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b PREFACE

‘:'.' This Chapter contains the Proceedings of Workshop XV of the COSPAR meetings
-f“"j held at Toulouse, France during 30 June - 12 July 1986. The Workshop title was
:::’ Presentation of CIRA' 1986 and Comparisons with Other Models, Data and Theories.
.‘" The Workshop was divided into three sessions. The first session was primarily
.: concerned with middle atmosphere models and data. There were introductory
:"_-:: papers on atmospheric structure and its variations in the middle atmosphere.
; 'f,\._ Presentations during this session included a discussion of the contribution of
B N satellite temperature data to the development of middle atmosphere models and a
‘at determination of the variability of atmosphecic propecties abtained from analy-
, ::} sis of rocketsonde data. Analysis of Meteorological Rocket Network temperature
\:::: and wind data yielded the amplitudes and phases of their annual and semiannual
‘\v'_,..: variations. Another paper showed a 6K temperature increase at the 30 mb level
..2 | (about 24 km altitude) as a result of increased heating due to dust injected
N into the atmosphere by the El Chicon volcanic eruption. Monthly mean tempera-
; : ture profiles for high latitude winter were compared with the corresponding
E. "i profiles from the preliminary CIRA. A new set of ozone reference models was
presented and also a proposed international reference tropical atmosphere.
:33:1 The second session of the Workshop was concerned with properties of the
E:.;:: upper middle atmosphere. The first paper contained preliminary structure models
LN for the 80 to 120 km altitude range. They linked to lower altitude models but
il e [
not to ary thermospheric models., A unique set of data obtained f{rom instruments-n For
on-board shuttle during reentry was presented. In a number of flights large -7 - ﬁ
density changes and fluctuations were observed above 70 km altitude. A major
analysis of wind data from the Global Radar Network yielded mean zonal and s J
meridional winds for altitudes from 75 to 110 km. Important differences were 7
found when these winds were compared with geostrophic winds derived from rocket - y
and satellite data. Possible explanations were presented. In another study, 1
4

winds at these altitudes wete analyzed for long period oscillations, with

*COSPAR International Reference Atmospheres
(10)52
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B
B M periods ranging from two to twenty days. Planetary and gravity waves contribute
\
+

to the variability of middle atmosphere properties. This was demonstrated by

-
'w

-' the improved understanding of the spatial and temporal variability of wave

[N ) fields that has resulted from recent radar and satellite studies. A review was
. ptesented on the present state of knowledge of turbulence in the upper middle

K N atmosphere. An empirical global zonal mean wind and temperature model was

developed from meteor radar and partial reflection drift data for the 70-110 km

altitude region.

S I

", . The third session covered thermospheric models and data. The session
started with a paper on a theoretical general circulation thermospheric model
for CIRA. This was followed by a presentation of an empirical model, MSIS 86
(Mass Spectrometer and Inccherent Scatter). A detailed analysis of high lati-
o tude rocket mass spectrometer data showed areas of agreement and of differences
with existing thermospheric models. A number of papers presented results of
measurements of thermospheric temperatures and winds using different techniques.
These techniques included satellite in situ measurements, satellite optical

remote sensing, and ground-based incoherent scatter and optical measurements.

Other topics covered in the session included semi-annual density variations,
changes in thermospheric density caused by turbopause height variations, effects

of thermospheric storms, and the investigation of solar extreme ultraviolet,

calcium plage and infrared emission as possible alternatives to the 10.7 cm flux

as the primary index of solar activity.

K. S. W. CHAMPION
AFGL/LY

HANSCOM AFB, MA

U.S.A.
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STANDARD DEVIATIONS OF
METEOROLOGICAL PARAMETERS IN THE
MIDDLE ATMOSPHERE, AS REVEALED BY
ROCKETSONDE DATA

S. 8. Gaigerov, Yu. P. Koshelkov, D. A. Tarasenko, V. V. Fedorov
and E. N. Kovshova

Central Aerclogical Observatory of the State Committee of the U.S.S.R. for

Hydrometeorology and Control of Natural Environment, 123376 Moscow,
USSR

Standard deviation (@ ) is a parameter commonly used to characterize atmos-
pheric variability within a month., Some results on temperature (éi;) and
zonal wind (Cz) Variability were obtained by Barnett (1974) ,Hirota et al
(1983) ,Hopkings (1975) ,Khanevskaya (1968),Knittel (1976), Koshelkov (1980,
1983,1984) ,Voskresensky and Sveshnikov (1980), etc. Typical values of stan-
dard deviations based on rocketsonde information are presented in tables
1-4 for some stations. It should be noted that contributions of observatio-
nal errors into the total variance have not been considered,hence the va-

lues of the standard deviations in tables 1-4 should be greater than resl
atmospheric values of the deviations.

General increase of with height is observed which is in accordance with
the analysis of aerological data for the polar stratosphere (Khanevskaya,
19683 Voskresensky and Sveshnikov,1980). It should be stressed, however,
that the magnitude of errors of rocketsonde observations generally also
tends to increase with height (Lysenko et al, 1982} Schmidlin et al, 1980),
and sometimes reveals a maximum near the 50 km - height as is the case for
the Soviet chute wind measurements.Besides this, observational techniques

may change above 60 km. So the vertical distribution of

requires further
investigation.

That a rapid growth of variability from summer to winter occurs,is confirmed.
It should be remembered that the relative contribution of errors of obser-

vations into the total variance is greater in summer than in winter.Values
of

shown in tables 1 and 2 for the summer-time are close to accuracy asti-
mates of the rocketsonde measurements (particularly for the Soviet sites),
i.e, real atmospheric variability in summer is much lower than that shown

in the tables, and seasonal changes of real ® are greater than those calcu-
lated from the tables,

The scasonal variation in the Antarctic lower and middle stratosphere re-
veals some specific features, with a maximum of & falling not in winter
(as is usually observed) but in the spring season. Differences in the time

Iase 7:10-t (10)s?7

L m&%&‘



- e e e -~
.
. J
l}A‘L‘.

N

13 x g
E Il AL A
LA A ANy

.

LY

.
Falut

¥
‘

ST

’::fhﬁﬁQf hnad

[y

o

0 o

ll’.

J...’l

DO\,

0y
A

- -
ets ala"

tluiss 8. 8. Guugetow et al.

of cccurrence of seasonal maxiuum of & in the Antarctic and Arctic are
undoubtedly related to the nature and occurence of strautospheric warwings
{n these reglions.

Hewispheric asyawetries are revealed in the variubility of meteorologicul
puraweters in winter when it is greater in the ctratospliere of the northern
hewispnere than in the southern heuwisgpere. %0, in vwinter, ditferences in
6r Letween Volgograd and Kerguelcn.ZQ(or betwoeen Heivs Is. wnd kulodezhnaya)
in the 50 to 50 ku layer are sipnificant at the 0,05-0,01 levuls uccording
to the F -test (Panofsky and Brier, 1972), Similar significance or the he-
mispheric asymwnetry in variance is observed in winter in the case of zonal
wind, with greater values of @ in the southern thuan in the nortiern he-
wisyphere up to the 60 lkm level (hewispheric diffrerences could not be unu-
lysed above that level). In spring, howevar,éi andéi ure greater at Lolo-
dezhinuys than at high northern latitudesy a siwilar hemigpheric effect has
teen round by Hirota et al (1lYb%) from satellite raudiance data. In summer
and autumn, aitrsrences between the hemispheres are swaller,.

Values of & at the tropicel sites are comparable to those obtained during
swuwler in higher latitudes and are much lower than the latter during wintor

and spring. Seasonal variations of & in the tropics are lecs pronounced
than those outside the tropical zone. For 6, , wuximas in the upper strutos-
Phere usually coincide with periods of easterlies (in the beginuing and

the widdle or the yeur (Hopkings, 1975; Koshelkov, 1986%), while scusonal
trends of é%.nued to be further exauined,
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Standard Deviations of Meteorological Parumeters [RIUN]

TABLE 1 Standard Deviations of Temperature (K)

The Number of Temperature Measurements 1s Shown for
Level 50 km in Brackets)
Hight(km) Helss Is. Volgograd
I 1Y m X I Iy Y X
80 20.5 11,0 10,0 14.8 14.4 13.2 10.7 10,7
70 21,0 10.7 8.0 12,7 12,8 7.6 10.0 9.2
60 17.9 10,0 5.9 11.2 10,7 7.1 6.8 8.9
o0 15.9 9.2 3.9 9,5 9.2 9.2 3.6 6.5
40 16.7 7.2 3.8 9.2 13.6 5.8 3.0 4,7
30 10.5 7.0 2.6 5.6 11.4 4,5 2.8 1.5
(324) (310) (284) (298) (3I8)  (305) (279) (93)
Molodezhnaya Thumba
818] 9.8 9.0 13.5 7.6 I1.9 I1.I 7.7 7.2
70 8.7 11,7 19,9 9.3 10.6 6.9 10.3 6.8
60 7.4 12,7 16.2 8.0 7.2 6.1 7.9 7.3
o0 142 8.1 II.3 8.8 5.3 3.3 4,7 3.7
40 3.4 7.9 10.3 11,0 5,2 4.4 6.0 4,1
30 3.0 6.0 8.4 8.4 4,0 3.4 3.4 3.4
(R49) (236) (210) (224) (20 (187) (Iol) (175)
Thule Primrose Lake
60 9.0 4,2 3.5 5.8 7.6 5.5 3.2 5.2
o0 8.7 3.6 2.8 I1.8 11,7 3.5 2.0 6.5
40 12.6 3.6 3.5 8.6 6.0 5,1 1.0 7.1
30 6.0 2.2 2.0 4,0 4,7 3.0 1.4 4.8
(243) (229) (203) (217 (223) (209) (184) (197)
Wallops Is. dscension Is.
80 16.0 16,0 7.0 8.0 6.1 8.1 10.8 8.1
70 9.3 9.8 11.8 8.4 4.8 7.3 6.3 7.3
60 7.7 5.0 6,2 6.5 4.2 4,0 5.0 4.8
50 6.7 3.7 3.9 4,0 5.0 3.3 3.7 3.2
40 7.6 3.7 3.5 6.3 5.2 4.0 5.6 4.4
30 6,2 3.5 1.7 2.8 2.2 2.2 4,2 4,0
(667)  (654) (628)  (642) (507) (492)  (467)  (480)
TABLE 2 Standard Deviations of Zonal Wind (Numerator)
and Meridional Wind (Denominator) {(m/s)
z_x)ﬁh‘ Heiss Is. Volgograd
I 1y ym X I 1y 40 X
80 13,0 17,7 4,6 17.2 16,6 17,5 5,3 2,6
19.8 19.9 4.0 7.2 28,0 19.6 14,6 24,4
7 198 7.9 7,8 10,2 16,7 14,3 14,7 9.2
24,8 14.6 4.9 16.8 18,0 9,2 3.5 .0
wa__ NN i "'J'.f"{".-':.r,',:f;;.rl:-".;n:f.;--‘,'_-‘;:i': ol
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Ris TaBLE 2 Continuation

‘, Hel-ht heiss Is, Volgograd

o ‘ G~ 1 Iy vl X I Iy X
.;Z : 0 35,3 I5.4 8,5 22,7 3%I II,4a 8.0 I18.3
o ‘ 7.0 Is5 15,2 23,9 20,7 la. 6.0 14,6
: 50 4.7 19.7 17.3  15.6 44,4 I17.4 14,5  20.6
R, : 40,6 19,3 15,0 23,5 26,3 16,4 15,2 17.1
)

) ' 0 34,9 91 45 9.7 33.5 12,2 14.8 18.1
oy 39.7 12,7 6.3 15,7 3.8 7.9 4.2 10,9
v 3 23.2 6.9 3.3 £.8 21,1 15,3 3.4 9.6
2 e, 8.6 3.6 7.9 1,1 7.5 2.9 O
'y

N

N uolodezhnaya Thumba

"

l'

"N I 1y v X I Iy : X
: g0 17.7  29.2  25.8 10,5 17,0 II,2 13,1 20,9
> 10,6 19.5 17,7  1l.4 1u.. 4.7 5.4 2.6
d

e "0 8.4 16,0 28.6 16.9 24,6 12,1 17,3  20.6
L 7.5 18,0 IS8 Id.l s 13,1 10,1 9.3
1Y e ®

* g0 13.0 I8l 246 217 20,0 11,7 I I4.5
=y 5.4 16,8 23,5 11,0 13.0 10,2 £.2 9,9
‘l

95 g 18 187 20,1 26,7 233 198 20,0 180
o 5.7 21.8 14,9  23.4 21,9 14, 13.6 14,2
Y

o s 58 142 21,3 22,2 15,9 14.3 15,4 1.1
) 6.5 135  I53 9. 7.3 1.5 5.9 6,9
3 30 4?7 106 14,0 222 18,5 161 142 13,0
J~ 308 '/ob IO.2 25.‘1 5.9 ‘1.2 4.:) 2.4
f‘

J.l

Y Thulea Primrose Lake

] €0 34 137 6.3 I7.9 3L.I 20,3 10,4 19.9
s 34,1 8.2 5.6 23,9 17,0 1.5 I2.4 19,3
g-\: 50 39.9 12.6 4.7 155 42,3 16,4 14,0 I14.2
R~ 2.3 7.6 3.2 22,4 28,9 6.5 . 11,0
3_ 40 28,7 8.5 4.8 9.4 29.3 13,2 . 1.1
e 37,7 8.2  R.0 23,9 27.3 6.0 3. 10,8
i 0 28,8 2,0 2.6 _7.5 26,8 9.0 3.6 7.3
,5;: 23,7 8. 2,2 22.2 2.2 5,6 1,7 w1l
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Standard Deviations of Meteorological Parameters

(thel

TABLE 2 Continuation
Height{km) Wallops Is. Ascension Is,
1 1Y Y X I Iy N X
80 29,0 18,2 18.5 30,0 20,0 35.0 12.0 35.0
27.0 31.6 9.0 20,2 7.5 16,0 _1.0 6.0
70 30,4 16,1 14,4 24.6 20,0 15.0 IT.0 23.0
18,2 9.2 3.5 6.0 7.5 18,0 15.8 14,1
60 28,7 19,2 15,3 24,2 I7.2 13.5 16,9 10,6
16,2 10.1 11,7 10.6 16.3 10.0 II.2 g.4
50 32,8 16.6 10.6 23.7 27,4 8.4 16.7 10.6
19,5 6 6.5 8.9 9.6 7.1 7.1 7.3
40 29,7 14 6.6 17.4 10,6 16,3 14.4 13.5
16,0 6 3,7 8.4 7.2 5.5 5.2 9.3
30 18.4 2.4 3.7 10.5 14.6 17,3 14,5 14,9
11,1 4 2,0 6.6 4.1 3.0 3.3 3.9
TABLE 3 Standard Deviations of Pressure (Jég--ﬂ29)
(P - loan Pressure in Present Month)
Height Heiss Is. Volgograd Molodezhnaya Thumta
I Iy ¥y X I Iy X I Iy v X I Iyy X
80 32 20 22 17 I9 14 I3 24 14 25 24 I8 I7 8 II 17
70 20 I8 10 13 I6 15 10 I?7 I3 23 I7 18 1115 17 9
60 Is I 8 I1I I5 Io 5 I3 7 16 I4 I3 7 5 6 5
50 Ig Iz 6 I I5 7 4 9 5 I3 13 9 4 3 7 6
40 g 9 4 9 II 6 3 8 3 10 II II 33 5 4
30 13 7 2 5 8 4 2 5 2 7 7 10 22 4 2
Thule Prinrose Lake Wallops Is. Ascension Ic.
80 10 I0 Io IO 922 22 11
7C 9 12 @ I2 9 &8 I4 I0
€0 2 I o5 I7 II 6 3 1I 7 8 06 10 56 7 5
50 21 9 5 I2 II oS5 3 10 5 6 10 7 3 3 & 4
40 2 5 3 7 9 3 2 7 4 5 3 O 2 2 3 3
39 6 4 1 3 6 2 1 3 3 3 2 3 11 1 2
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TABLE 4 Standard Deviations of Density (==. /00 )

“Ig (P - Mean Density in Present Mopth)
K Hoigsht(km) Heiss Is, Volpgograd Molodezhnaya Thunba
o I Iy ymx I Iy yu x I Iy yi x I Iy i X
Y _ 80 B 2 19 I5 22 14 16 21 9 26 23 27 17 3 23 30
K 0 I8 18 9 I2 17 14 615 10 I9 16 16 9 8 12 9
' 0 2 15 813 17 9 5 1II 6 151410 6 5 8 9
> 50 19911 5 I 14 7 2 9 411 1311 4 3 7 5
S 0 I8 9 3 8 10 5 2 7 3 9 9 I3 3 & 5 4
2 . 30 9 6 2 4 7 4 I 4 2 5 610 3 5 3 3
* Thule Primrose Lake Wallops Is. Ascension Is.
A &0 I3 11 I1 I2 16 25 12 1I2
o 70 9 8 8 I0 8 7 I0 9
- 60 25 12 414 12 6 310 6 6 4 7 5 4 5 &
-:_f 0 2 8 4 B II 4 2 8 5 5 3 6 3 3 3 3
' W 0 4 2 5 B8 3 2 4 5 4 2 4 2 2 2 o
L 3 2 3 2 3 5 2 1 2 2 2 1 2 1 2 2 1
.
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COMPARISON OF MIDDLE ATMOSPHERIC
DATA OBTAINED BY CHINESE ROCKETS
WITH THE DRATFT OF THE NEW CIRA

1. C. Zhuang, G. Q. Zao, J. H. Tian, R. P. Maand Y. . Wy

Instituee of Space Physics, Academia Sinica, P.R.C.

Two methods of oxslorntion of the middle atmosphere by meteorolo-gical
rockets are wused in china: The rocketsonde parachute method for
altitudes between 20 and 60 km and the inflatable falling sphere
method for 3080 km. The data from Chinese rocket measurements at Lwo
launching sites, Gansu ( 40°N ) and Yunnan ( 24°N ), after 1974 are
analysed  and comggred with the draft of CIRA1986. The data were
usually obtained between altitudes of 20 and 60 kim. Fig.l shows the
altitude ranges of the measurements in 1979 for examples.

Alt. (k=)

» + ______ wind measurements

il .
: SN

teaperature measureseats

»r

ot Date{hours)
O D ) ) . . n ) — 0

we e TL] e e Mo 288 238 »ne g e

Pigure ). Altitude ranqe- of the Chinese rocket measureaments in
Deceaber, 1979,

COMPARISON WITH THE DRAFT OF NEW MODEL CIRA1986

Glohal mean middle atmospheric temperatures given by the draft of
CIRA1986 consists of three components :@: =zonal mean To, wave number
one and two of planctary waves.

T=T, + T.COSCXN - &,) + T,COSC 2N~ &,)

where T, and T, are wave number one and two amplitudes, ¢, and o, arc
wave number one and two phases, and x is longitude (deg. E). We
compared the measured temperature profiles obtained by the Chinese
rockets with the new model mean temperature calculated by the above
equation. The results are shown in Figure 2 for May, June, July and
December. The right half of each panel of the figures is the differ-
ence between the Chinese rochet data and the draft of CIRAL98b.
Please notice the difference of the scales of abscissas between the
two halves. From the figures we can sec that: 1.the data from the
Chinese rockets are around the profiles of the new CIRA. It is accept-
sble to use the new CIRA as the mean middle atmosphere above the
rocket sites of China. 2. The differences of Chinese rocket data ot
temperatures from the new model are mostly within +5 C,and occasional-
Iy over 10 C. 3. The fluctuation deviations are obviously not measure-
ment errors of rockets, but an evidence of the existence of gravity
waves of various wavelengths., Because of the international comparison
of rocketsondes from different countries being agreed within 5 C, we
therefore have the confidence that the accuracy of Chinese rocket
measurements is close to the other countries. ’
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Although the
duta of Chinese
rocket measure-
ments are sparse
and not enouph
to anulyse the
annual variation
of the atmosphe-
ric winds, the
wind directions
measured by the
Chinese rockels
still show the
seasonal charac—
teristics clear-
ly (see Fig. 3):
west winds domi-
nate in December
east winds in
June and July.
For wind direc-
tions weasured
in May at Gansu
station, it is
east wind on
20th and 30th
but still west
wind on 13th and
below 45 ki
Therefore, we
can say that the
spring reversal
of middle atmo-
spheric winds
above Gansu sta-
tion appears in
the first halt
of May. From the
Chinese rocket
data, we could
always see Lhe
gruv1Ly waves
clearly (Figures
2 & 3 ). Accord-
ing to the defi-
nition given by
the draft of
CIRA1986, mean
values of gravi-
Ly wave intensi-
ties from Chi-
nese rocket data
averaged for
euch month and
each station are
shown in LFigure
4 together with
the estimate of
the stundard
deviation around
the monthly mean
denoted by
vertical buars in
the figure ). In
the flgure. Ma{
June and y
are for the
station of 40°N,
but December is
for the station
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b ITRA in Figure 2 d), from which we
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*ﬂh : CONCLUDING REMARKS
s From the cowparison of the data
AW obtained by the Chinese rocket uea-
D, : surements with _ the draft of
ol Claal98b, we will come to souwe or
Sy conclusive concepts: " O
ay N . . !
0 1. The altitude profiles of the .
Bl middle atmospheric temperature mea-
' ) . sured by chinese meteorological ro- »
% ' ckets are fluctuuting around the u
J# : basic global tewperature construc-— "
S i tions given by the draft of CIRA1986,
‘*,# : the agreement is very good. lt shows “ ﬁﬁ
] . that the CIRAI986 "is a suitable ¢ 1
..lﬁ.‘. representative  for the mean situa— ’ q
- tion of the middle atmosphere ubove 7 ﬁ
our countrr. In the mean time, it . %
N is shown that the accuracy and reso- '
b lution of Chinese rocket wessure- 5
A wents are at the same level as those .
!l:J of other countries. )
b4 .
NN 2. The wind data from Chinese : %
v rockets show clearly the  seasonal !
P characteristics! the east winds pre-
QAR vail in summer and west winds in v 15 s 11
yout | winter, the wind reversal in spring N IR e
3 ! above the 40°N station is in the T S N E S R S BT TR
o | first half of May. Gassty mes assaeniie 1 s
P- ' R S XTI S
R 3. The order of magnitudes and the
s trends of gravxtr wave intensi-ties
{ are similar with those in the draft
oS of new CIRA.
Y
L)

557

4. The tropical model proposed by the new model is_ commonly higher

‘?ﬁﬁ than the global model in the altitude region of 45-60 km and also
:eﬁ higher than the temgeruture profiles weasured by Chinese rockets at

“': the Yunnan station of 24"N.
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COMPARISON OF TIME-PERIODIC
VARIATIONS IN TEMPERATURE AND WIND
FROM METEROLOGICAL ROCKETS AND
SATELLITES

A. D. Belmomt

Control Data, P.O. Box 1249, Minneapolis, MN 55440, U.S. A

ABSTRACT

Although the Meteorological Rocket Network operated by or in cooperation
with the United States has decreased from fourteen to nine stations since
1979, there have been many observations accumulated in the ycars since
CIRA 1972 was prepared with data up to 1969. The mean, annual and
semiannual variations of temperature and wind are presented and compared
with the Oxford SCR-PMR five-year data set, the CDC-SCR seven-year dita,
and CIRA 1972 with respect to both temperature and zonal winds, as far as
presently available. The agreement among the data sets is generally very
good.

INTRODUCTION

The purpose of this paper is to review the available variability
statistics for temperature and wind in the region from 20 to 70 km to help
in the selection of the best information available for a revised CIRA.
There are many different data sources but they will be limited here to
those with at least five years of record. They will be intercompared with
respect to their means, and periodic time variations. The satellite data
woere not operational, real-time data, but were processed years after the
observations were made, taking account of all corrections that became
known in the interim. These three sets are:

variables Source Abbr. Instrument & Period of Racord

Oxford OXF Two years of SCR (1973-1974) plus three
years PMR (1975-1977)

cDhC SCR Seven years of SCR (April 1970-April

WDC-A MRN Meteorological rockets (MRMN) (19¢0-1982)

(T = temperature, H = geopotential altitude, W = wind)

An evaluation of the differences of these data sets will be reviewed here.

The atmosphere's variability extends over a wide range of time and space
scales including solar cycles, quasi-biennial, interannual, annual,
gemxannual and terannual periods and diurnal and semldxurnal tldeq, and
5y space Jcalcs of planetary waves, dgravity waves, and local turbulcence.
Hence, statistical estimates of these variations will vary with the
observational sampling rates in time and space and the total number of
observations. This summary will discuss only the means, and annual and
semiannual variations.

&

4 o0

LSS

CIRA 1972 /1/ contained no satellite data for the range 25 to 60 km.
Tables and graphs were based entirely on meteorological rocket data. In
revising CIRA it was agrced that both satellite and rocket data would be
examined and compared before deciding which data or combination of data
would suit the purpose most reliably at this time.
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Fach lostrument has its advantages and disadvantages. Satellite data,
Caken by a single instrument during the life of a given satellite, are
consistent with each other and observations are on a global scale.
Satellite radiometers, however, generally need to be recalibrated during
their litetimes because of degradation problems. Dowiward sensing
radioneters have relatively coarse vertical resolution of 10-20 km.
scanning radiometers provide excellent horizontal coverage but the SCR and
iR instruments, for which data sets are now available, provided orbital
plane data only, consisting of 13 and a frdction orbits a day sSeparated by
about 20 ot longltude. The orbits shift continually trom aay to day
returning to the same observation orbits at approximately two week
intervals., Data for fixed grids can be obtained by interpolation between
orpits on a daily basis. It is not possible to obtain tidal vartiations
trom o single orblting satellite.

For climatological purposes, variations are primarily required as a
runction of altitude, latitude, and time, although longitudinal variations
may also be important. Meteorological satellite temperature observations
have only been available since about 1970. The reduction ot the radlance
duta to provide tumperatures is generally done by one or two methods. The
tirst is the 1nversion of the Planck radiative equation which requires
cutlimates of the instrument's weighting function for each frequency
obuerved, and a good first guess of the temperature profile in advance.

[t should be stressed that the inversion technique does not provide a
unique solution, and that the first guess strongly Influences the final
result.,  Flrst guesses are commonly based on climatology derived from
mcteorological rocket and radiosonde data. The second technique 1s a
statistlcal approach which simply regresses observed radiances 1n several
channels against coilncidental rocket observations as close as possible in
space und time to the radiance observations. These statistics generally
produce reasonable results at those locations where there are adequate
ruchet observations. As will be seen below, this is not always possible.
The method, however, is simple and straightforward and involves tew
assumptions, but depends largely on an adequate sample to provide reliuable
regression coetficients.

tletcorological rocket data provide direct measurements of temperature and
wind as a tunction of altitude at a given place. Vertical resolution is

1 to 2 km. The main limitation is the paucity of rocket stations.
Unfortunately for scientificC users, rocket Sbservasion locations have been
grouped mainly in the latitude belt from 30~ to 40 N. North American
rocket obscrvations began about 1960, and the network gradually increased
to its maximum density about 1975, and thereafter declined rapidly over
Horth Amcrica lesing five stations from 1979-82. At present, there are no
operational stations in Horth AmsriCd norsn of 55 and only two remain

in the Southern Hemisphere, at 8 S and 688, although there are

Russian rocket-launching ships which are gradually accumulating
observations grouped by latitude and month /2/. A table of the available
rocket data used in this report is given in Table 1. It will be noticed
that most of the Northern Hemisphere stgtions used here are in North
Amcrica. ‘Phree Russian stations, at 80 N, 48 N, and 68 S, use the

M-100 instrument which appears not to be compatible above S0 km with the
sensors used in the North American rockets. Continuing efforts at
lnturcalibration have been made, but the necessary corrections to be
applicd to the past M-100 observations are apparently not available. The
curruction history changes in time, and it is difficult to learn whether
data provided by the World Data Center-A have been corrected and if so, by
lhow much, and whether this correction varied in time. A variety ot
sensors has also been used in Amerlcan rockets. A description of rocket
vrrors and intercallbration can he tound in /2,3/.

8o long as one depends upon satellite data for future requirements, there
will be a neced tor direct rocket measurements at a wide range ot latitudes
and throughout the year with which to verity and callbrate satellite data.

DATA
oxE

The Oxford satellite temperatures and derived heights and winds were
asuumbled from two years (1973-74) of radiances from the Selective Chopper
kadicueter plus three years (1975-77) trom the Pressure Modulator
Kadlumeter. A discussion of the data will be given in a following paper
Oof this session /S/. It should be¢ noted, however, that the PMKR instrument
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& retrieves temperatures up to near 85 km, and thus provides i1ntormation
! beyond the reach of standard meteorological rockets. This means that only
radiative equation inversions can be used to obtain temperatures with [HE.
»
- SCR
ol
‘X4 The SCR temperature data from CDC for the seven yecars (1970-1977) wore
f: obtained from radiances calibrated by Oxford, or by CDC with Oxford
calibration factors, and the use of a multiple non-linear reqrecssion
against rocket data. The regressions were done by winter and summcr
J seasons with April 1 and October 1 being the dividing dates. To acocunt
v for possible drifts in the radiances, the regressions were recompute !
& everv six months. The errors of rearession were acnerallv 2 to 4C
‘i estimated from five different, random, independent sets of rocket data,
VJ each set consisting of 15% of the total data available. As there are so
3 tew relliable rocket data in the Southern Hemisphere, the reqressions ior
P the Northern Hemisphere were applied to the Southern Hemisphere radiancen

six months later. This means that for any northern hemisphere winter
which experienced large sudden warmings, the regression coetficients may
/ be slightly different from true Southern Hemisphere winter LUC[Illen[,
L) where warmings are not as frequent or as intenge. To exter i the croo
i section downward from 30 to 20 km, north of ZOON, NMC radiosonde d1ta
were added to the altitude-latitude sections for the same dates.

. LRM

Only meteorological rocket network data as available from World Data
Center~A were used here. Unfortunately, despite very long delays 1n
processing rocket data at WDC-A, there is no real quality control of any
of the observations. It 1s assumed that each individual station, or its
processing center, carefully does this. Meteorological rocket data
received by teletype for operational use frequently contain serious errors
and are not recommended for any scientific purpose when there is time to
obtain more reliable data. Russian rocket data taken since 197% are not
avallable from WDC~A, so it Is doubly unfortunate that many North American
stations at high latitudes have been closed since 1977. This also

.. prevents the future use of rocket data to retrieve satellite tempecratures
:- at high latitudes.
i With respect to possible solar cycle influences above 50 km, the dates of
§ the establishment and the reduction of the rocket network were not
helpful. The major solar maximum of 1959, and the recent one ot 1980,
both occurred at a time when there were few rocket stations, especially at
high latitudes where any solar effect is likely to be strongest.
;{ Only stations with the most observations were used at a given latitude
>, where there were several to choose fraom (e.q. Thumba was not used).
' Stations with less than 150 observations were generally not used unless
3 there was no other station near that latitude; also if the distribution of
observations was not spread over the year, the station was not ured
(Can). It is highly recommended that meteorological rocket network
Y stations be distributed more evenly with respect to latitude, includinjy
4 the southern hemisphere.
‘a The influence of standing planetary waves introduces much irregularity
N when stations from all longitudes are combined onto a single cross
L section. Elimination of five Pacific region stations (Poker
Flat/Ft. Greely, Shemya, Ryori, Barking Sands, Kwajalein), despite the
many observations at the latter two stations, would have produced smoother
\ analyses. The five stations were analyzed separately from the continental
o stations and the altitude-latitude patterns were very similar although
|: absolute values differed due to planetary wave influence as shown 1in /5/.
'
': A further caveat in the interpretation of all rocket and satellite data is
' that there are no tidal corrections presently available although the
reqgion to which the data apply are known to have large tides. Tt is
possible that tidal estimates will become available in the near future
which can be applied to both past and tuture observations.
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) TABLE 1 _Rocketsonde Statjons Used
o~ Latitude Lopgjtude N Perjod of Record
(4 Heiss Island 80037'N 58003 'E 601 1957-75 * :
b Thule 76 33'N 6849'W 1199 1965-80 !
M poker Flat 65007 'N 147229'W 838 1972-79 :
) rort Greely b4 00'N 145 44 'W 1222 1960-72 ,
K Fort Churchill 58 44'N 93 49'W 2005 1960~79 l
, Priwrose Lake 54045‘N 110003'w 1238 1964-82 ‘
’ Shemya 52 43'N 174 J06'E 532 1974-42 i
~, valyograd 48 41'N 44,21'E 423 luGn=7y ,
o . Kyory 3902°'N 141750'E 175 1970-72, 79-82
Ot Wallops Island 37 50'N 7529 'W 2690 19G60~-82
o Pe. Mugu 34007'N 119007'w 3432 1960~82 j
o White Sands 32 23'N 106029'N 4098 19549-42
y Cape Kennedy 28027'N 80032'N 3792 19¢0-~82 .
barking Sands 22°02'N 159047'w 2580 1960-~82 '
. Srand Turk Island 21026'N 71009'w 223 1963-06 \
; Antigua 17.09'W 61 47'W 1319 1963~82 '
o, rort Sherman 09_20'N 79 59'W 1554 19¢6~7Y |
R KwaJaleln 08_44'N 167044'£ l668 1963~82
W Natal 05.55'S 35_10'W 78 1969-76 i
& Ascension Island 07059'5 14025'w 2316 1962~82 !
(e Woomera 30.56's 136031'8 96 19¢2~72
< Mar Chiguita 37045'S 57025 'W 58 1969-76
Molodecshnaya 67°40'S 45751'E 253 1969~75 *
_4' * Later data exist but unavailable from WDC=-A
'::' ANALYTICAL METHOD
A multiple linear regression is used to determine the amplitudes and

phuses of the periodic features in the biweekly averages of daily data,
sine and cosine function pairs are used to represent the annual,
semiannual, and terannual oscillations: a mean and trend are also

! !
3 2
t determined during the regression. The QBO is represented by two %
W cmpirically-determined time series of amplitudes derived from tropical i
h data. The method by which these series dre generated requires further
0y eluboration. '
.) The QBO is observed to have a continuously variable period and amplitude. ]
'f- For these reasons, the QBO signal in the tropical lower stratosphere was i
{; uscd to define a reference signal with variable period and amplitude trom i
0 cycle to cycle. This signal was then used in the regression6 A second
J f: time series ot equal variance which was orthogonal to and 90" out-of '
R, phase with the original QBO signal was created using a Hilbert transform.
,}Q This transformed signal was also used in the regression. The original QBO ,

returence signal was obtained from theozonal winds at 30 km alsitude trom

Fort Sherman (9.33°N), Kwajalein (8.73°N), and Ascension (7.98°S). !
Thirty-day means were obtained from each station, and the mean, trend, f
annual, sumiannual, and terannual signals were removed using the \
reyreusion technique. The residual means were then averaged over the |

Lok @

t

,st thruy stations to provide a cantinuous QBO record from late 1962 through
'“9 1982. The exact values of the series at biweekly intervals are obtained
M through three-point Lagrangian interpolation.

3 The errors in fitting periodic functions to the data were used to evaluate !
%’ the reliability of the data in the contouring of amplitudes and phases. !
L Diagrams of the annual, semiannual, terannual, and QBO were made using
s only those amplitudes (and corresponding phases) that were egual to or
A larger than the associated standard deviation. Also, at least
- 4% bl-weekly periods of data were required. The means for all stations
=¢* were adjusted to a common reference date (1972) to avoid the eftect of

w lony period trends. In Figs. 1-10, tick marks along the upper edge

, indicate rocket launch sites.
"]
15 COMPARISON OF VARIATIONS
) ]
: ? Figs. 1-13 present the amplitudes of the means, annual, semiannual and
’ ’ quasi-biennial waves. The values in Figs. 1-6 are for the amplitudes of
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Fig. 3. Amplitude of the annual
wave in temperature, K, from SCR,
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rig. 5. Amplitude of the semiannual
wave in temperature, K from SCR,
1970-1977.
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u;- Fig. 12. Phase dates of the annual Fig. 13. Phase dates of the
v variation in temperature from MRN. semiannual varjation in temperature
f" 1 = January first. Tréanqles from MRN. 1 = January first. o
indicate a region of 17K amplitude Triangles indicate a region of 1 K
or less. amplitude or less.
P
o
(SR
}: SCRoana MEN temperature, and those in Figs. 7-11 are for MRN w:ind.
TR Figs. 12 ond 13 present the corresponding phases of MRN temperature
] wives. The values of OXF are discussed in more detail in Section 2.3.9.
.' Periodic variations of the wind are presently available only from MRN.
- liote that these cross sections are machine contoured and lack smoothness,
I especially at highest altitudes due to the inhomogeneity ot the data. The
:J general patterns of maxima are not affected, however, and the amplitude
" and phase values discussed below were taken from tabulations rather than
$\“ the plots, whenever possible.
o
f\' Sample values at three latitudes are summarized in Table 2. The agreement
’ i tar better than expected considering the different sensors, data
X sources, methods of reduction of the raw data, interpolations to
L% lati1tude-altitude grids for automated contouring, graphical smoothing
Al techniques, and problems of different longitudes of the stations, periods
" ot record, sample size and uneven distribution of data in space and time.
o For the annual variation in temperature (Figs. 3,4 and also Fig. 1 1n
o fection 2.3.5; note latitude scales), the most noticeable difference is 1n
a0 the altitudes of the maximum amgljtude shown by SCR and OXF. S&CR shows a
) naximum near 3 mb (40 km) at 80 S, while the OXF maximum lles near 11 mb
e fd) km). OXF 1s in tair agrecement with MRN, where their data overlap.
Lo Fhase dates are at the solstices (Fig. 11). The corresponding annual
\iﬂ amplitude of the wind (Fig. 8) shows large mid-latitude maxima centered
:Ji near 60 km, in general agreement with Fiqg. 38 in CIRA 1972,
..
:;: The semiannual wave in temperature (Figs. S,6, Table 2; cf. 2.3.5,
.. Fiqure 1), is of interest because it is as stronqg or stronger at both
Y polar reqions than at the equator. Although the polar waves have
—— qenerally not been recognized, they are shown 1n /6, 10/, and they are
'Ni strongly confirmed by all three present data sources (Table 2). The phase
f\ of the maximum amplitude in the equatorial semiannual wave 1n tempoerature
f&- fF1q7. 12) 1is equinoctial and propagates downward, while those of the polar
Y centers are solstitial. The OXF and MRN data show the semiannual
: amplitude pattern in temperature at high latitudes as a vertical sequence
[ ]

of cells continuing into the upper mesosphere where the semiannual
variation in wind has been reported earlier /7/.

e

;?; The MKN semiannual wave 1in the wind (Fig. 9) shows the well-known tropical
L) Taximun near S0 km, displaced south of the equator, with bands of maximum
S extending poleward. The semiannual wind phase dates at these centers of
;s: miximum amplitude 1n both the polar regions and the tropics 1s equinoctial
b e and agrecs i1n general with /4/. Where the amplitude 135 weak, below 1% km,
s, the phase may appear occasionally as solstitial. It has been sunggesnted
N that the amplitude of this wave may be related to the solar cycle, showing
: higher values during solar maximum /8/. ig. 11 shows how the amplitude ’
B - of the semlannual maximum in wind near 50 N apparently chanqges with
" solar cycle. [t is not yet possible to confirm this solar cycle
::‘ hypothenis with satellite data because there are only 8 years of SCR data
it (1770-78), and high latitude MRN data have ended in North America. The
. <. recent sciar maximum years 1978-82 were examined, but there were only
> Ja59 1 q0-9
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Shemya and Primrose Lake with any data to 1982 and these stations had too
few observations above 50 km to permit any conclusions. Possibly later
satellite data ror this regilon will clarify the matter.

The quasi-biennial wave in zonal wind (Fig. 10) from MRN data has no
counterpart in the other data sets with which to compare it. The tropical
values agree well with those in /4/. 7The other areas remain uncertaln due
to luck ot adequate data. The QBO temperature field in the Tropics ayrees
with /6é/, but 1ts magnitudes elsewhere are unreliable, and arce not
reproduced here. The terannual wayes are also omitted for the same reason
and for the growing expectation that this harmonic does not rupresent a
'sical phenomenon.

"AlLE 2 Comparison of OXF, SCR, MRN, CIRA 1972

. rature (K) Wind (m/s)
. MRN CIRA OXF  MkN CIRA

Annual Mean (1 MB)

80°N 263 264 263 (264) 702N 18 5 (1)
o 268 270 271 (269) 10_N - -5 (-13)
8075 270 271 263 - 7075 30 30 ~
Annual Mean (10 MRB)
80°N 224 227 224 (223) 7ogN 10 5 ( 17)
v, 233 234 232 (231) 10 N ~ -l0 (~21)
dUS 222 226 226 - 7075 15 30 -
July Mean (1 MB)
[o]
suU N 284 285 - 283
Uo 2u) 2u8 - 269
80°s 254 259 - ~
Deccember Mean (1 MR)
s50°N 247 250 - 257
Oy 265 269 -
U8 248 291 - -~
OXF SCR MRN
Maximum Annual Temperature Amplitude K (at any altitude)
aozu 42 (.006 mb) - -
by N 26 { 2.5 mb) 24 (3 mb) 28 (44 km) (1.3 mb)
v, 3 ( 0.1 nmb) 1 (1 mb) 4 (42 K (2.5 mb)
8us 41 (.006 mb) - ~
sus - 11 (3 mb) -
oL 3% (11 mb) - 24 (26 km) ( 2% nb)
Maxirum Cemi=Annual Amplitude K {(at any altitude)

AtReT 11 ( 4 mb) 6 (3 mb) 6 (40 km) (3 mb)

(Vi 4 (1.5 mb) 3 (3 mb) 3 (40 Km) (J mb)
su” s v (V.3 wb) - -
vu 4 (1.5 mb) 6 (1 mb) 7 (46 km) (1.% mby

limtes to Toble 2

1. Values are taken from tables, if available, interpolating when
Nnecessdry.  bPlgures are used it tables not available.

[N}

Values 1in parentheses were estimated from mean of January and July
values roedad from tables.

J. No SCR data available below 10 mb south of 20°s.
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SUMMARY OF RESULTS

1. The three sets of data agree remarkably well. This may be due in part
to ultimate reliance upon a climatology based on meteorological rocket
profiles which still serves as the only large body of independent data for
the middle atmosphere.

2. Semiannual variations in wind and temperature at high latitudes of
both hemispheres are confirmed, but the cause of the semiannual
oscillation at high latitudes is still unknown.

3. Possible solar modulation of the semiannual wave during the 1579-81
maximum could not be detected at high latitudes due to reduction in the
MRN rocket network.

4. Meaningful comparisons of data require data for the same years and
place, not just for equal periods of record.

S. Resultant, observed temperatures or winds are made up of many periodic
and quasi-periodic components, possibly including solar effects, that
modeling must take into account.

RECOMMENDATIONS

1. Best present estimates of middle atmosphere climate are from satellite
global data. A data set consisting of PMR and SAMS to 85 km for 8 years,
plus 5 years of SCR, plus continued S5SU and similar instruments which
sense to 50 km, is now within reach. Resumption of the PMR type
measurements is highly recommended.

2. MRN data must be separated by region. Longitudinal variations due to
planetary waves may be large. Thus the sparse MRN data are best used for
vertical resolution at a given place, and not for representative global
coverage.

J. Added MRN stations are needed for satellite temperature retrievals,
calibration and verification, especially at high latitudes.

4. MRN data need to be carefully quality controlled.

[

5. Tidal corrections are needed to adjust single observations per day
into more representative values.
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MIDDLE ATMOSPHERE MODELS AND
COMPARISON WITH SHUTTLE REENTRY
DENSITY DATA

K. S. W. Champion

Aur Force Geophysies Laboratary, Hanscom AFB, MA 01730, U.S. A,

ABSTRACT

Several middle atmosphere models will be reviewed, including a new set of
models produced by Groves in 1985. The latter models are based on rocket and rawinsonde in
situ measurements and satellite remote sounding temperature data. The models are compared
with measurements made with instruments on board U. S. Shuttles during their reentry.
very useful atmospheric density data have been obtained in the altitude region from 50 to
80 km. The measurements are unique in that they are made by a vehicle travelling almost
horizontally through the atmosphere at a velocity of 6 to 7 km/sec. This results in me-
asurements along a path of approximately 8,000 km in a time interval of about 20 minutes.
The results show some unique features.

MIDDLE ATMOSPHERE MODELS

Several middle atmosphere models will be reviewed and compared with data
derived from instruments on board reentering U. S. shuttle vehicles. The first set of
models is contained in the COSPAR International Reference Atmosphere (CIRA) 1972/1/. The
middle atmosphere models were developed by Prof G. V. Groves and extend in altitude from
25 to 110 km (with some values at the higher altitudes uncectain). Monthly models are
presented for latitudes at 10 degree intervals from the equaior to 70° N. Properties
include temperature, density and presssure. In addition, monthly models are given for
west-east winds for altitudes from 25 to 130 km and latitudes from 0 to 80°. There are
many gaps in the wind tables for regions where data were not available. Separate winter
models are presented for North America and Europe/West Asia.

The second set of models is the AF Reference Atmospheres 1978/2/. They extend
from the ground to an altitude of 90 km and contain values of temperature, density and
pressure. The principal tables contain monthly values for northern latitudes at 15 degree
intervals from the equator to the pole. There are also tables for the median high and low
percentile values of temperature and density at altitudes to 80 km for January and July
for northern latitudes from 30° to 75°¢,

Fig. 1. Average monthly mean rocket i i
Fig. 2. Compa anuary me.
models minus satellite temperatures for degsi*y dgviatiéri:nirg:\ ion:‘; meman
- - - ¢
Koshelkov -.-, AF Refere