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%we1.0 SUMMARY AND CONCLUSIONS

1.1 INTRODUCTION

This report documents a comparison that has been

made between the Aerospace low altitude atmospheric density

data base and two widelg-used models, MSIS (Hadin, et &l.,

a1977), nd J70 (Jacchia, 1970). B5 "low altitude" we mean

the altitude range between 120 km (the lower limit of the

measured densities) and 200 km.

There were five different types of measurements made

with nine separate instruments on five satellites. The

instruments were ion gauges, capacitance manometers, an

accelerometer, a mass spectrometer, and calorimeters. Three

of these instruments were flown on the same satellite, AE-E,

and so a direct intercomparison allows us to estimate

instrumental bias.

1.2 DATA ANALYSIS

The five satellites were all flown in the 1974-1977

period of low solar activity, which limits the generalltq of

the results reported here. However mang parameters other

than solar flux are of interest, and the data base provides

reasonable coverage for all of them. The coverage for

latitude, longitude, altitude, geomagnetic index, local

time, and month are shown for each instrument (except the

9
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capacitance manometers, which are included with the

ionization gouges) in Section 2.

There are several possible wags of comparing the

data to the models; we have chosen to use the logarithm of

the ratio of the measurement to the model prediction as the

objective function. Figure 1.1 is a histogram of the

measured density from AE-C at 175 km, and is typical of all

the measurements. It has a pronounced high- density tail,

and the two "Pearson parameters" RBl and 82 are not

consistent with a normal distribution. (RB1, (Root Beta 1)

is the third moment about the mean divided by the variance

4 Jraised to the 1.5 power; it is a measure of skewness, and is

zero for a normal distribution. B2 (Beta 2) is the fourth

moment about the mean divided by the variance squared, and

is called the kurtosis. For a normal distribution it has a

value of 3.0. If the kurtosis is larger than this, it

indicates that the distribution has an excess number of

points near the mean and out in the tails.) The histograms

of measured densities at fixed altitudes are consistent with

a lognormal distribution, so that the log of the density is

normallg distributed. (That is, the fractional variations

In the density are normall distributed, not the variations

themselves.) If the models accurstely represent the average

variability of the density, we would expect our chosen

10
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objective function to be normally distributed, and the usual

confidence limits would applj.

Section 3 presents histograms of the log ratio for

each instrument +or both models. The 1SIS model was

alightlg modified from that which has been published. The

original model used average solar flux parameters and

geomagnetic indices which were centered at the time of

interest; we felt that it was more realistic to use averages

that ended at the time of the measurement. Tables 1 and Z

summarize the statistical data. In these tables, RE-C,

AE-D, etc. are the satellites, "Densltg" is the combination

of the ion gauges and capacitance manometers, "ass" is the

open-source mass spectrometer, "MESA" Is the miniature

electrostatic accelerometer, and "Cal" is a calorimeter.

The square root of the variances of the standard deviation,

RBl, and B have been calculated assuming that the

underlgins distribution is a normal one; in only one case,

the RE-E densitg measurements compared with the J70 model,

is RB1 and B2 consistent with a normal distribution.

Figures 1.2 to 1.9 show the mean, standard

deviation, skewness and kurtosis for the RE-C densitg gauges

* and the RE-E MESA (accelerometer) residuals as a function of

altitude. The NSII model gields a uniformly smaller

standard deviation than does J70, but Its kurtosis, in
t
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particular , is much larger, so that an estimate of the

confidence interval about any prediction cannot be made

other than empirically.

Because the 470 model residuals were more normally

distributed, we examined those residuals in more detail,

hoping to be able to improve the standard deviation while

maintaining the favorable skewness and kurtosis. Section 4

presents plots of the average log ratio versus local solar

time for two altitudes, and for both the J70 and the MSIS

model. In these figures, the diamonds represent the mean

and the error bars through the diamonds are the standard

deviation of the mean (not of the individual data points).

There are strong, systematic, trends in the J70 residuals,

and no obvious trends in the MSIS residuals. According1g,

we fit the J70 residuals at each altitude with a low-order

Fourier time series: a constant term and a diurnal,

semi-diurnal, and ter-diurnal cosine. The coefficients were

always significant in some altitude range, although no term

was significant at all altitudes. The amplitudes and phases

so derived are also shown in Section 4, where it can be seon

that the semi-diurnal and tar-diurnal terms become

increasingly important at lower altitudes and the diurnal

term has the opposite behavior. The phase of each of the
.I

*terms also shows an altitude dependence; perhaps the most
i-

12
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surprising is the shift of the diurnal bulge to early

morning at the lower altitudes.

If these empirical corrections to the model are

applied to the very same data that were used to derive them,

we would expect to see a significant change in the standard

deviation of the corrected residuals. Histograms of the

*before" and "after" distributions are shown in the final

part of Section 4. While there is a (statiaticallg)

significant reduction in the standard deviation, it is still

larger than that obtained using the HSIS model with no

corrections at all.

1.3 CONCLUSIONS

We have compared over 50,000 separate measurements

of atmospheric density between 120 km and 200 km with the

predictions of two models, the MSIS and the 470. The HSIS

model produces a considerably smaller standard deviation of

the residuals than does the 470, even after the observed

systematic errors in local time and altitude have been

removed. The kurtosis of the MIS residuals Is large: this

may indicate that there are still nonrandom effects that

this model has failed to capture, so there is still hope

that it may be significantly improved in the future. Until

that time, however, we have no choice but to use empirical

cumulative probability functions to estimate confidence

13
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limits of the accuracV of its predictions. These are shown

In Figures 1.10 tO 1.17.

The average bias of the log ratio is near zero for

both models (cf. Tables I. and 2), and, in particular, is

near zero for the three instruments on AE-E concidered

separetely. This indicates that a major portion of the

average error is due to instrumental bias rather than modal

bias, so there is justification in subtracting the

individual biases and amalgamating the data. The cumulative

empirical probabilitUJ function for all the data using the

MSIS model is shown in Figure 1.18, and represents our best

t. estimate of the true distribution function for times nearj solar minimum.

14
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2.0 GEOPHYSICAL PARAMETER COVERAGE

2.1 ALTITUDE DISTRIBUTION

Figures 2.1 through 2.8 show the altitude coverage

of the eight instruments (the ion gauges and the capacitance

manometers are considered as one Instrument). Onlg the AE-C

donsitq gauges and the calorimeters have a significant

number of points below 135 We., and onlq Calorimeter-3

measured data below 125 Wm. The combined altitude

distribution is given in Fig. 8.3. The total number of

points, 50P,606, is different from the numbers given in

Tablas One and Two of Section 1 because these data were not

editted; measurements were retained in Section One onlyj if

the log of the ratio (measurement/model) were between plus

* and minus one.

2.2 LATITUDE DISTRIBUTION

Figures 2.10 through 2.17 show the latitude

distribution of the measurements. The northern hemisphere

is well covered, as is the equatorial region (AE-E had an

j inclination of 19.6 degrees), but onlq AE-C and AE-D

collected a significant amount of data below 20 S.

17



2.3 LONGITUDE DISTRIBUTION

Figures 2.18 through 2.25 show the longitude

distribution of the measurements. Overall, there is

excellent longitude coverage.

2.4 LOCAL TIME DISTRIBUTION

Figures 2.26 through 2.33 show the local time

distribution of the measurements. AE-C and AE-E have nearly

uniform coverage; the measurements on AE-D are concentrated

in the morning and evening sectors. S3-1 and Calorimeter-3

made measurements primarilq in the late morning and

afternoon, while the data from Calorimeter-4 is almost

exclusivelg between 1100 and 1300.

Z.S MONTHLY DISTRIBUTION

Figures 2.34 through Z.41 show the monthly

distribution of the measurements. AE-C and AE-E cover all

four seasons, AE-D took data between September and Januarg,

S3-1 was useful primarilq in October, Calorimeter-3 in March

and April, and Calorimeter-4 in September and October.

2.6 24-HOUR AP DISTRIBUTION

Figures 2.42 through 2.48 show the distribution of

the 24-hour average Ap Index. These averages ended at the

time of each measurement, and are used in the MSIS model

; 18
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onlg. This Index has a maximum possible value of 400; the

Figures show that Its values in this data base are stengig

concentrated in the loer twentg percent of Its range. This

*is consistent with the fact that this is a sunspot-minimum

data base. (Even during sunspot-maximum periods.,

geomagnetic indices are more #requently in the lower portion

of their range. See the discussion in the following

sub-section.)

3.7 KP DISTRIBUTION

Figures 3.50 through 2.5? show the distribution of

the three-hour geomagnetic index Kp. This index was

evaluated six hours prior to each densitq measurement, and

is used only in the JTO model. As with the 34-hour average

Ap, most of the data were taken when Kp(6) was in the lower

portion of its 0-9 range. The affect is not as dramatic

here, however, because Ap and Kp are logarithmically

related. Figure 2.58 shows the Kp distribution from 1

danuarg 1832 to 30 June 1981, end so includes periods of

both high and low solar ectivitg. Its distribution Is not

unlike the Kp distribution when the densitq measurements

were made. The average value over this O gear period was

3.13, with a standard deviation of 1.46. This corresponds

to an average Ap of ?.? (plus 13.3, minus 4.7). Although

there were no great geomgnetic storms during the time for

19
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bohich we have data, this is not considered to be

eperatienallM significant. (Kp reached its maximum value of

9 oniy 30 times in 50 gears, and exceededS G+CAp equals *4)

only one percent 04 the time.)
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3.0 MEASUREMENT/MODEL DISTRIBUTIONS

3.1 THE MSIS MODEL

Figures 3.1 through 3.8 are histograms of the

natural log of the ratio of the individual measurements to

the predictions of the MSIS model. The data were editted so

that the magnitude of this ratio waa always between zero and

one; this eliminated 38 points (out of 54,606). Most o+ the

editted points were obviously In error: a reported

measurement of 1E-3 groms/centlmeter-cubed, for instance,

Instead of lE-13.

The MSIS model was evaluated using 24-hour average

I values of Ap and 81-day average values of the solar flux

parameter F10.? ending at the time of the measurement. The

original model specified that these averages were to be

centered at the time of interest, but it was dif4icult for

us to see the physical justification for that procedure. In

i* fact, histograms comparable to the ones presented in this

subsection were generated using the original model; in every

case, the standard deviations were slightly larger.

.I

3.2 THE JTO MODEL

Figures 3.8 through 3.16 are histograms of the

natural log of the Individual density measurements divided

by the predictions of the 70? model. As in the previous

21



subsection, these data were editted to exclude points with

magnitude greater than one. A single additional measurement

was eliminated when the J70 model was used.

I

I

I
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4.0 CORRECTIONS TO THE 270 MODEL

4.1 LOCAL TIME DEPENDENCE

Figures 4.1 and 4.2 show the local time dependence

of the natural 109 of the AE-C density gauge measurements

between 195 and 200 km divided by the predictiona of the J70

and the MSIS models, respectively. Figures 4.3 and 4.4 show

the same thin9 for the AE-E MESA measurements. Figures 4.5

to 4.8 ore comparable to the first four, but for the

altitude range 150-155 km. It can be seen that the 270

plots exhibit a persistent, reasonably strong, local time

dependence for both instruments in both altitude ranges.

I The MSIS plot at the higher altitude for AE-C also seems to

I .show a local time dependence, but it does not persist across

j instruments nor at the lower altitude.

We made an empirical model of the error in the time

dependence of the J70 model using the AE-C density gauge

data. In each five kilometer interval, the log ratio was

fit to a third-order Fourier expansion, using a constant

term and diurnal, semi-diurnal, and tar-diurnal terms. The

coefficients were determined using a weighted least- squares

* ;technique, the weights being the reciprocal of the variances

of the means at each local time. The altitude dependence of

* .< the coefficients Is shown in Figures 4.9 through 4.15. The

phases are determined such that a negative phase indicates

23
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that the model's prediction should be increased at later

times. For instance, the -4 degree phase angle +or the

diurnal term at 165 km, coupled with the 0.09Z value for the

amplitude, indicates that the model's prediction should be

increased bq nine percent at about 0300 and decreased bq the

some amount at 1500.

These corrections were applied to the J70 model, and

the histogram of the log ratios was recalculated. The

original histogram is shown in Figure 4.16 and the

-corrected- one in Figure 4.17. The standard deviation has

been reduced from 0.156 to 0.142, a etatisticallg

significant amount. It is not operationally significant,

however, since the standard deviation using the uncorrected

MSIS model is substmntially smaller, 0.126, as is shown in

Figure 4.18.

Since the correction procedure did not produce very

dramatic improvements for the AE-C data, we did not feel it

to be worthwhile to pursue the matter with the other data

sets.
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TABLE 1

MSIS STATISTICS

N Mu Sigma rvtI(aig) RB1 Gv&r(RB1) BE V-a-(jB2)

AE-C Densit 17415 0.055 0.126 0.001 -0.304 0.030 5.246 0.135

AE-D Densitg 10935 -0.090 0.132 0.001 0.120 0.037 3,243 0.128

AE-E Densit! 4977 0.089 0.130 0.001 -0.098 0.05 3.123 0.187

AE-E OSS 7574 -0.058 0.132 0.001 -0.054 0.045 4.589 0.187

AE-E MESA 8280 -0.006 0.127 0.001 0.035 0.043 5.140 0.193

S3-1 DensitV 1454 0.100 0.144 0.003 0.289 0.103 3.088 0.344
Cal-3 1*92 -0.018 0.174 0.003 0.256 0.101 4.8*9 0.*38

Cal-4 2451 0.145 0.136 0.002 0.201 0.079 3.919 0.299

All Data 54578 0.008 0.130 0.007 -0.058 0.189 4.180 0.920

TABLE 2

J70 STATISTICS

N Mu Sigma Vvar(ai-g) RB1 Vvr(r-RB1) B2 iva-r(B)

AE-C Densitq 17415 0.050 0.156 0.001 -0.298 0.030 3.935 0.112

AE-D Densitq 10935 -0.113 0.147 0.001 -0.064 0.037 3.006 0.124

AE-E densitq 4977 0.084 0.160 0.002 -0.008 0.055 2.924 0.182

AE-E 055 7573 -0.063 0.170 0.001 -0.128 0.045 3.253 0.154

AE-E MESA 8280 -0.017 0.156 0.001 -0.011 0.043 3.763 0.159

S3-1 Densitq 14S4 0.012 0.136 0.003 0.412 0.104 3.528 0.367

Cal-3 1492 -0.004 0.192 0.004 0.324 0.102 4.171 0.397

Cal-4 2451 0.010 0.129 0.002 0.212 0.079 3.545 0.28Z

All ato 54577 -0.011 0.156 0.011 -0.097 0.175 3.462 0.415

Tables I and Z
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LA~MM= OmmoM

2he lAbDSMaOVY rafteM of Mhe Aerospae Owp-stre is acNduting aGe-
Isistadl ead theerstical Inesetigations sossary for dou evalustie aOd a&ptom-
tiOS of sciestif ic v*ancee to Ia militafy spoe system. vesatility ad
flaxIbIlty base been develope te a igh does by the laboratory persenal& in
dealing with the only problem encountered isthed atin's a apidy developing
spa" aputem. XxtlrIsi the latest scientific developments Is vital to the
ecespie - t of tasks related to tho" problem. the laboratoris that s.-

tribute to thin resec ea
ASE~mfte IbDT eI t chm veh"isl ad reentry eurodynemica; and heat

trasfe. Wrdioncheistyand fluid useheice, structural amchmas.e flight
dynsaecs; high-tongperature theavmamces. 09a hiastics and radiatiasl rssse
to =nvireannta chemistry sA ontamination; o mn pulsed chemical lnser
develoqueag Including emI .a" kintics, epsetroeep. optical res ers and
beani pointing, atmoepheric prepegtio. laser effects ad ceatevmseeurs.

Cbmw and sis Lab retm Atoeepheric chemical reactios etm-
armetc 01091s. mih cttr ,sate-speiic chemlel reectios anW radIa-
ties transport in rokt Planes, appied lass spectrepy laser chemistry,
106ttery elatcfthmistry, epesR veum ad rediecioN effects an neteriels, Is-
hulcationan serf& aePhanaces, thermieic emission, photoeseitive maeriala
ad detectors. atomic frequenc stoondards, end biceavireatl reoaea nd
monitoring.

trWe t : creloctromics. am@a l-mnaes e
trIo ,electromeeic and optical prepegtice

pheseMmaqune electrowics Iaser esmicaices, lider, and seetre-eptios;
ceietiset "sce"e, satlned elratsaca semico@ducte crYstal end device
physics, rdGastric 11Ifein; 01illlntse-uevs mWicremaus tooheoleU.

lmfmsaieegoiacn 3~eech ffiesProgram verificatioe, Program te

latise prSomsnce-somsie syse asign. distrihuted architecture for
aseeheras sasputers, faul-tdilermat confuter systems, artificial Istalleume.

enanceelestresies eppicses .

mNateriala gtesece Jbert a Development of amv asterilat antal antriz
compliace, poxmeseca am t e f carbon; component falure somlpela ad
reliabilityl fracture anchanis and etre ea crroosice; evaluation of astarials Is
specs emirentt later"a" Performance in spec transportation "pstow$ anel-

wa LAmsepheric and iesospheric phsics, rediatem
fro t"ty an Compositioe 01 the w I tshae I nee

d qu otephsi physics, "o"i reyawmi aanim vmqoegtis of
plasm wves in the samoeceephes; ala phyesa, mifered sermmi the
effets of aualasr empasiees, ms.tic *team, and selo ntiity as ths
sarthos e I sh . Isospher, and sgessphoel doe ef fecs of Wpilo*
elasm opehi. an particulate radilatiass In @pown ma spoe systow.

* .A


