FCFR
If(IVARY ED.7)VARY = ALS psT?

[ IS BN J
N U ds

2

If(NVARY .EC. B)VARY TLCOCAL®1S. DSTP2:
WRITE(21,735)VARY, VARY, SIGD psSTP3

*#*r** Mars-GRAM 3.4\MARSSUBS.FOR
I£(NVARY .EQC.7)VARY = ALS DS
If OTVARY ECQ.B)VARY = TLOCAL D37
WRITE{Z1,735) VAR, VARY, SIGD DSt

LIS I N ]
U e

LR R RN

The new coefficients are loaded for the 687 day plus 777 day sun longitude calculations
(previously a single, 696 day, periodicity was assumed).

*ev** Mars-GRAM 3.34\MARSSUBS.FOR

C... d0-c¢€& = Fourier coefficients for lonsun calculation ORET 12a
data d{,481,82,83,44,d5,68€6/-3.5158255d0,6.52407714C,~9.328432330, ©RET 13
& 1.9052424c¢0,2.488793840,~-0.4918282540,0.101305138-1/ ORBT 14
C... perl = 6£7 day period; per2 = 696 day pericd ORET l4a
perl=€ . 8742/TWOPI ORET 15
per2=€.9€d42/TwOPI BET 16
PI18C = TWCPI/3.6042 ORET 17
»ees Mars-GEAM 3 .4\MARSSUBS.FOR
C... dL-d¢€ = Fourier coefficients for lonsun calculation ORET 12a
Data el,el,e2,el,ef, e5,e€/-.61024174D-01,1.80147520C, .35C8014200, ORET 12b
& .11820S528DC,~-.23E69660DC,~-.56879633D-01,-.42787450D-01/ ORET 12c¢
Data d0,d1,d82,d3,d4.485,d6/-3.4766116D0,10.199478DC,2.7450878CC, ORBT 13
& -3.272€522D0,-.67435053D-01, .52016400D0, .119C3292D3/ ORBT 13a
C... perl = €87 day pericd; per2 = 777 day period ORBT 14
perl=€ €742 /TWCPI ORET 15
per2=7.7742 /TWOPI ORET 16
PI1EZ = TWCPI/3.60dZ ORET 17

The comment line is modified and the computation of the time variable TIME2 is moved.

**¢*e Mars-GRAM 3.34\MARSSUBS.FOR

»lorn = lon0 + 3.60d2° (date - 2.92243)/perlon CRET 20
C... TIMELl, TIMEZ = time variables for pericds PER1 and PERZ CRBT 20a
TIMEL=DATE 'PER]1 ORBT 21
TIME2=ZATE/PER2 CR2ET 22
C... Lsubs calculaticn (REAL®*BE) CFET 22a
s*err Mars-GRAM 3.4\MARSSUES.FCR
xlen = len® ¢ 3.60432° (date - 2.92243) /perlon CRET 20
C... TIMEl = time variable for period PER1 CPET 20a
TIMEI=DATE 'PER] CRET 21
C... Lsuks calculaticn (REAL®E) ORET 22a
TSRS
The new, dual period, solar longitude model equations are evaluated.
A 4 -GRAM 3. 34\MARSSUBS.FOR
C. calculation (REAL*E) CFET 27a
N=C0+DIPOSTN(TIME2) +D2*DCOS(TIMEZ) +D3*DSIN({2. 040 TIMER) CRET 238
& +34°DC0S(2.080"time2)+d5*DSIN(3.040time2)+d€°0C0S(3.040 time2] ORET 29
& +xlcn GRET 30
C... Put Lsubs ard lonsun intc 0-360 degree range OPET 30a
LS = DMOD(LS,3.ED2) CRET 31
*revr Mars-GRAM 3. 4\MARSSUES.FCR
C... lonsun calcclation (REAL*E) CPET 27a
time = (cdate-2.92143)/perl ORET 271
time2 = (date-2.921c83)/per2 ORET 27cC
»1len=Cl+D1*SSIN(TIME) +D2*DCOS(TIME} +D3*2SIN(2 . 080 TIME) RET 28
L +Z24°DC0S(2.080 time) +85*°DSIN(3.080%time)+d6°DCCS {3 .04l time) CRET 29
L + »lon CEET 30
LON=E0-EL°28IN{timel ) +E2*DCOS {time2) +E3*D8IN{2.0d0 time2) RET 30a

A-10




& +E4*DC0OS(2.040*time2)+ES5*DSIN(3.040*time2)+E6*DCOS(3.040*time2) ORBT

& + xlon ORBT
C... Put Lsubs and lonsun into 0-360 degree range ORBT
LS = DMOD(LS,3.6D2) ORBT

* Kk Kk k*

The new variables (sunlat, deltaZF, deltaTF, deltaTEX, TINF, and TF) are added to the
argument list for the call to subroutine Stewart2.

***** Mars-GRAM 3.34\MARSSUBS.FOR

SUBROUTINE STEWARTZ2 ( RAUI, LSUN, LAT, LST, TOTALPRZ, TZ, STW2

& TOTALMDZ, CHGT, RSTAR, H, MOLWTG, SIGMA, als0O, INTENS, iu0) STW2

C STW2
**%%% Mars-GRAM 3.4\MARSSUBS.FOR

SUBROUTINE STEWART2 ( RAUI, LSUN, LAT, LST, TOTALPRZ, TZ, STW2

& TOTALMDZ, CHGT, RSTAR, H, MOLWTG, SIGMA, als0, INTENS, iu0, STW2

& sunlat,deltaZF,deltaTF,deltaTEX, TINF, TF) STW2

C STW2

d Kk ok kk

A comment line is added to clarify that FBARR is for the Mars orbital position.

***x** Mars-GRAM 3.34\MARSSUBS.FOR

RAU = RAUI STW2

FBARR = FBAR / (RAU**2) STW2
*x*** Mars-GRAM 3.4\MARSSUBS.FOR

RAU = RAUT STW2
C... Convert solar 10.7 cm flux to Mars position STW2

FBARR = FBAR / (RAU**2) STW2

dkkk Kk

The local values of the thermospheric parameters are evaluated by calling the new
subroutine Thermpar.

***k** Mars-GRAM 3.34\MARSSUBS.FOR

CALL PRSEAS(LSUN, LAT, PFAC) STW2

if(FLAG.gt.0)Write(iu0,*)' RREF, RAU, GZ = ', RREF,RAU,GZ STW2
***x*x* Mars-GRAM 3.4\MARSSUBS.FOR

CALL PRSEAS(LSUN, LAT, PFAC) STW2
C... Evaluate the basic parameters for the thermosphere model STW2

Call Thermpar (RAU, FBARR, LAT,LST, SUNLAT, TINFO, TF0, ZF0, SCALE) STW2

if (FLAG.gt.0)Write(iu0, *)' RREF, RAU, GZ = ',RREF,RAU,GZ STW2

* % % % %

The modifications, for the Stewart adjustments (ES), pressure (DR), dust, and the new
adjustment parameter deltaZF, are added to the value (ZF0) computed by Thermpar.

***x* Mars-GRAM 3.34\MARSSUBS.FOR

DUST = DUST * EXP(ES(10)) STW2

ZF = (124.4 * sMA / RAU) * EXP(ES(8) + ES(9)) + DR + DUST STW2

ZZF = CHGT - ZF STW2
***%* Mars-GRAM 3.4\MARSSUBS.FOR

DUST = DUST * EXP(ES(10)) STW2
C... Height of base of thermosphere STW2

ZF = ZF0 * EXP(ES(8) + ES(9)) + DR + DUST + deltaZF STW2
C... Height above base of thermosphere STW2

ZZF = CHGT - ZF STW2

* ok ok ok

The modifications, for the Stewart adjustments (ES) and the new adjustment parameter
deltaTEX, are added to the value (TINF0) computed by Thermpar.
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$eerr Mars-GRAM 3.34\MARSSUBS.FCR
R¥ = RREF + ZF STWZ 45
TINT = 4.11 * (11.0 + FBARR) * EXP(ES(2) + ES(3)) W2 46
TF = (170.0 * SMx / RAU) * EXP(ES(8) + ES(9)) STWZ 47
If (FLAG .GT. 0) then STwWZ 48
*erer Mars-GEAM 3.4\MARSSUBS.FOR
\F = FRE¥ + ZF STWZ 45
C Excospheric temperature STWZ 45a
TINF = TINFL * EXP(ES(2) + ES{3)) + deltaTEX STwWZ 4%
C Temperature at base of thermosphere STw2 46h
TF = TFC * EXP(ES(B8) + ES(9)) + deltaTF STW2 47
If (FLAG .GT. 0} then STwZ 48

The SCALE parameter is added as an argument for the THERMOS subroutine.

#ee*s Mars-GRAM 3.34\MARSSUBS.FOR

CALL THERMOS(FLAG, ES, TINF, TF, LAT, LST, ZF,FF, ZIF, TOTALPRZ, STWZ S8
& TOTALNDZ, TZ, MOLWTG, PRI, NDZI, MDZ, TOTALMDZ ,1iul) STwW2 59
C... SCALE HEIGHT, km STwWZ 60

**rer Mars-GRAM 3.4\MARSSUBS.FOR
CALL THERMCS(FLAG, ES, TINF, TF, LAT, LST, ZF,RF, ZZF, TCTALPRZ, STwWI S8
FLE)

& TCTALNDZ, TZ, MOLWIG, PRZ, NDI, MDZI, TOTALMDZ ,iul, SCALE) Tw2 59
Cc... CALE KEIGHT, ke STwW2 69

senee

The SCALE parameter is added as an argument is the call statemnt for the THERMOS
subroutine.

*re** Mars-GRAM 3.34\MARSSUBS.FOR

SUBRCUTINE THERMOS (FLAG, ES, TINF, TF, LAT, LST, ZF, RF, ZZF, 1
& TCTALPRZ, TCOTALNDI, TZ, MOLWTG, PRZ, NDZ, MDZ, TOTALMDZI, iuC) 2
NTEGER FLAG ,iul 3
DIMENSION ES(C:11),PRZ(0:11),NDZ(0:11) ,MBZ(0:11) 4
***** Mars-GRAM 3. 4\MARSSUBS.FOR

SUBRCUTINE THERMOS (FLAG, ES, TINF, TF, LAT, LST, ZF, RF, 2ZF, THRM 1
& TCTALPRZ, TOTALNDZ, TZ, MOLWING, PRZ, NDI, MDZ, TOTALMDZ, iu?, THRM 2

& SCALE) THRM 2a
INTEGER FLAG ,1iul THRM 3
DIMENSICN ES(C:11),PRZ(C:11),KDZ2(0:11),MD2(C:11) THREM 4§

LR R RS

Computation of the SCALE parameter within the THERMOS subroutine is deleted, since its
value now is input via the argument list.

*e*** Mars-GRAM 3.34\MARSSUBS.FOR
C.... FO = PARAMETER IN EQUATICN FOR ATCMIC OXYGEN CONTENT I
CALE = TF / 9.2C
M0 = 44.011
*evrr Mars-GRAM 3. 4\MARSSUBS.FCR
C.... FO = PARAMETER IN EQUATION FOR ATCMIC OXYGEN CONTENT I THRM 3%
THRY

M{C) = 44.011

*te e

The climate adjustment factors (CF) are added to the argument list for the subroutine
TEMPS.

surf, garm,alat,dleon, dust), dusth, als, T)
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Sukrcutine Temps {Tlbar, Tsurf, gam, alar,dlon, dustM, dusth, als, T,CF) TMES 1
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The climate adjustment factors (CF) are added to the dimension statement for the
subroutine TEMPS.

**x** Mars-GRAM 3.34\MARSSUBS.FOR
Dimension gam(5),T(0:5),dz(5),z(5), factor(5),dfactoxr(5),afact(5)
& ,A25(0:6),B25(0:6),C25(0:6)

C... Coefficients for T(25 km) correction to gammas

***%** Mars-GRAM 3.4\MARSSUBS.FOR

Dimension gam(5),T(0:5),dz(5),z(5),factor(5),dfactor(5),afact(5)
& ,A25(0:6),B25(0:6),C25(0:6) ,CF(0:5)

C... Coefficients for T(25 km) correction to gammas

*k*k*x

TMPS
T™MPS
TMPS

TMPS
TMPS
TMPS

17
18
19
17

19

The temperature at the significant levels are evaluated, with the inclusion of a multiplicative

climate adjustment factor (CF).

***** Mars-GRAM 3.34\MARSSUBS.FOR

T(0) = Tsurf
C... Re-evaluate lapse rates (deg./km), based on actual temperatures
**k*x*%* Mars-GRAM 3.4\MARSSUBS.FOR

T(0) = Tsurf

TMPS138
TMPS139

TMPS138

TMPS138a
TMPS138b
TMPS138c
TMPS138d

C. Apply climate adjustment factors
Do 45 i = 0,5
T(i) = T(i)*CF (i)
45 Continue
C... Re-evaluate lapse rates (deg./km), based on actual temperatures
* %k k k%

TMPS139

The new subroutine Thermpar is added. Thermpar evaluates the local values of TINFO, the
exospheric temperature (K), TF0, the temperature (K) at the base of the thermosphere, ZF0, the height (km) of
the base of the thermosphere, and SCALE, the scale height (km) for the thermospheric temperature variations.

*¥**** Mars-GRAM 3.34\MARSSUBS.FOR

Subroutine Tsurface(sitla,sitlo,sunla,sunlo,als,au,Tsurf,
***** Mars-GRAM 3.4\MARSSUBS.FOR

c _______________________________________________________________________
Subroutine Thermpar (RAU,FBARR, lat,LST, sunlat, TINFQ,TFO0, ZFO0,
& SCALE)
REAL lat,LST,LATMAX
Data LATMAX/25.4/
C
C ittt et et tocsosoanoasanosnsoscsesonssensssesanssssacanssnsososesssnsaeas
C
C.. Thermospheric parameters, revised from the orginal Stewart
C parameterizations:
c SMA = 1.523691
C ZF0 = 124.4 * (SMA/RAU)
C TINFO = 4.11 * (11.0 + FBARR)
C TFO = 170.0 * (SMA/RAU)
C SCALE = TF0 / 9.20
C
c The new parameterizations are based on four data sets from the
c University of Arizona Mars Thermospheric Global Circulation
C Model (MTGCM), cases MGS97L, MGS98L, MANCO0, and MGS97E. For
C a description of the MTGCM model and its output, see Bougher,
o] et al., Journal of Geophysical Research, vol. 95 (B9), pp.
o 14,811 - 14,827, August 30, 1990.
C
C ittt it e aeeosenoecoeasasonesaosesesssesssoecesassssnssannsssnssasansass
C

TMPS144

TSRF

1

TMPS144

TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
TPAR
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
Cc..

Inputs
RAU = crbital position radius (AU)
FEBARR = 10.7 cm sclar flux at Mars position
lax = latitude for evaluation of parameters {degrees)
LST = local solar time (Mars hours) at evaluaticn pzint
sunlat = latitude of sun (degrees)

cutputs

TINFC = Excsrheric temperature (K)

TF = Temperature at base of thermosphere (¥)
ZF0 = Height of base of thermosphere (km)
SCALE = Scale height for temperature variations (km)

Output values are un-ccrrected for Stewart (ES array) variations,

rressure ané dust effects. These factors are accounted for in
the Stewart? sukrcutine. Adjustment factors deltaTEX, deltaTr
arnd deltaZf are also added after computation of these values.

Degrees tc radians ccnversion factor
Pi1EC = Rtan{l.)/45.
Glckal mean excspheric temperature (K) versus 10.7 cm flux

Thar = 15€.3 + 0.9427°*FBARR

Zcral average exsspheric temperature (¥) versus latitude
Tavg = Tbar®{1. + 1.369E-4*sunlat®*lat)

Prase angles (hcurs) fcr local sclar time variation

tl = 13.2 - C.CC119*sunlat*lat

t2 = 9.4 - 0.0CZ3i*sunlat*lat

Amplitude facter for local solar time variation

cphi = Cos{pilEC*{lat + sunlat)/ (1. + LATMAY/90.))
Exospheric temperature (K) versus local sclar time
TINFL = Tavg* (1. + O. 2"cphi'Cos(pi180'15.0'(LST—tl)) +
& 0.04*cphi*Ccs{pilBU*30.0°(LST-t2)))

Glckal rmearn height cf thermosphere base (km)

Zbar = 157.94 - 49.058°*RAU

Latitude variaticn factor

factlat = (sunlat/LATMAX)*{(lat/77.5)*°*3
Zcnal average base height (km) versus latitude
g = Zbar + 4.3*factlat
litcdes for lccal solar time variation
= 1.5 - Cos{(piiBl*4.0*1lat)
k2 = 2.3*(Cos(rilBf*(lat + 0.5*sunlat)))**3

Phase angles (hcurs) for leccal sclar time variation

tl = 1€.2 - (sunlat/LATMAX)*Atan{pil80*10.0"lat)

t2 = 11.%

Ease height cf thermosphere (km) versus local sclar time
ZFl = Zawvg + AR1*Cos(pili80°*15.0*{LST-%1)) +
& R2°Cos{pil€l*30.C*(LST-tZ))

Glokal mean temperature (K) at thermosphere base, versus
Ttar = 113.7 + (0.57%1*F3ARR

Zoral average temperature at thermosphere base (¥) vs. latitude
= Toar®* (1. + 0.18é*factlaxr)
rrplitudes fcr local sclar time variation

= ¢.0€ - 0.05*Cos(pil€l*5.0"1lax)

k22 = CG.1"(Cos(pilBl*(lat + 0.5*sunlat)))**2

Fhase angles {(hours) for leccal sclar time variation

tl = 17.5 - 2.5*(sunlat/LATMAX) *Atan(pilB0*1C.0%1a%)

t2 = 10.C + 2.0°{lat/77.5)°*"*2

Thermcsphere base temperatiure (¥) versus local sclar time

FU = Tavg* (1.0 + ALl*Cos(pilB0*15.0°(LST-t1)) «
& A2*Ccs(pili€0*37.0°{LST-v2)))

Glckal mean scale height (km) ¢f thermcspheric temperature

R b

ey e
S,

»y

SCLLE = B.3E + C.CG725*FEARR
average tew"eva.uru scale height (km) vs. latitude
= SCALE*(1.14 - 0.18°Ccs(piiBC*lat))
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Subroutine Tsurface(sitla,sitlo,sunla,sunlo,als,au,Tsurf, TSRF 1

* k% %k

4. Comparing SETUP.FOR for Mars-GRAM 3.34 and Mars-GRAM 3.4

The official version number is changed.

***** Mars-GRAM 3.34\SETUP.FOR

C SETU 3
1 Format (' Mars-GRAM Batch version 3.34 - November 1, 1995') SETU 4
(o4 SETU 5
**xx* Mars-GRAM 3.4\SETUP.FOR
C SETU 3
1 Format (' Mars-GRAM Batch version 3.4 - April 1, 1996') SETU 4
C SETU 5
% Je %k ok x
The climate adjustment factors (CF) and the thermospheric adjustment parameters (DZF =
deltaZF, dTF = deltaTF, and dTEX = deltaTEX) are added to the common DATACOM.
**x** Mars-GRAM 3.34\SETUP.FOR
& logscale,dustlat,dustlon,dusthgt, radmax,Rref,modpert,alsO, SETU 19
& intens, iu0, iup,maxfiles SETU 20
Cla i it it ittt ittt e oaooaaecesnesossosassesassanennseasssasasssasesannassoa SETU 21
**%*** Mars-GRAM 3.4\SETUP.FOR
& logscale,dustlat,dustlon, dusthgt, radmax,Rref,modpert,alsl, SETU 19
& intens, iul, iup,maxfiles,CF(0:5),dzZF, dTF,dTEX SETU 20
C et it i ittt it s e asoeoaosesnosesaennsenseccessssonsssssanesasceassenass SETU 21
* % %k k%

Default values are established for all of the input parameters. The default values are those
that are applicable to the Viking 1 lander site date and time, at the Viking 1 Iander surface position.
With the default values set, only those parameters that differ from their default values need to be
input in the NAMELIST file.

***** Mars-GRAM 3.34\SETUP.FOR

DATA IDAY/0,31,59,90,120,151,181,212,243,273,304,334/ SETU 42
€ttt e it e it it et e e e e asaeoanscsoesasssaaaanecnaseesossasanssassesesasnas SETU 43
*¥**** Mars-GRAM 3.4\SETUP.FOR
DATA IDAY/0,31,59,90,120,151,181,212,243,273,304,334/ SETU 42
C... Establish default values for input parameters SETU 42a
Data LSTFL,OUTFL/'LIST', 'OUTPUT'/ SETU 42b
C... Default time = Viking 1 Lander SETU 42c¢
Data Month,Mday,Myear, Ihr, Imin, Sec/7,20,76,12,30,0.0/ SETU 424
C... Default Solar Flux parameters SETU 42e
Data F107,S8tdl/68.,0.0/ SETU 42f
C... Default position = Viking 1 Lander Site, height = 0 SETU 42g
Data Flat,Flon,Fhgt,Delhgt,Dellat,Dellon,Deltime/22.,48.,-0.5, SETU 42h
& 10.,3*0./ SETU 42i
C... CF climate factors default to 1.0 SETU 423
Data CF0,CF5,CF15,CF30,CF50,CF75/6*1.0/ SETU 42k
C... Terms deltaZF, deltaTF and deltaTEX default to 0.0 SETU 421
Data deltaZF,deltaTF,deltaTEX/3*0.0/ SETU 42m
C... Default random number seed SETU 42n
Data NR1/1001/ SETU 420
G e e e e it e e et e e e ceeaeasaeacoeesoseeessnaeonoesssoseassassesesnssenesasas SETU 43

The climate adjustment factors (CF) and the thermospheric adjustment parameters
{(deltaZF, deltaTF, and deltaTEX) are added to the NAMELIST definition.
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***** Mars-GRAM 3.4\SETUP.FCR

& WVARRXN NUARY, LOGSCALE, FLAT, FLON, FHGT, DELHGT, DELLAT , DELLOY, ETU 47
& DELTIME,CFL,CF5,CF15,CF30,CF50,CF75,deltaZF, cdeltaTF, deltaTEY J

(9}

0 n
11y
3 3
oo
o
O m

The climate adjustment factors and thermospheric adjustment parameters are loaded into
the common DATACOM.

*evre Mars-GRAM 3.34\SETUP.FOR

Read (€, INPUT) SETU 53
G e e e e s SETU 54

***** Mars-GRAM 3.4\SETUP.FOR

CF (4}

CF(S)

Dc 5 i = 0,
If (CF(i).le.0.0)Stepr * Bad CF value'

Ccntinue

dzF = deltaZFr

dTF = deltaTF

ATEY = deltaTEN

LS

mouon
nonon

Read (€, INPUT) v
CFIC) = CFC T
CF(1) = CFS o
CF(2) = CF1S o
cri3) F10 -

T
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Appendix B - Reference LIST Output for Mars-GRAM 3.4

Mars-GRAM Batch version 3.4 - April 1, 1996
Date = 7/20/1976 Julian Date = 2442980.0 GMT Time = 12:30: .0

F10.7 flux = 68.0 (1 AU) 25.0 (Mars), standard deviation = .0
Perturbation model = 3 Starting random number = 1001

Time (rel. to TO) = .0 sec. ( .000 sols) Ls = 97.0 deg.
Height = -.50 km ( .00 km) Scale Height = 12.50 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Temperature = 243.8 K Pressure = 7.479E+02 N/m**2e
Density (Low, Avg., High) = 1.500E-02 1.604E-02 1.709E-02 kg/m**3
Departure, COSPAR NH Mean = -7.6 % -1.2 % 5.3 %
Density perturbation = 5.72 % of mean value

Eastward Wind = 4.3 m/s Northward Wind = -.4 m/s

Time (rel. to TO) = .0 sec. ( .000 sols) Ls = 97.0 deg.
Height = 9.50 km ( 10.00 km) Scale Height = 10.40 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Temperature = 202.9 K Pressure = 3.058E+02 N/m**2
Density (Low, Avg., High) = 7.621E-03 7.886E-03 8.154E-03 kg/m**3
Departure, COSPAR NH Mean = T12.9 % 16.8 % 20.8 %
Density perturbation = -1.39 % of mean value

Eastward Wind = 1.4 m/s Northward Wind = -5.3 m/s

Time (rel. to TO0) = .0 sec. ( .000 sols) Ls = 97.0 deg.
Height = 19.50 km ( 20.00 km) Scale Height = 9.50 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Temperature = 185.2 K Pressure = 1.124E+02 N/m**2
Density (Low, Avg., High) = 3.041E-03 3.175E-03 3.312E-03 kg/m**3
Departure, COSPAR NH Mean = 10.3 % 15.1 % 20.1 %
Density perturbation = -1.42 % of mean value

Eastward wWind = -1.7 m/s Northward Wind = -8.7 m/s

Time (rel. to TO) = .0 sec. { .000 sols) Ls = 97.0 deg.
Height = 29.50 km ( 30.00 km) Scale Height = 8.73 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Temperature = 170.4 X Pressure = 3.8128+01 N/m**2
Density (Low, Avg., High) = 1.098E~03 1.170E-03 1.244E-03 kg/m**3
Departure, COSPAR NH Mean = 6.2 % 13.2 % 20.3 &
Density perturbation = ~.33 % of mean value

Eastward Wind = -4.6 m/s Northward Wind = -13.5 m/s

Time (rel. to TO0) = .0 sec. ( .000 sols) Ls = 97.0 deg.
Height = 39.50 km ( 40.00 km) Scale Height = 8.20 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Temperature = 160.0 X Pressure = 1.198E+01 N/m**2
Density (Low, Avg., High) = 3.667E-04 3.915E-04 4_.173E-04 kg/m**3
Departure, COSPAR NH Mean = 2.1 % 9.1 % 16.2 %
Density perturbation = -.34 % of mean value

Eastward Wind = -8.0 m/s Northward Wind = -19.7 m/s

Time (rel. to T0) = .0 sec. ( .000 sols) Ls = 97.0 deg.
Height = 49.50 km ( 50.00 km) Scale Height = 7.68 km

Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU
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Surn. Longitude = 10£.77 deg
Temperature = 149.8 K
Dersity (Lcw, Avg., High) =
Departure, COSPAR NH Mean =
Density perturkaticn =
Eastwardé Winé = -11.7 m’s
Time (rel. tc T0) = .0 sec
Eeight = §3.50 k= ( 6C.0C km!
Latitude = 22.0C0 degrees
Sur. Latitude = 25.00 deg.
Sur. Longitude = 108.77 deg.
Temperature = 144.3 F
Density (Low, Avg., High) =
Derparture, CCOSPAR NHE Mean =
Dersity perturkation = -
Eastward windé = -15.9 m/s
Time (rel. te TC) = .0 sec
Eeight = 69.50 bk ( 70.00 km)
Latitude = 22.0C00 degrees
Sur. Latitude = 25.00 deg.
Sun Longitude = 10€8.77 deg.
Temperature = 139.2 K
Density (Lew, Avg., High) =
Departure, CCSPAR N¥ Mean =
Density perturbation = -
Eastward Wind = -20.4 m/s
Tire (rel. tc TC) = .0 sec
KHeight = 75.80 ke ( 8C.00 km)
Latituvde = 22.0C00 degrees
Sun Laritude = 25.00 deg
Sur Longitude = 108.77 deg.
Excsrheric Temp. = 2i0.9% K
Temperature = 134.9 ¥
Densizy (Low, Akvg., High) =
Departure, CCSPAR NH Mean =
Density perturkation =
Eastward Wind = -25.4 m/s
Time (rel. tc T0) = .0 sec
Heicht = 89.50 km ( 90.00 km)
Latitucde = 22.020 degrees
Surn Latitude = 25.C0 deg
Sur. Longitude = 10£8.77 deg.
Excspheric Temp. = 2.0.9 K
Temperature = 132.1 ¥
Density (Lew, Avg., High) =
Departure, CCOSPAR NHE Mean =
Density perturkation = -3
Eastward Wingd = ~3E8.3 m/s
Time (rel. tc T{) = .0 sec
Height = 99.50 o ( 10C7.0C km)
Latitude = 22.020 degrees
Sur. Latitude = 25.0C deg.
Surn Lengitude = 108.77 deg
Excspheric Temp. = 210G.9 F
Temperatire = 128.9 ¥
Dernsity (Lcw, Aveg High) =
Departere, COSPAR NH Mean =
Dernsity perturkaticn = -
Eastwarc Wind = -€2.1 m's

.G sec

( 11C.0C k=t

16.05 Mars hours

Local Time

Pressure = 3.511E+00 Nim**2
1.108E-04 1.22€E-04 1.347E-04 kg'm**32
-3.5 % 6.8 % 17.3 &
5.25 % of mean value
Morthward wWind = -2€.4 n's
( .000 sols) Ls = 97.0 deg
Scale Keight = 7.40
West Longitude = 48.0CC degrees
Mars Orbital Radius = 1.€645 AU
Local Time = 16.05 Mars hours
ressure = 9.7C3E-01 N/m**2
3.040E-05 3.517E-05 4.0C2E-05 kg 'm**3
-10.3 % 3.8 % 18.1 ¢
8.2 & of mean value
Morthward Wind = -33.7 's
{ .000 sols) Ls = 97.0 deg
Scale Height = 7.14 km
West Longitude = 48.00C degrees
Mars Orbital Radius = 1.€4% AU

Local Time 16.05 Mars hours

Pressure = 2.579E-01 N/m**2
€.376E-0¢ 9.690E-06 1.1C3E-05 kg 'm**3
-10.2 ¢ 3.9 % 1£.2 &
2.23 % of mean value
Northward wind = ~-39.8 m's
( .000 sols) Ls = 97.0 deg
Scale Height = 7.25 ke
West Longitude = 42.00C Cdegrees
Mars Orbital Radius = 1.64%9 AU
Local Time = 16.05 Mars hcurs
Tbase = 128.2 K Zbase = 117.1 k-
Pressure = 6.050E-02 N'm**2
1.838E-06 2.343E-06 2.832E-0€ kg /m**3
-24.9 % -4.3 % 16.1 ¢
3.56 % of mean value
Northward Wind = -43.8 m’'s
( .000 sols) Ls = 97.0 deg
Scale Height = 7.1€ km
West Longitude = 48.00C degrees
Mars Orbital Radiuvs = 1.64% AU
Local Time = 16.05 Mars hours
Trase = 128.2 K Zbase = 117.1 ko
Pressure = 1.182E-02 N'm**2
3.388E-07 4.663E-07 €.134E-07 kg'm**2
-47.3 % -27.4 % -4.5 %
4.1 & of mean value
rorthwaré wWirnd = ~-45.7 m's
( .0C0 sols) Ls = 97.0 deg
Scale Height = 7.11 )}
West Longitude = 48 .00 degrees
Mars Orbital Radius = 1.€4% AU
Local Time = 1€.05 Mars hours
Thase = 128.2 ¥ Zrase = 117.1 km
Pressure = 2.279E-03 N me*2
€.544E-08 9.113£-0¢ 1.2L1E-07 kg 'm**3
-€1.5 % -4% .4 % -2E.E &
9. €68 ¢ of mean value
Northward Wind = -47.3 m’s
o .000 sols) Ls = 97.C desz
Scale Height = 7.11 km




Latitude

22.000 degrees

Sun Latitude = 25.00 deg.
Sun Longitude = 108.77 deg.
Exospheric Temp. = 210.9 K
Temperature = 128.9 K

Density (Low, Avg., High)
Departure, COSPAR NH Mean
Density perturbation
Eastward Wind = -103.2 m/s

2

West Longitude 48.000 degrees

Mars Orbital Radius 1.649 AU

Local Time 16.05 Mars hours

Tbhase 128.2 K Zbase 117.1 km
Pressure 4.402E-04 N/m**2

1.269E-08 1.768E-08 2.350E-08 kg/m**3
-71.3 % -60.0 % -46.8 %
4.11 % of mean value
Northward Wind =

~50.0 m/s

Time (rel. to TO)
Height 119.50 km ( 120.00
Latitude 22.000 degrees
Sun Latitude
Sun Longitude
Exospheric Temp. 210.9
Temperature 144.9 K

Density (Low, Avg., High)
Departure, COSPAR NH Mean
Density perturbation
Eastward Wind = -139.0 m/s

=

25.00 deg.
108.77 deg.

-2

( .000 sols)
Scale Height
West Longitude 48.000 degrees
Mars Orbital Radius 1.649 AU
Local Time 16.05 Mars hours
Thase 128.2 K Zbase 117.1 km
Pressure 9.240E-05 N/m**2

2.358E-09 3.285E-09 4.366E-09 kg/m**3
-81.4 % -74.1 % -65.5 %

3.70 % of mean value
Northward Wind =

8.09 km

-49.7 m/s

Time (rel. to TO)
Height 129.50 km ( 130.00
Latitude 22.000 degrees
Sun Latitude
Sun Longitude
Exospheric Temp. 210.9
Temperature 185.2 X

Density (Low, Avg., High)
Departure, COSPAR NH Mean
Density perturbation
Eastward Wind = -177.2 n/s

K

25.00 deg.
108.77 deg.

( .000 sols)
Scale Height
West Longitude 48.000 degrees
Mars Orbital Radius 1.649 AU
Local Time 16.05 Mars hours
Tbase 128.2 K Zbase 117.1 km
Pressure 3.201E-05 N/m**2
6.286E-10 8.759E-10 1.164E-09 kg/m**3
-84.2 % -78.0 % -70.7 %

.46 % of mean value
Northward wind =

Ls
10.57 km

-72.5 m/s

Time (rel. to TO)
Height 139.50 km ( 140.00
Latitude 22.000 degrees
Sun Latitude
Sun Longitude
Exospheric Temp. 210.9
Temperature 200.9 K

Density (Low, Avg., High)
Departure, COSPAR NH Mean
Density perturbation
Eastward Wind = -193.9 m/s

K

25.00 deg.
108.77 deg.

( .000 sols)
Scale Height
West Longitude 48.000 degrees
Mars Orbital Radius 1.649 AU
Local Time 16.05 Mars hours
Tbase 128.2 K Zbase 117.1 km
Pressure 1.313E-05 N/m**2
2.325E-10 3.240E-10 4.306E-10 kg/m**3
-79.8 % -71.8 % -62.5 %
7.64 % of mean value

Northward Wind = -108.6 m/s

Ls
11.78 km

Time (rel. to TO)
Height 149.50 km ( 150.00
Latitude 22.000 degrees

Sun Latitude = 25.00 deg.
Sun Longitude = 108.77 deg.
Exospheric Temp. = 210.9 X
Temperature = 206.9 K

Density (Low, Avg., High)
Departure, COSPAR NH Mean
Density perturbation
Eastward Wind = -178.4 m/s

2

( .000 sols)
Scale Height
West Longitude 48.000 degrees
Mars Orbital Radius 1.649 AU
Local Time 16.05 Mars hours
Tbase 128.2 K Zbase 117.1 km
Pressure 5.780E-06 N/m**2

9.633E-11 1.342E-10 1.784E-10 kg/m**3
-80.4 % -72.7 % -63.7 %

4.11 % of mean value

Northward Wind = -157.3 m/s

Ls
12.59 km

Time (rel. to TO)
Height 159.50 km ( 160.00
Latitude 22.000 degrees
Sun Latitude
Sun Longitude
Exospheric Temp. 210.9
Temperature 209.3 K

Density (Low, Avg., High)
Departure, COSPAR NH Mean

=

25.00 deg.
108.77 deg.

( .000 sols)
Scale Height
West Longitude 48.000 degrees
Mars Orbital Radius 1.649 AU
Local Time 16.05 Mars hours
Thase 128.2 K Zbase 117.1 km
Pressure 2.674E-06 N/m**2

4.217E-11 5.875E-11 7.808E-11 kg/m**3
-83.2 % ~-76.6 % -68.9 %

13.39 km
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Density perturbation =
Eastward Wind = -112.9 m’'sg

lue

(rel. tc TO) =
1€5.5C o ( 170.00
22.000 degrees

Time
Height =
Latitude =

-45.41 % of mean va
MNerthward vWind =
sec. | .00C sols)

Scale Height =
West Longitude =

-18:1.€6 n's
Ls = 97.0 deg
14.3€ ko

48.000 degrees

Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.6492 AU

Sun Lengitude = 10£.77 deg. Local Time = 16.05 Mars hours
Exospheric Temp. = 210.9 ¥ Thase = 128.2 ¥ Zbase = 117.1 k=~
Temgerature = 210.2 ¥ Pressure = 1.298E-0€ N/m**2
Dernsity (Low, Avg., Kigh) = 1.919E-11 2.6748-11 3.554E-11 kgim**3
Departure, COSPAR NH Mean = ~-8€.2 $ ~80.8 % -74.4 %
Density perturbaticn = -14.25 % of mean value

Eastward wWind = -33.4 m's Northward Wind = -168.4 m/s

Time (rel. to TO) = .0 sec. {( .000 sols) Ls = 97.0 CGeg
Eeight = 178.5C Jkm ( 187.00 km) Scale Heighz = 15.64 km

Latitude = 22.0C0 degrees West Longitude = 48.0C0 degrees

Sur. Latitude = 25.00 deg. Mars Orbital Radius = 1.649 AU

Sun Longitude = 108.77 deg. Local Time = 16.05 Mars hours
Excspheric Temp. = 210.9 K Tbase = 128.2 K Zbase = 11i7.1 kn
Temperature = 210.6 K Pressure = €.€6522-07 N/m**Z
Density {(Lcw, Avg., High) = 9.081E-12 1.265E-11 1.682E-11 kg/m**3
Departure, CCSPAR NH Mean = -88.8 % -84.4 % -79.3 ¢
Density perturkation = -.62 % of mean value

Eastward Wind = 6.0 m/s Nerthward wind = -11€.9 m/s

Time (rel. to TJ) = .0 sec. { .000 sols) Ls = 97.0 deg
Feight = 185%.50 Jon ( 190.0C km) Scale Height = 17.30 km

Latitude = 22.02C degrees West Longitude = 48.00C degreecs

Sun Latitude = 25.00 deg. Mars Orbital Racdius = 1.64% AU

Sur. Longitucde = 108.77 deg. Local Time = 16.05 Mars hours
Excspheric Temp. = 210.9 K Tbase = 128.2 ¥ Zbase = 117.1 kx
Temperature = 21C.€ K Pressure = 3.617E-07 N/im**2
Density (Low, Avg., High) = 4 .48B3E-12 6.254E-12 B.312E-12 kg/m**3
Departure, COSPAR NH Mean = -5C.8 % -£7.1 & -82.9 %
Density perturkaticn = .27 % of mean value

Eastward wWind = 15.7 m/s Northward wWind = -77.2 m's

Time (rel. te T2} = .C sec. | .000 sols) Ls = 87.0 ceg
Eeight = 1%5.5C Jm ( 200.00 Jm) Scale Height = 19.3%2 knm

Latitude = 22.030 Cdegrees West Longitude = 48 .0C0 degrees

Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.645 AV

Sun Lengitude = 108.77 deg. Local Time = 1€6.05 Mars hcurs
Exospheric Temp. = 21C.9 K Thase = 128.2 K Ztase = 117.1 k-
Temperature = 210.8 K ressure = 2.0922-07 N/m**2
Density (Low, Avg., KHigh) = 2.334E-12 3.252E-12 4.3222-12 kg'rmv*2
Derarture, COSPAR NH Mean = -92.2 % -€9.1 % -85.6 %
Density perturbaticn = -8.87 ¥ of mean value

Eastwardé wWind = 15.5 m's Northward wWind = -52.9 m's
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