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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

SME

OZONE RADIANCE DATA
DAILY ORBITAL OZONE PROFLE
1 DAY + 30 DAY AVERAGE OZONE VMR PFL, TAPE
ORBITAL NO DENISTY PFL MAGNETIC LATITUDE
ORBITAL NO DENSITY PFL GEOGRAPHIC LATITUDE
TRR, LIMB RAD PRdFiLE, 6.8 + 9.6 MIC
RADIANCE DATA, TAPE
DAILY ORBITAL OZONE PROFILE, TAPE
IR 1 DAY + 30 DAY OZONE VMR PFL, TAPE
ORBITAL NITROGEN DIOXIDE PFL, TAPE
30 DAY AVG, NITROGEN DIOXIDE PFL, TAPE
VISIBLE LIMB RADIANCE

SOLAR IRRADIANCE DATA TAPE

81—10d5013,OlC,OlE,OIF,OIG,02A,03B,O3C,O3E,04B,04C,O4D,05A

THIS DATA SET CATALOG CONSISTS OF 117 MAGNETIC TAPES. THE TAPES ARE 9
TRACK, 1600 BPI, ASCII AND WERE CREATED ON A VAX 11/780 COMPUTER. THE TAPE'"
CONTAIN A HEADER FILE, TRAILER FILE AND A DATA FILE FOR EACH DATA SET CONTAINED

ON THE TAPE. THE TAPES HAVE MULTIPLE DATA FILES. THE D AND C NUMBERS ARE AS
FOLLOWS:

|81-1004-018|[SP10-00256

D# c# FILES TIME SPAN
D-64437 C-24482 1125 12/16/81 - 04/22/82
D-64438 C-24483 1266 04/23/82 - 08/12/82
D-64439 C-24484 1221 08/13/82 - 12/04/82
D-64440 C-24485 1059 12/04/82 - 03/19/83
D-64441 C-24486 1362 03/19/83 - 08/24/83
D-64442 C-24487 405 08/24/83 ~ 10/07/83

D-68864 C-25087 1404 10/08/83 - 03/15/84


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPIO-00256
dhoag
Text Box
SPIO-00256


0

D~68865
D~68866
D-76260
D=76261
D-76262
D-78041
D=-78042
D~-78043
D-78044
D=78045

D=78573
D-78574
D-78575
D~78576
D-79164
D-79165

b-79161

D-79158
D~79158
D-79160

D~79155
D-79156
D-79157

D~75500
p-73501
D-75502
D-75503
D-75504
D~75505
D~75506
D-75507

ct
C-25088
C-25089
C-26671
C~26672
C-26673
C-27230
c-27231
C-27232
€-27233
C-27234

C-26829
C~-26830
C~-26831
C~26832
C-27243
C~27244

C~27171

$-27237
C~-27238
C~-27239

C~27240
C-27241
C-27242

C~27252
C~27253
C~27254
C~27255
C-27256
C-27257
C-27258
C-27259

[81-1004~-018] [SPIO-00256 |

FILES

1449

291
1686
1380

822
1629
1563
1527
1938

804

TIME SPAN

03/16/84
08/28/84
10/01/84
03/27/85
07/23/85
10/01/85
01/24/86
05/03/86
08/26/86

10/14/86

[81-100a-01C,03c][ESAC-00034]

Lad Lad ON O O O

12/15/81
10/01/82
10/01/83
10/01/84
01/01/86
01/01/86

[81-1004~01E,03E| [ESAC-00006

i2

01/01/82

[81~100A-01F | [SPIO-00278|

9
12
9

01/06/82
07/01/83
07/01/85

[81-1004-01¢][SPI10-00287]

9
12
9

01/06/82
07/01/83
07/01/85

l81-1004-024| [ESAC-00014]|

ot fovd bk foond ek pownd o oo

01/01/82
01/01/82
01/01/83
01/01/83
01/01/84
01/01/84
01/01/85
01/01/85

08/27/84
09/30/84
03/26/85
07/23/85
09/30/85
01/24/86
05/02/86
08/26/86
10/14/86

12/18/86

09/30/82
09/30/83
09/30/84
09/30/85
12/18/86
12/18/86

12/18/86

06/30/83
06/30/85
12/11/86

06/30/83
06/30/85
12/11/86

12/31/82
12/31/82
12/31/83
12/31/83
12/31/84
12/31/84
09/30/85
09/30/85
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http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=ESAC-00034
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPIO-00256
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dhoag
Text Box
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dhoag
Text Box
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dhoag
Text Box
SPIO-00256


D#

D-64443
D~-64444
D-64445
D-64446
D~64447
D~64448
D~-64449
D-64450
D~64451
D-64452
D=64453
D=64454
D~644355
D~64456
D~64457
D~-64458
D-64459
D~68867
D-68868
D~68869
D~68870
D-68871
D-68872
D=~68873
D~68874
D~68875
D~68376
D~68877
D~68873
D~76263
D~76264
D~76265
D~76266
D~76267
D=76268
D~76269
D-76270
D~76271
D-76272
D~-78040
p~-78028
D=78029
D=78030
D~78031
D=-78032
D-78033
D-78034
D-78035
B=-78036
D~-78037

ot

C~24488
C-24489
C-24490
C-24491
C-24492
C~24493
C-24494
C~24495
C~24496
C~24497
C-24498
C~24499
C~24500
C-24501
C~24502
C-24503
C~24504
C-25090
C-25091
£-25092
¢-25093
C~25094
C-25085
C-25096
C~25097
C~-25098
C-25099
C~-25100
C~25101
C-26674
C-26675
C-26676
C-26677
C~26678
C-26679
C-26680
C-26681
C-26682
C~26683
27272
C-27260
C-27261
C-27262
C-27263
C-27264
C~27265
C=27266
C~27267
C~27268
C~27268

|31-1004-038| [ESAC-00022]

FILES

900
9is8
803
918
924
900
900
909
942
924
842
921
942
885
843
834
639
987
1017
762
432
411
552
567
549
408
555
552
765
939
888
894
1008
1137
954
975
948
933
1038
933
1224
1233
888
891
1185
1110
930
930
1023
1323

TIME SPAN

12/16/81
02/12/82
04/03/82
05/19/82
07/02/82
08/11/82
09/14/82
10/21/82
11/26/82
01/01/83
02/06/83
03/14/83
04/159/83
05/24/83
06/29/83
08/04/83
09/09/83
09/26/83
11/18/83
01/07/84
02/12/84
03/03/84
03/23/84
04/19/84
05/19/84
06/11/84
07/01/84
07/27/84
08/23/84
10/02/84
11/29/84
01/20/85
02/28/85
04/02/85
05/12/85
06/07/85
07/01/85
08/06/85
09/01/85
10/01/85
10/30/85
12/09/85
01/17786
02/12/86
03/11/86
04/13/86
05/16/86
06/18/86
07/21/86
08/23/86

02/12/82
04/03/82
05/19/82
07/02/82
08/11/82
09/14/82
10/21/782
11/26/82
01/01/83

02/06/83

03/13/83
04/18/83
05/24/83
06/29/83
08/04/83
09/09/83
10/07/83
11/18/83
01/05/84
02/12/84
03/03/84
03/23/84
04/18/84
05/15/84
06/11/84
06/30/84
07/27/84
08/22/84
09/30/84
11/29/84
01/19/85
02/28/85
04/02/85
05/12/85
06/07/85
07/10/85
08/05/85
09/01/85
09/30/85
10/29/85
12/08/85
01/16/86
02/11/86
03/10/86
04/12/86
05/15/86
06/17/86
07/20/86
08/22/86
09/23/86


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=ESAC-00022
dhoag
Text Box
ESAC-00022


D#

D-78038
D~78039

b-79162
D~79163

D~79154

D-78459
D~78460
D-78461
D-78462
D-78463
D~78464
D-78465
D-78466
D-78467
D-78468
D-78469
D-78470
D-78471
D~78472
D-78473
D-78474
D-78475
D-78476
D-78477
D-78478
D-78479
D-78480
D~78481

D~78572

cf

C~27270
C~27271

C-27235
$-27236

€-27183

C-27276
C~27277
C-27278
C-27279
C-27280
$-27281
$~27282
C-27283
C-27284
C-27285
C-27286
C-27287
C-27288
C-27289
C-27290
C-27291
C-27252
C~27293
C-27294
C-27295
C~27296
C-27297
C~27298

C-26835

[81-1004-038||[ESAC-00022]

FILES

1146
436

TIME SPAN
09/24/86 -~ 10/26/86
10/27/86 ~ 11/26/86

[81-1004-048][ESAC-00051 |

9
6

02/17/82
01/10/85

181-1004-04C | |[ESAC-00049 |

3

01/01/82

[31-1004-04D | [ESAC-00002]

758
1074
1278
1224
1143

843

993

969

969

972

978

957

872
1272
1260
1440
1197
1383
1362
1341
1401
1776

933

01/01/82
02/16/82
04/23/82
06/28/82
08/26/82
11/07/82
01/12/83
03/19/83
05/24/83
07/29/83
10/03/83
12/08/83
02/11/84
04/19/84
07/13/84
10/26/84
03/13/85
07/10/85
11/06/85
02/06/86
05/16/86
08/16/86
10/08/86

[81-1004-054]|SOUV-00019|

3

01/01/82

12/31/84
12/31/86

12/31/86

02/15/82
04/22/82
06/27/82
08/26/82
11/07/82
01/12/83
03/19/83
05/23/83
07/29/83
10/02/83
12/07/83
02/11/84
04/17/84
07/12/84
10/25/84
03/13/85
07/07/85
11/05/85
02/06/86
05/15/86
08/16/86
10/08/86
12/18/86

06/30/88
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SME

SOLAR IRRADIANCE DATA, TAPE

| 81-100A-05A |[SOUV-00019|

THIS DATA SET HAS BEEN RESTORED. THERE WAS ORIGINALLY ONE
9-TRACK, 1600 BPI, STANDARD LABELED TAPE, WRITTEN IN ASCII. THERE
IS ONE RESTORED TAPE. THE DR TAPE IS A 3480 CARTRIDGE AND THE DS
TAPE IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPE WAS CREATED ON AN
VAX 11/780 COMPUTER AND WAS RESTORED ON AN IBM 9021 COMPUTER. THE
DR AND DS NUMBER ALONG WITH THE CORRESPONDING D NUMBER AND TIME

SPAN IS AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DRO0O&6132 DS006132 D078572 3 01/01/82 - 06/30/88


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SOUV-00019
dhoag
Text Box
SOUV-00019
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[ PR \F o DS SRS SR o S
{ University of Colorade at Bos

Swewr By sershipris wnd Srnaes
ory for Atmospheric and Spaes

October 22, 1986

National Space Science Data Center
Goddard Space Flight Center

Code 633

Greenbelt, Md 20771

Attn: Ralph Post
Dear Mr. Post:

I am sending 16 tapes with one year of SME science and radiance data.
Documentation for each tape is included.

v
Monthly average ozone are on the tape labeled MONOO2. Monthly average ozone
mixing ratios on a pressure-latitude grid, from October 1984 to September

1985, from both the Near-Infrared Spectrometer and the Ultraviolet

Spectrometer are included.

Daily average ozone and solar flux are on the tape labeled SMEOOS%/ Daily
average ozone mixing ratios on a pressure-latitude grid, from 1 October 1984
to 30 September 1985.

Ozone data along the orbit track are on tape ORBO04. The ozone mixing ratios
on a pressure-latitude grid, from 1 October 1984 to 30 September 1985, from

both the Near-Infrared Spectrometer and the Ultraviolet Spectrometer are _~1»7"w§

included.

Radiance data form the Near-Infrared Spectrometer are on ten tapes: AGO030 to
AGO039. Radiance data for the Ultraviolet Spectrometer are on 3 tapes: 0Z010
to 0Z012.

Please call me at (303) 492-7672 if there are any questions.

Sincerely,

Ronald~d.—Thomas

Research Associate

cc: G. Esenwein
C.A. Barth




UNIVERSITY OF COLORADOQ, BOULEER

Laboratory for Atmospheric and
Space Physics (LASP)

October 15, 1985

National Space Science Data Center
Goddard Space Flight Center

Code 633

Greenbelt, Md 20771

Attn: Ralph Post
Dear Mr. Post:

I am sending 15 SME radiance data tapes and documentation. The tapes
include ozone and radiance data for the period 1 October 1983 to 30 September
é§%§;g§3*§>Three of the tapes are radiance data from the Ultraviolet Spectrometer
and are labeled 0Z007 to 0Z009. Twelve tapes are radiance data from the Near

. s Infrared Spectrometer and are labeled AGOO18 to AGOO29. Please call me at
&= (303) 492-7672 if you have any questions. e 4

Q%

x//ﬁﬁ Ron\ld J; Thomas
RJT /mh
Enclosure

cc: G. Esenwein
C.A. Barth

Campus Box 392 e Boulder, Colorado 80309-0392 e (303) 492-7677
TWX 910-940-3441



BRIZETF DESCRIPTTION
%%% SME, Limb View UV Ozone Spect
) 81-100A-01

The objective of the Ultraviolet Ozone Experiment was to measure ozone
absorption of Rayleigh-scattered sunlight in the middle ultraviolet
region. A dual-channel Ebert-Fastie spectrometer operated in the
regions 1880-3100 A and 2230-3404 A and viewed normal to the spin
axis. There were 208 or 11 grating steps per scan, respectively. At
half maximum the full width of the signal was 15 A.




X1~ 1604 - 0/ £

SOLAR MESOSPHERE EXPLORER
UV OZONE RADIANCE DATA

1981-1986

The ultraviolet spectrometer on the Solar Mesosphere Explorer
(SME) records limb radiance profiles at two wavelengths
simultaneously. For these data, these wavelengths are 2650.7
Angstroms (Channel 1), and 2964.3 Angstrom (Channel 2). The raw
counts for both channels recorded angd transmitted by the SME are
converted into calibrated radiances with units of photons/ (sq.cm-sec) .
For each channel, sets of six consecutive spin profiles are merged
together to improve the signal to noise ratio for future data
processing. If more than one spin profile in a given set of six is
determined to be of poor quality, the merged profile is rejected. The
saved merged radiance profiles are the ones contained in this dataset.
The radiance data for both channels begin at an altitude of 41.0 knm,
and increase to a maximum altitude of 83.0 km, with a constant spacing
of 3.5 km. Seee Rusch, et al. 1984 for more information.

These radiance data are contained in 17 tapes, and cover the
time period from December 16, 1981 through December 18, 1986. Each
tape is written in standard ASCII labeled format. The volume labels
are 0Z001l through 0Z0017. Each file has a name of the form
0Z2xxxxxX.NSS, where xxxxx is the SME transorbit number (transorbits
start at 3 a.m. local time). The following is a listing of tapes and
orbit intervals contained on the tapes.

Tape Label Orbit Interval No. Data Files on Tape
0Z0001 1074 - 2996 375

0Z0002 3010 - 4691 422

0Z0003 4704 - 6414 407 % i
0Z0004 6415 - 7991 353 ‘ w”“ , ST
020005 8001 - 10395 454 o\, o T

0z0006 10395 - 11067 135
020007 11075 - 13493 468
0Z0008 13501 - 15996 483
0Z20009 16004 - 16510 97
0Z0010 16516 - 19194 562
0Z0011 19203 - 20994 460
0Z0012 21000 - 22047 274
0Z0013 22056 - 23797 543
0Z0014 23801 - 25296 521
0Z0015 25304 - 27049 509
0Z0016 27050 - 27799 646

0Z0017 27801 - 28786 268




Each file contains 304-byte fixed-length records described
as follows:

Record 1:
Transorbit number
No. of good radiance profile sets in this orbit (= N)
Year at start of orbit
Julian day at start of orbit

Time in seconds at start of orbit (GMT)
FORTRAN format: (IS,1X,I2,lx,14,1X,I3,1X,F7.1)

Records 2 through N+1:
Absolute profile number for this orbit
Average latitude (degrees)
Average longitude (degrees)
% Year
Julian day
Time in seconds (GMT)
Solar zenith angle (degrees)
No. of merged single-spin profiles (5 or 8)
Limb flag (l=leading limb, 2-trailing limb)
Channel 1 radiance profile of 13 points
Channel 2 radiance profile of 13 points

FORTRAN format: (I2,1X,F5.1,1X,F6.1,1X,14,1X,IS,1X,F7.1,
1X,F5.1,1X,I1,1X,I1,1X,26(E9.2,1X))

?\:\‘""‘



Dr. C.A. Barth is the principal investigator for the SME
experiment. Co-investigators Drs. R.J. Thomas, D.¥W. Rusch, G.E.
Thomas, and G.J. Rottman are resident at The Laboratory for
Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado 80309.




SME REFERENCES

Barth, C.A., R.W. Sanders, G.E. Thomas, G.dJ. Rottman, D.W.
Rusch, R.J. Thomas, G.H. Mount, G.M. Lawrence, J.M. Zawodny,
R.A. VWest and J. London, Solar Mesosphere Explorer
Measurements of the El Chicon Volcanic Cloud, Bull. Anmer.,
Meteor. Soc. 63, 1314, 1982.

Barth, C.A., D.W. Rusch, R.J. Thomas, G.H. Mount, G.J. Rottman,
G.E. Thomas, R.W. Sanders, G.M. Lawrence, Solar Mesosphere
Explorer: Scientific Objectives and Results, Geophys. Res.
Lett. 10, 237-240, 1983.

Mount, G.H., D.¥. Rusch, J.M. Zawodny, J.F. Noxon, C.A. Barth,
G.J. Rottman, R.J. Thomas, G.E. Thomas, R.¥. Sanders, G.M.
Lawrence, Measurements of NO2 in the Earth's Stratosphere
Using & Limb Scanning Visible Light Spectrometer, Geophys.
Res. Lett. 10, 265-268, 1983.

Mount, G.H., D.¥. Rusch, J.F. Noxon, J.M. Zawodny, and C.A.
Barth, Measurements of Stratospheric NO2 from the Solar
Mesosphere Explorer Satellite. 1. An Overview of the
Results, J. Geophys. Res. 89, 1327-1340, 1984.

Rottman, G.d., "Solar Ultraviolet Irradiance 1982 and 1983" in

Ozone (ed. C.S. 2Zerefos) D. Reidel Pub. Co.,
1985.

Rottman, G.J., C.A. Barth, R.J. Thomas, G.H. Mount, G.M.
Lawrence, D.W. Rusch, R.W. Sanders, G.E. Thomas, and J.
London: Solar Spectral Irradiance, 120 to 190 nm, October

13, 1981 - January 3, 1982, Geophys. Res. Lett. 9, 587-590,
1982.

Rusch, D.¥., R.S. Eckman, and S. Solomon, Implications of the
Comparison of Ozone Abundances Measured by the Solar

Mesosphere Explorer to Model Calculations, J. Geophys. Res,
in press, 1985.

Rusch, D.¥W., G.H. Mount, C.A. Barth, G.J. Rottman, R.J. Thomas,
G.E. Thomas, R.W. Sanders, G.M. Lawrence, R.S. Eckman, Ozone
Densities in the Lower Mesosphere Measured by a Linmb

Scanning Ultraviolet Spectrometer, Geophys. Res. Lett. 10,
241-244, 1983.

Rusch, D.¥., G.H. Mount, C.A. Barth, R.J. Thomas, and M.T.
Callan, Solar Mesosphere Explorer Ultraviolet Spectrometer:
Measurements of Ozone in the 1.0 to 0.1 mb Region, J.

Geophys. Res. 89, 11677-11687, 1984.



Rusch, D.W., G.H. Mount, J.M. Zawodny, C.A. Barth, G.J. Rottman,
R.J. Thomas, G.E. Thomas, R.¥W. Sanders, G.M. Lawrence,
Temperature Measurements in the Earth’'s Stratosphere Using a
Limb Scanning Visible Light Spectrometer, Geophys. Res.
Lett. 10, 261-264, 1983.

Solomon, 8., G.H. Mount, and J.M. Zawodny, Measurements of
Stratospheric NO2 from +the Solar Mesosphere Explorer
Satellite. 2. General Morphology of observed NO2 and derived
N205, J. Geophys. Res. 89, 7317-7321, 1984.

Thomas, G.E., C.A. Barth, E.R. Hansen, C.¥W. Hord, G.M. Lawrence,
G.H. Mount, G.J. Rottman, D.¥W. Rusch, A.I. Stewart, R.J.
Thomas, J. London, P.L. Bailey, P.J. Crutzen, R.E.
Dickenson, J.C. Gille, S.C. Liu, J.F. Noxon, and C.B.
Farmer: Scilentific Objectives of the Solar Mesosphere
Explorer Mission, Pageoph 118, 591-615, 1980.

Thomas, R.dJ., C.A. Barth, G.J. Rottman, D.¥. Rusch, G.H. Mount,
G.M. Lawrence, R.¥W. Sanders, G.E. Thomas, L.E. Clemens,
Ozone Density Distribution in +the Mesosphere (50-90 km)
Measured by the SME Limb Scanning Near Infrared
Spectrometer, Geophys. Res. Lett. 10, 245-248, 1983.

Thomas, R.J., C.A. Barth, G.J. Rottman, D.¥. Rusch, G.H. Mount,
G.M. Lawrence, R.W. Sanders, G.E. Thomas, L.E. Clemens,
Mesospheric Ozone Depletion During the Solar Proton Event of

7 July 13, 1982, Part I Measurement, Geophys. Res. Lett. 10,
. 253-255, 1983.

Thomas, R.J., C.A. Barth, D.W. Rusch, and R.¥W. Sanders, Solar
Mesosphere Explorer Near Infrared Spectrometer: Measurements
of 1.2 um Radliances and the Inference of Mesospheric Ozone,
J. Geophys. Res. 89, 9569-9580, 1984.

Thomas, R.J., C.A. Barth, and S. Solomon, Seasonal Variations of -
Ozone in +the Upper Mesosphere and Gravity Waves, Geophys.
Res. Lett. 11, 67Y3-676, 1984.



LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER

UV SPECTROMETER RADIANCE DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX
Each of the enclosed tapes has the following characteristics:

1. 9-track, 1600 bpi. VWritten on a Digital TUY?7 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (304 bytes each), one EQOF, four File Trailer records
(80 bytes each), and one EOF for each of the data files on
this tape.

3. Physical data blocks are 304 bytes long; each block contains
one logical record. If the logical record is less than 304
bytes long, & hexidecimal value of 20 is used as fill from
the end of +the 1logical record to the end of the physical
record.

4. The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vax tape <« L >

Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 9 10 11 12 13 14 15 Word part 2
0O 1 2 3 4 5 6 % Word part 1

5. An annotated dump is attached which shows the contents of
the first eight physical blocks. The left side of the dump
shows the hexidecimal word (read from right to left) and the
right side of the dump shows the ASCII equivalent word con-
tents (read from left to right). The 1last column on the
right 1is +the hexidecimal 4-byte word number for the right-

%%ﬁ most four bytes in the hexidecimal dump section.
.
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Dump of device MTA3: on 21-NOV-1957 00:04:14.75

Block numper 1 (00000001), 80 (0059) bytes

20202020 20202020 20202020 20202020 20202020 20203331 3020544F 31404F56 VaLiozooes 000060
20202020 20202020 20202020 20202020 20202020 26202020 20202020 20202020 000029
32202020 20202020 202020620 20202020 Beascesennseinnae 000040

bump of device MTA2: on 21-NOV~1987 00:34:14.75

Block number 2 (00000002), 80 (00S50) bytes

30313030 30323130 305A4F20 20202020 2033534F 28263630 22325A4F 31524443 HOR10Z220564NSS CI001300010 000000

46434544 30303030 30302030 30302030 20242232 37732030 30313030 303132030 001000100 67324, 00000 O00CO0GDECF 000020
20202020 20202020 202064131 316454C49 ILE11A eescecssssrnseas 000040

Dump of device MTA3: on 21-NOV~1987 00:04:14.75

8lock number 3 (00000003), 80 C0050) bytes

20202020 20202020 20202020 20202020 20343023 30202430 33303046 32524448 HDR2FO0304003064 000000
20202020 20202020 20202020 30302020 20202020 20202020 20202041 20202020 A o 000020
20202020 20202020 20202020 20202020 sesssnssascesses 000040

Oump of device MTA3: on 21-NOV~1987 00:064:14.75
Block number 4 (00000004), 80 (0050) bytesg
30303030 30303030 3130303C 302303030 30302030 31332130

30
30303030 30303020 30303030 30303030 30302030 30333130 30
20202020 20202062¢ 2

130 33524448 HDR30130010100000000000100000000 000000
030 30303030 00000000C13000000000000000000000 000020
20 30303030 0000 sssssesesacsnses 000040

Dump of device MTA3! on 21-NOV=~1%37 00:04:14.75

8lock number 5 (00000005)y 80 (0050) cytes

20202020 20202020 20202020 20202020 20202020 20202020 26200020 245264448 HODR4 000000
202062020 20202020 20222020 20202020 20202020 20252020 20202020 20202020 000020
20232020 20202020 20202020 20202020 00 eesssecssvesnees 000040

End of file
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Dump of device

-

A

MTAZ: on 21-

Block number & (00000006),

20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202029
20202020

20203322
20202020
20202020
20202023
20202020
20202020
20202020
20202020
20202020

31393233
20202020
20202020
20202020
20202020
20202020
20202020
e0z2n2020
z0z202020

NOV-13387

304 (0130

DO O Do
LA SR S A R TY)
oI o T 8
Porg s
fun N as I s R o> ST

SRS TR AR SR O0Y
<O

[ NI R
(SR R R S

N
[ Y

20202020
20202020
20232020
20202020

00:06:14.758

) bytes

LA NI PR

DD OO0 OO SO

(SRR SRR SR IR SR ST N (VI O N

Lot aw v 3 b B ov v B ' S v P B

[ ST (USRI (VRN O NN N

O OOoLOOO C O

LA S o I8 SC N SE RN NI PR P I
Lol sl vl o B e e R o e o

LA SR AC RN AV IR ST TN SR S A

Lo

[ BN )

LIS SR oY

OO OO0 000 O

[ N

AN R A SR NS ™
OO OO O oG
IACEE NI S R SR S N A T AN T
DO DL OOO D D e
[E Rl I I v e S o TS RPN

LaSIR S A IS S B R N

PoBs T ps By

Oump of device MTA3: on 21-KOV=1987 00:042:14.75

Block number 7 (00000007), 304 (0130) bytes

2E333036
20303128
32202030
36283120
4538392
31234539
20313123
33202030
37283620

Dump of device MTAZ:

34322034
4535372¢
31284531
203031:¢¢8
33202039
352E3220
4530382¢
31284538
203031238

27322035
312302030
342E3220
4236322

30284530
«0313128
31202031
34283520
4535322¢

28393120
312R4537
Z0303128
32202030
362E3620
4532332¢
31284533
20303123
31202030

15283532
36283120
4537302¢€
31284531
20303128
32202039
33283220
4533342€F
31284536
20333028

Block number 8 (00000008), 304 (0130) bytes

2E383437
20303128
32202030
36283120
4533372¢
31284534
20313128
332062030
322E3820

34322034
4536382€
31284539

20303128
33202
3

3732203%
31202030
33263220
4536322F
30284532
20313128
312062031
392F3520
4530332F

33393120
31284538
20303128
32202030
342E3620
4539312¢
31284521
20303129
31202030

352E3032
37283120
4535212¢
31284533
20303128
32202039
33283220
4532302F
31284531
20333023

31202032
203120328
32202030
37283220
4834302¢
30284537
203131238
38202031
312€3220
4536312¢

on 21-NOV~1987 00:04:14,75

31202032
20312035
32202030
36233220
4537302¢
30284535
20313128
39202031
31253220
4532360¢

3OO D D s

P2 bora PYopo oL

Po Py T2 oro by

<

LES IR SR S A SV I S0 F1

[

45343622
31284537
20303128
34202039

LALIN o= o B

31284535
20303128
34202039

p:

(SN )

DOOOODOO 3OO
LSRR AS B AS R AU SETE C I C R SCNE Y
OO OOOOD 2 O rg
SEESIESESN SN N S SO N
OO Dom OO0 L Oy
(AN ANIR SR S S SRS S

OOOOOOD O o

LACEEAS BE RS ACRE SR SN ST SO T AT

20223220
37202035
382E3120
48323708
31284530
20353028
32202031
2228312¢
45363428
20284537

20343220
37202035
392£3120
4533362€
31284535
20393028
32202031
332E3120
4533362F
30284539

22056 18 1985 274 23291.3

22 ~-718
S 19.4
1.86E+
«T2E+10
0E+10
+09 2,
1 2.64
1,27+
f46E+10
TE+09

24 ~69
5 7%5.5
1,968+
WH3E+10
SE+10
+09 2.
1 2.51

l1.35€E+
«H3E+10
SE+09

.2 125,
6 1 1.
16 2.07
2.71E+
1.04E+10
07184093
c+11 2.
11 8,43
2.16E+
4e 16E+09

«2 130,
51 1.
10 2.15
2.63E+
1.07E+10
35E+09
E+11 2,
11 9.02
2.11E+
4o H2E+09

L A I I A AN A e

9 1985 274 24603,
6TE+10 1.75BE+10
E+10 2e41E+10 2
10 2.26E+10 1.6
6.60E409 3.98F
2.32E411 2.59F+1
33E+11 1.80FE+11
E+10 5.48E+10 3
10 1.25B+10 6,7

L R L I S A A I

5 1985 274 24748,
T8E+10 1.86E+10
E+10 2.39E+10 2
10 2.26E8+10 1.6
6.42E+09 3.73E
d.19E+11  2,44E+1
31E+11 1.88E+11
E+10 5.91E+10 3
10 1.30E+10 8.2

LR N R RN

000000
0o0020
000040
000040
000080
060040
0000Co
0C00EOD
000100
000120

000000
000020
000040
000060
000080
0Q000AD
00Q0cCo
0000EQ
000100
0001290

000000
000020
000040
000060
000080
0000A0
goooco
0000E0
000100
000120

©

k]
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%% 7 LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
‘ SOLAR MESOSPHERE EXPLORER
PROCESSED ORBIT DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER
1981-1986 DATA

The SOLAR MESOSPHERE EXPLORER (SME) orbit data consists of
ozone mixing ratios measured by two instruments. A description
of the mission, the instruments, the scientific objectives, and
the initial results is contained in a series of articles in the
April 1983 issue of Geophysical Research Letters. In JGR in 1984
there are more comprehensive papers on the instruments and data
enalysis.

The ozone mixing ratios in parts per million by volume from
the near infrared spectrometer are given on pressure surfaces
from about 50 to 90 km between 85 degrees North and 85 degrees
South at each b5 degrees. The analysis is described in "Thomas
et. al., 1983, 1984".

The ozone mixing ratios in parts per million by volume from
the ultraviolet spectrometer are given in pressure levels from
1.0 to 0.1 mb from 85 degrees South to 85 degrees North in 5
degree latitude intervals (see “"Rusch et. al., 1983, 1984").

The previous SME ozone data (both UV and IR) contain slow
steady drifts. We believe these drifts were due to a slow small
sensivity drift in the UV spectrometer. This has now been
corrected, and we expect that the long term behavior is now

meaningful.

Dr. C.A. Barth is the principal investigator for the SME
experiment. Co-investigators Drs. R.J. Thomas, D.W. Rusch, G.E.
Thomas, and G.J. Rottman are resident at the Laboratory for
Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado, 80309.



Orbit ozone mixing ratio data for the entire SME mission 1is
Uy contained on six tapes. The contents of these tapes, labeled
§%  ORBOO1 through ORBOO6, is shown in the following table.

SME OZONE MIXING RATIO DATA, 1981 - 1986

TAPE FILE NO.BLOCKS CONTENTS
ORBOO1 AOZORB1.DAT 6365 Airglow ozomne, 12/15/81 - 12/31/82
UVOZORB1.DAT 2914 UV ozone, 12/15/81 - 12/31/82
ORB0OO2 AOZORBR2.DAT 5300 Airglow ozone, 1/ 1/83 - 12/31/83
UVOZORB2.DAT 2404 UV ozone, 1/ 1/83 - 12/31/83
ORBO0O3 AOZORB3.DAT 5000 Airglow ozone, 1/ 1/84 - 12/31/84
UVOZORB3.DAT 2255 UV ozone, 1/ 1/84 - 12/31/84
ORB0O0O4 AQZORB4.DAT 7075 Airglow ozome, 1/ 1/85 - 12/31/85
UVOZO0RB4 .DAT 3254 UV ozone 1/ 1/85 - 12/31/85

ORBOOS AOQOZORB5.DAT 10235 Airglow ozone, 1/ 1/86 - 12/18/86
ORB0O0O6 UVOZORB5.DAT 4654 UV ozone, 1/ 1/86 - 12/18/86

Detailed data record formats for the two files on the first
tape, ORBOO1l, are described in the following two tables.




Description of AOZORB1.DAT, airglow ozone mixling ratios in
parts per million by volume. The pressure in mb for each record

%%g~ is found by log(pressure) = I*(-0.125) where I goes from 1 to
‘ 22. No data is indicated by -1.
DATE: 1981 DAY 349
Record Format Description
1 3I5,F10.2 Orbit, Year, Day, Equatorial Long.
2 35E10.3 For pressure = 0.74989 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)%5.
Field 35:Latitude = 85.

3 35E10.3 For pressure = 0.56234 mb
Field 1: Latitude = -85,
Field 2: Latitude = —-80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.

4 35E10.3 For pressure = 0.42170 mb
23 35E10.8 For pressure = 0.00178 mb
24 35F7.2 Longitudes

25 35F7.2 Solar zenith angles

26 35F9.2 Seconds of day

_7 35F6.2 Roll angles

DATE: 1981 DAY 350
28 315,Fl10.2 Orbit, Year, Day, Equatorial Long.
29 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.
30 35E10.3 For pressure = 0.56234 mb
: Field 1: Latitude = -85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*5.

ﬁiéld 35:Latitude =~ 85.

31 35E10.3 For pressure = 0.42170 mb
50 35E10.3 For pressure = 0.00178 mb
51 35F7.2 Longitudes

52 35F7.2 Solar zenith angles

53 35F9.2 Seconds of day

54 35F6.2 Roll angles

etc., for dates 1981 DAY 349 through 1982 DAY 365 for which we
have data.

ST ek POy ollad datel v Sme



Description of UVOZORB1.DAT, UV ozone mixing ratios in
parts per million by volume. The pressure in mb for each record
is found by log(pressure) = I*(-0.125) where I goes from O to 8.
No data is indicated by -1.

DATE: 1981 DAY 349

Record Format Description
1 3I5,F10.2 Orbit, Year, Day, Equatorial Long.
2 35E10.3 For pressure = 1.0 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

3 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = —85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.

4 35E10.3 For pressure = 0.56234 mb
10 35E10.8 For pressure = 0.1 mb

11 35F7.2 Longitudes

12 35F7.2 Solar zenith angles

13 35F9.2 Seconds of day

14 35F6.2 Roll angles

DATE: 1981 DAY 350
15 315,F10.2 Orbit, Year, Day, Equatorial Long.
16 35E10.3 For pressure = 1.0 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

17 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = -85.
Field 2: Latitude = —-80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.

18 35E10.3 For pressure = 0.56234 mb
24 35E10.3 For pressure = 0.1 mb

25 35F7.2 Longitudes

26 35F7.2 Solar zenith angles

_7 35F9.2 Seconds of day

28 35F6.2 Roll angles

i

etc., for dates 1981 DAY 349 through 1982 DAY 365 for which we
have data.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
PROCESSED DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER
APPENDIX
Each of the enclosed tapes has the following characteristics:

1. ©S-track, 1600 bpi. Written on a Digital TU?7 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (2048 bytes each), one EOF, four File Trailer
records (80 bytes each), and one EOF for each of the data

files on this tape.
3. Physical data blocks are 2048 bytes 1long; data files

7-bit ASCII records containing a four byte "control" word

followed by the ASCII bytes. The control word contains

logical record length as & right-justified ASCII number.
The length refers to the total number of bytes and includes
the 4-byte control word. Logical records are blocked into
physical records and a hexidecimal velue of S5E is used as
fill from the end of the last logical record to the end of

the physical record.

4. The VAX writes bytes onto a 9-track tape in the following

order:
Vax word O 1 2 3 4 5 6 %7 8 9 10 11 12 13 14 15

Vax tape «<-—-———————————mm—m I etttk

¥ord written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 9 10 11 12 13 14 15 ¥Word part 2

0 1 2 3 4 B85 6 7 ¥Word part 1

5. An annotated dump is attached which shows the contents

the first six physical blocks. The left side of the dump
shows the hexidecimal word (read from right to left) and the
right side of the dump shows the ASCII equivalent word
contents (read from left to right). The last column on the

right is the hexidecimal 4-byte word number for
rightmost four bytes in the hexidecimal dump section.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
PROCESSED DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX
Each of the enclosed tapes has the following characteristics:
l. O9-track, 1600 bpi. VWritten on a Digital TU77 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (2048 bytes each), one EOF, four File Trailer
records (80 bytes each), and one EOF for each of the data
files on this tape.

3. Physical data blocks are 2048 bytes 1long; data files are
7-bit ASCII records containing a four byte "control"” word
followed by the ASCII bytes. The control word contains the
logical record 1length as a right-justified ASCII number.
The length refers to the total number of bytes and includes
the 4-byte control word. Logical records are blocked into
physical records and a hexidecimal value of SE 1is used as
£fil1l from the end of the last loglical record to the end of
the physical record.

4. The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15

Vax tape «<«-——----mmmmmmmmme——— } e e e

Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 9 10 11 12 13 14 15 ¥ord part 2
0O 1 2 3 4 5 6 7 ¥ord part 1

5. An annotated dump is attached which shows the contents of
the first six physical blocks. The left side of the dump
shows the hexidecimal word (read from right to left) and the
right side of the dump shows the ASCII equivalent word
contents (read from left to right). The last column on the
right is the hexidecimal 4-byte word number for the
rightmost four bytes in the hexidecimal dump section.
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B R EF DESCRIPTTION
1-D 30-D Avg Ozone VMR Pfl, Tape

81-100A-01E

I
&

This data set was transferred to the Goddard DAAC in May 1995,
but the data was unreadable.

DATASET REMARIKS
81-100A-01E
1-D & 30-D Avg Ozone VMR Pfl, Tape

This data set replaces -01A, -01D, -03A and -03D.
ACKNOWLEDGEMENTS

When using the data in any reports, publications, or presentations, please
acknowledge the National Space Science Data Center and the following
individuals or groups:

81-100A-01E
The Principal Investigator, Dr. C. A. Barth




LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
DAILY AND MONTHLY AVERAGE DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER
1081-1986 DATA

The SOLAR MESOSPHERE EXPLORER (SME) daily and monthly
average data consists of ozone mixing ratios measured by two
instruments. A description of the mission, the instruments, the
scientific objectives, and the initial results is contained in a
series of articles in +the April 1983 issue of
Research Letters. In JGR in 1984 there are more comprehensive
papers on the instruments and data analysis.

The ozone mixing ratios in parts per million by volume from
the near infrared spectrometer are given on pressure surfaces
from about 50 to 90 km between 85 degrees North and 85 degrees
South at each 5 degrees. The analysis is described in "Thomas
et. al., 1983, 1984".

The ozone mixing ratios in parts per million by volume from
the ultraviolet spectrometer are given in pressure levels from
1.0 to 0.1 mb from 85 degrees South to 85 degrees North in 5
degree latitude intervals (see "Rusch et. al., 1983, 1884").

The previous SME ozone data (both UV and IR) contain slow
steady drifts. We believe these drifts were due to a slow small
sensivity drift in the UV spectrometer. This has now been
corrected, and we expect that the long term behavior is now
meaningful.

Dr. C.A. Barth is the principal investigator for +the SME
experiment. Co-investigators Drs. R.J. Thomas, D.¥W. Rusch, G.E.
Thomas, and G.J. Rottman are resident at the Laboratory for
Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado, 80309.



The data on this tape is contained in four files. The first
file, labeled AOZAVEM.DAT, has 260 physical data records and
contains ozone monthly average mixing ratios obtained from the
near infrared spectrometer. The second file, labeled
UVOZAVEM.DAT, has 105 physical data records and consists of
monthly average ozone mixing ratios derived from the ultraviolet
spectrometer. The +third file, labeled AVEAOZ.DAT, has 7815
physical data records and consists of daily average ozone mixing
ratios derived from the near infrared spectrometer. The fourth
and last file, labeled AVEUVOZ.DAT, has 3210 physical data
records and consists of daily average ozone nixing ratlos
derived from the ultraviolet spectrometer. The data record
formats for these four files are described in the following four

tables.



Description of AOZAVEM.DAT, monthly averages of alrglow
ozone mixing ratios in parts per million by volume. The pressure
in mb for each record is found by log(pressure) = I*(-0.125)
where I goes from 1 to 22. No data is indicated by -1.

DATE: 1982 MONTH 1

Record Format Description
1 2I5 Year, Month
2 35E10.3 For pressure = 0.74889 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
3 35E10.3 For pressure = 0.56234 mb

Field 1: Latitude = -85.

Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
4 35E10.5 For pressure = 0.42170 mb

23 35E10.3 féf pressure = 0.00178 mb

DATE: 1982 MONTH 2
24 2I5 Year, Month
25 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

26 35E10.3 For pressure = 0.56234 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
27 35E10.3 For pressure = 0.42170 mb

46 35E10.3 For pressure = 0.00178 mb

etc., for dates 1982 MONTH 1 through 1986 MONTH 11 for which we
have data.



Description of UVOZAVEM.DAT, monthly averages of UV ozone
mixing ratios in parts per million by volume. The pressure in mb
for each record is found by log(pressure) = I*(-0.125) where I
goes from O to 8. No data is indicated by -1.

DATE: 1982 MONTH 1

Record Format Description
1 _2I5 Year, Day
2 35E10.3 For pressure = 1.0 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)%5.

Field 35:Latitude = 85.
3 35E10.3 For pressure = 0.74989 mb

Field 1: Latitude = -85.

Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
4 35E10.3 For pressure = 0.56234 mb

10 35E10.3 For pressure = 0.1 mb

DATE: 1982 MONTH 2
11 215 Year, Day
12 35E10.3 For pressure = 1.0 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

13 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
14 36E10.3 For pressure = 0.56234 mb

20 35E10.3 For pressure = 0.1 mb

ete., for dates 1982 MONTH 1 through 1986 MONTH 10 for which we
have data.
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Description of AVEAOZ.DAT, daily averages of alrglow ozone
mixing ratios in parts per million by volume. The pressure in mb
for each record is found by log(pressure) = I*(-0.125) where I
goes from 1 to 22. No data is indicated by -1.

DATE: 1981 DAY 349

Record Format Description
1 2I5 Year, Day
2 35E10.3 For pressure = 0.74989 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
3 35E10.3 For pressure = 0.56234 mb

Field 1: Latitude = -85.

Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

| Field 35:Latitude = 85.
4 35E10.3 For pressure = 0.42170 mb

23 35E10.3 For pressure = 0.00178 mb

DATE: 1981 DAY 350
24 215 Year, Day
25 35E10.3 For pressure = 0.74989 mb
Field 1: Latitude = -85.
Fleld 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

26 35E10.3 For pressure = 0.56234 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*%5.

Field 35:Latitude = 85.
27 35E10.3 For pressure = 0.42170 mb

46 35E10.3 For pressure = 0.00178 mb

etc., for dates 1981 DAY 349 through 1986 DAY 352 for which we
have data.




Description of AVEUVOZ.DAT, daily averages of UV ozone
mixing ratios in parts per million by volume. The pressure in mb
for each record is found by log(pressure) = I*(-0.125) where I
goes from O to 8. No data is indicated by -1.

DATE: 1981 DAY 349

Record Format Description
1 2I5 Year, Day
e 35E10.3 For pressure = 1.0 mb

Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
3 35E10.3 For pressure = 0.74989 mb

‘Field 1: Latitude = -85.

Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
4 35E10.3 For pressure = 0.56234 mb

10 35E10.3 For pressure = 0.1 mb

DATE: 1981 DAY 350
11 2I5 Year, Day
12 35E10.3 For pressure = 1.0 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.

Field N: Latitude = (N-18)*5.
Field 35:Latitude = 85.

13 35E10.3 For pressure = 0.74889 mb
Field 1: Latitude = -85.
Field 2: Latitude = -80.
Field N: Latitude = (N-18)*5.

Field 35:Latitude = 85.
14 35E10.3 For pressure = 0.56234 mb

20 35E10.3 for pressure = 0.1 mb

-etc., for dates 1981 DAY 349 through 1886 DAY 352 for which we
have datsa.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
PROCESSED DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX
Each of the enclosed tapes has the following characteristics:
1. 9-track, 1600 bpi. Written on & Digital TU?7 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (2048 bytes each), one EOF, four File Trailer
records (80 bytes each), and one EOF for each of the data
files on this tape.

3. Physical data blocks are 2048 bytes 1long; data files are
7-bit ASCII records containing a four byte “control" word
followed by the ASCII bytes. The control word contains the
logical record 1length as a right-justified ASCII number.
The length refers to the total number of bytes and includes
the 4-byte control word. Logical records are blocked into
physical records and a hexidecimal value of B5E is wused as
£f11l from +the end of the last logical record to the end of
the physical record.

4. The VAX writes bytes onto a 9-track tape in +the following
order:

Vaxword O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Vax tape <« L >

¥Yord written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 910 11 12 13 14 15 Word part 2

0O 1 2 3 4 5 6 7 Word part 1

B. An annotated dump is attached which shows the contents of
the first six physical blocks. The left side of the dump
shows the hexidecimal word (read from right to left) and the
right side of the dump shows the ASCII equivalent word
contents (read from left to right). The last column on the
right is the hexidecimal 4-byte word number for the
rightmost four bytes in the hexidecimal dump section.
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The Solar Mesosphere Explorer satellite was launched on October 6, 1981, into a 3:00 am —
3:00 pm Sun-synchronous polar orbit at an altitude of 530 km. The satellite is expected to re-
enter Earth’s atmosphere late in 1990 due to orbit decay from atmospheric drag. The satellite
was operational from October 6, 1981, until April 13, 1989. The ultraviolet, visible, and
near-infrared spectrometers were used to measure the properties of the mesosphere from
December 15, 1981, until December 22, 1986, a period of five years from solstice to solstice.
The ultraviolet and near-infrared spectrometers measured the density of ozone in the
mesosphere as a function of altitude, latitude, and time. The ultraviolet spectrometer measured
the density of nitric oxide in the lower thermosphere as a function of altitude, density, and
time. The visible spectrometer measured the density of nitrogen dioxide in the upper
stratosphere as a function of altitude, latitude, and time. The solar ultraviolet spectrometer
measured the solar ultraviolet irradiance from October 8, 1981, until April 13, 1989, a period
of seven years during the declining phase of the solar cycle, through solar minimum, and
during the beginning of the rising phase. The SME data have been archived in the National
Space Science Data Center and in the SME database at the University of Colorado. This report
describes the content of those archives and lists the scientific papers published from the SME
data together with their abstracts
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*% OZONE: ORBIT-TRACK
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The SME orbit-track data consist of 0zone mixing ratios measured by two instruments. The
archived data cover the period from 1981 through 1986. The ozone mixing ratios in parts per
million by volume from the Near-Infrared Spectrometer are given on pressure surfaces from
about 50 to 90 km between 85° North and 85° South at each 5 degrees. The analysis is
described by Thomas ez. al., 1983, 1984.1 The ozone mixing ratios in parts per million by
volume from the Ultraviolet Spectrometer are given in pressure levels from 1.0 to 0.1 mb from
85° South to 85° North in 5-degree latitude intervals (see Rusch er. al., 1983, 19842),

SME OZONE MIXING RATIO DATA, 1981 - 1986

FILE NO. BLOCKS CONTENTS
AOZORB1.DAT 6365 Airglow ozone, 12/15/81 - 12/31/82
UVOZORB1.DAT 2014 UV ozone, 12/15/81 - 12/31/82
AOZORB2.DAT 5300 Airglow ozone, 1/1/83 - 12/31/83
UVOZORB2.DAT 2404 UV ozone, 1/1/83 - 12/31/83
AOZORB3DAT 5000 Airglow ozone, 1/1/84 - 12/31/84
UVOZORB3.DAT 2255 UV ozone, 1/1/84 - 12/31/84
AOZORB4.DAT 7075 Airglow ozone, 1/1/85 - 12/31/85
UVOZORB4.DAT 3254 UV ozone 1/1/85 - 12/31/85
AOZORB5.DAT 10235 Airglow ozone, 1/1/86 - 12/18/86
UVOZORB5.DAT 4654 UV ozone, 1/1/86 - 12/18/86

1Thomas R. J., C. A. Barth, G.J. Rottman, D. W. Rusch, G. H. Mount, G. M. Lawrence, R. W. Sanders,
G. E. Thomas, and L. E. Clemens, Ozone Density Distribution in the Mesosphere (50-90 km) Measured by
the SME Limb-Scanning Near-Infrared Spectrometer, Geophys. Res. Letters 10, 245-248, 1983.

Thomas, R. J., C. A. Barth, D. W. Rusch, and R. W. Sanders, Solar Mesosphere Explorer Near-Infrared
Spectrometer: Measurements of 1.2um Radiances and the Inference of Mesospheric Ozone, J. Geophys. Res.
89, 9569-9580, 1984.

ZRusch, D. W., G. H. Mount, C. A. Barth, G.J. Rottman, R.J. Thomas, G. E. Thomas, R. W. Sanders,
G. M. Lawrence, and R. S. Eckman, Ozone Densities in the Lower Mesosphere Measured by a Limb-
Scanning Ultraviolet Spectrometer, Geophys. Res. Letters 10, 241-244, 1983.

Rusch, D. W., G. H. Mount, C. A. Barth, R.J, Thomas, and M. T. Callan, Solar Mesosphere Explorer
Ultraviolet Spectrometer: Measurements of Ozone in the 1.0 to 0.1 mb Region, J. Geophys. Res. 89,
11677-11687, 1984,
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OZONE: DAILY AND MONTHLY AVERAGE

The SME daily and monthly average data consist of ozone mixing ratios measured by two
- instruments. The archived data cover the period from 1981 through 1986. The ozone mixing
: ratios in parts per million by volume from the Near Infrared Spectrometer are given on pressure
surfaces from about 50 to 90 km between 85° North and 85° South at each 5 degrees. The
ozone mixing ratios in parts per million by volume from the ultraviolet spectrometer are given
in pressure levels from 1.0 to 0.1 mb from 85° South to 85° North in 5-degree latitude

intervals.
SME OZONE MIXING RATIO DATA, 1981-1986
o | FILE NO.BLOCKS CONTENTS
AOZAVEM.DAT 260 Near-Infrared Spectrometer: Monthy
average 0zone mixing ratios
UVOZAVEM.DAT 105 Ultraviolet Spectrometer: Monthly average
ozone mixing ratios
AVEAOZDAT 7815  Near-Infrared Spectromter: Daily average
ozone mixing ratios
AVEUVOZDAT 3210 Ultraviolet Spectrometer: Daily average

ozone mixing ratios
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Solar Mesosphere Explorer
Scientific Data Archives
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gfﬁﬁ NITRIC OXIDE: ORBIT-TRACK
The SME orbit-track NO data were derived from Ultra-violet Spectrometer radiance
measurements. The archived data cover the years 1982 trhough 1986. The nitric oxide
densities are given on altitude surfaces from 100 to 160 km. There are two sets of NO
densities, one on a grid of magnetic latitudes, and the other on geographic latitudes. Each set
also includes longitudes and solar zenith angles.

SME NO DENSITY DATA, 1981 - 1986

j MAGNETIC LATITUDE GRIDDED NO DENSITY
FILE NO. CONTENTS FIRST
= BLOCKS ORBIT
& NOMS2A DAT 10718 1/6/82 - 6/30/82 1387
NOMS82B.DAT 9269 7/1/82 - 12/31/82 4046
 NOMS3A.DAT 7774 1/1/83 - 6/30/83 6834
| NOMS3B.DAT 7843 7/1/83 - 12/31/83 9576
NOMS4A DAT 7880 1/1/84 - 6/29/84 12365
B NOMS4B.DAT 5267 6/30/84 - 12/31/34 15110
_ NOMS5ADAT 3703 1/1/85 - 6/30/85 17915
NOMS5B.DAT 3979 7/1/85- 12/31/85 20659
NOMS6A DAT 4048 1/1/86 - 6/30/36 23451
NOMS6B.DAT 2323 7/1/86- 12/11/86 26211
GEOGRAPHIC LATITUDE GRIDDED NO DENSITY
NOG82A DAT 10718 1/6/82 - 6/30/82 1387
; NOG82B.DAT 9269  7/1/82-12/31/82 4046
_ NOG83ADAT 7774 1/1/83 - 6/30/83 6834
- NOG83B.DAT 7843 7/1/83 - 12/31/83 9576
z NOG84A DAT 7880  1/1/84 - 6/29/34 12365
NOG84B.DAT 5267  6/30/84 - 12/31/34 15110
_ NOGS5ADAT 3703 1/1/85 - 6/30/85 17915
= NOG85B.DAT 3979 - 7/1/85-12/31/85 20659
NOG86ADAT 4048  1/1/86 - 6/30/86 23451

= ' NOG86B.DAT 2323 7/1/86 - 12/11/86 26211
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%%; NITROGEN DIOXIDE: ORBIT-TRACK

The SME orbit-track NO; data were derived from Visible Spectrometer radiance
measurements. The archived data cover the years 1982 through 1986. Nitrogen dioxide
mixing ratios in parts per billion by volume are given on pressure surfaces from about 24 to
40 km between 120° South and 120° North at each 5 degrees.

SME NO; MIXING RATIO DATA, 1981 - 1986

- FILE NO.BLOCKS CONTENTS

NO282.DAT 4137 2/17/82 - 12/31/82

: NO283.DAT 3237 1/1/83 - 12/31/83

) NO284.DAT 2829 1/1/84 - 12/31/84
NO285.DAT 3335 1/1/85 - 12/31/85

NO286.DAT 4683 1/1/86 - 12/18/86

i

H i% Y
%%

[ S e

NITROGEN DIOXIDE: MONTHLY AVERAGE

The SME monthly average NO; data were also derived from Visible Spectrometer radiance
measurements. The archived data cover the years 1982 through 1986. The nitrogen dioxide
mixing ratios in parts per billion by volume are given on pressure surfaces from about 24 to 40
km between 120° South and 120° North at each 5 degrees.

4
e

SME NO; MIXING RATIO DATA, 1982-1986

FILE NO. BLOCKS CONTENTS

s el

, SMENO2M.DAT 396 Visible Spectrometer: Monthly averages
i of NO2 mixing ratios in ppbv
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% SOLAR ULTRAVIOLET IRRADIANCE

The Solar Ultraviolet Spectrometer made daily measurements of the solar flux from 115 nm to
302 nm with 1 nm resolution. The archived data cover the period 1 January 1982 through
30 June 1988. The SME Solar UVS daily solar irradiance data are reduced from multiple
scans, in 0.25-nm steps, of the full disk solar irradiance at the SME by a spectrometer with a
full-width half-maximum resolution of 0.75 nm (Rottman et al., 19823). That is, multiple
measurements spaced at 0.25 nm are convolved with an instrument response function and
integrated to a resolution of 1 nm. The absolute flux is normalized to a rocket experiment of 17
- May 1982 (Mount and Rottman, 19834) and is accurate to +15%.

SME SOLAR FLUX DATA, 1981-1988

FILE NO. BLOCKS CONTENTS

SMESOL.TXT 2373 Solar flux and quality index
1/1/82 - 6/30/88

Data for the last year of the SME mission (i.e., 1 July 1988 to 13 April 1989) will be available
in both the NSSDC and University of Colorado archives after 30 June 1990. This will

g; , constitute the final database of the SME solar measurements, and, in addition, it will include
% the 1981 data (13 October 1981 - 31 December 1981). Estimates of the precision and long-
3 term relative accuracy of the entire solar data set are presently being determined. These
parameters are essential to establishing solar-cycle variability and will be made available to the
data users.

3Rottman, G.J., C. A. Barth, R. J. Thomas, G. H. Mount, G. M. Lawrence, D. W. Rusch, R. W. Sanders,
G. E. Thomas, and J. London: Solar Spectral Irradiance, 120 to 190 nm, October 13, 1981 -- January 3,
1982, Geophys. Res. Letters 9, 587--590, 1982.

4Mount, G. H., ahd G. J. Rottman, The Solar Absolute Spectral Irradiance 1150--3173 A : May 17, 1982, J.
Geophys. Res. 88, 5403--5410, 1983.
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Barth, C. A,, Reference Models for Thermospheric NO, Adv. Space Res. 10, 103-115, 1989.

Nitric oxide has been measured with an ultraviolet spectrometer on the polar-
orbiting satellite Solar Mesosphere Explorer (SME) for the period January 1982 to
August 1986. The nitric oxide database contains densities at all latitudes sorted into
5°-gins and at altitudes between 100 and 140 km sorted into 3.3-km-bins. The
largest densities occur at latitudes in the auroral zones where the density varies as a
i function of geomagnetic activity. Variations of a factor of 10 occur between times
&t of intense activity and quiet imes. At low latitudes, the nitric oxide density at
110 km varies from a mean value of 3 x 107 molecules/cm? in January 1982 to a
mean value of 4 x 10% molecules/cm? during solar minimum conditions in 1986. In
addition, the low-latitude nitric oxide density varies +50% with a period of 27 days
during times of high solar activity.

& ) Barth, C. A, R. W. Sanders, G. E. Thomas, G. J. Rottman, D. W. Rusch, R.J. Thomas,
G. H. Mount, G. M. Lawrence, J. M. Zawodny, R. A. West, and J. London, Solar
Mesosphere Explorer Measurements of the El Chichon Volcanic Cloud, Bull. Amer. Meteor.
Soc. 63, 1314, 1982.

Instruments onboard the NASA Solar Mesosphere Explorer (SME) satellite have
been measuring the formation and dispersal of the stratospheric cloud produced
from the major eruption of the El Chichon volcano on 4 April 1982. SME is a
polar-orbiting satellite in a sun-synchronous orbit. Its instruments view the strato-
sphere and mesosphere by limb-scanning along the track of the orbit. This obser-
vational technique has provided altitude-latitude maps of the atmosphere every day
since the eruption.

Barth, C. A., D. W. Rusch, R.J. Thomas, G. H. Mount, G. J. Rottman, G. E. Thomas,
R. W. Sanders, and G. M. Lawrence, Solar Mesosphere Explorer: Scientific Objectives and
Results, Geophys. Res. Letters 10, 237-240, 1983,

Instruments on the Solar Mesosphere Explorer simultaneously measure ozone
density, temperature, and solar ultraviolet flux. Results from six months of obser-
vations show that ozone density in the mesosphere changes from day-to-day and
with the seasons and that the principal cause of these changes is the variation in

- atmospheric temperature. The dependence between ozone density and temperature
: is inverse, with a decrease in temperature producing an increase in ozone density.
This dependence is observable in the seasonal patterns and also in orbit-to-orbit
observations during dramatic atmosphere changes such as stratospheric warmings.
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Barth, C. A., R. W. Sanders, R.J. Thomas, G. E. Thomas, B. M. Jakosky, and R. A.

West, Formation of the El Chichon Aerosol Cloud, Geophys. Res. Letters 10, 993-996,
1983.

Thermal emission at 6.8 um and particle-scattered radiation at 1.9 um from the El
Chichon aerosol cloud were measured by instruments on board the Solar
Mesosphere Explorer satellite. The cloud moved westward circling the globe in
twenty-one days. During its initial formation the cloud was centered at an altitude
of 27 km and was confined to the altitude band between the equator and 30°N. At
the 27 km level, the maximum density was reached eight to nine weeks after the
eruption. Following that time, the maximum in the density gradually moved lower
in altitude. ’

Barth, C. A., W. K. Tobiska, D. E. Siskind, and D. D. Cleary, Solar Terrestrial Coupling:
Low-Latitude Thermospheric Nitric Oxide, Geophys. Res. Letters 15, 92-94, 1988.

As measured by the Solar Mesosphere Explorer satellite, the density of nitric oxide
at low latitudes (30°S to 30°N) and at 110 km (E-region) decreased from a mean
value of 3 x 107 molecules/cm3 in January 1982 to a mean value of 4 x 106
molecules/cm? in April 1985. In addition, the nitric oxide density varied +50% with
a 27-day period during times of high solar activity. The variation of nitric oxide
correlates with variations in the solar Lyman-alpha irradiance which is also mea-
sured by the Solar Mesosphere Explorer satellite. The Lyman-alpha irradiance is
interpreted as an index of the variations in the solar EUV and soft X-ray flux. They
hypothesis is proposed that the solar X-ray flux between 20 and 100 A has a larger
variation than the solar EUV flux between 100 and 1050 A and that the solar X-
rays produce photoelectrons which are the source of the nitric oxide. '

Barth, C. A., W. K. Tobiska, G. J. Rottman, and O. R. White, Comparison of 10.7 cm Radio
Flux with SME Solar Lyman Alpha Flux Analysis, Geophys. Res. Letters, in-press, 1990.

Measurements of the solar Lyman alpha flux that were made over a seven-and-one-
half-year period between October 8, 1981 and April 13 1986 have been compared
with ground-based measurements of the solar 10.7 cm radio flux made over the
same time period. There is a long-term correlation between these two measures of
solar flux between October 8, 1981 and July 26, 1984 during the declining part of
the solar cycle. During the period July 26, 1984 — April 11, 1987, during the
solar minimum period, there is not a correlation between the two solar fluxes
because the 10.7 cm radio flux reaches a minimum of 65 x 10-22 W m'2 Hz"!
and does not vary below this value while the Lyman alpha flux continues to decline
and show long-term and short-term variations. During the period April 11,

1987 — November 25, 1988, during the rising part of the solar cycle, there is
again a correlation between the two fluxes, although the proportionality between the
two is different from the proportionality during the declining phase of the solar
cycle. During the period November 25, 1988 — April 13, 1989, the last period
when observations of Lyman alpha were made, a medium-term correlation exists

7y
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and the proportionality of the two indices is similar to what it was during the
declining phase of the solar cycle. A study of the correlation of the 10.7 cm flux
with the Lyman alpha for a 999-day period during the declining phase showed that
for the short-term (27-day) variation there is a correlation between the two fluxes
but the proportionality between them varies from one solar rotation to the next. The
conclusion is that the solar 10.7 cm radio flux is not a useful index for the solar
Lyman alpha flux for the short-term, 27-day variations.

Clancy, R. T., El Chichon and "Mystery Cloud" Aerosols between 30 and 55 km: Global
Observations from the SME Visible Spectrometer, Geophys. Res. Letters 13, 937-940, 1986.

- Visible limb radiances measured by the Solar Mesosphere Explorer (SME) are used
to obtain volume scattering ratios for aerosol loading in the 30-55 km altitude range
of the stratosphere. Global maps of these ratios are presented for the period
January 1982 to August 1984. Significant aerosol scattering from the “mystery
cloud” and El Chichon aerosol layers are found above 30 km. A timescale of
approximately 2 months between the appearance of the aerosol at 30.5 km and at
37.5 km is consistent with vertical transport of aerosol or vapor by eddy diffusion
above 30 km. An anticorrelation exists between aerosol scattering and strato-
spheric temperatures. Periods of lower stratospheric temperatures may account for
the formation of aerosol between 40 and 55 km altitude.

Clancy, R. T., and D. W. Rusch, Climatology and Trends of Mesospheric (58-90 km)
Temperatures Based upon 1982-1986 SME Limb Scattering Profiles, J. Geophys. Res. 94,
3377-3394, 1989.

Global observations of ultraviolet limb radiances from the Solar Mesosphere
Explorer (SME) have been analyzed to obtain atmospheric temperature profiles over
the altitude range 58-90 km. The temperature analysis is based upon vertical pro-
files of Rayleigh scattering, which are derived from the SME ultraviolet limb radi-
ances. Comparisons are provided with lidar and Stratosphere and Mesosphere
Sounder (SAMS) temperature observations at 65 km altitude, and with previous
temperature climatologies of the mesosphere. SME monthly average temperature
profiles are presented for 10° latitude intervals between 70°S and 70°N latitudes,
over the January 1982 to September 1986 time period. The altitude resolution (~4
km), latitudinal coverage (with 5° resolution), 5-year term, and mesopause coverage
of these temperature observations allow new insight into the average mesospheric
temperature structure and unique observations of mesospheric temperature trends
corresponding to the 1982-1986 solar maximum to solar minimum cycle. The
SME temperature observations define large (10-30 K) semiannual oscillations of
equatorial mesopause temperatures; mid-latitude temperature inversions in the win-

. ter mesosphere accompanied by steep mesospheric temperature gradients at low lati-
tudes, and -1.5 to +1 K/year trends, which suggest an intensification of these lati-
tude-dependent temperature gradients over the 1982-1986 period. The SME tem-
perature trends are ~4 times smaller than those reported by Mohanakumar (Planet.
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Space Sci. 33, 795-805,1985), Groves (Planet. Space Sci. 34, 1037-1041,1986),
and Chanin et al. (J. Geophys. Res. 90, 10,933-10,941, 1987) for solar cycle
variations of temperatures in the altitude region 65-70 km.

Clancy, R. T., and D. W. Rusch, "Solar Mesosphere Explorer: Temperature Climatology of
the Mesosphere as Compared to the CIRA Model," in COSPAR International Reference
Atmosphere (M. Roemer, ed.), Holland: Pergamon Press, in press, 1989.

Global observations of ultraviolet limb radiances from the Solar Mesosphere
Explorer (SME) have been analyzed to obtain atmospheric temperature profiles over
the 58-90 km altitude range. The temperature retrievals are based upon analysis of
vertical profiles of Rayleigh scattering, which are derived from the SME ultraviolet
limb radiances. A complete description of the SME analytical procedures, including
error analysis and comparisons to a wider range of mesospheric temperature data
sets, may be found in Clancy and Rusch (1989). This current document provides a
detailed comparison of SME temperatures to the new CIRA model temperatures
over the 60-90 km altitude region.

Clancy, R. T., and D. W. Rusch, "The Relationship between 1982—1986 Trends in Upper
Stratospheric Ozone and Temperatures," in Atmospheric Ozone (D. Bojkov, ed.), Boston,
Mass.: D. Reidel, in press, 1989.

Trends for upper stratospheric temperatures and ozone are calculated from the NMC
and SBUYV data sets, respectively, over the 1982-1986 period. Latitudinal and lon-
gitudinal variations in ozone and temperature trends are found to be anticorrelated.
The observed temperature-ozone trends relationship appears consistent with ozone
sensitivity to temperature dependent kinetic rate coefficients for ozone formation
and destruction. The absolute SBUV ozone trends include a constant 4%/yr
decrease at 1.0 mbar, most of which may be due to a calibration drift in the SBUV
experiment. The absolute NMC temperature trends indicate ~0.5K/yr global de-
creases in upper stratospheric temperatures over the 1982-1986 period. Such tem-
perature trends would force ~0.5%/yr global increases in upper stratospheric ozone
over the same period, based upon the derived relationship between ozone and tem-
perature trend anticorrelations.

Clancy, R. T. , D. W. Rusch, R. J. Thomas, M. Allen and R. S. Eckman, Model Ozone -
Photochemistry on the Basis of Solar Mesosphere Explorer Mesospheric Observations, J.
Geophys. Res. 92, 3067-3080, 1987.

Morning and afternoon mesospheric ozone profiles (50-90 km) measured by the .
Solar Mesosphere Explorer (SME) satellite are analyzed with one-dimensional

photochemical models. The observed ozone abundances are 40% and 100% greater .
than the model ozone abundances at 50 and 80 km, respectively, assuming stan- : -
dard chemistry and rate coefficients. A Monte Carlo analysis for model ozone

abundances that includes uncertainties in kinetic rate coefficients indicates that the .
model-data disagreement exceeds 2 standard deviations. The majority of the dis- -
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agreement must be due to errors in the rate of odd-hydrogen catalytic distribution of
ozone, unless the rate coefficient for O+0,+M—0;+M is significantly (>50%) in
error. Diurnal model calculations are compared with SME observations of ozone
profiles at ~0400 and 1400 LT for high northern summer latitudes. Analysis of the
ratios of these early morning and midafternoon ozone profiles provides the addi-
tional constraint that larger odd-oxygen production rates are required if lower odd-
hydrogen activity is invoked to increase model O; abundances. The increase in
odd-oxygen production must be solar zenith angle independent in the mesosphere,
ruling out significant changes in the Schumann-Runge band O, opacities from Allen
and Frederick (J. Amos. Sci. 39, 2066-2075, 1982). However, an increase in
three-body formation of O, is also consistent with the observed morning/afternoon
ratios. Any of the above changes are consistent with an improvement in model
ozone comparison with stratospheric observations. Finally, we find evidence for
diurnal variations in mesospheric ozone above 80 km altitude, which are likely
related to diurnal variations in vertical transport.

Dickinson, P. H. G., G. Witt, A. Zuber, D. Murtagh, K. U. Grossman, H. B.
Brockelmann, P. Schwabbauer, K. D. Baker, J. C. Ulwick, and R. J. Thomas,

Measurements of Odd Oxygen in the Polar Vortex on 10 February 1984 during MAP/WINE,
J. Ammos. Terr. Phys.49, 843-854, 1987.

Donnelly, R. F.,, D. F. Heath, J. L. Lean, and G. J. Rottman, Differences in the Temporal
Variations of Solar UV Flux, 10.7-cm Solar Radio Flux, Sunspot Number, and Ca-K Plage

Data Caused by Solar Rotation and Active Region Evolution, J. Geophys. Res. 88, 9883-
9888, 1983. '

Two types of temporal variations in the solar UV spectral irradiance, caused by
solar rotation and active region evolution, are presented and discussed. These par-
ticular UV variations differ markedly from the concurrent variations in the 10.7-cm
radio flux and sunspot number. The temporal variations of the modeled UV flux
based on Ca-K plage data are similar to the observed UV flux. The first type of
dissimilar temporal behavior occurs when concentrations of solar active regions
evolve at solar longitudes nearly 180° apart. Both the UV observations and mod-
” eled UV fluxes based on Ca-K plage data then show strong 13-day periodicity,
while the 10.7-cm solar radio flux and sunspot number exhibit quite dissimilar tem-
poral variations. This type of dissimilarity is related to the modeled UV flux, hav-
ing a dependence on the solar central meridian distance that is narrower than that for
the 10.7-cm radio flux or for sunspot numbers. A second case of marked dissimi-
larity occurs when major new solar active regions arise and dominate the full-disk
fluxes for several rotations. The strongest peaks in 10.7 cm and sunspot numbers
tend to occur on their first rotation, for example,during major dips in the total solar
irradiance, while the Ca -K plages and UV enhancements peak on the next rotation
and then decay more slowly on subsequent rotations. This type of dissimilarity is
related to major active regions having a more rapid growth, peak, and decay of
sunspots, their strong magnetic fields and related coronal radio emission at centime-
ter wavelengths than for the Ca-K plages and their related UV enhancements.

;-;—}
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Eckman, R. S., The Response of Ozone to Short-Term Variations in the Solar Ultraviolet
Irradiance. 1. Theoretical Model, J. Geophys. Res. 91, 6695-6704, 1986. '

The response of atmospheric ozone and temperature to variations in the solar ultra-
violet irradiance over time scales corresponding to the solar rotation period is exam-
ined using a one-dimensional, time-dependent radiative-photochemical model of the
upper stratosphere and lower mesosphere. The model uses temporally varying
measurements of the solar irradiance in the 120- to 300-nm range made by the Solar
Mesosphere Explorer satellite. Calculations of the amplitude and phase of the
ozone response due to solar UV oscillations made by the model show that the
effects of the coupling of radiation and photochemistry in the region near the
stratopause may not be neglected. At 0.85 mbar the computed 27-day 0.6 K tem-
perature variation decreases the amplitude of the corresponding ozone response
over the solar rotation period by 25%. The occurrence of small phase leads (up to
1.5 days) in the response of ozone with respect to the solar UV variations may also
be explained in light of the radiative-photochemical coupling.

Eckman, R. S., The Response of Ozone to Short-term Variations in the Solar Ultraviolet
Irradiance. 2. Observations and Interpretations, J. Geophys. Res. 91, 6705-6721, 1986..

An analysis of the response of middle atmospheric ozone to short-term variations in
the solar ultraviolet irradiance is presented. Measurements of ozone from the Solar o
Mesosphere Explorer (SME) ultraviolet spectrometer (UVS) are compared to calcu- %
lations of a one-dimensional, radiative-photochemical model of the upper strato- -
sphere and lower mesosphere. SME UVS measurements in the 0.1- to 1-mbar
range suggest that tropical ozone responds to solar rotational variations when ana-
lyzed using both frequency and time domain techniques. Three periods during
1982 and 1983 were selected for the analysis. The solar irradiance during each
period exhibited different spectral characteristics. A significant 27-day variation in
the solar irradiance at 205 nm was measured during mid-1982, with an amplitude
of 2.5%. Observations of ozone near the stratopause during this period showed a
corresponding variation, with a 1.3% amplitude. Analysis of ozone variations at
extratropical latitudes revealed different periodicities that were not correlated with
solar variations. The amplitude of the measured response is, in all cases, systemat-
ically larger than theoretical calculations but is nonetheless in agreement when
uncertainties in the analysis are considered. However, the observed phase lag of
ozone with respect to the solar UV variations is generally not in accord with model
predictions.

Fesen, C. G., J-C. Gerard, and D. W. Rusch, Rapid Deactivation of N(*D) by O; Impact on
Thermospheric and Mesospheric Odd Nitrogen., J. Geophys. Res. 94, 5419-5426, 1989.

One- and two-dimensional models of thermospheric odd nitrogen are used to
explore the consequences of the recently-measured fast quenching of N(2D) by O.
A large rate coefficient for this reaction profoundly affects the odd nitrogen chem-
istry by removing N(2D) as a source of NO and increasing the concentration of
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N(#S), which destroys NO. The model calculations show that, as the quenching
rate increases, the NO and N(2D) densities decrease, while N(4S) densities
increase. Comparisons with Atmosphere Explorer and Solar Mesosphere Explorer
satellite observations are made. Use of the fast quenching rate in the models
causes the NO peak altitude, typically observed near 110 km, to rise to 140 km.
The N(?D) densities become 20 times smaller than those observed, while the mod-
elled NO (N(4S)) densities are roughly two to three times too small (large).
Additional measurements of the N(2D) + O quenching rate are clearly warranted. If
the quenching rate is indeed very rapid, the chemistry of thermospheric odd nitro-
gen must be completely re-examined. (odd nitrogen, quenching, modelling.)

Gérard, J-C, C. G. Fesen, and D. W. Rusch, Solar cycle variation of chemospheric nitric oxide
at solstice, J. Geophys. Res., in press, 1989.

Grossman, K.U., H.G. Brockelmann, D. Offermann, P. Schwabbauer, R. Gyger, K. Kunzi,
G.K. Hartmann, C.A. Barth, R. Thomas, A.F. Chijov, S.P. Perov, V.A. Yushkov, F. Glede
and K.H. Grasnik, Middle Atmosphere Abundances of Water Vapor and Ozone During
MAP/WINE, J. Atmos. Terr. Phys. 49, 827-842, 1987.

Howell, C. D., D. V. Michelangeli, M. Allen, Y. L. Yung, R. J. Thomas, SME Observations of
0,(*Ag) Nightglow: An assessment of the Chemical Production Mechanisms, Planet. Space
Sci., in press, 1989.

Jensen, E. J., and G. E. Thomas, A Growth-Sedimentation Model of Polar Mesospheric
Clouds: Comparison with SME Measurements, J. Geophys. Res. 93, 2461-2473, 1988.

A numerical model for the brightness of polar mesospheric clouds (PMC) is
described, and is compared with measurements from the Solar Mesosphere
Explorer (SME) satellite. These clouds occur during the summer months at polar
latitudes where temperatures are known to fall below 140 K. We calculate the
optical properties of a cloud by simulating the growth and sedimentation of ice par-
ticles at the cold supersaturated mesopause. Time-dependent trajectories of ice par-
ticles are calculated from their origin at the temperature minimum region to their
demise at the cloud base through evaporation. We consider the effects of the
removal of atmospheric water vapor by the growing particles and its restoration by
ice evaporation at the cloud base. The “freeze-drying” effect is crucial in limiting
the maximum size of the particles and therefore the maximum brightness of the
cloud. Assuming spherical particles, Mie-scattering calculations of the directional
albedo of a cloud are performed using a range of possible values for the atmo-
spheric variables (water vapor mixing ratio, temperature, upward wind speed,
atmospheric pressure, and eddy diffusion coefficient). We find that for a nominal
atmospheric case the model predicts a moderately weak cloud at 265 nm, the
wavelength of the SME measurements. An extreme model (cold and moist with
high vertical wind and eddy transport) is needed to account for the brightest cloud
observed. We estimate an upper limit for the water vapor to be of the order of 5
parts per million by volume. Higher values would imply the existence of clouds
which exceed in brightness every cloud observed by the satellite over the time
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period 1981-1986. SME observations of greater cloud height in the northern hemi-
sphere, despite their greater brightness, possibly imply an excess (by a factor of 2)
of northern hemisphere water vapor. This holds if the other atmospheric variables
(and cloud particle numbers) are the same in both north and south. Dependence of
model cloud brightmess on atmospheric pressure (~P*4), water vapor mixing ration
(~w??), thickness of the cloud saturation region (~@*) and advective wind speed (~v)
are determined. These scalings are shown to result from a calculated proportional-
ity of the cloud brightness of R¢ (R is the maximum particle radius), and from sim-
ple considerations of ice layer growth, particle sedimentation, and the mass budget
of water. Mie scattering calculations for a wavelength of 550 nm show that SME
and OGO-6 data on PMC brightnesses are consistent.

Jensen, E. J., G. E. Thomas, and B. B. Balsley, On the Statistical Correlation between Polar
Mesospheric Cloud Occurrence and Enhanced Mesospheric Radar Echoes, Geophys. Res.
Lerrers 15, 315-318, 1988. ’

Using data from the Poker Flat MST radar and the Solar Mesosphere Explorer
Satellite (SME), we demonstrate the existence of a statistically significant correla-
tion between the occurrence of Polar Mesospheric Clouds (PMC) and enhanced
VHF radar echoes near the high-latitude summer mesopause. We propose three
physical conditions which could explain the coexistence of strong summertime
echoes and PMC. First, both the enhanced echoes and the PMC are most likely to B
occur in the presence of very low mesopause temperatures and associated steep %
temperature gradients. Second, the presence of PMC ice particles could induce a
strong gradient in the electron density profile, which would produce enhancements
in the radar echo strength. Third, it is likely that heavy water cluster ions, indica-
tive of PMC particle nucleation, can alter the ambipolar diffusion coefficient, thus
allowing the electron density fluctuations to extend down to much smaller vertical
scales. Under these conditions, the turbulent power at the 3 meter scale required
for the occurrence of the MST radar echoes could be greatly enhanced. Finally, we
discuss the possibility of using MST radars as instruments for PMC detection.

Jensen, E. J., G. E. Thomas, and O. B. Toon, On the Diurnal Variation of Noctilucent Clouds,
J. Geophys. Res, in press., 1989.

LeTexier, H., S. Solomon, and R. R. Garcia, Seasonal Variability of the OH Meinel Bands,
Planet. Space Sci. 35, 911-939, 1987.

LeTexier, H., S. Solomon, R. J. Thomas, and R. R. Garcia, OH*(7-5) Meinel Band Dayglow
and Nightglow Measured by the SME Limb Scanning Near Infrared Spectrometer:
Comparison of the Observed Seasonal Variability with Two-dimensional Model Simulation,
Annal. Geophys., 7, 365-374, 1989.
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London, J., and G. J. Rottman, The Contribution of Solar UV Irradiance Variations to
Variations of the Solar Constant, in /RS '88: Current Problems in Atmospheric Radiation, (J.
= Lenoble and J. S. Geleyn, eds.), A. Deepak Pub. Co., 1989.

The total solar irradiance in the wavelength interval 250-330 nm is about

13.25 Wm2, which represents almost 1% of the solar constant as measured by the
Nimbus 7-ERB instrument. In that spectral interval the normalized solar irradiance
observed by the Solar Mesosphere Explorer (SME) decreased during the period Jan
1982 to May 1986 (solar minimum) by about 1.3%. The decrease of the SME
observed near UV irradiance contributed over 35% to the observed solar constant
change for that period, a value that is certainly significant in considering possible
atmospheric responses to solar variability. The implications of the observed solar
irradiance variation will be discussed.

London, J., G. G. Bjarnason, and G. J. Rottman, Eighteen Months of Ultraviolet Irradiance
Observations from the Solar Mesosphere Explorer, Geophys. Res. Letters 11, 54-56, 1984.

Daily solar irradiance measurements in the spectral interval 120-305 nm have been
- made since 6 October 1981 with an instrument on the Solar Mesosphere Explorer.
%f} The instrument operates with a spectral resolution of about 0.75 nm. Analysis of
the observed data for the period 6 December 1981 to 3 June 1983 (20 solar rota-
tions) shows that during this period there was an apparent decrease in irradiance at
all wavelengths observed (-19.7% + 9.7% at Lyman alpha) but the decrease was
not significantly different from zero at wavelengths longer than 210 nm. The cross
oo correlations between daily values of the solar irradiance and 10.7 cm flux varied
s from 0.7 (Lyman alpha) to 0.5 (210-215 nm) and -0 (290-295 nm). Calculations
of the % range (i.e., highest to lowest value) of the irradiance within each solar
rotation showed that for Lyman alpha the range varied between 6% and 30% over
the 20 solar rotations studied. At longer wavelengths the % range was smaller —
about 7% at 180 nm and about 2% beyond 240 nm. The percent range values
indicate representative variations useful as input data for model calculations of
stratosphere/mesosphere responses to short period solar variability.

Mount, G. H., and G. J. Rottman, The Solar Absolute Spectral Irradiance at 1216 A and 1800-
3173 A: January 12, 1983, J. Geophys. Res. 88, 6807, 1983.

Mount, G. H., and G. J. Rottman, The Solar Absolute Spectral Irradiance 1150-3173 A: May
17, 1982, J. Geophys. Res. 88, 5403-5410, 1983.

The full-disk solar spectral irradiance in the spectral range 1150-3173 A was
obtained from a rocket observation above White Sands Missile Range, New

; Mexico, on May 17, 1982, halfway in time between solar maximum and solar

& minimum. Comparison with measurements made during solar maximum in 1980
indicate a large decrease in the absolute solar irradiance at wavelengths below
1900 A to approximately solar minimum values. No change above 1900 A from
solar maximum to this flight was observed to within the errors of the measure-
ments. We find irradiance values lower than the Broadfoot results in the 2100-
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2500 A spectral range, but we find excellent agreement with Broadfoot between
2500 and 3173 A. The absolute calibration of the instruments for this flight was
accomplished at the National Bureau of Standards Synchrotron Radiation Facility
which significantly improves calibration of solar measurements made in this spec-
tral range.

Mount, G. H., and G. J. Rottman, The Solar Absolute Spectral Irradiance 1180-3000 A: TJuly
25, 1983, J. Geophys. Res. 90, 13,031-13,036, 1985..

Mount, G. H., D. W. Rusch, J. M. Zawodny, J. F. Noxon, C. A. Barth, G. J. Rottman,
R.J. Thomas, G. E. Thomas, R. W. Sanders, and G. M. Lawrence, Measurements of NO2
in the Earth's Stratosphere Using a Limb Scanning Visible Light Spectrometer, Geophys. Res.
Lerters 10, 265-268, 1983,

NO, densities determined from the limb scanning visible light spectrometer on
board the Solar Mesosphere Explorer spacecraft are reported for winter 1981/82 in
the altitude region 28-40 km. The observational technique utilizes the photoab-
sorption by NO, of Rayleigh scattered sunlight in the 440 nm spectral region. The
NO, density varies from pole to pole and shows large variations at high northern
latitudes during the winter months which are related to both the temperature and
flow of air near 30 km. : &

Mount, G. H., D. W. Rusch, J. F. Noxon, J. M. Zawodny, and C. A. Barth, Measurements
of Stratospheric NO:z from the Solar Mesosphere Explorer Satellite. I. An Overview of the
Results, J. Geophys. Res. 89, 1327-1340, 1984.

The visible light spectrometer on board the Solar Mesosphere Explorer spacecraft
measures stratospheric NO2 in the 20-40 km altitude region and provides accurate
daytime NO, density profiles with nearly complete latitudinal coverage over an
extended period of time. The instrument and data analysis are discussed in detail,
and NO, results for winter/spring 1982 are presented and compared to current theo-
retical models. Agreement with other measurements is good, and comparison with
NO; models indicates that although the overall agreement is acceptable, improve-
ments in the models are required before good agreement is reached at all latitudes.
The data indicate that NO, has a strong memory of the physical conditions present
in the stratosphere over a time period of several days.

Naudet, J.-P., and G. E. Thomas, Aerosol Optical Depth and Planetary Albedo in the Visible
from the Solar Mesosphere Explorer, J. Geophys. Res. 92. 8373-8381, 1987.

The Solar Mesosphere Explorer (SME) satellite has observed the visible sunlight
scattered at the earth’s limb since early 1982. By using a radiative transfer model
including multiple scattering and albedo effects, observations at 20°N latitude have
been interpreted in terms of aerosol optical depth. The ratio of aerosol extinction to
Rayleigh extinction at 421.8 nm shows a large increase after the eruption of El
Chichon. A maximum ratio of 5 at 36 km and larger than 11 at 30 km occurs in
the summer of 1982 followed by a decrease through 1983 and 1984. Aspects of
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the aerosol time evolution appear to be consistent with other observations and
model predictions. Quantitative differences exist between inferred SME and lidar
extinction coefficients, possibly due to the different wavelengths of the measure-
ments and to the different scattering phase functions used in the two analyses. It is
also shows that visible limb radiances provide information on the planetary albedo,
which shows an increase from the equator to the poles with a maximum in the win-
ter hemisphere and a minimum in the summer hemisphere.

Naudet, J. P.,, D. W. Rusch, R.J. Thomas, R. T. Clancy, C. A. Barth, J. Wedding, J. M.
Zawodny, P. Fabian, and M. Helten, Stratospheric NO2 from the Solar Mesosphere Explorer
during MAP/GLOBUS 1983, Planet. Space Sci. 35, 631-635, 1987.

Nitrogen dioxide in the altitude range 24-40 km has been observed by the Solar
Mesosphere Explorer Satellite during the MAP/GLOBUS campaign in September
1983. Results are presented and compared to other observations. NO, from the
Solar Mesosphere Explorer appears to be in good agreement with daytime in situ
balloon measurements in the mid-stratosphere.

Naudet, J.-P., R.J. Thomas, H. K. Roscoe, and J. M. Russell III, About a Possible
Reference Model for Stratospheric NOz , Adv. Space Sci. 7, 919-923, 1987.

Naudet, J.-P., R.J. Thomas, D. W. Rusch, and R. T. Clancy, Distribution of Stratospheric
NO:2 at 10 mbar: SME Global Morphology and Comparison to LIMS Observations, J.
Geophys. Res. 92, 9863-9867, 1987.

The Solar Mesosphere Explorer Satellite (SME) has measured stratospheric NO,
since January 1982 using a visible light spectrometer. The presence of large
amounts of aerosol injected into the stratosphere by El Chichon on April 4, 1982,
temporarily prevented NO, data analysis. At the end of 1983 the volcanic aerosol
content of the atmosphere, although present, had decreased sufficiently to again
allow reliable NO, measurements. Monthly average results at 10 mbar are pre-
sented for a full year of SME observations, from October 1983 to September 1984.
The observed morphology of NO, is discussed. Interesting features include large
amounts of NO, in the summer hemisphere, with more in the south than in the
north. A low usually exists in the tropics. A comparison to Nimbus 7 Limb

Infrared Spectrometer of the Stratosphere (LIMS) observations shows similar fea-
tures.

Offermann, D., H. Rippel, P. Aimedieu, W. A. Matthews, G. Mégie, E. Arijs, J. Ingels, D.
Nevejans, W. Attmannspacher, J. M. Cisneros, A. W. Dawkins, D. Demuer, P. Fabian, F.
Karcher, G. Froment, U. Langematz, R. Reiter, K. W. Rothe, U. Schmidt, and R. J.
Thomas, Disturbance of Stratospheric Trace Gas Mixing Ratios During the MAP/GLOBUS
1983 Campaign, Planet. Space Sci. 35, 1987.
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Olivero, J. J., and G. E. Thomas, Climatology of Polar Mesospheric Clouds, J. Amos. Sci.
43, 1263-1274, 1986.

The ultraviolet spectrometer on board the Solar Mesosphere Explorer Satellite has

measured solar radiation scattered from a diffuse and patchy layer of material near

the summer polar mesopause. We call this scattering layer polar mesospheric

clouds (PMC) and present here a first climatology of this phenomenon covering

three years (six summer seasons). We address these general questions: How

bright are PMC and how frequently to they occur in space and time? Are there

year-to-year or hemisphere-to-hemisphere differences in PMC seasons? We find

that the brightest PMC are found right where they occur most frequently — above

70°-75° in latitude and in a season of 60 to 80 days duration centered about the peak

which occurs about 20 days after the summer solstice. This holds true for both
hemispheres. We find variability on time scales from day-to-day to year-to-year;
averaging over large time and space scales does, however, reveal a basic underlying

symmetry. A major finding is that for three years (six seasons) considered, the

Northern Hemisphere clouds are inherently brighter than the Southern Hemisphere

ones.

Olivero, J. J., and G. E. Thomas, Clouds of the Polar Middle Atmosphere, Physica. Scripta.
T18, 276-280, 1987.

Clouds have been observed at great heights in the polar regions for a century or
more. Recently this series of ground-based observations has been greatly extended
by limb viewing satellite systems. A major result has been the discoveries of more -
pronounced, more pervasive cloud phenomena extending all the way across the -
poles themselves. This review focuses on the results of more than three years of

observations and analysis of polar mesospheric (or noctilucent) clouds by the Solar

Mesosphere Explorer satellite and team. We present an undated climatology of

cloud radiances and occurrence frequencies using a conservative background

removal process. We also review a quite recent study of cloud heights and show

how relatively little variation occurs on all time scales investigated, except perhaps

for differences between the hemispheres themselves.

Petzoldt, K., R. Lenschow, A. Hauchecorne, G. A. Kokin, W. Meyer, A. O'Neill, F.
Schmidlin, and R. J. Thomas, Large Scale Structure of the Stratosphere and the Lower
Mesosphere (20 to 60 km) Over the Northern Hemisphere During the MAP/WINE Campaign,
J. Atmos. Terr. Phys. 49, 621-637, 1987.

Rosenlof, K. H., and R. J. Thomas, Five-Day Mesospheric Waves Observed in SME Ozone,
J. Geophys. Res., 94, in press, 1989.

Rottman, G. J., 27-day Variations Observed in Solar Ultraviolet (120-300 nm) Irradiance, _
Planet. Space Sci. 31, 1001-1007, 1983. ‘

A Fourier transform analysis of 256 days of SME solar irradiance data (115- &
303 nm) provides an estimate of the root mean square 27-day solar variation. The S
magnitude of this 27-day variation exceeds +10% at 120 nm and decreases with %%é%



Solar Mesosphere Explorer
Scientific Publications

increasing wavelength to less than 1% above 260 nm. Qualitative aspects of the
analysis include a striking decrease in the per cent variation across the aluminium
absorption edge near 208 nm.

Rottman, G. J., Solar Ultraviolet Irradiance 1982 and 1983 in Atmospheric Ozone (ed. C. S.
- Zerefos), D. Reidel Pub. Co., 1985.

The Solar Mesosphere Explorer (SME) has been in operation since October 6th
1981. In addition to making measurements of ozone and other trace constituents of
the earth’s atmosphere the observatory includes a small spectrometer to make daily
measurements of the solar ultraviolet irradiance in the spectral range 115 to
305 nm. The solar spectra are obtained with 0.75 nm spectral resolution.
Examination of the data show a strong signature of the 27-day solar rotation dis-
playing a time varying modulation of incoming solar radiation exceeding +15% near
Lyman alpha, decreasing to a few percent at 200 nm, and less than 1 percent near
300 nm. Long term rends in the data, due both to changes in the instrument and to
true long term solar variations, are removed in order to obtain quantitative measure
of the intermediate term variations with time periods of a few days to weeks.

it Rottman, G. J., Results from Space Measurements of Solar UV and EUV Flux, in Solar
Radiative Output Variation (P. Foukal, ed), Cambridge Press, 1988

The last major review of observations of solar irradiance in the entire spectral range
of 10 to 300 nm was a compilation of papers in The Solar Output an Its Variation

(White, Colorado Assoc. Press, 1977). During the past eleven years a large
amount of effort has been devoted to improved observations, especially in the
wavelength interval above Lyman alpha. Recent satellite, sounding rocket, and
Shuttle observations show vastly improved absolute and relative accuracy and may
significantly change the previous estimates of solar cycle variability. Unfortunately
in the EUV, 10 to 120 nm, the same effort has not been forthcoming. Only a sin-
gle satellite experiment, AE-E, operated for a portion of solar cycle 21 and only
two sounding rocket experiments were conducted.

Rottman, G. J., Observations of Solar UV and EUV Variability, Adv. Space Res. 8, (7)53-
(7)66, 1988.

Solar radiation at wavelengths below 300 nm is almost completely absorbed by the

5 earth’s middle and upper atmosphere. Small variations in the solar UV and EUV
o3 flux may produce concomitant atmospheric changes. during the past 11 years,
major improvements in satellite observations, especially at wavelengths longward
of Lyman alpha (121.6 nm), have significantly improved our understanding of
O short and intermediate term solar variability. Recent Solar Mesosphere Explorer
(SME) and NIMBUS-7 SBUV data sets have also improved our understanding of
solar cycle variability, significantly reducing previous estimates. Details of this
longer period solar variability will require improved precision in the future UV
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observations. At wavelengths below 120 nm only a single satellite experiment,
AE-E, operated during a portion of solar cycle 21. At these short wavelengths
additional measurements over large portions of the solar cycle will be required to
provide a definitive estimate of EUV solar variability.

Rottman, G. J., and J. London, Solar UV Irradiance Observations and Evidence for Solar
Cycle Variations, /RS '84: Current Problems in Atmospheric Radiation, p. 320, (ed. G.
Fiocco), A. Deepak Pub. Co., 1984.

The Solar Mesosphere Explorer was launched into a polar orbit on October 6th,
1981. Four limb scanning instruments make measurements of Mesospheric Ozone
and other minor atmospheric constituents, for example H,O and NO,. The prime
objective of the SME is to study the distribution of ozone and, in particular, to
study the changes in ozone due to natural effect. Since a major influence on ozone
is solar ultraviolet radiation, a spectrometer was included in the observatory to make
daily measurements of the incoming solar radiation. This small spectrometer covers
the spectral interval 115 to 305 nm with 0.75 nm spectral resolution. The daily
solar spectral have high relative accuracy and provide reliable information on inter-
mediate term solar variations. These variations have time scales of several dys and
are related to the formation and disruption of active areas on the solar disk. The
relatively high contrast of these active centers produces an ultraviolet signal that is
strongly modulated by the 27-day rotation period of the Sun. Short term variations
of the solar output are related to ;disruptive or flare type events and exhibit time
scales of minutes to hours. Since the SME measurements are obtained throughout a
calendar day and are combined to give a mean daily value, these short term phe-
nomena may produce a few anomalous daily values at some wavelengths which
have been ignored in the present data analyses.

Rottman, G.J., C. A. Barth, R.J. Thomas, G. H. Mount, G. M. Lawrence, D. W. Rusch,
R. W. Sanders, G. E. Thomas, and J. London, Solar Spectral Irradiance, 120 to 190 nm,
October 13, 1981 — January 3, 1982, Geophys. Res. Letters 9, 587-590, 1982.

Beginning on October 13, 1981 a two channel spectrometer aboard the Solar
Mesosphere Explorer has been obtaining daily measurements of full disc solar irra-
diance. These observations cover the spectral interval 120 to 305 nm with

~0.75 nm spectral resolution. The relative accuracy of the measurements from day
to day over the first three solar rotations is approximately 1%. In this report we
present analyses of Lyman alpha, the integrated Schumann-Runge continuum (130-
175 nm), and the integrated Schumann-Runge bands (175-190 nm). All three
show a clear variability related primarily to the 27-day solar rotation period.
Correlations of these three values of solar irradiance to ground-based indices of
solar activity, 10.7 cm flux and sunspot number, are presented.
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Rusch, D. W, and R. T. Clancy, Minor Constituent in the Upper Stratosphere and
Mesosphere, Rev. Geophys. 25, 479-486, 1987.

This brief review of advances in our understanding of the physical processes
important in the upper stratosphere and mesosphere is intended to highlight specific
issues and to focus on areas in which further research is needed.

Rusch, D. W., and R. T. Clancy, A Comparison of Ozone Trends from SME and SBUV
Satellite Observations and Model Calculations, Geophys. Res. Lerters 15, 776-779, 1988.

Trends in the ozone mixing ratio near the stratopause are presented for global
observations by the Ultraviolet Spectrometer (UVS) instrument on the Solar
Mesosphere Explorer (SME) and the Solar Backscatter Ultraviolet Instrument
(SBUV) on NIMBUS-7. The June, September, and January data are separately
analyzed for trends as a function of latitude over the 1982-1986 period. The SME
UVS data indicate trends in the range -0.5+1.3%/yr in ozone for the summer hemi-
sphere at 1.0 mbar for January, June, and for all latitudes in September. The SBUV
data show decreases of 2-5%/yr for all three months. Model calculations of ozone
trends at 1.0 mb, including 5%/yr Clx increases, measured solar flux decreases
over the 1982-1986 time period, and measured temperatures, reproduce the SME
trends. The solar flux and Clx trends contribute equally to the measured changes at
1.0 mb. The SBUV and UVS data exhibit remarkably similar seasonal and lati-
tudinal variations in ozone trends over the five years. The detailed variations of
ozone trends from both data sets are reproduced by photochemical model cal-
culations which include latitude-dependent NMC temperature trends over the 1982-
1986 period.

Rusch, D. W., and R. T. Clancy, Trends in Atmospheric Ozone: Conflicts between Models
and SBUV Data, J. Geophys. Res. 93, 8431-8437, 1988.

Model calculations of ozone trends in the 1982-1986 time period show that interan-
nual stratospheric temperature variations over that period dominate over changes in
minor constituents, including Cl,, in producing trends in ozone. Estimates for
upper limits to changes in solar flux over the declining part of the solar cycle and
estimates for maximum increases in Cly, lead to similar model decreases in upper
stratospheric ozone, although the calculated trends from each are less than 1%/yr.
Model calculations suggest that long-term increases in Cl,, may produce decreases
in the relative amplitude of the annual variation of ozone near 1.0 mbar that are
nearly twice the secular decreases in ozone. However, trends in temperature over
the period 1982-1986 lead to predicted decreases in the seasonal amplitude of ozone
up to 10%/yr, based upon National Meteorological Center (NMC) observations of
upper stratospheric temperatures. The secular and seasonal ozone trends derived
from SBUYV data for the 1982-1986 time period exhibit poor agreement with model
predictions. SBUYV data indicate secular tends in ozone which are negative and
lager, in an absolute sense, than the largest model trends by a factor of 2 or more,
indicating problems with the SBUV data or the model ozone chemistry. SBUV
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data also exhibit significantly smaller changes in the amplitude of the annual varia-
ton of ozone than the models which include NMC temperatures. At least part of
this disagreement may be related to temperature-correlated variations in photochem-
istry which are not included in the model, such as changes in water vapor or other
minor constituent densities. Future efforts to determine ozone trends from satellite
measurements should include monitoring of ozone, temperature, and possibly water
vapor in the atmospheric pressure region from 10 to 0.1 mb.

Rusch, D. W., and R. S. Eckman, Implications of the Comparison of Ozone Abundances
Measured by the Solar Mesosphere Explorer to Model Calculations, J. Geophys. Res. 90,
12991-12998, 1985.

Two years of ozone measurements from the Solar Mesosphere Explorer satellite are
compared to the results of a model of lower mesospheric photochemistry. The
measured ozone mixing ratios are larger than those predicted by the model by as
much as a factor of two at pressures near 0.1 mbar and 1.3 at 1.0 mbar using cur-
rently accepted reaction rate coefficients. The model is brought into good agree-
ment with the measurements over a wide range of latitudes and solar zenith angles
only if the efficiency of the odd hydrogen catalytic cycle which destroys odd oxy- .
gen is decreased by 30-50%. : =

Rusch, D. W., G. H. Mount, C. A. Barth, G. J. Rottman, R. J. Thomas, G. E. Thomas,
R. W. Sanders, G. M. Lawrence, and R. S. Eckman, Ozone Densities in the Lower

Mesosphere Measured by a Limb-Scanning Ultraviolet Spectrometer, Geophys. Res. Letters
10, 241-244, 1983. 7

The ozone content of the earth’s atmosphere between 1 mb and 0.08 mb has been
measured as a function of latitude and season by an ultraviolet spectrometer on the
Solar Mesosphere Explorer spacecraft. The ozone mixing ratio is found to be
highly variable in time and space during the winter of 1982 with maxima occurring
in the winter hemisphere during January and February at all pressure levels. The
latitude gradients near spring equinox are relatively small. A relative maximum
occurs at latitudes between 15 and 30°S in January and February.

Rusch, D. W., G. H. Mount, J. M. Zawodny, C. A. Barth, G. J. Rottman, R. J. Thomas,
G. E. Thomas, R. W. Sanders, and G. M. Lawrence, Temperature Measurements in the =
Earth's Stratosphere Using a Limb Scanning Visible Light Spectrometer, Geophys. Res.

Lerters 10, 261-264, 1983.

The temperature of the earth’s atmosphere between 40 and 50 km is inferred from -
measurements of Rayleigh scattered sunlight by a visible-light spectrometer on the ‘

Solar Mesosphere Explorer spacecraft. The RMS deviation of the satellite mea- o
surements from conventional rocket measurements is 5°K above 45 km and 2-3°K ' -

below 45 km. The satellite data are compared to model temperatures for March
1982.
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Rusch, D. W., G. H. Mount, C. A, Barth, R. J, Thomas, and M. T. Callan, Solar
Mesosphere Explorer Ultraviolet Spectrometer: Measurements of Ozone in the 1.0to 0.1 mb
Region, J. Geophys. Res. 89, 11677-11687, 1984.

The ozone density of the earth’s mesosphere in the 1.0-0.1 mbar (48 to 70 km)
region has been measured at sunlit latitudes for the period from December 1981
untl the present by an ultraviolet spectrometer on the Solar Mesosphere Explorer
satellite. Results for 1982 are reported. The ozone mixing ratios are found to be
highly variable in time and place, with maxima occurring in the winter hemispheres.

- The results show complex time variations at all pressure levels, with annual and

-1 semiannual variations apparent at most pressures and latitudes. A relative maxi-
mum occurs in July at the equator.

Rusch, D. W., M. P. McCormick, R. T. Clancy, and J. M.Zawodny, A Comparison of SME
and SAGE II Ozone Densities near the Stratospause, J. Geophys. Res.,?.igupressi 1989.22 5

' 5. e DA 353335
Ozone measurements made by the Ultraviolet Spectrometer on the Solar ]

Mesosphere Explorer and those from the Stratosphere Aerosol and Gas Experiment

II are compared at 1.0 mbar for the time period from October, 1984, to December,
i 1986. A model of the diurnal variation of ozone is used to correct for the difference
23 in local times of the two measurements. The two instruments agree to within 5% at
all latitudes considered in the comparison. Further, no significant divergence is
found between the data sets for the time period of overlap. The results support the
accuracy and precision of each instrument and the accuracy of ozone trends derived
over the 1982-1986 period from Solar Mesosphere Explorer data.

Russell II1, J. M., S. Solomon, M. P. McCormick, A. J. Miller, J. J. Barnett, R. L. Jones,
and D. W. Rusch, "Middle Atmosphere Revealed by Satellite Observations," in Middle
Atmosphere Program Handbook, 22, 1986.

Siskind, D. E., C. A. Barth, and R. G. Roble, The Response of Thermospheric Nitric Oxide on
an Auroral Storm, 1, Low and Middle Latitudes, J. Geophys. Res. 94, 16,885-16,898, 1989.

The Solar Mesosphere Explorer (SME) satellite observed thermospheric nitric oxide
(NO) during the period September 17-20, 1984, using the resonance fluorescence
technique. Altitude profiles from 100 to about 130 km were obtained for 1500 LT
along two orbital tracks: one over the United States and one over Europe. An
auroral storm occurred on September 19. A comparison of data from

September 20 with data from September 18 revealed a factor of 3 increase in NO
at mid-latitudes over the United States. Little NO enhancement was seen over
Europe or at equatorial latitudes. A larger increase was seen for the higher altitudes
(>120 km). The SME observations are compared with the calculations of a one-
dimensional photochemical model of the lower thermosphere. The National Center
for Atmospheric Research (NCAR) thermospheric general circulation model
(TGCM) is used to calculate the response of the background neutral atmosphere to
auroral forcings such as Joule and particle heating. The output of the TGCM is
used as input to the photochemical model. Calculations of the mid-latitude NO
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response show that temperature increases which result from Joule and
compressional heating can explain the observed NO enhancements. A larger
response is initially seen for altitudes greater than 120 km. After several days,
downward diffusion leads to NO increases at lower altitudes. Equatorial NO
shows little response because the combined effects of temperature enhancements
and atomic oxygen enhancements largely cancel. The best absolute fit of the model
to the data is for an N(2D) + O quenching rate of 5x 10-13 cm3 s-1, although
uncertainties in the neutral composition preclude an exact speciﬁcau’on of the
quenching rate. The success of the model in reproducing the observed NO altitude
and latitude variations argues against the importance of horizontal transport of E
region NO.

Siskind, D E., C. A. Barth, D. S. Evans, and R. G. Roble, The Response of Thermospheric
Nitric Oxide on an Auroral Storm, 2, Auroral Latitudes, J. Geophys. Res. 94, 16,899-16911,

An analysis of the response of lower thermospheric nitric oxide (NO) at auroral
latitudes to the auroral storm of September 19, 1984, is presented. A comparison
of data from the Solar Mesosphere Explorer (SME) taken one day after the storm
(September 20) with data obtained one day before the storm (September 18)
revealed a factor of 3 increase in NO. In order to model this response, particle data
from the NOAA 6 and 7 satellites are used to assess the time history of the auroral
energy input along each SME orbital track. The deduced fluxes and characteristic
energies are used as input to a time dependent one-dimensional photochemical
model. In addition, the NCAR thermospheric general circulation model (TGCM) is
used to calculate the response of the background neutral atmosphere to auroral
forcings such as Joule land particle heating. It was found that particle precipitation
accounted for 90% of the increase in the peak NO density, although Joule heating
was more important at the higher altitudes (>140 km). The results of the model
calculations predict an NO enhancement; however, the amplitude of the response as
well as the absolute magnitude of the calculated NO density greatly exceed the
observations. Two possibilities are proposed to explain this discrepancy. The first
is that the yield of N(2D) from electron impact on N2 may only be 50%, rather than
the 60-75% previously assumed. The second is that vertical winds of the order of
1-5 m s"! may be generated in an E ration auroral arc. It is shown that such winds
could be important in damping out the NO response to increased particle
precipitation.

Solomon, S., G. C. Reid, D. W. Rusch, and R. J. Thomas, Mesosphcmc Ozone Depletion
during the Solar Proton Event of July 13, 1982. Part II. Comparison between Theory and
Measurements, Geophys. Res. Letters 10, 257-260, 1983.

The solar proton event of July 13, 1982 was the largest to date in the current solar
cycle. Proton fluxes observed by the NOAA-6 satellite have been used to calculate

‘ionization rates during the event, which have been found to be almost as large as
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those of the August 1972 event near 70 km, but much smaller at lower altitudes.
This ionization leads to the production of odd hydrogen radicals (H+OH+HO,)
which catalytically destroy odd oxygen in the mesosphere and stratosphere. A one-
dimensional tme-dependent model has been used to calculate the percentage change
in ozone resulting from this event. The calculated ozone depletion is compared to
that observed by the Solar Mesosphere Explorer (SME) satellite.

Solomon, S., D. W. Rusch, R. J. Thomas, and R. S. Eckman, Comparison of Mesospheric
Ozone Abundances Measured by the Solar Mesosphere Explorer and Model Calculations, Geo-
phys. Res. Letters 10, 249-252, 1983.

Ozone observations in the mesosphere obtained by the near infrared and ultraviolet

p spectrometers onboard the Solar Mesosphere Explorer (SME) satellite are compared

e , to two-dimensional model calculations for the month of January. In general, the
model calculated abundances are somewhat smaller than those measured, but
exhibit similar trends with respect to altitude and latitude. The possible causes of
discrepancies include the mesospheric H,O content and photochemical reaction
rates, particularly the rate of O, photolysis.

ted Solomon, S., G. H. Mount, and J. M. Zawodny, Measurements of Stratospheric NO2 from
the Solar Mesosphere Explorer Satellite. 2. General Morphology of Observed NO2 and derived
N20s, J. Geophys. Res. 89, 7317-7321, 1984.

, Observations of NO, densities from 28 to 40 km as measured by the Solar

- Mesosphere Explorer (SME) satellite are compared to model calculations for the
month of January. Low densities are obtained in the topics and in high latitude
winter, with much larger values in the summer middle and high latitude regions in
both the observations and the model. The reasons for areas of agreement and dis-
agreement between the model and the observations are explored. The observed
NO, distribution is also used to infer the N,O; distribution based on presently
accepted chemistry and suggests that very large amounts of N,Os are present in high
latitude winter.

Thomas, G. E., Solar Mesosphere Explorer Measurements of Polar Mesospheric Clouds
(Noctilucent Clouds), J. Ammos. & Terr. Phys., 46, 819-824, 1984.

The Ultraviolet Spectrometer experiment on board the Solar Mesosphere Explorer
o satellite has measured scattering of sunlight from the polar mesospheric cloud layer
in the 0.2-0.3 um spectral range. The layer is manifested in the limb-scanning mea-
surements as large increases in radiances at heights near 80 km, at latitudes
60-90°N and 60-90°S and during the summer season. They are similar to noctilu-
cent clouds with respect to their height, geometrical thickness (less than 3.5 km)
and morphology. However, as shown by Donahue et al. (J. Atmos. Sci. 29
1205,1972), they are much brighter and occupy the entire polar ‘cap’ read, a region

« largely inaccessible to ground-based observation. The measurements have revealed
a forward-scattering asymmetry, which increases with layer brightness. This
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behaviour shows that the brighter clouds are composed of particles with radii
according to Mie theory up to 0.07 um, at least for the limited set of data studied so
far. The variation of layer brightness with asymmetry factor is consistent with the
layer being limited by the available water content of the atmosphere. The calculated
water content of the particles, assuming them to consists of pure water ice, is about
100 pg m2, provided the particle distribution is monodisperse. This corresponds
to the total amount of atmospheric water vapor residing in a vertical column above
80 km for a water vapor mixing ratio of 1.2 ppmv. This is consistent with the
amount of water vapor believed to exist at mesopause heights (a few ppmv). The
large amounts of ice reported by Donahue ez al. (1972) are too large by a factor of
10. Their corrected values are consistent with the present analysis. A brief
description is given concerning additional research topic which are being pursued
using the extensive SME data base, which now consists of five complete summer
seasons from 1981 to the present.

Thomas, G. E., Trace Constituents in the Mesosphere, Physica Scripta T18, 281-288, 1987.

Recent observations of selected trace constituents in the mesosphere are reviewed.
The review is divided into discussions of some long-lived constituents (CO, NO
and H,0), and short-lived constituents (OH and O,) that are important for under-
standing the transport in the lower thermosphere and in the mesosphere. CO and
NO are produced in the lower thermosphere and lost in the lower mesosphere and : %
stratosphere. There is now observational evidence that downward transport into the '
winter polar region, and subsequent “spillage” into the winter mid-latitude regions £
are important for CO and NO. In comparison with CO and NO the distribution of
H,O is “upside down” in the sense that it is generated in the lower atmosphere and
flows upward to its sink. The same transport mechanism may operate for H,O, but
in the opposite sense of moving dry air downward in winter, and moist air upward
in summer. The short-lived OH radical is important for understanding the HO,—
Oy mechanism in the middle atmosphere. Unfortunately, there is an almost com-
plete lack of data for its distribution above 50 km. Ozone and water vapor are out-
of-phase in their seasonal behavior in the upper mesosphere; the variations in both
species provide important clues for understanding the causes of eddy mixing in the
mesosphere. The seasonal climatology of mesospheric ozone is now well docu-
mented as a results of five years of SME satellite observations.

Thomas, G. E., and C. P. McKay, On the Mean Particle Size and Water Content of Polar
Mesospheric Clouds, Planet. Space Sci., 33, 1209-1224, 1985.

The ultraviolet spectrometer on board the Solar Mesosphere Explorer (SME) satel- o
lite has been measuring the scattering of ultraviolet sunlight from optically thin
cloud layers in the upper boundary of the mesosphere (85 km) since the launch of

the spacecraft in October 1981. These layers are present only at high latitudes dur- -
ing the summer season. During Summer 1983 an observing sequence was under- e
taken to measure the cloud radiance at two different scattering angles — one in the %
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forward hemisphere at 50°, the other in the backward hemisphere at 130°. The data
show a pronounced tendency for the brighter clouds to exhibit greater forward-
scattering behavior, indicating that particle size may be the most important factor in
determining the cloud brightness. We conclude that if the particles are monodis-
perse water ice aggregates, their radii do not exceed 70 nm. Estimates are provided
for the water content and column particle number of the clouds, depending upon the
unknown shape of the particle size distribution. Characterizing the distribution by
two parameters, the spherical equivalent particle radius and the width of the distri-
bution, the bulk cloud properties are shown to be dependent upon the limb radiance
and width parameter. For narrow widths the water ice content is less than that
expected for the water vapor content at mesopause heights of a few parts per mil-
lion. This confirms our earlier analysis using a smaller data set and assuming the
cloud particles are monodisperse. However if the size dispersion is broad, the
implied water ice exceeds the static atmospheric water supply. The calculated col-
umn number for the brightest clouds exceeds our estimates for the total supply of
condensation nuclei. The alternative is that the brighter clouds are limited to a fairly
narrow range of particle sizes from 40 to 60 nm. This conclusion is supported by
theoretical time dependent calculations by Turco et al. (Planet. Space Sci. 30,

1147, 1982).

Thomas, G. E., and J. J. Olivero, The Heights of Polar Mesospheric Clouds, Geophys. Res.
Letters 13, 1403-1406, 1986.

Data from the Solar Mesosphere Explorer satellite of polar mesospheric clouds have
been used in determining the variation of cloud height from 1981 to 1985.
Applying various corrections to the apparent tangent heights measured at the atmo-
spheric limb, we find no significant variation of height within an individual cloud
season (-10 days to +50 days relative to summer solstice) either with latitude or
local time. Furthermore, no significant year-to-year variation is found over the
4-year time span. We find significantly higher (2 km) PMC cloud heights in the
north than in the south. The average value of 8§5.0 + 1.5 km for the northern PMC
is in good agreement with measurements from the OGO-6 satellite, rocket-borme
photometers and ground-based triangulation of noctilucent clouds.

Thomas, G. E., and J. J. Olivero, Climatology of Polar Mesospheric Clouds: Part I, J. of
Geophys. Res., in press, 1989.

Thomas, G. E., C. A. Barth, E. R. Hansen, C. W. Hord, G. M. Lawrence, G. H. Mount,
G. J. Rottman, D. W. Rusch, A. 1. Stewart, R. J. Thomas, J. London, P.L. Bailey, P. J.
Crutzen, R. E. Dickinson, J. C. Gille, S. C. Liu, J. F. Noxon, and C. B. Farmer,

Scientific Objectives of the Solar Mesosphere Explorer Mission, PAGEOPH 118, 591-615,
1980. :

The 1981-82 Solar Mesosphere Explorer (SME) mission is described. The SME
experiment will provide a comprehensive study of mesospheric ozone and the pro-
cesses which form and destroy it. Five instruments will be carried on the spinning

27
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spacecraft to measure the ozone density and its altitude distribution from 30 to

80 km, monitor the incoming solar ultraviolet radiation, and measure other atmo-
spheric constituents which affect ozone. The polar-orbiting spacecraft will be
placed into a 3 PM—3 AM Sun-synchronous orbit. The atmospheric measure-
ments will scan the Earth’s limb and measure: (1) the mesospheric and strato-
spheric ozone density distribution by inversion of Rayleigh-scattered ultraviolet
limb radiance, and the thermal emission from ozone at 9.6 um; (2) the water vapor
density distribution by inversion of thermal emission at 6.3 um; (3) the ozone
photolysis rate by inversion of the O,(*A,) 1.27 pm limb radiance; (4) the tempera- =
ture profile by a combination of narrow-band and wide-band measurements of the
15 um thermal emission by CO,; and (5) the NO, density distribution by inversion
of Rayleigh-scatttered limb radiance at 0.439 um. The solar ultraviolet monitor
will measure both the 0.2-0.31 um spectral region and the Lyman-alpha

(0.1216 pum) contribution to the solar irradiance. This combination of measure-
ments will provide a rigorous test of the photochemical equilibrium theory of the
mesospheric oxygen-hydrogen system, will determine what changes occur in the
ozone distribution as a result of changes in the incoming solar radiation, and will
detect changes that may occur as a result of meteorological disturbances.

Thomas, G. E., B. M. Jakosky, R. A. West, and R. W. Sanders, Satellite Limb-Scanning
Thermal Infrared Observations of the El Chichon Stratospheric Aerosol: First Results, Geo-
phys. Res. Letters 10, 997-1000, 1983.

The Infrared Radiometer experiment on the Solar Mesosphere Explorer satellite has
been continuously measuring the 6.8-pm thermal emission from the stratospheric
aerosol from the El Chichon volcano since the time of eruption in early April 1982.
Inversion results fro the zonally-averaged infrared extinction coefficient in height,
latitude, and time show that the aerosol increased in mass to a maximum of

8 Tg(8 x 10'2 gm) about 15 weeks after the April 4 eruption. It descended in
height with an average speed consistent with the gravitational settling time of parti-
cles with a diameter of about 1.4 um.

=58

Thomas, G. E., D. W. Rusch, R. J. Thomas, and R. T. Clancy, "Long-Term Changes in the ,
Stratosphere Due to the 1982 Eruption of El Chichon," in The Middle Atmosphere Program
Handbook, in press, 1989. &

Thomas, R. J., Seasonal Ozone Variations in the Upper Mesosphere, J. Geophys. Res. 95, in
press, 1990.

The global daytime ozone was measured by the Solar Mesosphere Explorer satellite

(SME) for five years. The measurements extend through the mesosphere, covering =
from 50 km to over 90 km. The ozone in the upper mesosphere varies annually by :
up to a factor of 3. The observed seasonal variations may be summarized in several

different ways. From year to year there is a great deal of repeatability of these

variations. This repeatability occurs in most of the upper mesosphere outside the
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tropics. Near 0.01 mbar (80 km) the mid- and high latitude mixing ratio peaks each
year in mid April. '

A secondary maximum in the altitude profile of ozone density usually occurs near
85 km. Changes in this structure are directly related to the April maximum and
other seasonal changes seen at 0.01 mbar. The changing seasonal structure pro-
duces a ‘bump’ at the ozone mixing ratio minimum that is largest just after spring
equinox. This perturbation to the mixing ratio profile seems to move upward dur-
ing the first half of the year.

The seasonal changes of ozone were analyzed in terms of annual and semiannual
structure. The variations generally have both an annual and semiannual component
depending on altitude and latitude. The phases of the variatdons change quickly
with both altitude and latitude. The semiannual component peaks in April, over
most of the upper mesosphere .

Thomas, R. J., Atomic Hydrogen and Atomic Oxygen Density in the Mesopause Region: Global
and Seasonal Variations Deduced from SME Near-infrared Emissions, J. Geophys. Res. 95,
in press, 1990.

& Atomic oxygen and atomic hydrogen have been inferred from the hydroxyl airglow
measurements on Solar Mesosphere Explorer spacecraft (SME) between 0.01 and
0.0013 mbar (80-93 km). These constitute the first measurements of the seasonal
and latitudinal variations of these atomic species, in the mesopause region. At night
atomic oxygen is directly proportional to the Meinel band emission of OH. During
the day the emission is proportional to the product of ozone and hydrogen. Since
daytime ozone is inferred from the O,('a,) emission, daytime hydrogen can be
inferred. Daytime atomic oxygen is then inferred from the measured hydrogen and
S ozone. Atlevels where both methods are valid (at 0.0032-0.0013 mbar or 88-93
wl km) the day and night atomic oxygen display the same seasonal behavior. Very
large annual and semiannual changes are found in the atomic hydrogen density
between 80 and 93 km. At 40° N the summer-to-spring ratio of atomic hydrogen
& exceeds a factor of 4 at 0.01 mbar (80 km). Between 80 and 90 km the odd oxygen
family is found to be almost entirely atomic oxygen. Its behavior is characterized by
annual variations at 40° north and south, and semiannual changes at the equator; in
both cases the changes are a doubling from minimum to maximum. At least part of
the mid-latitude semiannual variation in ozone is found to be due to the product of
it two annually varying functions. The atomic oxygen is annual and maximizes in the
i winter while the ozone-oxygen partitioning, controlled mostly by temperature,
maximizes in the summer due to temperature changes.
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Thomas R.J., C. A. Barth, G. J. Rottman, D. W. Rusch, G. H. Mount, G. M. Lawrence,
R. W. Sanders, G. E. Thomas, and L. E. Clemens, Mesospheric Ozone Depletion during the
Solar Proton Event of July 13, 1982. Part I. Measurement, Geophys. Res. Letters 10, 253-
255, 1983.

The near infrared spectrometer and the ultraviolet spectrometer on the Solar
Mesosphere Explorer (SME) observed the ozone density as a function of latitude
and altitude during the solar proton event of July 18, 1981. Airglow at 1.27 pm
was observed at the earth’s limb. The altitude profiles of the emission were
inverted providing ozone densities. The ozone densities observed showed a clear
decrease during the event. The maximum depletion seen was 70%. The decrease
was observed in the northemn high latitudes at mesospheric altitudes. The decrease
was very short lived, lasting less than a day.

Thomas R. J., C. A. Barth, G. J. Rottman, D. W. Rusch, G. H. Mount, G. M. Lawrence,
R. W. Sanders, G. E. Thomas, and L. E. Clemens, Ozone Density Distribution in the
Mesosphere (50-90 km) Measured by the SME Limb-Scanning Near-Infrared Spectrometer,
Geophys. Res. Letters 10, 245-248, 1983.

The ozone densities between 50 and 90 km are deduced from 1.27 pm airglow
measured on the Solar Mesosphere Explorer satellite. The derived densities agree
well with those made simultaneously from SME by the ultraviolet spectrometer.

The data set extends from pole to pole at about 3 pm, for most sunlit latitudes. At %@%
low altitudes, in the mesosphere, there are larger variations in ozone density in the v

winter latitudes than in the summer. Above the mesopause the day-to-day variation
in ozone density is a factor of 2 at most latitudes and times.

Thomas, R. J., C. A. Barth, D. W. Rusch, and R. W. Sanders, Solar Mesosphere Explorer
Near-Infrared Spectrometer: Measurements of 1.2um Radiances and the Inference of
Mesospheric Ozone, J. Geophys. Res. 89, 9569-9580, 1984.

Ozone in the mesosphere is determined from observations made by the near-
infrared spectrometer experiment on the Solar Mesosphere Explorer satellite (SME)
between 50 and 90 km over most latitudes at 3:00 PM local time. The spectrome-
ter measures emission from O,(*Ag) at 1.27 um that is primarily due to the pho-
todissociation of ozone. The instrument consists of a parabolic telescope that limits
the field of view to less than 0.1°, an Ebert-Fastie spectrometer, and a passively
cooled lead sulfide detector system. The limb radiances, measured as the spacecraft
spins, are inverted, producing volume emission rate profiles from which ozone
densities are inferred. The vertical resolution is better than 3.5 km. The calcula-
tion of ozone accounts for quenching and atmospheric transmission of both solar
radiation and 1.27-um radiation. We have established the existence of a secondary
maximum of ozone density near 80 km. An error analysis shows that the effects of
random errors in the data and in the analysis on the final ozone profile are less than
10% between 50 and 82 km.
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Thomas, R. J., C. A. Barth, and S. Solomon, Seasonal Variations of Ozone in the Upper
Mesosphere and Gravity Waves, Geophys. Res. Letters 11, 673-676, 1984.

Ozone densities in the upper mesosphere have been measured as a function of time
and latitude over a two-year period (1982-1983) by the Solar Mesosphere Explorer
(SME) satellite. Large seasonal changes occur, particularly near 80 km where
ozone densities at the equinoxes are about 2-3 times those observed at the solstices.
The structure of the ozone secondary maximum also fluctuates substantially during
the year, with extremes near equinox and solstice. Further, the variations are
highly repeatable from year to year and from hemisphere to hemisphere. We pro-
pose that the seasonal variability in ozone is produced by the variation of gravity-
wave-induced transport in the mesosphere which, in turn, results from the seasonal
modulation of the propagation and breaking of small-scale gravity waves.

Thomas, R. J., K. H. Rosenlof, R. T. Clancy, and J. M. Zawodny, Stratospheric NOz over
Antarctica as Measured by the Solar Mesosphere Explorer during Austral Spring, 1986, J.
Geophys. Res. 93, 12,561-12,568, 1988.

The visible spectrometer on the Solar Mesosphere Explorer measured stratospheric
NO, in the 24- to 40-km region. In September and October 1986 the spatial density
of the measurements was increased over Antarctica in order to examine the NO,
- change during the period of the “ozone hole.” These measurements are compared

% with the 1985 austral spring observations, with northern polar spring measurements
for both years, and with model results. A polar low in NO, is seen between 10 and
24 mbar. The geographic extent of the low decreases as hours of sunlight
increase, in marked contrast to the behavior of the total ozone column during the
same period. The latitude and time dependence of the NO, is similar for both years,
and during the same season, in the northern hemisphere. Comparison of measure-
ments and model imply that much of the odd nitrogen is converted to HNO, during
the polar night. Observed vertical profiles and comparison to measurements from
the ground indicate that the bulk of the NO, column lies above 24 km. The
observed behavior does not appear to be anomalous when compared to simple
model calculations, indicating no obvious connection between the polar strato-
spheric NOy above 24 km and the development of the ozone hole below 24 km.

Tobiska, W. K., R. D. Culp, and C. A. Barth, Predicted Solar Cycle 22 10.7 cm Flux and ‘
Satellite Orbit Decay, J. Astron. Sci. 35 (4), 419-433, 1987.

This study develops an empirical model of the 10.7 cm solar flux (Fig.7) through
solar cycle twenty-two as it relates to the problem of a low-Earth orbiting satellite
and its orbit decay. A comparison between the predicted orbit decay using the
model and the first thirty-seven months of actual altitude of the Solar Mesosphere
-Explorer (SME) satellite is conducted. The predicted orbit semimajor axis is solved
as a function of atmospheric density using a modified Jacchia 1971 atmospheric
model (J71). J71 densities vary based on the empirically modeled Fjg.7 of solar
cycle twenty-two. The derivation of the orbit radius, r, related to atmospheric mass

dsa
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density, p, is outlined, as are the simplifications made in this study for atmospheric
density modeling. The Fyp7 model for solar cycle twenty-two is then detailed with
a comparison of one other model. Finally, the results of the predicted SME orbit
decay are evaluated against the actual orbit decay.

Zawodny, J. M., Short-Term Variability of Nitrogen Dioxide in the Winter Stratosphere, J.
Geophys. Res. 91, 5439-5450, 1986.

Zawodny, J. M., and D. W. Rusch, Seasonal Behavior of NO,in the Winter Stratosphere:
Infrared NOy, J. Geophys. Res. 91, 5451-5454, 1986.

The long-term seasonal trend in NO, density near 10 mbar, as measured by the
Solar Mesosphere Explorer (SME), is compared to photochemical model predic-
tions of the trend throughout the first 3 months of 1982. The general increase in the
observed NO, is found to be caused by a shift in the partitioning of odd nitrogen in
favor of NO,. The model is also used to infer the odd nitrogen (NOy: NO +

NO, + NO; + 2 x N,05) mixing ratio, which is seen to decrease rapidly through-
out the period. This rapid decrease is found to be caused in part by improper
modeling of the photodissociation rate of NO,. Indirect measurements of the pho-
todissociation rate of NO, from SME show the rate to change with solar zenith
angle at angles greater than 70°. Only when this dependence is taken into account
do the variations in the odd nitrogen mixing ratio become consistent with theory.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
ORBIT TRACK NITRIC OXIDE DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER
1982-1986 DATA
The SOLAR MESOSPHERE EXPLORER (SME) orbit track NO data was
derived from the ultra-violet spectrometer radiance measurements.

A description of the mission, the instruments, the scientific
objectives, and the initial results is contained in a series of

articles in the April 1983 issue of Geophysical Research Letters-

{(10:237~-267) .

The nitric oxide densities are given on altitude surfaces
from 100 to 160 km. There are 2 sets of NO densities, one on a
grid of magnetic latitudes, and the other on geographic
latitudes. Each set also includes longitudes and solar zenith
angles.

Dr. C.A. Barth is the principal investigator for the SME
experiment . Co-investigators Drs. R.J. Thomas, D.W. Rusch,
G.E. Thomas, and G.J. Rottman are resident at the Laboratory
for Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado, 80309.
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This set of data consists of 6 tapes. The tapes labeled
NOMX, where X goes from 1 to 3, contain NO density data on a
magnetic latitude grid. The tapes 1labeled NOGX contain NO
density data on a geographic latitude grid. NOM1 and NOG1 both
contain 3 files, covering the time period 1982006 to 1983181.
NOM2 and NOG2 have 4 files each, covering the time period
1983182 to 1985181. NOM3 and NOG3 have 3 files each, covering
the time period 1985182 to 1986245.

The blocksize on these tapes is 456. The logical record
length is 456. A description of the tape characteristics is
given in the appendix.

These data, derived from the UV spectrometer on SME, are

orbit track NO densities. They cover the years 1982 through
1986. The data given is number density, {(cm-3).

SME NO DENSITY DATA, 1981 - 1986

TAPE FILE NO.BLOCKS CONTENTS FIRST ORBIT

MAGNETIC LATITUDE GRIDDED NO DENSITY TAPES

NOM 1  NOM82A.DAT 10718 1/ 6/82 - 6/30/82 1387
NOM82B . DAT 9269 7/ 1/82 - 12/31/82 4046
NOMS83A .DAT 7774 1/ 1/83 - 6/30/83 6834

NOM 2  NOM83B.DAT 7843 7/ 1/83 - 12/31/83 9576
NOM84A .DAT 7889 1/ 1/84 - 6/29/84 12365
NOMS8 4B .DAT 5267 6/30/84 - 12/31/84 15110
NOM85A . DAT 3703 1/ 1/85 - 6/30/85 17915

NOM 3  NOM85B.DAT 3979 7/ 1/85 - 12/31/85 20659
NOM8 6A .DAT 4048 1/ 1/86 - 6/30/86 23451
NOMS8 6B .DAT 2323 7/ 1/86 - 12/11/86 26211

GEOGRAPHIC LATITUDE GRIDDED NO DENSITY TADES

NOG_1  NOG82A.DAT 10718 1/ 6/82 - 6/30/82 1387
NOGS82B .DAT 9269 7/ 1/82 - 12/31/82 4046
NOG83A .DAT 7774 1/ 1/83 - 6/30/83 6834
NOG_2  NOGS83B.DAT 7843 7/ 1/83 - 12/31/83 9576
NOG84A .DAT 7889 1/ 1/84 - 6/29/84 12365
NOG84B.DAT 5267 6/30/84 - 12/31/84 15110
NOG85A .DAT 3703 1/ 1/85 - 6/30/85 17915
NOG_3  NOG85B.DAT 3979 7/ 1/85 - 12/31/85 20659
NOG86A .DAT 4048 1/ 1/86 - 6/30/86 23451
NOG8 6B .DAT 2323 7/ 1/86 - 12/11/86 26211

The following format describes the file NOM8SZA.DAT. The
format is applicable for all the files in this dataset
consisting of SME NO density data on magnetic latitudes and



those on geographic latitudes. Missing data is indicated by
-1.0. The altitude ranges from 100 to 160 km. The altitude grid

g%% increment is 3 1/3 km. There are 19 altitude levels and 37
latitudes. Latitudes range from 90 S to 90 N in 5 degree
increments.

First orbit=1387, date=1982006 (Jan. 6, 1982)

Record Format Description
1 2(1X,15),1X,F7.2 Orbit, Date(YYDDD), Equatorial Long.
2 1X,¥6.2,37E12.5 Altitude (km), 37 NO density values

for latitudes from -90 to 90
in 5 degree increments,
Alt=160.00 km.
3 1X,F6.2,37E12.5 Altitude (km), 37 NO density values

for latitudes from -90 to 90
in 5 degree increments.
Alt=156.67 km.

4 : - 1%,F6.2,37E12.5 Altitude (km), 37 NO density values
for latitudes from -90 to 90
in 5 degree increments.
Alt=153.33 km.

19 1X,¥6.2,37E12.5 As in previous data records for
- Alt=100.00 km.
%%% 20 7X,37(F12.3) 37 latitude values.
21 7X,37(F12.3) 37 longitude values.
22 7X,37 (F12.3) 37 solar zenith angle values.

Second orbit=1388, date=1982006 (Jan. 6, 1982)
23 2(1X,15),1X,F7.2 Orbit, Date(YYDDD), Equatorial Long.

24 1X,¥6.2,37E12.5 Altitude(km), 37 NO density values
for latitudes from -90 to 90
in 5 degree increments.
Alt=160.00 km.

25 1X,F6.2,37E12.5 Altitude(km), 37 NO density values
for latitudes from -90 to 90
in 5 degree increments.
Alt=156.67 km.

26 1X,¥6.2,37E12.5 Altitude(km), 37 NO density values
for latitudes from -90 to 90
in 5 degree increments.
Alt=153.33 km.

41 1X,F6.2,37E12.5 As in previous data records for
s, Alt=100.00 km.
o 42 7X,37(F12.3) 37 latitude values.

43 7X,37(F12.3) 37 longitude values.

44 71X,37(F12.3) 37 solar zenith angle values.

etc., for subsequent orbits for which there is SME NO data.
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SOLAR MESOSPHERE EXPLORER

ORBIT TRACK NITRIC OXIDE DATA FOR THE

NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX

The enclosed tapes have the following characteristics:

%‘% ~§

9-track, 1600 bpi. Written on a Digital TU77 drive.

ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (456 bytes each), one EOF, four File Trailer records
(80 Dbytes each), and one EOF for each of the data files on
this tape.

These tapes were made using the VMS COPY command after first
initializing each tape.

Physical data blocks are 456 bytes long; each block contains
one logical record.

The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1L 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vax tape K e e P> Ko >
Word written 2nd 1st

The resulting tape {(up is the tape beginning direction)
8 9 10 11 12 13 14 15 Word part 2

0 1 2 3 4 5 6 7 Word part 1

An annotated dump is attached which shows the contents of the
first ten physical blocks for the first tape. The left side
of the dump shows the hexidecimal word (read from right to
left) and the right side of the dump shows the ASCII equival-
ent word contents (read from left to right). The last column
on the right is the hexidecimal 4-byte word number for the
rightmost four bytes in the hexidecimal dump section.




ump of device ™MTAZD on 20~-JAN-1%49 20:62:102.40

Block number 1 C0G300031% 40 (0030) bytes

20202020 206202023 203202020 20292020
20202020 20202020 20202020 20202020

0 29
0

o]
-0
320

[N N

0o
020
026G

(SN N

[0

Block numper 2 (000000022, 40 (00350) bytes
30313030 3020315F 4D4F4E20 20202020 20205441
46434544 30303030 30302030 32303938 20303230

20202020
3lock numper 3 (000000033, ¥0 (0050 bytes
20202020 20202020 20202020 20202020 20313534
20202020 20202020 20202020 30302020 20202020

20202020

Block number 4 (00000004, 80 (0050) bytes
30303030 30303030 31303030 30303030 30323030
30303030 30303030 303030:30 30303030 30303030

20202020

Block number 5 (00000005, 40 (0050) bytes
20202020 20202020 20202020 20202020 20202020
20202020 20202020 202020620 206202020 20202020

20202020

sk End of fale o s

Cump of device MTAZI on 20-JAN-1989 20:43:02.7

glock number 6 (000000063, 456 (01C8) bytes

20202020 20202020 20202020 35222439 38202020
20202020 20202020 20202020 20202020 20202020
20202020 20262020 20202020 20202020 20232020
20202020 20202020 20202020 20202020 2020202¢C
20202020 20202020 20202020 20202020 20292020
20202020 20202020 20202020 20202020 20202020
20202020 20202020 2020202C 20202020 20202020
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
PROCESSED IRR ORBIT DATA (1982-1985)

FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

The SOLAR MESOSPHERE EXPLORER (SME) infrared radiometer (IRR)
orbit data consists of limb radiance profiles measured at two wavelengths (6.8 um
and 9.6 um). Each radiance profile is the average of four to six individual limb
profiles measured at 12 second intervals, each of which has had an assumed instru-
ment background subtracted (the average of all measurements above 70 km), and
has been interpolated to a standard 2-km altitude grid. The merged profiles have

~ been calibrated to W m~2 sr~1. Each profile consists of 46 radiance values covering

an altutude range of 100 km down to 10 km at 2 km intervals, and 14 items of
additional information such as time, latitude, longitude, and background radiance.
The profiles have not been interpolated to a standard latitude grid, as have most
other SME final science products. A detailed description of the IRR instrument
and data analysis is given in Jakosky et al., 1986.

The IRR data supplied here are from the period Jan. 1982 to Sept. 1985. The
data are contained on eight tapes, one for each wavelength (6 pm, 9 um) and for
each year (1982-1985). The contents of the tapes are summarized in Table 1. (The
term “Tape Label” refers to the actual paper label on the tape reel; there are no
ANSI standard labels written on the tapes themselves.)

Table 1. IRR Tape Contents
Tape Label A Year First Orbit Last Orbit No. Records

SMEIRR1 6 um 1982 1316 6825 111289
SMEIRR 2 9 um 1982 1316 6825 103988
SMEIRR 3 6 um 1983 6830 12355 98680
SMEIRR4 9 pum 1983 6830 12355 96708
SMEIRR 5 6 um 1984 12364 17906 74577
SMEIRR6 9 um 1984 12364 17906 69020
SMEIRR 7 6 um 1985 17913 21987 99594
SMEIRR 8 9 um 1985 17913 21987 83493

Each tape contains a single unlabeled file consisting of unformatted records of
60 VAX 4-byte floating point words (see appendix 1). The tapes are 9-track tapes
written at a density of 1600 bytes/inch with a block size (physical record size) of
24000 bytes (100 logical records). There are two types of records, orbit header
records (identified by a zero in word 51), and profile records. The contents of the
two types of records are described in Table 2.

1




Table 2. IRR Record Contents

Orbit Header Record:

Word No.

© 00 ~3 O O W D =t

Profile Record:

Word No.

1
2

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Description

orbit number

year

day of year (1 to 366)

Universal Time (secs) of orbit start

total number of spins in orbit

no. rejected for non-limb view

no. rejected for incomplete altitude range
no. rejected for telemetry error or bit error

limb view code, sum of 1-lead, 2-nadir, 4-trail
no. of merged profiles (NO. RECORDS THIS ORBIT)

no. of leading limb profiles

no. of trailing limb profiles

no. of mixed-limb profiles (rejected)

no. of short profiles (1-3 spins; rejected)
mean spin set variance

orbital variance of spin set variances

Description

calibrated radiance at 100 km
calibrated radiance at 98 km

calibrated radiance at 12 km
calibrated radiance at 10 km
background radiance

std dev of background

no. background points

detector temperature (K)

standard spin set number

latitude (deg., — for south)

longitude (deg., — for west)

Universal Time (secs)

limb code (O trailing, 1 leading)

UVS altitude correction code (1-yes, 0-no)
UVS altitude correction added (km)
number of profiles merged (4 to 6)
spin set variance

spin no. of worst spin (< 0 if rejected)

O,
hi



A second appendix contains three listings of VAX Fortran codes which illustrate
the use of these tapes. Listing 1. (PROGRAM irr_nssdc) is the code which was
actually used to write the tapes from the unformatted disk files. Listing 2. (PROGRAM
irt_nssdc) is a code which will create VAX disk files from the tape which will be
identical to the original files. Notice that the number of records in each orbit is
variable, and must be read from the header record (record(10)); there are no
end-of-file marks except the one following the last record on each tape. Listing
3. (SUBROUTINE getrad) is the routine used at LASP to access the disk files.

A description of the SME mission, the instruments, the scientific objectives,
and the initial results is contained in a series of papers in the April 1983 issue of
Geophysical Research Letters. In JGR in 1984 there are more comprehensive papers
on the instruments and data analysis.

Dr. C. A. Barth is the principal investigator for the SME experiment. Co-
investigators are Drs. R. J. Thomas, D. W. Rusch, G. E. Thomas, and G. J.
Rottman, all at the Laboratory for Atmospheric and Space Physics at the University
of Colorado, Boulder, Colorado, 80309.
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APPENDIX 1
FORTRAN REAL*4 DATA REPRESENTATION

This appendix describes the REAL*4 data type supported by
VAX-11 FORTRAN and illustrates how it is stored in memory. The
symbol :A in any illustration specifies the address of the byte
containing bit O -- +the starting address of the data element
represented.

The exponent for the REAL*4 format is stored in binary
excess 128 notation. Binary exponents from -127 to +127 are
represented by the binary equivalents of 1 through 255.

Fractions for +the REAL*4 format are represented in
sign-magnitude mnotation with the binary radix point to the left
of the most significant bit. Fractions are assumed to be
normalized, and therefore the most significant bit is not stored
(this is called “"hidden bit normalization"). This Dbit is
assumed to be 1 unless the exponent is 0. If the exponent
equals O, then the value represented is O.

A REAL*4 datum is four contiguous bytes starting on an

arbitrary byte boundary. Bits are labeled from the right, O
through 31.

15 14 7 6 0

IS I I

IGI EXPONENT I FRACTION I :A
INI | |

1 ! !

| |

! FRACTION | :A+2
| |

| l

3l 16

SGN = 0(+), 1(-)

The form of a REAL*4 datum is sign magnitude, with bit 15
the sign bit, bits 14:7 an excess 128 binary exponent, and bits
6:0 and 31:16 a normalized 24-bit fraction with the redundant
most significant fraction bit not represented. The value of the
datum 1is in +the approximate range: 2.938736E-39 through
1.7014117E+38. The precision is typically seven decimal digits.
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Appendix L

Listing 1.
PROGRAM irr_nssdc
c Make tape of unlabelled, unformatted files of IRR orbit track
c radiance data for NSSDC.
c B. G. Knapp, 86/11/05
c Tape unit must be $ASSIGNed to the logical "NSSDC"
IMPLICIT NONE {VAX-11 Fortran 77!
CHARACTER*22 fname
INTEGER i,chan
INTEGER n,nrecs,nblocks
INTEGER maxblocks /1600/
REAL#*4 blocksize /100./
INTEGER#*4 ceil ’ lceil(x) = least integer >= x
CHARACTER#*13 froot(4) tfile name root
1 /' 03_RAD:IRR9_’,
2 ! ',
3 ' ',
4 *H20_RAD:IRR6_’/
%%% INTEGER*4 begorb, endorb, orb
REAL*4 record (60)

WRITE(*,10) * Enter beginning, ending orbits: °’
10 FORMAT(’'$’.A)
READ *,begorb,endorb
WRITE(%,10) * Channel (1 for 9-micron, 4 for 6-micron)? °*
READ *,chan

OPEN(2,FILE="NSSDC’,STATUS="NE¥’,K ACCESS="SEQUENTIAL’,
1 FORM="UNFORMATTED' ,RECORDTYPE="FIXED’ ,RECL=60)

nrecs = 0
nblocks = 0
DO 100 orb=begorb,endorb

write(fname,20) froot{chan),orb
20 FORMAT(A13,15.5, ' .RAD’)

OPEN(1,FILE=fname,STATUS='0LD’ ,FORM="UNFORMATTED’,
ORGANIZATION="SEQUENTIAL" ,ACCESS='SEQUENTIAL",
2 RECORDTYPE="FIXED',RECL=60,READONLY,ERR=100)

[

READ(1,ERR=100,END=100) record
WRITE(2) record

n = NINT(record{10))
DO i=1,n
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READ(1) record
WRITE(2) record
ENDDO
CLOSE(1)
nrecs = nrecs+n+l
nblocks = ceil(nrecs/blocksize)

WRITE(*,30) orb,n,nrecs,nblocks
30 FORMAT (4110)

IF (nblocks .GE. maxblocks) GOTO 200
100 CONTINUE
200 CLOSE(2)

END
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Listing 2.
PROGRAM irt_nssdc

Recover IRR orbit-track radiance files from NSSDC unformatted
tapes.

B. G. Knapp, 86/11/06

Tape unit must be $ASSIGNed to the logical "NSSDC"

B W N

IMPLICIT NONE {VAX-11 Fortran 77!

CHARACTER*22 fname

INTEGER i,chan,n,nfiles,nskip

CHARACTER#13 - - freoot{4) - - {file name root
/' O3_RAD:IRR9_’,

*H20_RAD:IRR6_’/

INTEGER*4 begorb, endorb, orb

REAL*4 record(60)

LOGICAL header

WRITE(#,10) ' Enter beginning, ending orbits: °*
FORMAT(*$’,A)

READ *,begorb,endorb

WRITE(#,10) ° Channel (1 for 9-micron, 4 for 6-micron)? °*
READ #*,chan

OPEN(1,FILE="NSSDC’,STATUS="0OLD’ ,ACCESS="SEQUENTIAL" ,FORM=
'UNFORMATTED® ,READONLY ,RECORDTYPE="FIXED’ ,RECL=60)

orb = begorb
nfiles = 0
DOWHILE (orb.LT.endorb)

header = .FALSE.
nskip = -1
DOWHILE (.NOT. header)
READ(1,END=100) record
nskip = nskip+1
header = (record(51).LE.0.)
ENDDO
IF (nskip.GT.0) WRITE(*,20) nskip
FORMAT(® Records skipped searching for header record:’,I4)

orb = NINT(record(1))
n = NINT(record(10))

IF ((orb.GE.begorb).AND. (orb.LE.endorb)) THEN
write(fname,30) froot(chan),orb

1
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30 FORMAT(A13,15.5,' .RAD’)

DPEN(Z,FILE=fname,STATUS=’NEW',FORM='UNFORMATTED’.
ORGANIZATION='SEQUENTIAL’ ,ACCESS="SEQUENTIAL’,
2 RECORDTYPE="FIXED’,RECL=60)

[wS

WRITE(2) record
DO i=1,n
READ(1) record
WRITE(2) record
ENDDO
CLOSE(2)
nfiles = nfiles+1

WRITE(*,40) orb,n,i-1
40 FORMAT (3110

ELSE- i

DO i=1,n
READ(1) record

ENDDO

ENDIF

ENDDO

100 WRITE(*,50) nfiles
50 FORMAT(/* Number of files copied from tape:’,I15//)
CLOSE (1)

END
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Listing 8.
SUBROUTINE getrad(ichan,orbit,a,retcode)

[ Programmer: Barry G. Knapp, LASP, May 1986.
c Returns array a of IRR merged, altitude-corrected radiances for
c the specified channel. The array a must be declared by caller to
C be REAL*4, with 81 rows and 60 columns. Each row of a returns
c one merged radiance profile (cols 1-46) as well as the following
c additional information:
c Col # Data
c  mmee- ———
c 47 background
c 48 std dev of background
c 49 number of background points ,
c 50 detector (patch) temperature (K)
c 51 standard spin set number
C b2 latitude
c 53 longitude
c 54 Universal Time (secs)
c 55 limb code (0 trailing, 1 leading)
c 56 UVS altitude correction code (1-yes, 0-no)
c 57 UVS altitude correction added (km)
, c 58 number of profiles merged (4,5, or 6)
%%% c 59 variance in col. norms of co-distance matrix
g c 60 spin no. of worst spin (< O if rejected)
C Row 81 contains the standard altitudes from 10 to 100 km in
c cole 1-46, and the following additonal information:
c Col # Data
c  meee- ——
c 47 orbit
c 48 channel
¢ 49 yearday (YYYYDDD)
c 50 UT (secs)
C b1 number of spins in orbit
C b2 number rejected for non-limb view
c 53 number rejected for incomplete altitude range
c 54 number rejected for bad data start or bit error
c b5 limb view code, sum of 1-lead, 2-nadir, 4-trail
c 56 number of profiles returned
C b7 number of leading limb profiles
c 58 number of trailing limb profiles
c 59 number of mixed-limb profiles (rejected)
c 60 number of short profiles (1-3 spins; rejected)
IMPLICIT NONE
§%~ c Input:

INTEGER*4 ichan



INTEGER#4 orbit

4 Output:
REAL*4 a(81,60)
INTEGER retcode
c Local:
INTEGER nalt
PARAMETER (nalt=46) 'number of altitudes
REAL#*4 prof (nalt) tholds one profile
REAL*4 bkgd, sigma,nbkgd 'background info
REAL*4 tdet idetector temp.
REAL*4 set !set number
REAL*4 ncor,delz talt cor. info
REAL*4 lat,lon,secs,limb 1"file2" info
REAL*4 ngood, pdpa,kd ‘merge info-
REAL*4 horb,hyr,hday,hsecs,hview 'header info
REAL*4 hnspins,hnlrej,haltrej,hwrej!spin classes
REAL#4 hn,hnle,hntr,hnmx,hnshort  iprofile classes
REAL*4 missing_data/-1E6/ !represents missing data
INTEGER 1i,j,n
CHARACTER#*13 fname (4) {file name root
5, 1 /’ O3_RAD:IRR9._’,
3 ’ !,
4 *H20_RAD:IRR6_*/
CHARACTER*22 radfile {raw radiance file name
€ >>> Execution beging here <<<
DO i=1,81
DO j=1,56
a(i,j) = missing_data
ENDDO
ENDDO
WRITE(radfile,10) fname(ichan),orbit Yinternal write
10 FORMAT(A13,15.5,°.RAD")
i=1 ‘next row to fill
retcode = 1 !default: no return
OPEN(1,FILE=radfile,STATUS="OLD’,,FORM="UNFORMATTED’,
1 ORGANIZATION="SEQUENTIAL’ ,ACCESS="SEQUENTIAL’,
2 RECORDTYPE="FIXED' , RECL=60,READONLY, SHARED, ERR=100)
c Read header
7 READ(1,ERR=100) horb,hyr,hday,bsecs, hns ins,hnlrej,haltrej,
i Y y P ]

1

hwrej ,hview,hn,hnle,hntr,homx,hnshort

2




n = INT(hn)

DO j=1,nalt
a(i,j) = prof(nalt-j+1)

Read & stuff profiles

READ (1 ,ERR=100) prof,bkgd,sigma,nbkgd,tdet,set,
lat,lon,secs,limb,ncor,delz,ngood, pdpa,kd

a(i,nalt+l) =

a(i,nalt+2)
a(i,pnalt+3)
a(i,nalt+4)
a(i,nalt+5)
a(i,nalt+6)
a(i,nalt+7)
a(i,nalt+8)
a(i,nalt+9)
a(i,nalt+10) = ncor
a(i,nalt+11) = delz
a(i,pnalt+12)
a(i,nalt+13)
a(i,nalt+14)

DO j=1,nalt
a(81,j) = 10.+(j-1)*2.

a(81,nalt+1)
a(81,nalt+2)
a(81,nalt+3)
a(81,nalt+4)
a(81,nalt+5)
a(81,nalt+6)
a(81,nalt+7)
a(81,nalt+8)
a(81,nalt+9)
a(81,nalt+10)
a(81,nalt+11)
a(81,nalt+12)
a(81,nalt+13)
a(81,nalt+14)

it
L I B
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orbit

ichan

1000. *hyr+hday
hsecs

hngpins

hnlrej

haltrej

hwrej

hview

hn

hnle
hntr
hnmx
hnshort

{good data returned



ST-r002 —03 5
SOLAR MESOSPHERE EXPLORER
INFRARED RADIANCE DATA

1981-1987

In the normal data mode the spectrometer samples data at two
wavelengths, 1.27 micrometers and 1.87 micrometers. The limb altitude
radiance profiles with identifying data are on the tapes. See Thomas
et al., 1984 for more informaton.

Dr. C. A. Barth is the principal investigator for the SME
experiment. Co-investigators Drs. R. J. Thomas, D. W. Rusch, G. E.
Thomas, R. W. Sanders, and G. J. Rottman are resident at the
laboratory for Atmospheric and Space Physics at the University of
Colorade, Boulder, Colorado 80309.

The radiance data from the near infrared spectrometer is
written in standard ASCII labeled format with one orbit per file.
Each orbit consists of 20 to 60 (approximate range) merged spin sets.
Filenames are of the format RMxxxxx.NSS, where xxXxxxx is the orbit
number. The data set consists of 52 tapes containing radiance data
from Day 350, 1981 through Day 280, 1983. The following is a listing
of tapes and orbit intervals contained on tapes:

Tape Label Orbit Interval No. Orbits on Tape
AGO001 1074 - 1952 300
AGO0OO02 1953 - 26893 306
AGOO0O03 2701 - 3399 301
AG0004 3403 -~ 4055 306
AGOO0O0S5 4065 - 4675 308
AGO0O0S6 4676 - 5189 300
AGO007 5190 - 5750 300
AGOO0O08 5751 - 6286 303
AGOO0O0S 6294 - 6832 314
AGOO10 6835 - 7377 308
AGOO011 7379 - 7914 314
AGOO012 7921 ~ 8459 307
AGOO013 8466 - 9004 314
AG0014 9007 - 9543 295
AGO015 9950 - 10091 281
AGOO16 10095 - 10629 278
AGOO017 10637 - 11066 213
AGCO18 10900 - 11698 329
AGO0O019 11659 - 12455 339
AGO020 12456 - 13001 254
AGO021 13006 - 133086 144
AGQO022 13309 - 13608 137
AGOO23 13612 - 14010 184
AGO024 14017 - 14418 189
AGO025 14426 - 14823 183
AGQO26 14826 - 15117 136
AG0027 15124 - 15520 185
AGOO028 15524 - 15921 184
AG0O029 15928 - 16502 255

AGO030 16515 - 17399 313




Tape Label

AGO031
AGOO032
AGOO033
AGO034
AGO035
AGO036
AGO037
AGOO038
AGOO039

AGOO052

AGOO040
AG0041
AGOO042
AGO043
AGO044
AGO045
AGO046
AG0047
AGOO048
AGO049
AGOO050
AGOO051

Orbit

17404
18200
18800
18300
19900
20300
20800
21202
21600

22052

22502
23102
23700
24100
24500
25000
25500
26000
26500
27000
27500
28000

Interval

- 18193
- 18799
- 19299
- 18899
- 20296
- 20797
- 21198
- 21599
- 22051

- 22499
- 23095

~ 23699
- 24096

=~ 24499

- 24977
- 25493
- 25941
- 26499
- 26999
- 27499
- 27999
- 28813

No. Orbits on Tape

296
298
336
379
318
325
316
311
346

311
408

411
296

297

395
370
310
310
341
441
382
290

** Tape is out of
sequential order



The first step in the analysis of the raw science data from
the near infrared spectrometer is to merge the spins, data
collection rotations of the SME satellite, into groups of 1 to 6
spins. The data consists of long (1.87 micron) and short (1.2%
micron) channel radiances and information to didentify merged
spin set position. The ASCII format of &a merged spin set
follows:

Format Description
1X,13,1X Julian Day
32(E9.2,1X) Long channel radiances

(wavelength = 1.87 u, units = MR)
32(E9.2,1X) Short channel radiances

(wavelength = 1.27 u, units = MR)
F7.1 ' ~ Seconds into day (GMT)
1X,F8.3 Latitude of merged spin set
1X,F8.3 Longitude of merged spin set
1X,F5.0 Highest altitude (106 km)
1X,F3.0 Number of spins in merged set (1-6)
1X,F3.0 Sampling 1limb (+1 leading, -1 trailing)
1X,F5.0 Chronological order in orbit of last

spin merged into set

The physical characteristics of the tapes are:
Density 1600 bytes per inch

Tracks S

Blocksize 796 bytes

Label AGxxxx, where xxxx is the tape # in the series.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
AIRGLOW SPECTROMETER RADIANCE DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX

Each of the enclosed tapes has the following characteristics:

9-track, 1600 bpi. VWritten on a Digital TU77 drive.

ANSI STANDARD tape headers and End-of-File (EOF) structure

(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (796 bytes each), one EOF, four File Trailer records
(80 bytes each), and one EOF for each of the data files on
this tape.

Physical data blocks are 796 bytes long; each block contains
one 1logical record. If the logical record is less than 796
bytes long, a hexidecimal value of S5E is used as fill from
the end of the 1logical record to the end of the physical
record.

The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15
Vax tape e O >
Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 910 11 12 13 14 15 Word part 2

0O 1 2 3 4 5 6 7 ¥ord part 1

An annotated dump is attached which shows the contents of the
first eight physical blocks. The left side of the dump shows
the hexidecimal word (read from right to left) and the right
side of the dump shows the ASCII equivalent word contents
(read from left to right). The last column on the right is
the hexidecimal 4-byte word number for the rightmost four
bytes in the hexidecimal dump section.
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20202040 20¢Ued20 £9¢02320 20202020 20242020 29203053

20202020 «¢0202udd 230202020 20234020 29202020 29202320
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Dump of device MTA2: on 21-0CT-1986 221246%143.77

Block number 7 (000300007),
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20203130
25312020
393vudcis
20453539
31302345
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20204130
2uonllld)
303)252¢
15483732
332226837

Linzoed

28352029
35302E35
283453339
30322345
29203030
28342020
33362837
23453234
31392445
20203030
2:-352020
23312531
26453332
311302245
20203230
2:322020
34312639
25453031
32302845
23203030
31303120
38202020
SESESESE
SE5E3ESE
SC5E5E5E

28352020
2d4352E35
23453135
303024845
20203030
2c352020
39332235
23453731
31302845
20203030
22322020
33392837
23453126
31302045
20203230
25332020
32352231
2ue53337
32302443
25203020
313021290
33202020
SESESLSE

SEEE5I5E

SUSE5LE

.
Fir
Ut 4

38373220
20203030
25342020
39382836
2Be53732
30302345
20203030
27372020
31362E34
28453030
30302845
20203030
2€332020
36332635
2B453534
32302345
20203230
28342020
34362¢36
28453030
30302845
26363031
SESESESE
5ES5E5E5E
SESESESE

35373220
20203030
28352020
35322E34
284534338
30202845
20203030
28382020
303562E35
28453030
30302845
20203020
2E332020
37352237
23453037
323023453
20203230
2E£372020
34342235
28453030
33302345
£353031
F5E5ELE
2585268
Z5E5ESE

W oA A 02

275 5.69E+00 3.75E+400 3.58E+
00 5.06E+00 1.03E+01 7.26E+00
4.9BE+00 6.94E+00 B.46E+00
5.39F+00 6.70£+00 5.14E+00 5.
278400 5.03E+00 . 8.58E+00 5.35
E+00 6.86E+00 B8.50E+00 5.76€E+
00 7.635+400 4.76E+00 4.37E+00
7.82E400 9.61E+00 ©S.16E+00
46.51E+01 5.98E+02 ~2.006+00 -2,
00E+00 ~2.00E+00 ~2.00E+00 -2.00
E+00 5.926-01 4.01E+00 4.55E+
00 1.156401 1.61E+01 2.54E+01
3.58E401 3.956401 4.9TE+Q1L
6.36E+401 T.58E401 1.02E+02 1.
455402 1.80E+402  2.19E+402 2.34
£+02 2.164E402 1.TO0E+02 1.24E+
02 9.14E+401 6.36E+01 4.41E+01
4.10E+01 4.57E+01 2.77€E+01
664E+02 2.23E+403 -2.00E+00 -2,
Q0E+00 ~2.00E+00 =-2.00E+00 ~2.00

£+00 10115.6 ~85.603 1.508
10%. 89.824 2. 1l 15, AsAA

AAAAAAAAAAAAAAANAAAANANAAARARNAANAAN
AAAAAAAAAAARAARANAAAAAAANAARNAANNARDAN

AAAAAAAI\I\AAAAAI\AAAAAAAAAAAAA.. .o

275 64325400 5.23E+400 4.34E+
00 5.58E+00 6.38E+400 S5.0TE+00
6.51E+00 3,23E400 5.42E+00
4.25E+400 T.36E+000 3.8TE+00 6.
B4E+00 6.05E+00  5.4TE+00 7.37
E+00 S.B0E+00 5.46E+00 4.04E+
00 5.3%9E+00 5.73E+00 4.B6E+00
8.17E+00 7.86E+00 8.30E+00
5,60E+01 =6.00E+00 ~6.00E+00 =6,
00E+00 -6.00E+00 ~6.00E+00 ~6.00
E+00 2.49E+00 3.11E+400 4.55E+
00 T.98E+00 1.46E+01 2.56E+01
3.61E+01 4.356+401 5.63E+01
7.576401 9.51E+01 1.2454¢02 1.
TJOE+02 2.26E+402  2.7TE+02 3.09
2402 3.035+02 2.53E+02 1.98E+
02 1.525+02 1.14E+02 9.128+01
T.T3E+01 T7.63E+01 7.50E+01
5.464E402 ~6.00E+00 -6.00E+400 =o.
00E+00 ~5.00E+00 =6.00E+00 -6.00

2400 10137.6 =-89.323 =92.841
106. 57.233 6. 1. 16, AAAA

Al\Al\I\AAAAAA\AAI\AI\I\‘AAAAAAAAAI\AAAAA
AAAAAAAAAAAAARNANNANAANANAAAAANANAAN

I\Al\l\AAAI\AAI\AAAAI\AI\I\I\AAAI\I\AI\A.. -
3 -

000000
000020
000040
000060
go0080
0000A0
0000CO
0000ED
000100
000120
000140
000160
000180
0001A0
0001C0
0001E0
000200
000220
000240
000260
0002890
0002A0
0002C0
0002E0
000300

000000
000020
000040
000060
000080
0000A0
0000C0
0000€0
000100
000120
000140
000160
000180
0001A0
0001C0O
00D1ED
000200
g00220
000240
000240
000280
000240
0002C0
0002E0
000300




2B453531
30302345
20203030
28332020
35322638
28453434
30302445
20203030
28362020
30302236
20453235
31302445
20403130
28322040
30392&33
284533338
32302845
20263230
28362020
30302E36
20203031
SES5ES5c5¢
Se5e5c5E
5ES5E5ESE

8352080
Iu3udids
2455033
30502345
20203030
2:352020
35332L37
234537132
30302545
20203050
2r362u20
34394c32
28453937
32302045
20203230
22322020
30352:31
26453134
30304445
20203030
362£3236
0283731
S5cS5E5E5E
SEHESeSE
SESESESE

per 3 (J003UL0a),

i0sl8aes
202020329
2039520230
3231¢£33
23455830
30302445
20203030
2835204
30302830
28453030
30302445
20203130
2e362029
38342831
28453533
32302845
20233238
2E3120290
303udiss
28453030
31602033
20202028
SES5c525¢%
SESCLESE

‘vice MTAZi on 2i-20T~ivdo 2

796 (u3ll)

34342533
48453031
303004845
20233030
2E342020
3n3420L35
28453730
30302845
20203030
2E362D2u
33352E35
28453735
31302484¢%
2024032390
4£332020
36352533
23453233
12302545
202030230
dr 362020
3033235
312029:2¢
SESESLESE

SESUSESE

=

“ytes

20203030
25342020
30322¢ 3%
20493735
303020845
20203330
2E352020
32352633
22452030
303492443
20203030
21412020
35352834
2e4530131
32302345
20203230
2:212020
31332831
25453030
30302045
36202020
36202030
SES5ES5ELE
5585858
SE9ESESE

KRN I i 4

23453532
30302445
20203030
2EZA2020)
31342F26
23453434
30302345
20203039
22362020
30302636
2345333¢
30302345
202603130
26312020
39362832
23453530
32302345
202063239
22352020
30302E3¢6
342E3335
35382234
3E3ESELE
SESESISE
SESESESE

22332029
33332234
23453337
33302045
2029303y
28352020
35352£35
23453633
30302345
20203030
2:342020
313932E36
234532138
31302845
20203230
22342020
35322€32
24453433
30302845
20203030
32303120
35202020
SESESESE
SESESESE
5ES5ES5ESE

36373220
20203030
2E34642020
33382£36
28453636
30302845
20203030
28372020
30302235
284%3030
30302845
20203030
2£332020
37342€E39
28453430
32302845
20203230
2E312020
30302536
28453030
30302845
2E363031
SESESESE
SESESESE
5ESES5ESE

275 3.256400 3.94E+00 S5.15E+
00 4.89E+00 4.10E+00 5.88E+00
4.T73E+00 5.206+400 5.30E+00
6.83E+400 4.67E400 3.725+400 3.
56E+00 4.41E+00 4.6B8E+00 5.25
E+00 5.44E4+00 S.48E+00 S.44C+
00 5.55E+400 S.0TE+00 7.358+400

T.B6E+00 B.62E+00 S5.2TE+00 -
A.O00E+00 -6.00E+00 -6.00E+00 —6.
00E+00 ~6.00E+00 ~6.00E+00 -6.00
E+00 4.53E+00 5.53E+00 4.52E+
00 A.91E+400 1.57E+01 2.94E+01

3.82E+01 4.53E+401 6.79E+01
9.4TE+01  1.16E+02 1.48E+02 2.
04E+02 2.69E+402. 3.35E+02 3.90
E+02 4.05E+02 3.56E+02 2.83E+
02 2.25E+02 1.82E+02 - 1.50E+02

1.34E402 1.31E+402 1.41€E+02 -
£.00E+00 =-6.00E+00 -6.00E+00 ~6.
QUE+G0 -6.00E+00! -6.00E+00 -6.00
E+00 10253.6 =85.303 -162.410
106. 844650 62 1. 17. AAAa

AAAAAAAAAAAAAI\AA;RAI\AAAAAAAAI\AAAA

AAAAAAAAAAAAANAAAANANAAAANAAANAANAAN

I\AAAAAAAAAAAAAAA:\AAI\AAAAAAA&" P

000000
000020
000040
000060
000080
000040
0000C0O
0000E0
000100
000120
000140
000140
000180
0001A0
0001C0O
0001E0
000200
000220
000240
000260
000280
000240
0002C0
0002E0
000300

[d

L
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BRIETF DESCRIPTION
SME,Visible Nitrogen Dioxide

@; 81-100A-04 [NO NEW D]

The objective of the Visible Nitrogen Dioxide Experiment was to
measure the distribution of nitrogen dioxide in the 25- to 40-km
altitude region. This was done by measuring the differential
absorption of scattered sunlight by NO2 at two wavelengths near 4400
A. A dual-channel Ebert-Fastie spectrometer operated in the following
wavelength intervals: 4390 to 4420 A and 3200 to 6400 A. The signal
at half maximum had a full width of 9.8 A and 19.6 A, respectively.
There were 512 and 438 grating steps per scan, respectively. The
instrument line of sight was normal to the spin axis.
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MATERTIALS F OR DISTRIBUTION
81-100A-04B
Orbital Nitrogen Dioxide Pfl,Tape

Laboratory for Atmospheric and Space Physics Solar Mesosphere Explorer

Orbit Track NO2 Data for the National Space Science Data Center
1982-1986 Data (12 pp.)
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
ORBIT TRACK NOZ DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER
1982-1986 DATA
The SOLAR MESOSPHERE EXPLORER (SME) orbit track NO2 data was
derived from the visible spectrometer radiance measurements. A

description of the mission, the instruments, the scientific
objectives, and the initial results is contained in a series of

.articles in the April 1983 issue of Geophysical Research Letters

(10:237-267) . In Mount et al. (JGR 89: 1327-1340, 1984) there
is a more comprehensive paper on the visible instrument and data
analysis.

The nitrogen dioxide mixing ratios in parts per billion by
volume are given on pressure surfaces from about 24 to 40 km
between 120 degrees South and 120 degrees North at each 5
degrees. Latitudes between 90 § and 90 N indicate normal data,
taken at an afternoon local time. During times when the pole is
sunlit, SME was able to take data on both sides of the pole.
Crossing the pole gives an early morning local time. In order to
differentiate between data taken at these different local times,
latitude labeling was extended beyond 30 degrees. So, latitudes
greater than 90 indicate morning data, while latitudes less than
90 indicate afternoon data. For example, a latitude of 110 N
would indicate data taken at 70 N in the morning.

Dr. C.A. Barth is the principal investigator for the SME
experiment. Co-investigators Drs. R.J. Thomas, D.W. Rusch,
G.E. Thomas, and G.J. Rottman are resident at the Laboratory
for Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado, 80309.



e
This set of data consists of 2 tapes. The first tape,
labeled NO201, has 3 files covering the years 1982 through 1984.
The second tape, labeled N0202, has 2 files covering the years

1985 through 1986.

The blocksize on these tapes is 2048. The logical recoxd
length is 490. A description of the tape characteristics is
given in the appendix.

These data, derived from the wvisible spectrometer on SME,
are orbit track NO2 mixing ratios. They cover the years 1982
through 1986. Units are parts per billion by volume.

SME NO2 MIXING RATIO DATA, 1981 - 1986

TAPE FILE NO.BLOCKS CONTENTS

NO201 NO282 .DAT 4137 2/17/82 -~ 12/31/82
NO283 .DAT 3237 1/ 1/83 - 12/31/83
NO284 .DAT 2829 1/ 1/84 - 12/31/84
NO202  NO285.DAT 3335 1/ 1/85 - 12/31/85
NO286 .DAT 4683 1/ 1/86 - 12/ /86
The following format describes the file NO282.DAT. The
format is applicable for the 5 files in this dataset consisting
of SME NO2 mixing ratios (ppbv) on orbit tracks. Missing data is
indicated by -1.0. The pressure in millibars ranges from 31.6228
to 4.217 mb. There are 8 pressure levels and 48 latitudes.
Pressure levels are evenly spaced in terms of LOG (pressure) . The
LOG values range from 1.5 to .625 in increments of .125. P (mb) -
10.**(1.5-(1evel-1)*.125), where level goes from 1 to 8.
Latitudes range from 120 S to 120 N in 5 degree increments.
Values of latitude greater than 90 indicate morning data, while
data between 90S and 90N was taken in the afternoon. Data at 120
§ would be in the morning at 60S, while data at 60 8 would be in
the afternoon.
First orbit=2021, date=1982048 (Feb. 17, 1982)
Record Format Description
1 315,F10.2 Orbit, Year, Day, Equatorial Long.
2 49E10.3 For pressure = 31.6 mb
Field 1: Latitude = -120.
Field 2: Latitude = -115.
Field N: Latitude = (N-25) %5
§%§ Field 49:Latitude = 120.
@ 3 49E10.3 For pressure = 23.7 mb
Field 1: Latitude = -120.
Field 2: Latitude = -115.

Field N: Latitude

(N-25) *5 .,



Field 35:Latitude

= 120.
4 49E10.3 For pressure = 17.8 mb
9 49E10.3 For pressure = 4.2 mb
10 49F77.2 Longitudes
11 49F7.2 Solar zenith angles
12 49F9.2 Seconds of day
13 49F6.2 Roll angles
Second orbit=2022, date=1982048 (Feb. 17, 1982)
14 315,¥810.2 Orbit, Year, Day, Equatorial Long.
15 49E10.3 For pressure = 31.6 mb

Field 1: Latitude = ~120.
‘Field 2: Latitude = -115.

Field N: Latitude

= (N-25)*5,
Field 49:Latitude = 120.
16 49E10.3 For pressure = 23.7 mb
Field 1: Latitude = -120.
Field 2: Latitude = -115.
Field N: Latitude = (N-25)*5,

o
@

Field 35:Latitude = 120.

17 49E10.3 For pressure = 17.8 mb
22 4910.3 For pressure = 4.2 mb
23 49F7 .2 Longitudes

24 49F7 .2 Solar zenith angles

25 49r9 .2 Seconds of day

26 49F6.2 Roll angles

etc., for subsequent orbits for which there is SME NO2 data.




%gz LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS

) SOLAR MESOSPHERE EXPLORER
PROCESSED DATA FOR THE

NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX
Each of the enclosed tapes has the following characteristics:
1. 9-track, 1600 bpi. Written on a Digital TU77 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (2048 bytes each), one EOF, four File Trailer
recoxrds . (80. bytes each), and cne ECF for each of the data
files on this tape.

3. Physical data blocks are 2048 bytes 1long; data files are
7-bit ASCII records containing a four byte "control" word
followed by the ASCII bytes. The control word consists of
two bytes of End-of-Text characters (hexidecimal=0) followed
by a two byte logical record length value. The length
refers to the total number of bytes and includes the 4-byte
control word. Logical records are blocked into physical

%?; records and a hexidecimal value of 5E is used as fill from
the end of the last logical record to the end of the
physical record.

4. The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15
Vax tape <-==—mme—mem e > R e e e >

Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 910 11 12 13 14 15 Word part 2

0 1 2 3 4 5 6 7 Word part 1

5. An anﬁgpated dump is attached which shows the contents of
the first six physical blocks. The left side of the dump
shows the hexidecimal word (read from right to left) and the
right side of the dump shows the ASCII equivalent word
contents (read from left to right). The last column on the
right is the hexidecimal 4-byte word number for the
rightmost four bytes in the hexidecimal dump section.




Dump of device MTAO: on 14~DEC~1988 23:33:22.03

Block number 1 (00000001, 80 (0050) bytes

"
20202020 20202020 20202020 20202020 20202020 20202031 30324F4E 314C4F56 VOLINO201 000000
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000020
. ™ 33202020 20202020 20202020 20202020 Buseasssssaancass 000040
H
- Block number 2 (00000002), 80 (0050) bytes
30313030 30203130 324F4E20 20202020 20202054 41442E32 38324F4E 31524448 HORIND282.DAT ND201 00010 000000
- 46434564 30303030 30302039 34333838 20393433 38382030 30313030 30313030 001000100 88349 88349 000000DECF 000020
* 20202020 20202020 20204131 31454C49 ILEL1A sececsessancnass 000040
- Block number 3 (00000003), 80 (0050) bytes
20202020 20202020 20202020 20202020 20343934 30303834 30323044 32524448 HDR2D0204800494 000000
- 20202020 20202020 20202020 30302020 20202020 20202020 20202020 20202020 00 000020
” 20202020 20202020 20202020 20202020 ceessssnssascess 000040
v Block number 4 (000000042, 80 (0050) bytes
30303030 30303030 31303030 30303030 30303030 32303230 41453130 335264448 HOR301EA020200000000000100000000 000000
. 30303030 30303030 30303030 30303030 30303030 30303030 30303030 30303030 00000000000000000000000000000000 000020
& 20202020 20202020 20202020 30303030 0000 cesserscsecasnes 000040
. Block number 5 (000000052, 80 (0050) bytes
20202020 20202020 20202020 20202020 20202020 20202020 20202020 34524448 HDR4 000000
) 20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000020
b 20202020 20202020 20202030 30202020 00 sessessssrassaas 000040
. *%%  End of file %k
i
4

& ©

3

& & & 8 3 3
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Dump of device MTAQ! on 14-DEC-1988 23133:22.03

Block number 6 (00000006),

39343037
20303028
2E322030
33352E31
45363537
30284533
20313020
2E312031
30302E31
45303030
30284530
20303028
2E312030
30302E31
45303030
30284530
45303030
30284530
20303028
2E322030
35352E32
45353539
30204539
20313020
2E312030
30302E31
45313438
30284530
2D303028
2E312030
30302E31
2E312D34
30302€31
45323339
30284536
20303028
28332030
39372E32
45303130
30284530
2D303028
2E312030
33392€31
45303030
30284530
20303028
2E312030
20303028
2E37203¢0
30382E34
45343632
30284539
20303028
2E342030
34372E34
45303030
30284530
20303028
2E312030

362E3939
45303030
30284537
20303028
2E312030
39312831
45333732
30204531
20313020
2E312030
30302E31
45303030
30284530
20303028
2E312030
30302€31
2E312030
30302E31
45393531
30284539
20303028
2E312030
39362E38
45313635
30284530
20303028
2E332030
30302E31
45303030
30284530
20303028
39343030
20303028
2E342030
35332E33
45323438
30284532
20303028
2E322030
30302E31
45303030
302B4530
20303028
2E312D30
30302E31
45303030
30284530
45303030
30284530
20303028
2E362030
36392E35
45303134
30284539
20303028
2E312D30
30302€31
45383337
30284530

20202020
2E312030
39342E32
45383536
30284536
20303028
28392030
35382E31
45323239
30284530
20303028
26312030
30302E31
45303030
30284530
20303028
30284530
20303028
2E332030
30352E32
45353638
30284532
20303028
2E322031
30302631
45303030
30284530
20313020
26312030
30302E31
45303030
30284530
45303030
30284539
20303028
2E342030
32382633
45393631
30284530
20303028
26312030
30302E31
45303637
30284530
20303028
28312030
30302E31
28312030
30302E31
45303431
30284537
20303028
28352030
34372634
45353935
30284530
20303028
26322030
30302E31

2048 (0800) bytes

20383420
30284530
20303028
2E312030
32372E31
45383833
30284535
20313020
2E322031
30302€31
45303030
30284530
20303028
2E312D30
30302E31
45303030
30302E31
45303030
30284535
20303028
2£322030
38302E32
45323433
30204534
20303028
2E312D30
30302€E31
45353334
30284530
20303028
2E312030
30302E31
2E312D30
34322E35
45373035
30284535
20303028
2E332030
38302€32
45343635
302B4530
20303028
2E312030
30302£31
45303030
30284530
20303028
30284530
20303028
2E362030
38322E35
45353935
30284536
20303028
2E342030
30302E31
45303030
30284530
20303028

20203238
30302E31
45303030
30284537
20303028
26312030
34302E31
45383439
30204532
20303028
26312030
30302E31
45303030
30284530
20303028
26312030
20343934
26312030
38342E33
45303932
30284536
20303028
2E312030
38392632
45303030
30284530
20303028
2382031
30302E31
45303030
30264530
20303028
30284530
26303028
26332030
36342E34
45323732
30284538
20303028
26312030
30302€E31
45303030
30284537
20303028
2£312030
30302E31
45303030
30302€31
45303030
30284537
20303028
268362030
30332E35
45383631
30284536
20303028
26312030
30302E31
45353034

39312031
20303028
2E312030
32312€32
45303036
30284534
20303028
2E332031
30332€32
45303030
30284530
2D303028
2E312030
30302€31
45303030
30284530
30303028
30284530
20303028
28322030
30302€E33
45323532
30284538
20313020
2E312D31
30302E31
45303030
30204536
20303028
26312030
30302£31
45303030
30302€31
45303030
30284531
20303028
2E342030
38332E33
45303833
30284533
20303028
2E312030
38352€E31
45303030
30284530
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
MONTHLY AVERAGE NO2 DATA FOR THE
NATIONAL SPACE SCIENCE DATA CENTER

1982~1986 DATA

The SOLAR MESOSPHERE EXPLORER (SME) monthly average data was
derived from the visible spectrometer radiance measurements. A
description of the mission, the instruments, the scientific
objectives, and the initial results is contained in a series of
articles in the April 1983 issue of Geophysical Research Lettexs
(10:237-267) . In Mount et al. (JGR 89: 1327-1340, 1984) there
is a more comprehensive paper on the visible instrument and data
analysis.

The nitrogen dioxide mixing ratios in parts per billion by
volume are given on pressure surfaces from about 24 to 40 km
between 120 degrees South and 120 degrees North at each 5
degrees. Latitudes between 90 S and 90 N indicate normal data,
taken at an afternmoon local time. During times when the pole is
sunlit, SME was able to take data on both sides of the pole.
Crossing the pole gives an early morning local time. In order to
differentiate between data taken at these different local times,
latitude labeling was extended beyond 90 degrees. So, latitudes
greater than 90 indicate morning data, while latitudes less than
90 indicate afternoon data. For example, a latitude of 110 N
would indicate data taken at 70 N in the morning.

Dr. C.A. Barth is the principal investigator for the SME
experiment. Co-investigators Drs. R.J. Thomas, D.W. Rusch,
G.E. Thomas, and G.J. Rottman are resident at the Laboratory
for Atmospheric and Space Physics at the University of Colorado,
Boulder, Colorado, 80309.
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There is one file on this tape. The tape is labeled NO2MON,
and the file is SMENO2M.DAT. The blocksize on this tape is 396.
There is one physical record per block.

These data, derived from the visible spectrometer on SME,
are monthly average NO2 mixing ratios. They cover the years 1982
through 1986. Units are parts per billion by wvolume. The data
record format is described in the following table.

Description of SMENO2M.DAT, monthly averages of NO2 nmixing
ratios in ppbv. Missing data is indicated by -1.0. The pressure
in millibars ranges from 31.6228 to 4.217 mb. There are 8
pressure levels and 48 latitudes. Pressure levels are evenly
spaces in terms of LOG(pressure). The LOG values range from 1.5
to .625 in increments of .125. The pressure in mb is given on
the tape. Latitudes range from 120 S8 to 120 N in 5 degree
increments. Values of latitude greater than 90 indicate morning
data, while data between 90S and 90N was taken in the afternoon.
Data at 120 S would be in the morning at 60S, while data at 60 S
would be in the afternoon.

DATE: 1982 MONTH 1

s, Record Format Description
%§§ 1 1X,I4,1X,12 Year, Month
2 1X,F8.4,3X,48(F7.3,1X) Pressure, NO2MR(48), this

is for pressure=31.6 mb.

3 1X,F8.4,3x,48(F7.3,1X) Pressure, NO2MR(48), this
is for pressure=23.7 mb.

9 1X,F8.4,3x,48(F7.3,1X) Pressure, NO2MR (48), this
is for pressure=4.217 mb.

10 12X,48(1X,F6.1,1X) XLAT(48), latitudes which
correspond to 48 NO2 wvalues
in each record.

11 1X,14,1X,12 IDUM1,IDUM2. . .these are both
equal to 0, this signifies the
end of the month.

DATE: 1982 MONTH 2
12 repeat record 1

13 repeat record 2

etc., the first 1l records repeat through 1986 MONTH 12. Please
note: Data for Jan. 1982 and Dec. 1986 are missing. The records
for this data exist on the tape, they are filled with -1.0s. All
other months in the range given do contain data, although not
for all latitudes and pressures.
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS
SOLAR MESOSPHERE EXPLORER
MONTHLY AVERAGE NITROGEN DIOXIDE DATA FOR THE

NATIONAIL SPACE SCIENCE DATA CENTER

APPENDIX

The enclosed tape has the following characteristics:

1. 9-track, 1600 bpi. Written on a Digital TU77 drive.

2. ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (396 bytes each), one EOF, four File Trailer records
(80 bytes each), and one EOF for each of the data files on
this tape.

3. These tapes were made using the VMS COPY command after first
initializing each tape.

4. Physical data blocks are 396 bytes long; each block contains
one logical recoxd.

5. The VAX writes bytes onto a 9-track tape in the following

order:
Vax word 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15
Vax tape Lmmmm > Kmmmmmm e >
Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 9 10 11 12 13 14 15 Word part 2

01 2 3 4 5 6 7 Word part 1

6. An annotated dump is attached which shows the contents of the
first twenty physical blocks for this tape. The left side of
the dump shows the hexidecimal word (read from right to left)
and the right side of the dump shows the ASCII equivalent
word contents (read from left to right). The last column on
the right is the hexidecimal 4-byte woxrd number for the
rightmost four bytes in the hexidecimal dump section.
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%;f%p of device MTAD: on 14-DEC-1988 1B:24:27.27

Block number 1 (00000001), 80 (0050)
20202020 20202020 20202020 20202020
20202020 20202020 20202020 20202020

Block number 2 (00000002>, 80 C0050)
30313030 304E4F4D 3264F4E20 20202020
466434544 30303030 30302039 34333838

Block number 3 (00000003), 80 (0050)
20202020 20202020 20202020 20202020
20202020 20202020 20202020 30302020

B8lock number & (00000004)>, 80 (0050)
30303030 30303030 31303030 30303030
30303030 30303030 30303030 30303030

Block number 5 €00000005)>, 80 (0050)
20202020 20202020 20202020 20202020
20202020 20202020 20202020 20202020

sk End of file kxx

bytes

20202020
20202020
33202020

bytes

20544146
20393433
20202020

bytes

20363933
20202020
20202020

bytes

30303030
30303030
20202020

bytes

20202020
20202020
20202020

20204E4F
20202020
20202020

2E4D324F
38382036
20202020

30303639
20202020
20202020

31303230
43383130
20202020

20202020
20202020
20202020

4D324F4E
20202020
20202020

4E454053
30313030
20204131

33303046
20202020
20202020

43383130
30303030
20202020

20202020
20202020
20202030

314C4F56
20202020
20202020

31524448
30313030
31454C49

32524448
20202020
20202020

33524448
30303030
30303030

34524448
20202020
30202020

VOLINDZNON

Bevesennssosnsscans

HDR1ISMENDZM.DAT NOZMONOOOL10
001000106 88349 88349 000000DECF
ILEl11A srsvesnscsnancse

HDOR2F0039600396
00

sesecssssesnnsne

HDR3018C020100000000000100000000
00000000018C00000000000000000000

0000 esssssssesnncensee

HOR4

00 ssssensencsesnes

000000
000020
000040

000000
000020
000040

000000
000020
000040

000000
oooco20
000040

goo000
000020
000040

R

e
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Block number 6 (0000000673, 396 (018C) by¥es ASO(\ -
20202020 20202020 20202020 20202020 20202020 20202020 31202032 38393120 1982 1 000000 £,¥b(¥y

20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 0060020 ) -
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000040 ’
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000060

20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000080 -
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 0000A0 !
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 g000CO

20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 GO000ED ~
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000100 ’
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 400120

20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000140 N
20202020 20202020 20202020 20202020 20202020 20202020 20202020 20202020 000160

20202020 20202020 20202020 esesssssssansacnsens G00180

Block number 7 (000000075, 3956 (018() bytes

2€312020 20303030 2E312020 20303030 2£312020 20202038 3232362E 31332020 31.6228 -1.000 ~1.000 =~1. 000000 .
2E312020 20303030 2€312020 20303030 2E312D20 20303030 2£312020 20303030 000 -1.,000 =-1.000 =-1.000 ~1. 000020

2€312020 20303030 2€312020 20303030 2€312020 20303030 2E312D20 20303030 000 -1.000 ~1.,000 -1.,000 ~1. 000040

2E312020 20303030 2E312020 20303030 25312020 20303030 2E312020 20303030 000 -1.000 =-1.000 <~1.000 ~1. 000060 .
2E312020 20303030 2E312020 20303030 2€312D20 20303030 2E312020 20303030 000 =-1.000 =-1,000 ~1.000 -1. 000080 ’
26312020 20303030 2E312020 20303030 26312020 20303030 2312020 20303030 000 ~-1.000 ~1,000 -1.000 =-1. 000040

2E312020 20303030 2E312020 20303030 2£312020 20303030 2E312020 20303030 000 -1.000 -1,000 =-1.000 -1, 0000CO ~
2E312020 20303030 2E312020 20303030 2E312D20 20303030 26312020 20303030 000 -1,000 =-1.,000 <-1.000 -1. CO00EC !
26312020 20303030 2E312020 20303030 2E312020 20303030 2€312020 20303030 000 -1.000 -1.000 =~1.000 ~-1. 000100

2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312D20 20303030 000 -1.000 -1,000 =-1.000 ~-1. 000120

26312020 20303030 2E312D20 20303030 2E312020 20303030 2E312020 20303030 000 =-1.000 -~1.000 ~1.000 ~1. 000140 o .
2E312020 20303030 2E3312D20 20303030 2E312D20 20303030 26312020 20303030 000 -1.000 -~1.000 ~-1.000 ~1. 000160 ;
20303030 2E312020 20303030 000 ~1.000 ecovacccscosscscasses 000180 Q

Block number 8 (00000008), 396 (018C) bytes

2E312020 20303030 2E312020 20303030 2E312020 20202037 3331372E 33322020 23.7137 -1.000 ~1.000 ~1. 000000 L
2€312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 ~1.000 -1.000 ~-1.000 ~1. 000020
26312020 20303030 2E312020 20303030 2E312020 20303030 2£312020 20303030 000 -1.000 =-1.000 =1.000 ~1. 000040
2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 -1.000 -1.000 -1.000 -1. 000060 bt
26312020 20303030 2£312020 20303030 2E3120D20 20303030 2E312020 20303030 000 ~-1.000 ~-1.000 ~-1.000 ~-1. 000080
2€312020 20303030 26312020 20303030 26312020 20303030 2312020 20303030 000 ~-1.000 -1.000 ~1.000 ~-1. 0000AD
2E312D20 20303030 2E312020 20303030 26312020 20303030 2£312D20 20303030 000 =-1.000 =~1.,000 ~-1.000 =~-1. 0000CO «J
2E312020 20303030 2E312020 20303030 2312020 20303030 2E312020 20303030 000 ~-1.000 -~1.000 ~-1.000 ~1. GOOOEO
26312020 20303030 2E312020 20303030 26312020 20303030 2£312020 20303030 000 -1.000 ~-1.000 -1.000 ~1. 000100
2E312020 20303030 2€312020 20303030 2E312020 20303030 2E312020 20303030 000 ~-1.000 ~1.000 -1.000 ~1. 000120 "
2E312020 20303030 2E312020 20303030 2E312020 20303030 2€312020 20303030 000 ~-1,000 -1.000 <-1.000 ~-1. 000140
2E312020 20303030 2E312020 20303030 2E312020 20303030 26312020 20303030 000 -1.000 -1.000 =-1.000 ~1. 000160

20303030 2E312D20 20303030 000 ~1.000 cceocscescsncscnsses 000180 s

Oump of device MTAO:! on 14-DEC~-1988 18:24:27.27 b f
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Block number 9 €00000009), 396 (018C) bytes

2E312020
2E312020
2E312020
2E312D20
2E312D020
2E312020
2E312D20
2E312020
2E312020
2E312020
2E312D20
2E312020

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2E312020
2E312D20
2E312D20
2£312020
2€312D20
2E312020
2E312020
2E312020
2E312020
2€312020
2E312D20
2E312020

Block number 10 (00000004),

2E312020
2E312D20
2E€312020
2E312D20
2€312D020
2€312D20
2E312020
2E312020
2E312020
2E312020
2E312D20
2E312020

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2€312020
2E312020
2E312020
2E312020
2E312D20
2€312020
2E312020
2E312020
2E312D20
2E312020
2E312D20
2E312020

Block number 11 (00000008),

2E312020
2E312020
2E312D20
2E312020
2E312020
2E312020
2E312020
2E312020
2E€312020
2E312D20
2E312020
2E312D20

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2E312020
2E312020
2E312D20
2E312020
2€312020
2E312D20
2E312020
2E312020
2E312D20
2E312020
2€312020
2E312020

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2E312020
2E312D20
2E312D20
2€312020
2E312020
2E312020
2E312020
2€312020
2E312020
2E312020
2E312D20
2E312D20

396 (018C) bytes

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2E312D20
2E312020
2E£312020
2E312020
2E312D20
2E312020
2€312D020
2E312020
2E312D20
2E312D20
2E312D20
2E312020

396 (018C) bytes

20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

2E312020
2E312020
2E312D020
2E312020
2€312020
2E312020
2E312020
2€312020
2E312020
28312020
2E€312D20
2E312020

20202038
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

20202032
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

20202030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

32383728
2E312020
2E312020
2E312020
2E312020
2E312D20
2E312020
2E312D20
2E312D20
2€312D20
2E312020
2E312D20
2E312D20

3533332¢
2E312020
2E312020
2E312D20
2€312D20
2E312020
2£312D020
2£312020
2€312D20
2E312D20
2E312020
2£312020
2E312020

3030302E
2E312020
26312020
2€312D20
2€312020
2E312D20
2E312D20
2E312020
2E312020
2E312020
2E312D20
2E312020
2E312020

371312020
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

33312020
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

30312020
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030
20303030

17.7828
000 -1.000
000 ~1.000
000 ~1.000
000 ~-1.000
000 ~1,000
000 ~-1.000
000 ~1.000
000 -1.000
000 -1.000
000 -1.000
000 ~-1.000
000 -1.000

13,3352
000 =-1.000
000 ~-1.000
000 -1.000
000 ~1.000
000 -1.000
000 ~1.000
006 -1.000
000 -1.000
000 =-1.000
000 =-1.000
000 ~-1.000
000 ~-1.000

10.0000
000 ~-1.000
000 -1.000
000 -1.000
000 ~1.000
000 -1.000
060 -1.000
000 ~-1.000
000 -1.000
000 =-1.000
000 ~1.000
000 ~1.000
000 ~1.000

-1.000 ~1.000 -1,
~1.000 -1.000 =-1.
-1.000 =-1.000 ~-1.
-1.,000 ~-1.000 ~-1.
-1.000 ~1.000 ~1,
-1.000 ~1.000 ~1.
-1.000 -1,000 ~-1.
-1.000 -1.000 ~-1.
~1.000 -1.000 -1,
-1.000 ~1.000 ~-1.
~1.000 =-1.000 ~1.
~1.,000 ~-1.000 ~-3.

tsesvssrscssrensense

~1.000 ~-1.000 ~-1.
-1.000 -1.000 =~1.
~1.000 -1.000 -1,
-1.000 -1.000 -1.
~1.000 ~1.,000 ~1.
~1,000 ~1.000 ~-1.
~1.000 -1.000 ~-1.
~1.000 -1.000 ~1.
-1.000 ~1.000 ~1.
~1.000 ~-1.000 ~1.
~1.000 ~-1.000 ~1.
~1.000 ~-1.000 ~1.

Srecsvscsesnescensvee

-1.000 -1.000 ~-1.
=1.000 -1.000 -1.
~1.000 <-1.000 ~1.
~1.000 -1.000 ~1.
~1.000 <~1.000 ~-1.
~1.000 -1.000 ~-1.
~1.000 <1.000 ~-1.
-1.,000 -1.000 ~1.
=1.000 -1.000 ~-1.
=1.000 ~-1.000 ~1.
~1.000 -1.000 ~1.
-1.000 -1.000 ~-3.

Sesscsrvasenvrsteose

000000
000020
000040
000060
000080
000040
0000CO
0000E0
000100
000120
000140
000160
000180

000000
000020
000040
000060
000080
0000A0
0000CO
0000E0
000100
000120
000140
000160
000180

000000
000020
000040
000060
000080
0000A0
0000C0O
0000E0Q
000100
000120
000140
000160
000180

»
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A Block number 12 (0000000C), 396 (018C) bytes PN
28312020 20303030 2E312D20 20303030 2E312D20 20202039 38393428 37202020 T.4989 ~1.000 ~1.000 ~1. 000000
28312020 20303030 2€312020 20303030 2E312020 20303030 2E312020 20303030 000 ~1.000 ~1.000 -1.000 ~1. 000020 P

o 2E312020 20303030 2E312020 20303030 2312020 20303030 2E312020 20303030 000 =-1.000 =1.000  =-1.000 =~1. 000040 /
2E312020 20303030 2€312020 20303030 2E312D20 20303030 2£312D20 20303030 000 ~-1.000 =1.000 ~1.000 <-1. 000060

o 2E312D20 20303030 2E312020 20303030 2E312020 20303030 2£E312020 20303030 000 -1.000 -1.000 ~-1,000 =~i,., 000080 A
2E312020 20303030 2E312D20 20303030 2E312020 20303030 2E312020 20303030 000 ~1.000 =-1.000 =-1.000 ~1., 0000AO
2E312D20 20303030 2E312020 20303030 2E312020 20303030 2€312020 20303030 000 =~1.000 ~-1.000. ~1.000 ~-1. 0000CO

o 2E€312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 =-1.000 =-1.000 =-~1.000 ~1. OO0OEQ PN

26312020 20303030 2€312020 20303030 2E312020 20303030 2E312020 20303030 000 ~1.000 =~31.000° ~1.000 ~1. 000100
2E312D20 20303030 2E312020 20303030 2E312020 20303030 26312020 20303030 000 ~1.000 ~1.,000 ~1.000 ~1. 000120

A 2E312020 20303030 2E312020 20303030 2E312D20 20303030 2E312D20 20303030 000 ~-1.000 =-1.000 ~1.000 =-1. 000140 ~
o 2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 ~1.000 =1.000 ~1.000 -1, 000160
20303030 2E312020 20303030 000 ~1.000 cceseccocensesssseses 000180

o Block number 13 (000000003, 396 (018C) bytes 9
o 2£312020 20303030 2E312020 20303030 2E312020 20202034 3332362E 35202020 5.6234 -1.000 ~1.000 ~1. 000000 P
~ 2£312020 20303030 2E312D20 20303030 2£312020 20303030 2E312D20 20303030 000 ~1.000 ~1,000 ~1.000 -1. 000020

2E312020 20303030 2E312D20 20303030 2€E312020 20303030 2€312020 20303030 000 <~1.000 <=1.000 =1,000 -1, 000040
o 2E312020 20303030 2E312020 20303030 2312020 20303030 2E312020 20303030 000 ~-1.000 ~1.000 ~1.000 -1. 000060 -

2E312020 20303030 2E312020 20303030 2€312020 20303030 2312020 20303030 000 =~1,000 =-1.000 ~-1.000 -1, 000080
2E312D20 20303030 2€£312D20 20303030 2€312020 20303030 2E312D20 20303030 000 ~1.000 ~1,000 -1.,000 ~-1. 000040
e} 2E312D020 20303030 2£312020 20303030 2E312020 20303030 2€312020 20303030 000 ~-1.000 ~1.000 =~1.000 -1, 0000(0 o
26312020 20303030 2E312020 20303030 2E312020 20303030 2€E312020 20303030 000 ~1.000 -1.000 ~1.000 ~1. 00O0OEO
2E312D20 20303030 2£312D20 20303030 2E312020 20303030 2£312020 20303030 000 =~1,.000 =1.000 ~1,000 -1. 000100

o 2€312020 20303030 2E312020 20303030 2£E312020 20303030 2312020 20303030 000 ~1.000 =-1.000 ~-1.000 -1, 000120 o
2€312020 20303030 2E312020 20303030 2€312020 20303030 2E312020 20303030 000 -1,000 ~1,000 -1.000 -1. 000140
2E312020 20303030 2E312020 20303030 2£312D20 20303030 26312020 20303030 000 -1,000 -1,000 =-1.000 ~-1. 000160 :
o 20303030 2E312020 20303030 000 <1.000 cesseccccncvsscssees 000180 o {

8lock number 14 (0000000E), 396 (01BC) bytes

© 26312020 20303030 2E312020 20303030 2E312D020 20202030 3731322E 34202020 4.2170 -1.000 -1.000 =~1. 000000 “
2€312D20 20303030 2€312020 20303030 2€312020 20303030 2E312020 20303030 000 -1.000 =-1.000 =~-1,000 ~-1. 000020
2E312020 20303030 2£312020 20303030 2E312020 20303030 2£312D20 20303030 000 <-1.000 =-1,000 ~1.000 =~1. 000040

© 2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 -1,.000 ~-1,.000 -1.000 ~1. 000060 e
2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312D020 20303030 000 ~1.000 =-1.000 =-1.000 ~i. 000080

o 2€312020 20303030 2E312D20 20303030 2E312020 20303030 2£312020 20303030 000 -1.000 ~1.000. -1.000 =-1. 0000AD
2E312020 20303030 2E312020 20303030 2E312020 20303030 2E312020 20303030 000 -1.000 ~-1.000 ~-1.000 -1. 0000CO “

2E312020 20303030 2E312D20 20303030 2E3120D20 20303030 2E312020 20303030 000 -1.000 =-1.000 =-1.000 ~1. 0000EQ
2£312020 20303030 2E312020 20303030 2E312D20 20303030 2E312020 20303030 000 -1.000 =-1.000 =-1.000 ~1. 000100
bd 2E312020 20303030 2E312D20 20303030 2E312020 20303030 2E312020 20303030 000 -1,000 =~1.000 -1.000 =~1. 000120 g
2E312020 20303030 2E£312020 20303030 2E312D020 20303030 2E312020 20303030 000 -1.000 ~1.000 =-1.000 ~1., 000140
2E312020 20303030 2E312D20 20303030 2E312020 20303030 26312020 20303030 000 ~1.000 =31.000 ~1.000 <1. 000160

- 20303030 2E312020 20303030 000 ~1.000 ecocovonccssnsosecas 000180 hd
- A4
W W/
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- b4
o’ ot
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Block number 15 CO0000000F),

31312020 20302€E35
392D2020 20302E35
37202020 20302E35
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20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
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20202020 20202020
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20202020 20202020

20202020 20202020
20202020 20202020

20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
20202020 20202020
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35202020
33202020
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20202020
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34202020
36202020
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Block number 16 (00000010),
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20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020
20202020

Block number 17 (00000011),

20202020
20202020
20202020
20202020
20202020

20202020
20202020

20202020
20202020
20202020
20202020
20202020

396 (018C) bytes
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20302€30
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Ui%p of device MTAO: on 14~DEC-1988 18:24327.27 o

Block number 18 €00000012)y 396 (01BC) bytes

[a]
2€312020 20303030 2312020 20303030 2E312020 20202038 3232362 31332020 31.6228 -1,000 =-1.000 ~-1. 000000
26512020 20303030 2E312020 20303030 2E312D20 20303030 2E312020 20303030 000 =-1.000 =~1.000 =-1.000 ~1. 000020
2E322020 20303030 2E312D20 20303030 2E312020 20303030 26312020 20303030 000 ~-1.000 =1.000 ~1.000 2. 000040 ~
2€312020 20363836 2E312020 20363737 2€312020 20333638 2E312020 20333430 043 1.863 1.776 1.686 1, 000060
2E302020 20303636 2E302020 20313739 2E302020 20393832 26312020 20353435 545 1.289 0.971 0.660 0. 000080 -

26302020 20343833 26302020 20323633 2£302020 20393633 2E302020 20323534 452 0.369 0.362 0.384 0. 000040
2E302020 20303333 2302020 20363433 2£302020 20353833 26302020 20343933 394 0.385 0.346 0.330 0. 0000C0O
2E312020 20323137 2E302020 20303735 2£302020 20313334 2€302020 20303333 330 0.431 0.570 0.712 ~-1. O0000EO -
2€312020 20303030 2E312020 20303030 2E312020 20303030 26312020 20303030 000 -1.000 =-1.000 =-1.000 =-1. 000100
26212020 20303030 2E312D20 20303030 2E312020 20303030 2E312020 20303030 000 ~-1.000 ~1.000 ~1.,000 ~1. 000120
26312020 20303030 2E312020 20303030 2£312020 20303030 2E312D20 20303030 000 ~-1.000 ~-1.000 ~1.000 ~1. 000140 ”
26312020 20303030 2E312D20 20303030 2E312D20 20303030 26312020 20303030 000 -1.000 ~1.000 ~1.000 =~-1. 000160
20303030 2E312D20 20303030 000 ~1.000 sascecoscoccscsccccs 000180

Block number 19 (00000013), 396 (018C) bytes o
2E312020 20303030 2E312020 20303030 2£312D020 20202037 3331372E 33322020 23,7137 -1,000 -1,000 -1. 000000
26332020 20383339 2E332020 20303030 2E312020 20303030 2E312020 20303030 000 =~1.000 -1.000 3,938 3. 000020 L
2E332020 20393531 26332020 20363933 2€332020 20333437 2332020 20393538 859 3.743 3.396 3.159 3. 000040
28322020 20343938 26322020 20353030 2£332020 20373430 2E332020 20343630 064 3.047 3,005 2.894 2. 000060 P

26312020 20383634 2E312020 20313239 2E312020 20313533 2E322020 20333936 693 2.351 1.921 1.468 1, 000080

2E302020 20313936 2E302020 20343737 2E302020 20353438 2£302020 20333830 083 0.845 0.774 0.691 0. 0000A0O

2E302020 20303831 2E302020 20343433 2£302020 20353035 2£302020 20303036 600 0.5085 0.344 0.180 0. 0000CO Py

2€312020 20373930 2E312020 20303135 2E302020 20343031 2E302020 20373730 077 0.104 0.510 1.097 1. 0CQ0E0Q

2E312020 20313932 2€312020 20353934 2E312020 20383336 2£312020 20303734 470 1.638 1.495 1.291 1. 000100

2E302020 20323734 2E302020 20313436 2£302020 20393739 2€302020 20303231 120 0.979 0.641 0.472 0. 000120

2E312020 20303030 2£312020 20303030 2E312020 20303030 2£312020 20363033 306 =1.000 =1.000 =1.000 =-1. 000140 .

2E312020 20303030 2E312020 20303030 26312020 20303030 2E312020 20303030 000 =-1.000 ~1,000 ~-1.000 ~-1. 000160
20303030 2E312D20 20303030 000 ~1.000 sececcoccescscncncns 000180

Block number 20 (00000014), 396 (018C) bytes

26312020 20303030 26312020 20303030 2E312020 20202038 3238372€ 37312020 17.7828 ~1.000 -1.000 -1, 000000 w
56342020 20333030 2E352020 20303030 2€312020 20303030 2E312020 20303030 000 ~-1,000 -1.000 5.003 4. 000020
26342020 20373533 2E342020 20333734 26342020 20383233 26342020 20353339 935  4.828  4.473 4,357 4. 000040
2E342020 20353136 2E342020 20383038 26342020 20373237 2342020 20333934 493 4.728  4.808  4.615 4. 000060 b
26322020 20393831 26332020 20373035 26332020 20393938 26332020 20383832 288  3.899  3.507  3.189 2. 000080
26312020 20303431 26322020 20353933 26322020 20383336 26322020 20333938 893  2.638  2.395 = 2.140 1. 000040
5302020 20393237 2E302020 20363533 26312020 20353337 26312020 20333639 963  1.735  1.356  0.729 0. 0000C0 «
56322020 20373332 2E322020 20333531 26312020 20373434 2£302020 20303134 410  0.447  1.153  2.237 2. 0000E0
26322020 20343132 26322020 20333435 26322020 20353738 2E322020 20303739 970  2.875  2.543 2,214 2. 000100
26302020 20343432 2E312020 20313936 26312020 20353339 26312020 20323430 042 1,935  1.691  1.344 0, 000120 hd
JE312020 20303030 2E312020 20303030 26312020 20303030 26312020 20363239 926 =-1.000 -1.000 ~-1.000 -1. 000140
26312020 20303030 26312020 20303030 26312020 20303030 26312020 20303030 000 =-1.000 -1.000 ~-1.000 -1. 000160

20303030 26312020 20303030 000 =1.000 eescaccssesseancencs 000180 -




SME VISIBLE SPECTROMETER REFERENCES
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SOLAR MESOPHERE EXPLORE
VISIBLE SPECTROMETER RADIANCE DATA
1982-1986

The visible spectrometer samples data at two wavelengths at a given time. The
limb altitude radiance profiles from the visible spectrometer with identifying data
are on the tapes. See Mount et. al., 1984 for additional information about the data.

The visible spectrometer was designed to observe limb radiances at two wave-
lengths simultaneously. There is a short channel radiance and a long channel ra-
diance given for each merged spinset. Data exists for altitudes from 20 to 76 km.
Several grating positions have been used, none is continuous throughout the mis-
sion. The wavelengths corresponding to the two channels are dependent on which
grating position was used. Possible grating positions and the corresponding wave-

lengths are:

Grating position long channel short channel
333 431.84 nm 428.75 nm
344 435.59 nm 432.50 nm
364 442.38 nm | 439.31 nm
363 442.04 nm  438.92 nm

Individual spin radiances were calibrated and had a background subtracted
before merging. We actually merge the long channel and the ratio of the two
channels, the short channel included on the tapes was reconstructed from those two
profiles. Radiances are also adjusted for instrument polarization.

After calibrating, the spins (which are data collection rotations of the SME
satellite) are merged into groups of up to six spins. Wildpoint and wild spin checking
occurs before merging. In order to average together six spin radiance profiles, each
profile was interpolated onto a standard altitude grid. This data was then averaged

together. The latitude resolution of the merged profiles is about five degrees. These

merged profiles are later used as input for the nitrogen dioxide inversion routine.

1



The radiance data from the visible spectrometer is written in standard ASCII

labeled format with one orbit per file. Each orbit consists of 20 to 60 (approximate
range) merged spin sets. Filenames are of the format VSxxxxx.NSS, where xxxxx is
the orbit number. The data set consists of 23 tapes containing radiance data from
Day 1, 1982 through Day 354, 1986. The following is a listing of tapes and orbit

intervals contained on the tapes:

Tape Label Orbit Interval Number of Orbits on Tape
VIS001 1316-1999 253
VIS002 2000-2999 358
VIS003 3003-3996 426
VIS004 4000-4898 408
VIS005 4901-5997 381
VIS006 6001-6997 281
VIS007 7002-7996 331
VIS008 8001-8991 323
VIS009 9001-9996 323
VIS010 10001-10991 324
VISO011 11000-11992 326
VIS012 12002-12993 ' 319
VIS013 13001-13994 34
VIS014 14002-15298 424
VISO015 15306-16890 420
VIS016 16903-18997 480
VIS017 19000-20758 399
VIS018 20800-22594 461
VIS019 22606-23996 454
VIS020 24000-25493 447
VIS021 25501-26899 467
VIS022 26900-27699 591

VIS023 27700-28786 311

2



The ASCII format of the merged spin set data files follows:

FIRST RECORD IN EACH FILE:

Format Description

1X,I5 Orbit number

1X,14 Year

1X,1I3 Julian Day

1X,F8.2 Seconds into day (GMT) at start of orbit
1X,F7.2 Longitude of equatorial crossing |
23(1X,F5.2) Altitude profile (note: The grid interval is

not constant, it is 1.75 km in the lower part
of the profile, and 3.5 km in the upper part.)

1X,12 Number of profiles in this orbit

MERGED SPIN RECORDS:

Format Description

1X,14 Year

I3 Julian Day

F8.2 Seconds into day (GMT)

F6.2 Latitude of merged spin set
F7.2 Longitude of merged spin set
F5.2 Solar zenith angle

I2 Number of spins in merged set (1-6)
I3 Grating position of merged set
23F8.2 Long channel radiances
23F8.2 Short channel radiances

NOTES ABOUT THE DATA

1. An altitude shift has been applied to the data to put it on the best altitude grid

3



that we can determine. A good assumption is that the altitudes are correct within

+ 1 km.

2. Missing radiance data is set to 0. Negative data is a consequence of the data
reduction in that a background had to be calculated and then subracted off. Neg-
ative values should only occur at high altitudes. If it does occur at lower altitudes,

it would be best to ignore the profile.

3. The altitude scale is actually made up of 2 scales, a lower one with a spacing of
1.75 km and an upper one with a spacing of 3.5 km. This was done to make the

NO2 inversions easier.

4. A value of -1 for equatorial longitude indicates missing data.

NOTES ABOUT THE TAPE

The physical characteristics of the tapes are:

Density 1600 bytes per inch

Tracks 9

Blocksize 408 bytes

Label VISxxx, where xxx is the tape # in the series
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LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS

SOLAR MESOSPHERE EXPLORER

VISIELE SPECTROMETER RADIANCE DATA FOR THE

NATIONAL SPACE SCIENCE DATA CENTER

APPENDIX

Each of the enclosed tapes has the following characteristics:

6]

9-track, 1600 bpi. Written on a Digital TU77 drive.

ANSI STANDARD tape headers and End-of-File (EOF) structure
(7-bit ASCII characters) as per VAX 11/780 system software.
After the Volume Header record (80 bytes), there are four
File Header records (80 bytes each), one EOF, the data
records (408 bytes each), one EOF, four File Trailer records
(80 bytes each), and one EOF for each of the data files on
this tape.

These tapes were made using the VMS COPY command after first
initializing each tape.

Physical data blocks are 408 bytes long; each block contains
one logical record.

The VAX writes bytes onto a 9-track tape in the following
order:

Vax word 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15
Vax tape e e e D> K >
Word written 2nd 1st

The resulting tape (up is the tape beginning direction)
8 9 10 11 12 13 14 15 Word part 2

0 1 2 3 4 5 6 7 Word part 1

An annotated dump is attached which shows the contents of the
first eight physical blocks for each tape in the series. The
left side of the dump shows the hexidecimal word (read from
right to left) and the right side of the dump shows the ASCII
equivalent word contents (read from left to right). The last
column on the right is the hexidecimal 4-byte word number for
the rightmost four bytes in the hexidecimal dump section.
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% Solar Mesosphere Explorer (SME)
Solar Ultraviolet Spectrometer
Daily Solar Flux Measurements, 115 nm to 302 nm, 1 nm resolution
1982 January 1 through 1988 June 30

Data Tape for NSSDC Archive

The SME Solar UVS daily solar irradiance data are reduced from multiple scans,
in 0.25 nm steps, of the full disk solar irradiance at the SME by a spectrometer with
a full-width half-maximum resolution of 0.75 nm (Rottman et al, 1982). That is,
multiple measurements at a resolution of 0.25 nm are convolved with an instrument
response function and integrated to a resolution of 1 nm. The data supplied here
are computed by a new algorithm which attempts to account for gaps in the mea-
surements by substituting for a missing 0.25 nm grating position a time-averaged
mean of the most recent measurements (over several days) at that grating position.
Thus there are no “missing” data.* Instead, for each 1-nm datum, a gquality index is
provided which indicates what fraction (0 to 1) of the given datum was derived from
actual measurements. For example, a quality index greater than 0.9 indicates that
the reduced datum was little influenced by “fill” data, whereas a quality index of less
than 0.8 indicates that at least one grating position was probably missed.

g@ The absolute flux is normalized to a rocket experiment of 17 May 1982 (Mount
and Rottman, 1983) and is accurate to £ 15%. The relative accuracy should not be
considered better than + 2% per year, and long term solar variability should not be

extracted from the data.

The SME Solar UVS wavelength calibration is subject to a systematic error
(probably temperature-related) which is seen as an accumulated error in the 1-nm
integrated irradiances of a few percent. In cases of single emission lines, the effect is
magnified. The width of a daily Gaussian fit to the Lyman-alpha line has declined
by about 30 percent from 1982 to 1988. A dataset processed with an improved
wavelength calibration function will be available later this year. In the meantime,
we have developed an interim Lyman-alpha dataset based on the amplitudes of the
daily Gaussian fit mentioned above, normalized to the rocket flight measurement of
17 May 1982. (Since the Lyman-alpha spectral feature is much narrower than SME’s
slit function, the Gaussian amplitude is independent of any error in the dispersion
calibration.) This dataset is for the three wavelengths 120, 121, and 122 nm only;

the error (of unknown magnitude and sign) is still present at other wavelengths.

* Due to operational constraints, we have been unable to obtain spectra in the 250-
300 nm region since 1 May 1988, so these data are missing and have been assigned
the value 0.
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The measurements are given as photons cm ™2 sec ™ nm™!, adjusted to a solar
distance of 1 AU, and are supplied for the 188 1-nm bins centered at 115.5 through
302.5 nm. Thus, for example, the Lyman-a emission (121.6 nm) is contained almost
entirely in the seventh bin (121.5 nm). (The solar distance used to normalize the flux
to 1 AU is given for each day, so the observed absolute flux may be retrieved by the
relation obs = adj/dist?.)

The data are supplied here in a single file named SMESOL.TXT, on a single
1200-foot tape with the volume label SMESOL. The data are written to the tape (9-
track, 1600 bpi) in formatted logical records (of 7-bit ASCII characters), one record
per day, 3040 bytes per record. There are 2373 logical records, one for each day from
1982 January 1 through 1988 June 30. Each logical record contains the following
data, in the indicated format: year (I6), month (13), day (13), day-of-year (I4),
Julian Day Number of Julian Day which begins at noon, UT, of the calendar date
(18), solar distance [AU] (F8.5), flux (188E10.3), and the quality index (188F6.3).
The first record, for 1982 Jan 1, is appended, printed out at 80 characters per line.

To illustrate the Fortran statements needed to access the data in this file, a small
ANSI-standard Fortran-77 program is appended which will create an unformatted
direct-access file from the formatted text file.
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587-590, 1982.

Mount, G. H., and G. J. Rottman, The Solar Absolute Spectral Irradiance 1150-3173
A: May 17, 1982, J. Geophys. Res., 88, 5403-5410, 1983.



PROGRAM TXTDAT

c
c CREATE AN UNFORMATTED DIRECT-ACCESS FILE, SMESOL.DAT,
c FROM THE FORMATTED FILE, SMESOL.TXT.
C
INTEGER YEAR,MONTH,DAY,DOY,JULDAY,J
REAL DIST,FLUX(188),QUAL(188)
C
OPEN (UNIT=5,FILE=’SMESOL.TXT’,STATUS="0LD’ ,FORM="FORMATTED’,
* RECL=3040)
OPEN (UNIT=6,FILE=’SMESOL.DAT’ ,STATUS=’"NEW’ ,FORM=’UNFORMATTED’,
* ACCESS=’DIRECT’ ,RECL=382)
C . .
J=0
10 READ(5,20,END=30) YEAR,MONTH,DAY,DOY,JULDAY,DIST,FLUX,QUAL
20 FORMAT(I6,213,14,18,F8.5,188E10.3,188F6.3)
J=J+1
WRITE(6,REC=J) YEAR,MONTH,DAY,DOY,JULDAY,DIST,FLUX,QUAL
GOTO 10
C

30 WRITE(*,40) J,YEAR,MONTH,DAY,DOY,JULDAY
40 FORMAT(’ End of File reached.’/

* * Number of Records:’,I16/

* ' Year, Month, Day:’,16,2I3/

* > Day of Year, Julian Day:’,I5,I9)

CLOSE(5)

CLOSE(6)

END

%g%
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SOLAK MESQSPHERE EXPLORER:

SCLENTIFIC OBJECTIVES AND RESULTS
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G.E. Thomasl®2, R.W. Sandersl, G.M. Lawrencel?®Z

iLaboratory for Atmospheric and Space Physics
University of Colorado, Boulder, Colorado 80309

ZDepartment of Astro—Geophysics
University of Colorado, Boulder, Colorado 80309

Abstract. Instruments on the Solar Mesosphere
Explorer gimultaneously measure ozone density,
temperature, and solar ultraviolet flux. Results
from six months of observations show that ozone
density in the mesosphere changes from day-to-day
and with the seasons and that the principal cause
of these changes is the wvariation in atmospheric
temperature. The dependence between ozone den—
sity and temperature is inverse, with a decrease
in temperature producing an i1ncrease in ozone
density. This dependence 1is observable in the
seasonal patterns and also in orbit-to-orbit
observations during dramatic atmosphere changes
such as stratospheric warnmings.

Introduction

The Solar Mesosphere Explorer (SME) is 2 sat~-
ellite that has the objective of studying ozone
in the Earth's upper stratosphere and mesosphere
with the intent of determining the cause of
changes 1in ozone density. In the altitude region
between 50 and 80 km, the chemical time constants
are sufficiently short that the ozone density
should respond rvapidly to changes in atmospheric
temperature, solar ultraviclet flux, water vapor
density, and fo solar proton events. This alti-
tude region is ideally suited for testing the
photochemical theory without the additional vari-
able of atmospheric transport. In the analysis
of SME data, the photochemical theory is tested
by comparing model calculations of ozone density
to the observations and, alsoc, by caleculating the
time vesponse of the wmodel to changes in
atmospheric temperature, solar ultraviolet flux,
and water wvapor density. For a more complete
description of the scientific objectives, see
Thomas et al., (1980).

Four 1limb scanning instruments are used to
measure ozone density, ozone photodissociation
rate, temperature, water vapor thermal emission,
and nitrogen dioxide density. A fifth instrument
monltors wultraviolet radiation from the sun.
Solar proton events are detected by still another
instrument. This paper will present a summary of

results from several of the instruments during
the first year of operation. Additional papers
in  this issue will show detaliled data and

analysis of the principal findings.
Orbit CGeometry

The BSolar Mesosphere Explorer spacecraft was
taunced from the Western Test Range on a Delta

Copyright 19383 by the American Geophysical
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launch vehicle on October 6, 1981. A sun—-syn-—
chronous, c¢ircular orbit was achleved with an
altitude of 534 km, an inclination of 97.5°, and
a periocd of 96 minutes. The satellite splns at a
rate of Srpm with the spin axis perpendicular to
the orbit plane so that the four limb-scanning
instruments measure a vertical profile of the
atmosphere every twelve seconds. The vertical
extent of the field of wview of the instruments is
3.5 km at a vrange of 2700 kn. Individual
profiles are averaged and sorted into 5° latitude
bins. The sun~-synchronous, polar orbit enables
the instruments to obtain latitude-altitude cross
sections of the atmosphere along the orbit track
which crosses the equator at a local time of
approximately 3 P.M. Successive orbits are dis—
placed 24° in longitude to the west.

Instruments

Ozone density between 50 and 70 km is deter-
mined with an ultraviolet spectrometer. The
instrument measures solar radiation at two wave—
lengths (265 and 297um) which has been scattered
by the atmospheric molecules. Differential
absorption by ozone at these two wavelengths
produces an absolute wmeasurement of the demsity
of ozone along the line of sight of the 1limdb
viewing instrument. A mathematical inversion is
used to calculate the ozone density as a function
of altitude through the region of the atmosphere
that has been scanned by the instrument (Rusch et
al., 1983a).

Ozone density 1s alsc determined with a near-
infrared spectrometer which measures the airglow
at 1.27um. This emission 1s the result of the
photodissocclation of ozone which produces oxygen
molecules in excited states. When the effects of
quenching of the excited molecules and radiative
transfer of the 1.27 um radiation are taken into
account, these observations provide a measure of
the ozone density between 50 and 90 km {(Thomas et
al., 1983a).

From SME, ozone 1is measured simultanecusly
with ©both the ultraviolet and near-infrared
ingtruments. Over the altitude range where the
observations overlap, the results from the ultra-
viclet instrument are used to adjiust the absolute
calibration of the near—~infrared instrument. The
results from both instruments have been compared
with earlier rocket observations of ozone.

Temperature is determined between 36 and 50 km
by the measurement of the local scale height of
the radiation scattered by atmospheric molecules
at 440nm. Temperature oprofiles obtained using
this technigue have been compared with those
measured simultaneocusly by sounding rockets
{Rusch et al., 1983h).
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Observations

SME observations of ozone and temperature
which have been made for six months, from January
1, 1982 to June 30, 1982 are described here. The
data set for these observations consists of the
mixing ratic of ozone and the temperature as a
function of altitude, latitude, and time.

A time-latitude plot of the ozone mixing ratio
at an altitude of 64 km is shown in Figure 1
(Rusch et al., 1983a). At this level in the
mesosphere, the ozone density shows systematic
seasonal behavior. TFor this data set, the sea~
sons are winter and spring in the north and sum-
mer and fall in the south. During the first
three months, the ozone mixing ratic is greater
in the south than in the north. At the equinox,
the mixing ratio in the north and south are near-
1y equal, but there is an increase in ozone mix~
ing ratio near the equator. In the tropical
region the ozone increases during the spring/fall
season. In the latter half of the northern
spring, the ozone mixing ratio increases at high
latitudes. This data set shows day—-to—-day varia-
tions of ozone mixing ratlo of 207 and seasonal
variations of 50%.

Figure 2 shows a time-latitude plot of ozone
mixing ratio at 48 km. A comparison of the data
in these two figures shows distinctly different
behavior at these two altitudes which are approx-
imately two scale heights apart. At 48 km, the
high-latitude maxima occur in northern winter and
southern fall, opposite to the behavior at 64
km. At this altitude, the day-~to-day ozone var-
iations are 10% with seasonal changes of 25%.

The temperature behavior of the 48 km level of
the atmosphere during this same time period is
shown in a time-latitude plot in Figure 3 (Rusch
et al., 1983b). The atmosphere at high latitudes
is hotter ia the southern summer than in the
northern winter and in the northern spring than
the southern fall. The north tropical region is
cooler in May and June than in January - March
period. At the 48 km level, the seasonal varia-
tions in temperature are 127%, from 290° K in
northern spring toe 255° X in northern winter.

Flgure 4 shows a time-latitude plot of the
ozone mixing ratic at 90 km as wmeasured by the
near~infrared spectrometer (Thomas et al.,
1983a). Ozone at this altitude varies drastical-~
1y from dav-to-day {sometimes a factor of 2} and
shows seasonal variations as well. There is
increased ozone at high latitudes in southern
summer and northern late spring. There 1is 3
disgtinctive latitudinal pattern near the time of
northern spring equinox.

Results

The day-to-day and seasonal changes in ozone
in the lower region of the mesosphere are caused
by wariaticms in the atmospheric temperature
{Rusch et al., 1983a; Solomon et al.,1983a). The
dependence is inverse. When the temperature
decreases, the ozone density increases and when
the temperature ipcreases, ozone becomes less
dense. This inverse dependence is 1llustrated by
a comparison of Figures 2 and 3. The winter and
£fall dincreases 1In ozone at high latitudes is
caused by a decrease in the temperature of the
atmosphere. Changes in temperature affect both

Solar Mesosphere Explorer

the three~body reaction that
oxygen 1into ozone (inverse
dence)

converts atomic
temperature depen-—

o+ 02 + M 03 + M

and the two—body reaction between atomic oxygen
and ozone that converts odd-oxygen into even-
oxygen (direct temperature dependence)

o+ 03 > 02 + 0y

Laboratory measurements of these reactions give a
rate coefficient of the three-body reaction of
6.2 X 107°% (7/300072 cm®s™1 and of the two-body
reaction 1.5 x 10711 exp(~-2218/T) cmgs—l(NASA,
1979). Both reactions produce an inverse depen-
dence between ozone density and temperature.
Ozone density 1is directly proportional to the
three~body reaction which has the inverse temper-
ature dependence and it is inversely proportional
to the two-body reaction which has a direct tem~
perature dependence. 0dd—~hydrogen reactions
which also destroy ozone in the mesosphere are
relatively independent of temperature. Consid-
eration of all of these processes leads to an
inverse relationship between ozone density and
temperature. The magnitude of this relationship
depends on the relative strength of the odd-hy~
drogen catalytic destruction of ozone (Solomoun et
al., 1983a).

The inverse dependence of ozone density on
temperature may also be seen in the observations
from individual orbits. A stratospheric warming
began on January 25, 1982 and lasted until Jan-
uary 30, 1982, During this event, the temper-—
ature at the 30 km level of the stratosphere was
higher at high latitudes than at Jow latitudes.
SME observations show that at the 48 km level the
temperature at high latitudes decreased. Simul-
taneous BSME observations of ozone show an in-
crease in ozone at 48 km, the result of the de-
crease in temperature at this altitude. A strat-
ospheric warming leads to a mesospheric cooling
which 1In turn produces an increase 1in the ozone
mixing ratio.

Above the mesocpause at 90 km, the dramatic
day-to~day variations 1o ozone are wmost likely
produced by vertical motions in the thermosphere
transporting odd oxygen from above into this
region. The distinctive patterns in ozone mixing
ratioc that appear in Figure 4 are indicators of
the dynamics of the lower thermosphere.

Summary

The rvesults of the Solar Mesosphere Explorer
show that the principal cause of changes in ozone
density in the mesosphere is atmospheric tempera-
ture. The photochenmical time constants are suf-
ficiently short that the ozone density responds
gquickly to changes in physical conditions. In
the mesosphere, temperature changes produce an
inverse change in ozone density both through the
three~body reaction that produces ozone and the
two~body reactions that destroy ozone. The ozone
patterns in the mesosphere reflect the tfempera-
ture structure of the atmosphere.

Changes in the ozone density that are produced
by temperature changes are much larger than
changes induced in ozone density by variations in
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the solar ultraviolet flux which caused wvaria-~
tions in photodissociation processes in the meso-
sphere {see Rottman et al., 1982).

Solar Mesosphere Explorer observations show
that even with the day-to-day temperature varia-
tions in the mesocsphere that the results of other
physical phenomena on ozone density ave readily
observed. A dramatic example is the depletion of
ozone at 78 km that was produced by the July 13,
1982 solar proton event {Thomas, et al., 1983b;
Solomon et al., 1983b).

Acknowledgements

The Solar Mesosphere Explorer is a NASA satel-~
lite project that is managed by the Jet
Propulsion Laboratory. The JPL Project Manager
and Assistant Project Manager ave Mr. John J.
Paulson and Dr. James R. Stuart. The NASA Head~-
quarters Program Scilentist is Dr. Shelby G.
Tilford and the Program Manager is Mr. Marius B.
Weinreb.

References

NASA Reference Publication 1049, The
Stratosphere: Present and Future, December,
1879,

Rottman, G.J., C.A. Barth, R.J. Thomas, G.H.
Mount, G.M. Lawrence, D.W. Rusch, R.W. Sanders,
G.E. Thomas, and J. London, Solar Spectral
Irradiance, 120 to 190 am, October 13, 1981 -
January 3, 1982, Geophys. Res. Lett., 9, 587~
590, 1982. ‘““” -

Rusch, D.W., G.H. Mount, C.A Barth, G.J. Rottman,
R.J. Thomas, G.E .Thomas, R.W. Sanders, G.M.
Lavrence and R.S5. Eckman, Ozone Densities in
the Lower Mesosphere Measured by a Limb
Scanning Ultraviolet Spectrometer, Geophys.
Res. Lett., this issue, 1983a.

Rusch, D.W., G.H. Mount, J.M. Zawodny, C.A.
Barth, G.J. Rottman, R.J. Thomas, G.E. Thomas,
R.W. Sanders, G.M. Lawrence, Temperature
Measurements in the Earth's Stratosphere Using
g Limb Scanning Visible Light Spectrometer,
Geophys. Res. Lett., this issue, 1983b.

Solomon, s.j"ﬁlw. Rusch, R.J. Thomas, R.S.
Fckman, Comparison of Mesospheric Ozoune
Abundances Measured by the Solar Mesosphere
Explorer and Model Calculations, Geophys. Res.
Lett., this issue, 1983a. -

30lomon, 8., G.C. Reid, D.W. Ruasch, R.J. Thomas,
Mesospheric Ozone Depletion During the Solar
Proton Event of July 13, 1982 Part II.
Comparison Between Theory and Measurements,
Geophys. Res. Lett., this issue, 1983b.

Thomas, G.E., C.A -Barth, E.R. Hansen, C.W. Hord,
G.M. Lawrence, G.H. Mount, G.J. Rottman, D.¥W.
Rusch, A.I. Stewart, R.J. Thomas, J. London,
P.L. Bailey, P.J. Crutzen, R.E. Dickenson, J.C.
Gille, 8.C. Liu, J.F. Noxon, and C.B. Farmer,
Scientific Objectives of the Solar Mesocsphere
Explorer Mission, Pageoph, 118, 591-615, 1980.

Thomas, R.J., C.A. Barth, G.J. Rottman, D.W.
Rusch, G.H. Mount, G.M. Lawrence, R.¥. Sanders,
G.E. Thomas and L.E. Clemens, Ozone Density
Distribution in the Mesosphere (50-90 KM)
Measured by the SME Limb Scanning Near Infrared
Spectrometer, Geophys. Res. Lett., this issue,
1983a. -

Thomas, R.J., C.A. Barth, G.J. Rottman, D.W.
Rusch, G.H. Mount, G.M. Lawrence, R.¥. Sanders,
G.E. Thomas, and L.E. Clemens, Mesospheric
Ozone Ozone Depletlon During the Solar Proton
fvent of July 13, 1982, Part 1 Measurement,
Geophys. Res. Lett., this issue, 1983b.

eceived December 21, 1982;
cepted January 31, 1983.)

i,

&
i3
&



B35% (e~ DOOA

focal

B e Y

BEL=p

2i~i80R-0}

GEOPHYSICAL RESEARCH LETTERS, VOL. 10, HO. 4, PAGES 241-244, APRIL 1983

OZONE DENSITIES IN THE LOWER MESOSPHERE
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Abstract. The ozone content of the earth's
atmosphere between 1 mb and 0.08 mb has been
measured as a function of latitude and season by
an ultraviolet spectrometer on the Solar Meso-
sphere Explorer spacecraft. The ozone mnixing
ratio is found to be highly variable in time and
space during the winter of 1982 with maxima oc-
curing In the winter hemisphere during January
and February at all pressure levels. The lati-
tude gradients near spring equinox are relatively
small. A relative maximum occurs at latitudes
between 15 and 30°S in January and February.

Introduction

The Solar Mesosphere Explorer (SME) spacecraft
was launched on October 6, 1981 from the Western
Test Range into a nearly ecircular, sun-synchro-
nous orbit. The north equator crossing occurs
near 3:00 pm. The scientific objectives of SME
have been reviewed by Thomas et al. (1980) and
Barth et al., (1983) and include studies of ozone
photochemistry in the 50-70 km region where the
oxygen—hydrogen photochemistry is dominant in
establishing the ozone density distribution. The
combination of spacecraft instruments is designed
to measure ozone, its variations in time and
space, and correlate these changes to changes in
the relevant solar flux (Rottman et al., 1982)
and other important atmospheric constituents,
e.g. water vapor, and to the temperature. In
this paper we report on initial results from the
ultraviolet spectrometer on SME which measures
ozone in the 50-70 km region. A near infrared
spectrometer on SME also infers the ozone density
in - the atmosphere by measuring the 1.27 pm emis=
sion from molecular oxygen. The ozone densities
resulting from each instrument are compared in a
companion paper (Thomas et al., 1983).

Observations and Data Analysis

The ultraviolet instrument on SME (UVS) is a
two-channel spectrometer with a programmable
wavelength drive. The instrument collecting
optics are an £/5 25 cm focal length off-axis
parabolic telescope which feeds an f/5 12.5 cm
length ©Ebert-Fastie spectrometer. The
field of view is 0°.074 x 0°.74 which projects to
3.5km X 35km at the earth's limb. The instrument
employs a 3600 groove/mm grating blazed at 240nm
and two EMR type 510F photomultiplier tubes used
in pulse counting mode. The spectral resolution
is 15A and the channels are separated by 300A.
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The wavelength coverage for channel 1 and channel
2 are 1880-3100A4 and 2230-3404A, respectively.
The integrated internal instrument scattered
light from all wavelengths relative to the inten-—
sity at 26560 A 1s less than 0.5%.

The grating may be operated either in a2 scan-—
ning mode with 4.9 or 96A steps or commanded to
any of 256 grating positions. The data reported
here were obtained on the earth's limb at fixed
grating position at wavelengths 2650 and 29644,
The dinstrument sensitivity is 5.5 X 10
(counts/sec)/(XR/A) at 26504 and 1.4 X 103
(counts/sec)/(XR/A) at 2960.

The absolute direction of the line of sight of
the sclentific instruments is determined from a
history of averaged pitch angles derived from the
four horizon sensor crossings each spin. This
analysis leads to 1limb altitude determinations
with residuals of the order of one kilometer at a
slant distance of 2530 km {Cowley and Lawrence,
1983). The limb altitudes are further refined by
comparisons of the Rayleigh scattered intensity
measured by the UVS with expectations from model—-
ing of this signal using the relevant solar
fluxes, cross sections, and the model atmosphere
of Cole and Kantor (1978).

The period of ozone observations reported here
extend from January 1, 1982 to November 30,
1982. The primary orbits cover the longitude
range from 40 W to 100 W each day during local
afternoon.

ititude profil of counts per integration
period (IP) for a typical set of siz spins is
shown in Figures la and b. The data taken at
26504 are shown in Figure la where the maximum
count rate is about 300 per IP for each of the
six spins and the 2964A data shown in Figure 1b
have a maximum count rate of about 600 per IP.
The data show an increase in the counting rate as
the l1ine of sight penetrates the atmosphere and

8

the Rayleigh scattering intensity increases.
This exponential increase is interrupted by the
absorption of scattered solar -radiatien by
ozone. The shape of the emission profile is

determined by the amount of ozonme along the view-
ing path and the ozone cross—section. The adop-
ted absorption cross-—sections for ozone are from
Bass and Paur (Private Communication) and when
avg{gged over the iqgﬁfume%t bandpass are 9.6 x
10 and 5.84 x 10 em” at 2650A and 29644,
respectively. As a result the Rayleigh scatter-
ing maximizes at about 62 km at 2650A and about
51 km at 2964A for a typlical ozone profile.

The data are then calibrated taking into ac—
count Instrument dead-time, sensitivity and
polarization. The calibrated radiance profiles
resulting from the data of Figure 1 are shown in
Figure 2 as the asterisks after averaging over
six 1imb scans (~5°along the orbit). The data
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Figure 1: Altitude profiles of counts per
integration period vs altitude on orbit 2405,
82073, at 14.0° latitude (a) 26504, (b) 2964A.

are then fed into a radiative transfer inversion
code which we briefly describe here.

Let the intensity as measured by the instru-
ment be I(X,), which 18 a function of wavelength
(X) and altitude above the limb (f). We approxi-
mate I by a linear expansion in the layer values
of the unkncwns A {the ozone densities)

M S
o, = 1oy + 7 LA
{=1 AL

FROCIINCOR 1)

where IM is calculated from a radiative transfer
model _and the derivatives are evaluated at
A n~-1)

The radiative transfer model used in the cal-
culation assumes single scattering of solar pho-
tons and uses the model atmosphere of Cole and
Kantor (1978). The use of a single scattering
model is Jjustified at the chosen wavelengths
because neither penetrate to altitudes where
scattering by clouds or snow occur. In addition
we have measured the albedo of the atmosphere by
looking directly down at the surface of the earth

Mesospheric Ozone Densities from SME

and have established that the counting rate is a
factor of 20 or more lower than the counting rate
measured on the limb. Thus the multiple scatter—
ing contribution to the signal is insignificant.

We then define the matrix of the derivatives
of the intensities by the unknowns.

_ 3T, 0)
PA,
1

F (2)

Equation (1) can then be inverted to give

A 2D Ty e oL 0 - oL ()

where the TM's are evaluated at A(®1) The rela-
tionship between the intensities and the ozone
densities is not linear and equation 3 is solved
numerically by iteration.

A further complication arises near the end
points of the selected data set where the S/N 1is
small. Here the solution can become unstable and
the instability may propagate into the region
when the S/N is large. Mathematically, the ma-
trix (FTFY1 can become singular. This situation
is avoided by constraining the solution and di-~
recting it back to the initial value or precon-
ceived solution if the noise is large. We intro-
duce the y-factor, a vector quantity which is a
function of altitude, to prevent instabilities im
the solution. Including v(12) in equation (3) we
have

AL LG vy ET (L

Moy +va® oAy )

where I 1s the identity matrix, Ai(o) is the
preconceived or initial solution. If vy=0, this
becomes equation (3), but as y becomes large, the
s?lgtion becomes the preconceived solution
Al%J).  Thus it 1s possible to overcome the prob-—
lem of noise at the endpoints and by suitable
choice of v allow the data with large S/N to
fully influence the solution. A new set of A's
is given by equation (4) and the solution is
iterated until the differences between I and I
are small. In Figure 2 the radiance data, the
radiance calculated from the derived ozone den-

LAT 14.037 ORBIT 2405.0 DAY 73
80 T ¥ Q0 T T T T

-1 80

ALTITUDE (KM)

-1 50

40
30 40 50 0 100 200 300 400 500
RADIANCE (MR) 2650A
Figure 2: Altitude profiles of the measured
radiance (*), the calculated radiance using the
initial guess ozone profile (~~-) and the
calculated radiance after the inversion (—).
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sities and the radiance calculated from the ini- T T T i T
tial ozone profile are shown for each channel. L
The dashed lines are the radiance calculated from
the initial ozone profile. Note the convergence
at high altitudes for all three profiles where no
ozone absorption is present. The agreement be-
tween the data and the final radiances is excel-
lent after the inversion processes.

The resulting ozone density and mixing ratio
profiles are shown in Figure 3a and b for 14°
latitude, orbit 2405 on March 1l4. The ozone
density decreases from about 1 X 10! cm™3 ar 48
km to about 1 x 10° at 68 km with an average
scale height of 4.5 km. The mixing ratios are
3.2 ppmv at 48 and 0.43 ppmv at 68 for this low : . : . :

©
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X

PRESSURE (MB)

latitude case near equinox. ~-80. -80. -30. 0. 30. 80. 90.
The density profiles shown in Figures 3 are
similar to other published ozone measurements. LATITUDE (DEG)

The ozone densities and mixing ratios are 10%
smaller than the mid-latitude ozone model of
Krueger and Minzner (1976) at 50 km and 20% at 64
km for this one comparison. The results are also
within 10%Z of the measurements of Aikin et al.,
(1982) who used the Solar Maximum Mission space-
craft in an occultation mode to derive equatorial
ozone profiles at dusk. Other measurements of
ozone by limb scanning instruments have measured
thermal emission from the ozone molecule (see
e.g., Gille et al., 1980) or have used stars as
occultation sources (Hays and Roble, 1973).
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An error analysis was performed to determine -
the statistical uncertainty of the derived ozone . . , ) )
densities. The calculation was done by comparing
-90. -80. -30. 0. 30. 80. 80,

the inversion of perfect data to those performed
with noisy data. In no case did the difference LATITUDE (DEQG)
between the ozone densities derived from the
nolgse-free data and the noisy data exceed 10% in L
the altitude range between 50 and 68 km. We es- [

timate that the total error derived from consid- 0.1 F \s_/afﬁ“’\)_e@ §

eration of inaccurate knowledge of the altitude

of the line of sight, internal scattering in the g

instrument, and errors inherent in the inversion et S OO

technique are 15% over the altitude range con~ g N&
sidered. :—2 T LS e s

The monthly averaged mixing ratios are dis- b W

played in Figure 4 in pressure and latitude for o W
January, February and March of 1982. The January o. o S ,/;;;2'}&%\‘
' 'datd show smaller mixing ratios in mid-latitudes 1.0

in summer than in winter at pressures above about

0.2 mb with the gradient becoming less or even etk - ! - A
reversing at lower pressures. Near 0.9 mb the ~80. -80. -30. 0. 30. 80. 20.
winter latitudinal gradient 1is large with the LATITUDE (DEG)

Figure 4: Monthly average value of mixing ratio
vs pressure and latitude. (a) January, (b)

ro . T 70 . ! T February, (c) March.
65 * 4 est” .
-~ = ®
: . .
< e0 - . 4 ek =« 4 mixing ratios increasing from about 3 ppmv at
u x = 20°N to 3.5 ppmv at 50°N. Theoretical compari-
a
2 ss F * 4 ssk * | sons to this data are discussed in a companion
P * * paper in this issue (Solomon et al., 1983). The
b~ so - .-~ sob * . i gradients tend to lessen at all levels in Febru-
j . ary but maintain the general features of the
previous month. In March the large gradients at
45 : ' ‘ : 48 l ’ ) ! high latitudes have disappeared and a large meri-
88 % 85 10 105 n o ! 2 & 4 s dional wave appears at low pressures. An inter-—
LOG DENSITY MIXING RATIO (ppmv) esting feature in the data is the relative maxi-
Figure 3: (a) Log of the ozone density as a mum occuring at nearly all levels in January and
function of altitude for the radlance data of February between 15°S and 30°S.

Figure 2, (b) the ozone mixing ratio profile. The standard deviations from the monthly means
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gshown in Figures 4a, b, and ¢ range from about 5%
of the monthly average values at pressures grea-
ter than 0.5 mb in the summer hemisphere and up
to latitudes near 30°N to about 10% in reglons of
lower pressure. In January and February, the
standard deviations increase toward the winter
pole at pressures greater than 0.4 mb to 10 to
15% at 50°N. This reflects the rather large
variability of ozone in the winter hemisphere
caused by dynamics. This trend continues even
into March as a result of including ozone mixing
ratios in the average measured during a strato-
spheric warming event.

In Figure 5 contours of ozone mixing ratio are
plotted in pressure and time for January through
November of 1982, at 45°S latitude. The data
have been smoothed by an eleven day running
average. The ozone increases through the first
six months reaching a maximum value at all
pressures in June or July. Note alsc the high
variability of ozome in the southern winter and
the smoothness of the contours in southern spring
and summer. The opposite trend is apparent in
the northern hemisphere. Much of the variability
near 1.0 mb is due to thermal events such as
stratospheric warmings.

Summary

The ozone content of the lower mesosphere has
been mapped by an orbiting ultraviolet spectro-
meter. The results reveal ozone variability in
latitude and season and demonstrate the validity
of the ultraviolet 1imb scanning technique for
measuring mesospheric ozone.
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OZONE DENSITY DISTRIBUTION IN THE MESOSPHERE (50~90 KM) MEASURED BY THE SME
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Abstract. The ozone densities between 50 and
90 km are deduced from 1.27 um airglow measured
on the Solar Mesosphere Explorer satellite. The
derived densities agree well with those made
simultaneously from SME by the ultraviolet spec—
trometer. The data set extends from pole to pole
at about 3 pm, for most sunlit latitudes. At low
altitudes, 1in the mesosphere, there are larger
variations in ozone density in the winter lati-
tudes than in the summer. Above the meso—pause
the day-to-day variation in ozone density is a
factor of two at most latitudes and times.

Introduction

The Solar Mesosphere Explorer (SME) spacecraft
was launched on October 6, 1981 into a nearly
circular, sun-synchronous orbit, so that the
subsatellite local time is near 3:00 pm or 3:00

am. The scilentific objectives of SME include
studies of ozone photochemistry in the meso—
sphere. The combination of spacecraft instru-

ments 1is designed to measure ozone, 1ts varia-
tions in time and space, and correlate these to
changes in the relevant solar flux, the temper-
ature, and other important atmospheric constit-
uents, e.g. water vapor (Barth et al., 1983).

The near infrared instrument measures emission
from 02(1A ) at 1.27 pm. In the dayglow the
oxygen molecule is excited to this state primar-
1ly by photodissociation of ozone and emits at
1.27 and 1.58 pm. The emission at 1.58 um was
first observed from the ground in the evening
twilight by Vallance Jones and Harrison (1958).
The emission at 1.27 um is stronger, but is ab-
‘sorbed in the troposphere by molecular oxygen.
Vallance Jones and Gattinger (1963) proposed that
the emission was due to ozone photodissocia-
tion. A rocket profile of the dayglow was made
by Evans et al. (1968). Their analysis
indicated that the emission was due to ozone
photodissociation, except possibly above 80 km
where the excess emission required either more
ozone than predicted at that time, or another
source of 02( A,) molecules. Our analysis indi-
cates that both are true; there is, at times, a
secondary peak of ozone density near 85 km, while
near 80 km often only about half the emission is
due to ozone.

In this paper we report on initial results
from the near infrared spectrometer on SME which
measures ozone in the 50-90 km region. We will
discuss the methods that are used to invert the
observed intensities giving the volume emission
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rate. The ozone densities are then inferred
assuming several sources for the emission. The
general behavior of the ozone with altitude,
latitude, and time will be shown and discussed.

Observations and Data Analysis

The near infrared instrument on SME is a two-
channel Ebert-Fastie spectrometer with a program-
mable wavelength drive. The collecting optics
are an £/5 25 cm focal length off-axis parabollc
telescope which feeds an £/5 12.5 cm focal length
Ebert-Fastie spectrometer. The field of view is
0.074° x 0.74° which projects to 3.5 km X 35 km
at the earth's limb. The instrument employs a
200 groove/mm grating blazed at 1.8 um and two
passively cooled lead sulfide detectors. The
spectral resolution is 12.25 nm and the channels
are separated by 0.6 um. The wavelength coverage
for channel 1 and channel 2 are 1.1-2.6 pym and
1.1-3.2 ym respectively. The grating may be
operated either in a scanning mode with 44 mm
steps or commanded to any of 512 positions. The
data reported here were obtained on the Earth’s
limbs with a fixed grating position at 1.27 um.

The SME spacecraft spins in cartwheel fashion
once every 12 seconds with the spin axls perpen-
dicular to the orbit plane. Thus, one scan of
the Earth’'s 1limb 1is accomplished every 12
seconds, or about 1 degree of latitude along the
orbit path. During each scan of the Earth's
1imb, 31 data samples are collected. The inte~
gration period of 2.44 ms gives 3.5 km resolution
on the 1limb and 31 samples cover the altitude
region from about 30 to 130 km. Most of the data
were taken on the orbits that cover the longitude
range from 40 to 100 degrees west each day during
local afternoon.

The altitude profile of
is shown in Figure 1. The
taken on the 1limb forward
the orbit plane begin at
with a measurement of the dark sky background.
The signal increases above the noise between 90
and 100 km. Often an inflection or even a re-
lative minimum 1in the signal is seen near 80
km. The signal reaches a peak near 45 km and
then falls off until the Raylelgh scattering from
the lower atmosphere, scattering from clouds, and
reflection from the earth's surface are seen.
During the day, the maximum airglow signal is
between 250 and 350 data numbers or DN (600 and
800 MR), while at night the maximum signal is
about 1 DN (2.3 MR). The instrument sensitivity
is about 2 MR per data number and the noise on
one sample is about 1.5 DN. Thus, the day sig-
nals have a very good signal-to-noise ratio while
at night 1t is poor. The 8-bit data compression
adds an error of up to *3% to all data points.

typical radiance data
radiance measurements
of the spacecraft in
the highest altitude
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Figure 1: Data measured by the limb scanning
near infrared spectrometer on SME on 14 March,
1982 on the left. These profiles are six data
gcans that have been merged and calibrated. The
inverted data, 1.27 um volume emission rate, is
on the right. (+) ~data at 66.2°S latitude and a
solar zenith angle = 74.1° (%) -data at 12.5°¥%
and a solar zenith angle = 44.1°,

The data are calibrated by taking into account
the instrument and detector temperatures which
are included in the telemetry. In order to de-
crease the noise and the volume of data storage,
we merge 6 calibrated profiles together taking
into account any changes in pointing and timing.

The observed slant intensity along the line of
sight path % with a tangent altitude of h 1s

3(h) = [ V{)T(L)d2
o
Where V(%) is the volume emission rate. The
1.27 um emission is self absorbed by 0,. T{L) is
the atmospheric transmission of 1.27 um radiance
between the emission point and SME and depends on
the column density of 0O, and the emission and
absorption temperatures.

The volume emission rate V{(h), at any altitude
h, is retrieved using an onion peel method assum-
ing that the atmosphere 1is uniformly stratified
Two inverted profiles are shown in Figure 1.

During the day, the dominant production mech-
anisms of 0?(*ﬁ} are ozomne photodlssociation and
collisional transfer of energy from O ( 7y. We
examined the photochemical reactions {using cur-—

TABLE 1 REACTION RATES AND CONSTANTS

£ 0.9 1
g 8.0 x 1073 sec”! 2
sz 5.3 x 1079 gec™? 3
Asm 0.085 sec”t 3
Ay 2.58 x 1074 sec™! A
kp 2.22 % 107 aﬁ(riaoe)ﬁ 78 cn® sec”! 5
k. 2.0 x 107 : exp{~107/T) ca® sec”! &
kg 2.9 x 10711 ex§(~673T) cm? sec”! )
K 2.0 x 10715 cm -l 7

1. Fairchild et al. 1978, 2. See text, 3. Wallace
and Hunten 1968, 4. Badger et al. 1965,

5. Findlay and Snelling 1971, 6. Strelt et al.
1976, 7. Becker et al. 1971.
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Figure 2: Ozone density at 65°S and 10°N

corresponding to the profiles of Figure 1. The
s01id line ending at 72 km is the average data of
Krueger and Minzner (1967).

rent rate constants) that could produce OZ(IA)
(Evans et al., 1968 and Han et al. 1973) and
found only those discussed below were significant
during the day.

04 + hv(210 < A < 310mm) > 02(1A) +0o(lp)  eJy
The production efficiency ¢ is about 90% and
the number of ozone dissociations per second per
molecule is J3. 33 is calculated using tempera-
ture dependent cross sections of Bass and Paur
(1982) and the solar flux of Mount and Rottman
(1983) corrected for the sun—earth distance and
the overhead ozone. The excited oxygen atom can
transfer its energy to Og or be quenched by Nj-

1 3 1
o(lpy + 0, > 0(*R) + 0,(%) k,
1 3 f
o(!p) + N, > 0C°P) + N, k,
The 02{12) molecule in turn is de-excited by
02(12) + M > oz<la) +M kg
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Figure 3: The same ozone densities as in Figure

2 but plotted as mixing ratio In parts per
miliion by volume vs. pressure. 65°S 1ls on the
left and 10°N is on the right. The small squares
are ozone data from the UV absorption experiment
(Rusch et al., 1983).




L

e,

o

e
R

Thomas et al.: Ozone Density in the Mesosphere 247

where M is any molecule, usually NZ' All de-
excitation reactions of 02(12) produce an 02( A)
(Ogryzlo and Thrush, 1974). Deactivation of
02(12) effectively adds 30% to the photodissocia~
tion production of 02(1A), making the efficiency
about 117%. 02(12) is also produced by resonance
absorption of sunlight at 762om which is then
collisionally converted to 02(1A) below about 90
km. Above that altitude more 02(12) is lost by
radiation than by quenching. The excitation rate

is JS.

OZ(IA) molecules either radiate or are
quenched by 0,

1

02( A) + 02 > 202 Ky

Hence the volume emission rate is given by
P k [M]
V(h) = {(—22 4 Jue 10,1} *
As + ks[M] AD + kD {02]

AS and Ap are the Einstein coefficients for
0 (12) and O (lA) respectively, and P_ is the

2 2 1 5
production rate of 02( )

PS = JS[OZ] + J3a[03] Ko/(Ko+ 3.76 Kn)

The above equations are then solved for the
ozone density and mixing ratio. The background
atmospheric density and temperature are taken
from Cole and Kantor (1978). Rates and constants
used are given in Table 1. The transmigsion
function for resonance-band absorption by ©
molecules was taken to be a weighted-sum over al%
lines of the transmission function for a pure
Doppler 1ine (Holstein, 1947). The welghting
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Figure 4: Contour plots of ozone mixing ratio

for the orbit of 14 March, 1982, top, and

22 December, 1981 on the bottom. The upper plot
contains data shown in Figure 3. Negative value
of latitude indicates the southern hemisphere.
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Figure 5: Oszone mixing ratio as a function of

time at 40°N and about 60 km (0.159 mb). Each
square is one orbit while the solid line is a
five day running average.

factor is the normalized Boltzmann distribution
function evaluated at the temperature of the
model atmosphere evaluated at the limb point
(Wallace and Hunten, 1968).

Results and Discussion

The ozone densities and mixing ratios derived
from the intensity measurements of Figure 1 are
shown in Figures 2 and 3. 1In Figure 2 the loga-
rithm of the ozone density is plotted against
altitude. Below 70 km the ozone follows an expo~
nential behavior and shows a good agreement with
the rocket model of Xrueger and Minzer (1978).
Above 70 km the scale height increases and often
there 1is a secondary maximum of the ozone
density. The mixing ratios are shown in Figure 3
with total pressure as the vertical coordinate.
The profiles are representative of March condi-
tions. TFigure 3 also includes data from the SME
UV . measurement of ozone that shows. the . geod
agreement of ozone altitude profiles.

The ozone inferred from the measurements exhi-
bits a considerable variation with latitude and
time. The latitude wvariation of the ozone mixing
ratio by volume for two orbits is represented by
contour maps in Figure 4. In the winter, the
mixing ratio 1is enhanced in the northern mid
latitudes. Above 70 km (0.03 mb), there is a
good deal of structure in each map. The mixing
ratio above 80 km has 2 wmaximum near the summer
pole.

The wvariation of ozone with time can be seen
in Figure 5 for &40°W latitude at 60 km. The
changes from orbit to orbit are due to longitu-
dinal variations and random nolse in the inver-
sion. In Figure 6, the 5 day running average is
shown for several pressure levels at 40°S. At
high pressures (1.0 and 0.8 mb) ozone mixzing
ratio increases throughout the periocd up to the
beginning of May when large winter variability
becomes apparent. The dotted line at 0.8 mb
represents ozone measured by the UV spectro-
meter. The agreement betwsen the two instruments
is very good. The ozone at 0.3, 0.1, and 0.01 mb
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Figure 6: Ozone five day running average at

several pressure levels at 40°S.

appears less variable except in June. The varia-
bility returns at 0.001 mb throughout the entire
period, possibly indicating a region of control
of ozone different than that at higher pressures.

Satellite measurements of the 1.27 pm airglow
on the Earth's 1imb are currently being made from
the SME spacecraft. Most of the emission is due
to ozone photodissociation. A small amount of
the emission is due to transfer of energy from
0 (12) which 1is resonantly excited by sunlight at
762 nme. Taking into account quenching of both
0 (lT) and O ( A), the atmospheric transmission
of the UV, of 762 nm and of 1.27 uym radiation, we
infer the ozone densities from 50 to 90 km during
the daylight portion of the orbit.

We have shown that the derived ozone density
is consistent with that measured previously by
rockets and with the UV absorption measurements
of ozone on SME. The ozone above 80 km is highly
variable while that at 60 km shows seasonal

trends and winter variability.

References

Badger, R.M., A.C. Wright, and R.F. Whitlock,
"Absolute Intensities of the Discrete and
Continuous Absorption Bands of Oxygen Gas at
1.26 and 1.065 u and the Radiative Lifetime of
the 1Ag State of Oxygen"”, J. Chem. Phys. 43,
4345, ©1965. -

Barth, C.A., D.W. Rusch, R.J. Thomas, G.H. Mount,
G.J. Rottman, G.E. Thomas, R.W. Sanders, G.M.
Lawrence, Solar Mesosphere Explorer: Scientific
Objectives and Results, Geophys. Res. Lett.,
this issue, 1983. -

Bass, A.M. and R.J. Paur, Personal
Communications, 1982.

: Ozone Density in the Mesosphere

Becker, K.H., W. Groth, and V, Schurath, “"The
Quenching of Metastable 02( A) and 02( Z;
Molecules”, Chem. Phys. Let. ~8, 259, 1971

Cole, A.E., and A.J. Kantor, "Ai;force Reference
Atmosphere”, Air Force Geophysical Laboratory,
Project 6670, 1978.

Evans, W.F.J., D.M. Hunten, E.J. Llewellyn, and
A. Vallance Jones, "Altitude Profile of the
Infrared Atmospheric System of Oxygen in the
Dayglow"”, J. Geo. Res. 73, 2885, 1968.

Fairchild, C.E., E.J. . Stone, and G.M. Lawrence,

"Photofragment Spectroscopy of Ozone in the UV
Region 270-310nm and at 600nm”, J. Chem. Phys.
69, 3632, 1978. -

Findlay, F.D., and D. R. Snelling, Collisional
Deactivation of 02( A ), J. Chem. Phys., 55,
545, 1971.

Han, R.Y., L.R. Megill, and C.L. Wyatt, "Rocket
Observation of the Equatorial (lA )
Emission After Sunset”, J. Geo. Res. g78 6140,
1973. - 0 T

Holstein, T., "Imprisonment of Resonance
Radiation in Gases”, Phys. Rev., 72, 1212,
1947. -

Krueger, A.J., and R.A. Minzner, "A Mid-Latitude
Ozone Model for 1976 U.S. Standard Atmosphere”,
J. Geo. Res., 81, 4477, 1976.

Mdﬁht?_ﬁlﬁtj—énd*ElJ. Rottman, "The Solar
Spectral Irradiance 1150-3173 A 17 May 19827,
to be published J. Geo. Res., 1983.

Ogryzlo, E.A. and B.A. Thrush "The Vibrational
Excitation of H,0 and €04 ( Z+)" Chem. Phys.
Lett., 24, 314, 1974.

Rusch,D.W. ,G.H. Mount, C.A. Barth, G.J. Rottman,
R.J. Thomas, G.E. Thomas, G.E. Thomas, R.W.
Sanders, G.M. Lawrence & R.S. Eckman, Ozone
Densities in the Lower Mesosphere Measured by a
Limb Scanning Ultraviolet Spectrometer,
Geophys. Res. Lett. this issue, 1983.

Streit, G.E., ., C.J. Howard, A.L. Schmeltekopf
J.A. Davidson, and H.I. Schiff, "Temperature
Dependence of O( D) Rate Constants for
Reactions with 05, N,, CO,, 03 and HZO s Je
Chem. Phys., 65, 4761, 1976.

Vallance Jones, “A., and A.W. Harrisonm, ° " 1p
3y--0, Infrared Emissions Band in the w§11ght
Ai¥glow Spectyum”, J: Atm. Terr. Phys., 13, 45,
1958.

Vallance Jones, A., and R.L. Gattinger, "The
Seasonal Variation and Excitation Mechanism of
the 1.58 p 1A =317 Twilight Airglow Band”,
Planet. Space Sci., 11, 961, 1963.

Wallace, L., and D.M. Hunten, "Dayglow of the

Oxygen A Band”, J. Geo. Res., 73, 4813, 1968.

(Received December 22, 1982;
accepted February 4, 1983.)




250 Solomon et al.:

Comparison of Mesospheric Ozone

TABLE 1. Calculated monthly mean H,0 mixing ratios and Oy and H,0
photolysis rates in the equatorial mesosphere

Approximate

Pressure (mb) Altitude (km) H,0 (ppmv) Rl (sec“l) R7 (sec_l)
0.75 50 2 1.0(-9)* 2.3(-8)
0.37 55 2 1.2(-9) 6.0(-8)
0.18 60 3 1.4(-9) 9.3(-8)
0.09 65 2 2.0(~9) 2.8(~7)
0.04 70 8 2.9(-9) 8.6(~7)
0.02 75 3 5.1(-9) 2.1(~6)
0.01 80 2 8.5(~9) 3.6(-6)

* Read 1.0(=9) as 1.0 x 1072

tropical mesosphere, and these are consistent
with the detailed calculations mentioned above
when differences 1in solar flux are considered.
Further description of the model is provided by
Garcia and Solomon (1983). The satellite data
which will be displayed represent averages for
the month of January, 1982.

Figure 1 shows calculated and observed mixing
ratios from the ultraviclet spectrometer versus
latitude for two pressure levels. (Our model 1is
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Figure 1. Ozone mixing ratios observed by the

UVS instrument in January versus latitude at 0.56
and 0.13 mb and those obtained in the "standard”
model B (see text).

formulated in pressure coordinates). The lati-
tude trends which appear in the data are general-
1y similar to those obtained in the model. Ozone
data obtained by Krueger and Minzner (1976)
(mostly at Wallops Island, Virginia) are also
shown for comparison. The indicated error bars
represent one sigma standard deviations about the
observed means. The Krueger-Minzner data include
oheervations at various seasons and local times,
as well as some twilight data, while the SME data
are for January at 3PM local time. At twilight,
conversion of atomic oxygen to ozone may occur,
yielding larger ozone densities (especially at
higher altitudes) and larger variability when
averaged together with daytime data. The
variability observed by SME does not change much
with latitude at these heights, as indicated.
The specific differences will be discussed in
more detail below.

Figure 2 presents the monthly averaged profile
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Figure 2. Ozone profiles observed at the equator
by SME in January along with several model
calculations. Model B employs standard
chemistry. Model C uses a slower rate for R3
discussed in the text. Model A show the effects
of reduced cross sections for 0, in the Herzberg
continuum.
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obtained with the SME instruments at the equator
along with a number of model calculations. The
SME UV spectrometer obtains ozone data from about
1.0 to 0.1 mb, while the near infrared spectro-
meter operates from about 1.0 to .002 mb. In the
overlap region from 1.0 to 0.1 mb, the two in-
struments generally agree to within 15%. The
profile displayed in Figure 2 represents a mean
of the data of both instruments from 1.0 to 0.1
mb, and near infrared data above 0.1 mb. One
sigma standard deviation about the observed means
provide an estimate of the uncertainty in the
measurements. This is a smoothly varying func-
tion of altitude between the indicated points.
Systematic errors in the measurements are discus—
sed by Rusch et al., (1983) and Thomas et al.,
(1983). The different calculations are intended
to provide an indication of areas of uncertainty
in model parameters. The "standard chemistry”
(model B) is given by Garcia and Solomon (1983)
except that the rate coefficignt for reaction R9
was increased to 1.0 (~10) cm s"l in these cal-~-
culations as an upper limit consistent with re-
cent recommendations (JPL, 1982). A reaction
coefficient of 7.0(-11) cm s-1 is employed for
R33 Use of a slower rate constant of 4.0(-11)
cm” 8 for this reaction yields an increase in
the calculated ozone abundance as shown in model
C. Recently, Herman and Mentall (1982) and
Frederick and Mentall (1982) have deduced 0,
absorption cross sections near 200 nm from bal-
loon observations of the solar irradiance, and
these values are smaller than those obtained from
laboratory studies. Use of these cross sections
(model A) reduces the rate of 0, photolysis (R1)
in the Herzberg continuum, and has its largest
effects on ozone denmsity near 1 mb, where these
wavelengths provide the dominant source of odd
oxygen.

The use of the "standard chemistry" (model B)
results in ozone mixing ratios which are about
10% and 30% below those obtained with SME near 1
mb and .l mb, respectively. The general shape of
the calculated profile is quite similar to that
obtained in the measurements at all altitudes.

Discussion

We now examine the latitudinal trends in the
data and comparison to the model in more
detail. At low pressures (near 0.1 mb), odd
oxygen production 1s believed to be due solely to
Rl and odd oxygen loss 1s dominated by R2-R4,
which depend on the odd hydrogen abundance.
Neither of these exhibits much latitude depen—
dence at 3 PM local time in the sunlit atmosphere
and as a result the distribution at these alti-
tudes is relatively flat with respect to lati-
tude. At lower altitudes near 0.5 mb, RS begins
to play a role in odd oxygen loss along with R2-
R4. R5 has a large energy of activation and 1is
thus rapid near the hot summer stratopause and
slow near the cold winter stratopause, contribut-
ing to a substantial difference in ozone abun-
dance from one pole to the other at solstice.
These seasonal trends have been noted previously
by both observational and theoretical studies
(see e.g Cunnold et al., 1980; McPeters, 1980).

In spite of the good overall agreement between
the observed and calculated latitudinal trends in
ozone, however, it is clear that there are some
differences between the absolute abundances pre-
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dicted by theory and measurements ia the meso-
sphere. The differences near 1 mb are relatively
small and could well be due to minor differences
in temperatures calculated in the model versus
those which existed when the measurements were
made. The differences which exist between about
1 and 0.1 mb are sensitive to several poorly
known model parameters. For example, ozone
mizing ratios slightly larger than those of model
C could be obtained using model B chemistry if
the Frederick and Hudson (1980) parameterization
for HZO photolysis in the Schumann Runge bands
were used rather than that of Nicolet (1981),
The differences between these two
parameterizations lie at least 4in part in the
adopted solar fluxes in the Schumann Runge band
region (which are at present uncertain by at
least 107%). At higher altitudes, however, the
differences appear to be more significant,
particularly when faster values are assumed for
R3 as indicated by recent laboratory studies. It
must be mentioned, however, that the ozone mixing
ratios derived from the near infrared instrument
are sensitive to the adopted chemistry for
02(1Ag) as discussed by Thomas et al. (1983).

The temperature dependence of ozone near the
stratopause can be used to provide an indication
of which model parameters may be responsible for
the apparent discrepancies between calculated and
observed mean ozone mixing ratios in the meso-
sphere. Barnett et al., (1975) examined the
correlation between ozone density and temperature
at 1 mb during a stratospheric warming, and found
that the logarithm of the ozone density varies as

967/T. A similar analysis by Krueger et al.,
(1980) yielded a temperature coefficient of
1067/T. The magnitude of this temperature sensi-

tivity depends largely on the relative amounts of
odd oxygen destruction by R5 (which has a temper-
ature sensitivity of about 2200/T) versus R2-R4,
which are almost temperature insensitive. Our
model with "standard chemistry” yields a tempera-
ture coeffient of about 1080/T, in reasonable
agreement with the measured values cited above,
but also predicts mean ozone abundances in the
mesosphere which are below observations by SME as
well -as other investigators such ‘as Krueger and
Minzner (1976) (see Figure 1) or Gille et al.
(1980). 1In order to obtain mean odd oxygen abun-
dances as large as those inferred by SME, we must
either decrease the rate of odd oxygen loss (R2-
R5) or increase the rate of odd oxygen production
(Rl or some other process). We could achieve
agreement with the measured ozone densities by
reducing the rate constants of R2 and R3 by about
a factor of 2 below current recommendations.
However, such a change would yield an ozone tem-
perature coefficient of 1250/T near 1 mb, which
is significantly higher than that suggested by
the measurements unless those rate coefficients
varied rapidly with altitude, presumably as a
result of temperature senmsitivity. This is not
consistent with laboratory studies which indicate
very little temperature dependence for R2 or
R3. Similarly, agreement between the mean mea-
sured and calculated ozone mixing ratios could be
obtained by reducing the water vapor mixing
ratios near 0.1 to 0.01 mb to about 1 ppmv, but
this would also result in an unacceptably large
temperature sensitivity for ozone at the strato-
pause, unless the HZO mixing ratio profile de-
creases extremely steeply with altitude above 0.1
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@b. Alternatively, an increase iam the rate of
0dd oxygen production by about 30% near 0.1 to
0.01 mb would reconcile the discrepancies. In-
deed, Cicercne and McCrumb (1980) suggested that
the calculated rate of O, photolysis should be
larger than present estimates in the Schumann—
Runge bands due to the isotoplc shift of heavy
oxygen. However, thelr current estimate of the
magnitude of this effect 1s only 10% near 70 km,
which 1is too small to account for the discrepan-—
cies discussed here. There could also be other
odd oxygen producing reactions in addition to Rl
which are not at present considered in meso-
spheric models, such as the photolysis of excited
states of oxygen.

Tt is important to examine a more extensive
data set to determine if the discrepancies be~
tween theory and observation obtained here are
indeed representative, and not a result of mna-
tural variability in the atmospheric water vapor
content or temperature. For example, Gibbins et
al., (1981) emphasized the large time variation
of water vapor abundance near the stratopause
deduced from a long time series of microvave
measurements.

In summary, we have compared the ozomne abun-—
dances measured by the SME satellite in the meso~
sphere to those obtained in a two dimensional
theoretical model. The present comparison Iim-
plies that the mesospheric odd oxygen production
ratez may be underestimated with present photo~
chemistry, but we note the existence of numerous
uncertainties in photochemical parameters, par-
ticularly in the rate of Hy0 photolysis in the
Schumann Runge band reglomn. Further data are
needed to establish whether the apparent discre-
pancies are typical at all seasons and years. In
spite of these differences in absoclute amount,
the trends in the data with respect to latitude
and altitude are similar to those obtained in the
model calculations.
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MESOSPHERIC OZONE DEPLETION DURING THE
SOLAR PROTON EVENT OF JULY 13, 1982
PART I MEASUREMENT
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Abstract. The near infrared spectrometer and
the ultraviolet spectrometer on the Solar Meso-
sphere Explorer (SME) observed the ozone density
as a function of latitude and altitude during the
solar proton event of July 13, 1982. Airglow at
1.27 pm was observed at the earth's limb. The
altitude profiles of the emission were inverted
providing ozone densities. The ozone densities
observed showed a clear decrease during the
event. The maximum depletion seen was 70%. The
decrease was observed in the northern high lati-
tudes at mesospheric altitudes. The decrease was
very short lived, lasting less than a day.

Introduction

Solar proton events can inject a large number
of high energy protons into the earth’s middle
atmosphere lonizing molecules and thereby chang-
ing the amounts of odd hydrogen, nitrogen, and
oxygen. These changes then will alter the ozone
destruction rate and thus its density. A change
in the ozone density has been measured during
several previous proton events. During the solar
proton event of November 1969, decreased ozone
concentrations were observed in the 50-70 km
region at Fort Churchill, Canada (Weeks et al.,
1972). After the large event of August 1972 an
ozone depletion of up to 30% was seen between 30
and 55 km (Heath et al., 1977). McPeters, et
al., (1981) observed an ozone depletion during
two other solar proton events; one in January,
1971 and the other in September, 1971. One of
the goals of SME was to measure the ozone changes
during proton events and on July 13, 1982 an
event occurred with a very large number of low
energy protons that penetrated the atmosphere to
about 70 km. The near infrared spectrometer was
observing emlssion at 1.27 um due to ozone photo-
dissociation. The instrument, the inversion, and
the resulting ozone data are discussed in this
issue (Thomas et al., 1983). In this paper we
will describe the measured depletion, examining
the time, altitude, and latitude behavior. We
will show that the ozone depletion 1is signifi-
cantly larger than the noise and natural varia-
tions in the data. We will show data from the
SME Ultraviolet Spectrometer that also shows the
ozone decrease (Rusch et al., 1983). 1In a com—
panion paper, Solomon et al. (1983) will examine
model predictions of the ozone changes.
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The Data

The data presented will be in the northern
hemisphere. Since the event occurred in July,
the southern pole was in darkness and thus no
ozone measurements were made. The northern pole
was almost completely sunlit giving good observa-
tion over the entire polar cap. SME is in a
polar orbit (97° inclination) and observes in the
orbit plane. Thus each polar latitude is seen at
two different solar zenith angles. We found the
largest depletion where the solar zenith angle
was near 90°. We will refer to the data taken on
the daytime side of the pole, where most of the
data are near 3 PM local time, as PM data. These
data are taken over the American continent. Data
on the other side of the pole, still sunlit, will
be referred to as AM data. The geometry describ-
ed here is illustrated in Figure 1.

A time series of data for 21 days is shown 1in
Figure 2. These are data at 70° and 76 km for
both sides of the pole. The ozone depletion on
July 13 is easily seen on the AM side. The ozone
for each orbit in the 21 day period illustrates
the natural wvariation, both in time and
longitude, and noise due to instrumentation and
the inversion. The entire data set was then
averaged over the 20 day period, excluding July
13th, for each altitude and latitude. Figure 3
shows the depletion as a function of altitude for
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Figure 1. Solar zenith angle and local time.

The local time of the observation near the
equator is about 3 PM (1500 hours). Over the
pole the local time changes rapidly to 3 AM. The
geographic latitude of the observation never
quite reaches 90°. The solar zenith angle
depends on the season and orbit track.

253



254 Thomas et al.:

T~

> 0.25 ]

£ i i i 1

g ST P.M.

= 0.20 e ° M P 1

o gQgiﬁijgﬂ % S afs

; a Z q::mi & ;Qi—i;::m

< 0.15 - P 4

o s s

(5 <]

Z 0.10 L |

=

= 0.05 |-

w 0-05 i

z

8 0.00 ! ! f | i

@ 5 10 15 20 25 30
JULY 1882

> 0.36 T T T i 7

€ A.M

Q. L. AR

20.30 g .

S o @ o 5o

0.25 {4 a ot %2 -

2 ity ST,

< 0.20 @ B E -

o0 ! @

< 0.15 - ] 4

Z

> 0,10 - - -

=

ul 008 - =

z

S 0.00 ! ! s 1 |

o 5 10 18 20 25 30
JULY 1882

Figure 2. Ozone mixing ratio, in parts per
million by volume, during July at 70° latitude
and 76 km. The upper data are on the PM side of
the pole and the lower are on the AM side. Each
square is one orbit. There are 3 to 5 orbits
near the end of each day. The solid line is the
daily average of mixing ratic. The proton event
occurred on July 13, 1982.

70° geographic latitude on both sides of the
pole. On the AM side the depletion reaches a
maximum of 60% near 78 km, while it is 10 to 20%
on the PM side. The plot also shows the ozone
depletion measured by the UV absorption experi-
ment on SME. The agreement between the two tech-
niques is very good. The geomagnetic latitude is
about 60° on the AM side and 75° on the PM
side. Since the three orbits averaged together
on the 13th of July pass over North America the
geomagnetic coordinates are shifted about 10°
toward the equator.

The bars here and on other figures represent
two standard deviations from the daily average
estimated from the variations in the 20 days of
data analysed. The variance was calculated in
the following manner,

Z(A;-AVE) 2
2 i

N-1

where A, is a matrix containing the mixing ratlos
of ozone at all latitudes and altitudes for the
ith orbit. Most of the other gquantities in these
equations are similar matrices. The sum includes
N (N=77) orbits from July 3 to July 23 except
those on the 13th. AVE is the average over the
same data set. Assuming that the expected varla-
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Figure 3. Ozone depletion due to the solar

proton event. Both plots include the daily
average on July 13 (squares) and the average for
the period (~-) for 70° latitude. The upper one
is on the PM side of the pole and the lower is on
the AM side. The bars are the two-sigma estimate
of the natural variation and noise in the data.
Data for the UV absorption experiment on SME is
also shown for the AM side. The UV 20-day
average (...) extends from 50 to 64 km as do the
measurements for the 13th (triangles).
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Figure 4. Latitude variation of the ozone mixing

ratio at 76 km. The solid line is the average
from July 3 to July 23, excluding July 13. The
squares are the ozone on July 13. The bars are
the same as in figure 3. '
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tion on the 13th is the same, the variance of the
average on the 13th is

2 1
g
o13 = {(—) 2

Nyz
where N is the number of orbits used in the
average for the 13th. The variance depends on
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Figure 5. Contour plots of the average mizxing
ratio, the ratio of the depletion to normal
variation, and the percent depletion on July
13. The upper plot shows the average mixzing
ratio during this period in parts per million by
volume. The center plot is the ratio of the
measured depletion to the rms variation of the
daily average. 1In the lower plot we show the
percent depletion of ozone on the day of the
proton event.

altitude and latitude ranging from 5% at 50 km to
30 or 40% at 90 km.

The latitudinal (or solar zenith angle) varia-
tion of the ozone changes is shown in figure 4.
At 76 km, as the satellite moves north from the
equator, the ozone mixing ratio increases with a
plateau at high latitudes and another increase on
the other side of the pole. The depletion begins
as we enter the polar cap near 60° (about 65°
geomagnetic) and becomes larger as we approach
the terminator. The natural variabllity of the
ozone during this period also can be seen to be a
function of latitude. We again see the largest
depletions on the AM side.

These data can be combined into contour plots
in Figure 5 where the data grid is 5° in latitude
and 2 km in altitude. The three plots show the
average mixing ratio, the ratio of the depletion
to the normal variation, and the percent deple-
tion on the 13th. The top contour of Figure 5 is
the average mixing ratio for the 20-day period.
The plot represents a mixture of the latitudinal
variations as well as some diurnal variations
across the north pole. The center contours show
the size of depletion in relationship to normal
variation. WNorth of 60° the depletion exceeds 2-
sigma over a region between 55 and 80 km. At 65
km and 70° on the AM side the depletion exceeds
18 times the natural variation. Near the equator
the ozone changes are near that expected and thus
not affected by the proton event. The lower
contour shows the ozone depletion in percent.
The maximum depletlion 1s 70% at 65° and 78 km on
the AM side. On the PM side the depletion is
only 10 to 207 but it exceeds the natural varia-
tion by 4-sigma. Thus we see a significant
depletion of ozone over the north polar cap at
mesospheric altitudes.
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Abstract. The solar proton event of July 13,
1982 was the largest to date in the current solar
cycle. Proton fluxes observed by the NOAA-6
satellite have been used to calculate ionization
rates during the event, which have been found to
be almost as large as those of the August, 1972
event near 70 km, but much smaller at lower alti-
tudes. This ionization leads to the production
of odd hydrogen radicals (H+0H+H02) which cataly-
tically destroy odd oxygen in the mesosphere and
stratosphere. A one~dimensional time-dependent
model has been used to calculate the percentage
change in ozone resulting from this event. The
calculated ozone depletion is compared to that
observed by the Solar Mesosphere Explorer (SME)
satellite.

Introduction

The first observations of the depletion of
mesospheric ozone during a solar proton event
(hereafter referred to as SPE) were obtained by
Weeks et al., (1972) using a palr of rocket
probes. Swider and Keneshea (1973) suggested
that these observed changes in mesospheric ozone
could be due to the production of odd hydrogen
formed as a by product of ion-neutral reactions
under disturbed conditions. Later studies of the
response of mesospheric species to SPE's include
those of McPeters et al., (1981), Crutzen and
Solomon (1980), Reagan et al., (1981), Rusch et

‘al., (1981) and Solomon et al., (1981).

On July 13, 1982, the largest SPE to date in
the present solar cycle occurred. Incoming pro-
ton fluxes above thresholds of 0.25, 0.8, 2.5,
16.0, 32.0, and 80.0 MeV were measured as a func-
tion of time during the event by the NOAA-6 sat-
ellite (D. Evans, H. Sauer, private communica-
tion), and a proton spectrum was constructed by
fitting a series of exponential rigidity segments
(Freier and Webber, 1963) to the data. Toniza-
tion rates in the polar mesosphere were then
calculated by the method outlined by Reid (1974),
assuming isotropy of the proton flux over the
upward looking hemisphere. The rate of ioniza~
tion by energetic electrons measured on the same
satellite was estimated approximately and found
to be negligible compared to the proton ioniza-
tion. 1t is expected that ionization occurs over
the entire polar cap (geomagnetic latitude grea-
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ter than about 55 to 60°). Figure 1 shows the
observed proton spectrum and calculated ioniza~-
tion rate during the most intense part of the
event compared to those of some of the other
large events of recent solar cycles.

During this period, ozone was continuously
monitored in the mesosphere by the near infrared
airglow and ultraviolet spectrometers onboard the
SME satellite. Thomas et al., (1983) have shown
that significant depletions of high latitude
ozone were observed on July 13, and that these
changes were well outside the natural variability
of ozone as observed by the satellite since its
launch in October, 1981. In this paper, we
compare the observed changes in mesospheric ozone
to those calculated using a one dimensional time
dependent model including full photochemistry and
eddy diffusion. Use of the one dimensional
approximation 1s valid here because we will be
examining perturbations to the chemistry over a
period of a few days, which is much shorter than
the time scales of meridional motion in the
mesosphere (of the order of weeks).

The model has been applied previously to the
study of SPE's as described by Crutzen and
Solomon (1980), Solomon and Crutzen (1981), Rusch
et al., (1981), and Solomon et al. (1981). H,0
and Hy, distributions with altitude are taken from
the two dimensional model calculations described
by Solomon et al. (1982a,b) for high latitude

summer. . Water vapor photolysis rates are calcu=
lated using the formulas described by Nicolet
(1981).

Photochemistry

The production of positive ions during parti-~
cle precipitation leads to the formation of pro-
ton hydrates (H+(HZO)H) and odd hydrogen. This
process may be interrupted, however, if the pre-
cursor ions (such as 02+H20) recombine rather
than reacting with H,0.  Solomon et al., (1981)
discussed this ion chemistry in detail, and poin-
ted out that below about 80 km nearly 2 odd hy-
drogen particles should be formed per ionization,
but that above that altitude odd hydrogen produc-
tion is effectively blocked by the recombination
of precursor ions as a result of large electron
densities and low water vapor concentrations
there. Figure 2 shows the calculated number of
odd hydrogen particles produced per ionization
for various altitudes during this event. A sharp
cutoff occurs above 80 km which will be discussed
later. The location of this cutoff corresponds
to the altitude where cluster ions are replaced
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Figure 1. Differential proton energy spectra and

resulting ionization rates for the July 1959,
August 1972, and July 1982 solar proton events.
(After Reagan et al., 1978).

by molecular ions as the dominant positive ion
species, and is somewhat dependent on the assumed
temperature and water vapor mixing ratio profiles
(see for example, Reid, 1970).

If odd hydrogen is produced, odd oxygen can be
destroyed by the following catalytic processes:

H+ 0q > OH + 02 Rl
OH + 0 » H + 02 R2
HO5 + 0 > OH + Oy R3

A review of the photochemistry of odd hydrogen
and odd oxygen 1s provided, for example by
Nicolet (1975). The lifetimes of odd oxygen and
odd hydrogen are of the order of hours between 50
and 85 km, so that both of these species will
rapidly come to equilibrium with respect to the
perturbation induced by incoming particles and
will return to normal within a few hours after
the particle precipitation is over. TFor purposes
of 1illustration only, we present below some
simple photochemical arguments which can be used
to estimate the response of mesospheric ozone to
such an event. Assuming HO, is 1in steady state
near 70 km, it can be shown that for these alti-
tudes

Solar Proton Event Theory

2J(H,0) 1
2
(H0) = ( ——t) 2 e
ZklAB + ZkZBC
where J represents the rate of photolysis of H,0,
kl and ko are the rate constants of reaction of
HO, with OH and H respectively, and A, B, and C
represent the fraction of odd hydrogen which

resides as OH, HO, and H, respectively, During
perturbed conditions, we find
(ZJ(HZO) + FQ) y
(HO)" = ( ) 2 (2)
2k, AB + 2k,BC
1 2
where F = number of odd hydrogen particles pro-—

duced per iomization and Q = ionizatlon rate. To
a first approximation, odd oxygen is inversely
proportional to the local odd hydrogen concentra-
tion. Therefore

(0,)'/(0,) = (HO_)/(HO )’

23(1,0) ) 1

(3)
(23(1,0) + FQ)

and finally

% decrease in Ox

2J(H,0) 1
27 yh }x 100 (%)
23(8,0) + FQ)

and we can see that the expected change in ozone
during a SPE should be roughly related to the
relative magnitudes of odd hydrogen production by
the ions versus the normal background production
due to photolysis of water vapor. Therefore, the
computed depletion will depead on the adopted
water vapor mixing ratios, and we show below the
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Figure 2. Number of odd hydrogen part._cles

produced per ionization for various altitudes
during the July 1982 SPE at 70° latitude.
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sensitivity of our analysis to the assumed water
vapor content. We have found that this simple
formula yields results which are within 10% of
the results of the complete time dependent calcu~
lations from 70 to 80 km. At lower altitudes,
the pioduccion of odd hydrogen from the reaction
of 0(°D) with Hy0 introduces an additional com-
plication and more detailed calculations must be
made. Also, the relative abundances of OH, HO R
and H (A, B, and C in equations (1) and (%)
above) are dependent on the atomic oxygen and
ozone densities and may therefore change during
the event as large amounts of odd oxygen are
destroyed. All of these effects are considered
in our model.

Results And Discussion

Figure 3 presents the observed depletions of
the mesospheric ozone profiles obtained by SME on
July 13, 1982 along with model calculations for
70° latitude on the PM and AM sides of the orbit
as discussed by Thomas et al., 1983. The differ-
ences between these two cases are principally due
to the effect of changing solar zenith angle on
the rate of HZO photolysis (cf., eqn 3 above).

0 July 13,1982 Solor Proton Event

70°N AM
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Figure 3. Observed ozone depletion on July 13,
1982 at 70°N latitude on the AM and PM portions
of the SME orbit (each point represents a mean of
three orbits on July 13, 1982 near 1830, 2120 and
2206 UT). Triangles denote data from the UV
spectrometer. Model calculated profiles for 2000
and 2200 UT are shown.
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Time dependent model calculations employing 4 and
6 ppmv Hy0 as well as the values obtained with
the simple formula (4) (see text) with 4 ppmv Ho0
are displayed.

At larger solar =zenith angles, the rate of
production of HO, due to water vapor photolysis
is proportionately smaller compared to the
production of HO, by the Zlonization, which is
independent of zenith angle. The agreement
between theory and observation is somewhat better
on the AM than on the PM side of the orbit. It
is possible that local variations in Hy0 density
or temperatures contribute to these differences
particularly since the altitude of the cutoff in
ozone depletion appears to be different in the
two cases shown. It should be noted that there
is some uncertainty in the computed ionization
rates and in the assumed water vapor mixing
ratio. If we adopt a 307 uncertainty in the
ionization rate and a 1.0 ppmv uncertainty in the
HZO mizing ratio, then the calculated depletion
varies by roughly plus or minus 10% near 75 kn,
so that the apparent differences may not be
significant. The effect of solar zenith angle is
illustrated more clearly in Figure 4, which
displays the calculated and measured depletions
at 76 km as a function of solar =zenith angle.
The agreement between measurement and theory
suggests that the computed behavior of optical
depth for the wavelengths responsible for Hy0
photolysis (primarily Lyman alpha radiation) is
approximately correct. Results are shown for two
different values adopted for the water vapor
mixing ratio. Figure 4 also shows the calculated
depletion at this altitude using the simple for-
mula (4) above.

The marked reduction 1n ozone depletion ob-
served above 80 km 1is well reproduced by the
model. As discussed above, this feature is pro-—
bably due to the lack of odd hydrogen production
by iomns at high altitudes, and provides an indi-
cation that our understanding of the ion chemis-
try is qualitatively correct.

McPeters et al., (1981) presented a study of
the ozone depletion observed near 1 mb by the
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backscatter ultraviolet ozone ilanstrument during
SPE's and concluded that the observed depletion
was greater than predicted. Similar conclusions
were inferred from the limited rocket data of
Weeks et al., (1972) by Swider et al., (1978) and
by Solomon et al., {(1981) who also pointed out
that fluctuating temperatures could be responsi-
ble for the apparent changes. Further observa-
tions may be required to determine whether or not
inconsistencies exist at these lower altitudes.

The data base provided by SME furnishes an
opportunity to study the effect of particle pre-
cipitation much more comprehensively than has
been possible before. The July 13, 1982 SPE was
an ideal event for purposes of examining meso-
spheric ozone chemistry. The observed ozone
depletion has been examined here as a function of
latitude, altitude, and local time, and has been
shown to be in good agreement with model calcula-
tiouns. This suggests that the mesospheric re-
sponse to an impulsive injection of odd hydrogen
is quite similar to theoretical expectation.
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Abstract. The temperature of the earth's
atmosphere between 40 and 50 km is inferred from
measurements of Rayleigh scattered sunlight by a
visible-light spectrometer on the Solar Meso-
sphere Explorer spacecraft. The RMS deviation of
the satellite measurements from conventional
rocket measurements is 5°K above 45 km and 2-3°K
below 45 km. The satellite data are compared to
model temperatures for March, 1982.

Introduction

In this paper we report on a method of temper-
ature profile retrieval using an instrument on
the Solar Mesosphere Explorer (SME) satellite
which accurately measures the shape of the
Rayleigh scattering profile in the strat-
osphere. The primary purpose of the visible
light spectrometer is to determine the NO, den-
sity in the 20-40 km region (see Thomas et al.,
1980, Barth et al., 1983, and Mount et al.,
1983). 1In the 40-50 km altitude region, the data
from this instrument are used to retrieve the
ambient temperature profile. We wvalidate the
method by comparing our results to several soun-
ding rocket retrievals of temperature during near
coincident SME measurements. Below we describe
the instrument, the observations, and the compar-
isons to rocket data and models. The objective
of this analysis is to determine temporal and
geographical changes in temperature and relate
them to other atmospheric measurements made on
the -Selar Mescosphere Explorer satellites

Instrument Description

The visible light instrument on SME is a two
channel, programmable Ebert-Fastie spectrometer
which employs dual silicon diode detectors and an
£/5 25 cm focal length off-axis parabolic tele-
scope. The field of view is 0°.074 x 0°.74 giv—
ing a height resolution on the earth’s limb of
3.5 km. The wavelength coverage is from 312.6um
to 647.2nm The data reported on here were all
obtained near 440.0nm. A more detailed descrip-
tion of the instrument 1is given in an accompany-
ing paper in thils issue {Mount et al., 1983).

Observations

The line of sight penetrates the earth's limb
once each spin of the spacecraft. The operating

Copyright 1983 by the American Geophysical Union.
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mode of the instrument allows the Rayleigh scat-
tering in the two channels to be measured simul-
taneously on each scan. For the temperature
calculations, six limb scans are averaged to form
a single radiance profile to improve the signal
to noise of the data. In addition, the data from
both channels are used to increase the statisti-
cal accuracy of the result.

In Figure 1 we display data from six consecu—
tive limb scans as a function of altitude for the
long wavelength channel at 442.0nm. The data
numbers decrease from about 350 at 30 km to about
10 at 50 km. The statistical error on any sample
is less than 1 data number and was established
during pre-launch calibration. The short wave-
length channel is set at 439nm. An error analy~
sis will be presented later. The method provides
one temperature profile for each 5° of latitude
from about 40 to 50 km.

The temperature profile is derived from mea-
suring the pressure scale height of the at-
mosphere. At each altitude the slant intensity
data are corrected for the presence of a non-zero
lapse rate by the, Chapman function which is pro-
portional to (T) /2 The expression for the tem~
perature is

T(z+Az/2)
= C/1In{(I(z)Y/T(2))/(1{z + Az)Y/T(z + Az})}} (1)
and
C = Azmg/k ()
Here T 1s the temperature and I the radiance

which has been corrected for atmospheric trans—
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Filgure 1: Data numbers as a function of altitude
for six consecutive limb scans of the visible
light spectrometer at 4420 A over Natal on
January 25, 1982.
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Figure 2a-f) Comparison of temperature data from the visible spectrometer (=) with a
conventional rocketsonde (~--) at Natal; b) at Wallops Island on Day 56; c) Day 65; d) Day 66;
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TABLE 1. Details of SME~Rocket temperature comparisons

Temperature Measurements in the Stratosphere

ROCKETS SME OQVERPASS
PLACE DAY OF YEAR TIME (UT) TIME (UT) LAT LONG
Natal 25 1520 1700 5.00 -30.27
Wallops 56 1900 1954 40.00 -76.98
Wallops 65 1902 1953 40.00 -76.75
Wallops 66 1901 1942 40.00 ~74.07
Wallops 77 1901 1917 40.00 -68.60
Wallops 110 1737 1928 40,00 ~72.99%
Wallops 174 1600 1944 40.00 ~78.16
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mission. The temperature 1s calculated at the
meshed altitude grid points and a model profile
is used as the initial guess. Because only re-
lative intensities are used, the calculated tem-
perature is completely independent of the abso-
lute calibration of the instrument. The calcula-
tion is iterated until the temperatures converge
to less than the statistical accuracy of the
measurenent (See Figure 3).

Figures 2a to f compare the temperature pro-
files derived from the visible light spectrometer
data to conventional rocketsonde data. The pro—
file in Figure 2a was deduced from data obtained
over Natal, Brazil on January 25, 1982 (Figure
1). The remaining profiles were all taken over
Wallops Island, Virginia. Details of the compar-—
isons are given in Table 1. The rocket data are
provided every km whereas the altitude resolution
of the SME spectrometer is 3.5 km and the detail
shown in the rocket profiles 1s smoothed over
latitude and altitude in the satellite data.

The RMS deviation between the rocket and
satellite profiles is shown in Figure 3 as the
solid line for the seven comparisions. A Wallops
Island comparison on Day 110 which is included in
the RMS deviation is not shown in Figure 2. The

0 2 4 6
TEMPERATURE (deg)

Figure 3: The RMS deviation of the satellite
temperature from the rocket data for the seven
comparisons of Figures 2-4 (—). The dashed
line is the error introduced in the satellite
retrievals from the statistical uncertainty of
the data.

result gives an RMS deviation of 5°K above 45 km
and about 3°K below 45 km. The rocket data have
been smoothed over 3.5 km for this calculation.
The dashed 1line 1s the calculated error on the
satellite measurements assuming the laboratory
established error of one data number per
sample. The error 1is calculated from the fol-
lowing expression which was derived from Equation
1 by taking into account the statistical error in
the measurement of the radiance.

AT(z + Yy Az)

AT AT 1
_ 1.2 2 A
= C ( [("TIQ + ("TEJI/[ln(Il/IZ)] ) (3

where C is as defined in equation 2, AI is at
most one data number, and I ranges from 120 to
4000 data numbers over the altitude region 50 to
36 km for 12 merged radiance profiles. The error
shown in Figure 3 is about 0.25°C at 40 km and
increases to about 2.5°C at 50 km. The quoted
precision on the rocket profiles is #2°C
(Schmidlen, 1981) over the altitude range pre-
sented.

In Figure 4 we present a cross—section of
temperature versus altitude and latitude for
March, 1982 derived from the SME data. The March
data show an area of maximum temperatures between
0° and 30°S near 48 km of about 275°K. with de-
creasing temperatures southward. Northward of
30°N the monthly average shows very cold tempera-
tures due to a displaced cold polar vortex for

50

48 +

(km)

46

44

ALTITUDE

4G
-80 0 3¢

LATITUDE (deq)
Figure 4: Monthly averaged temperatures in

altitude and latitude for March, 1982 for the SME
measurements.
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Figure 5: The difference between the SME March
average temperature and the model of Cole and
Kantor (1978). Positive differences imply the
SME data are warmer than the model. .

almost the entire month. In Figure 5, contours
of temperature difference between the SME data
and the model of Cole and Kantor (1978) are dis-
played. A positive temperature difference means
the SME data are warmer than the model. In the
southern hemisphere the maximum differences occur
near 30°S where SME is warmer than the model by
about 7°K and at 70°S where SME 1is cooler by
about 10° at 48 km. In the north, the SME data
are cooler everywhere. The temperature differ-
ence is 20° at 50°N for all altitudes. Data from
the National Meterological Center (NMC) support
the cooler SME temperatures and show the polar
vortex stably positioned over Canada in North
America where the SME data were taken. TFor ex-
ample, the SME daily average temperatures have
been compared to the NMC temperatures for the
period from January 25, to March 26, 1982 for
50°N at 40 km. The maximum difference between
the two data sets is 7°K and the average tempera-
tures over the period agree to within 3°K.

Summary
A technique for measuring the temperature of

the earth's atmosphere between 40 and 50 km by a
satellite instrument which accurately measures

Temperature Measurements in the Stratosphere

the Rayleigh scattering scale height has been
compared to rocket data and agree well, even
considering the small number of comparisons
available. The satellite measurements of tem—
perature as a function of latitude when averaged
monthly agree well with the Air Force model in
the southern hemisphere for winter of 1982. The
results shown in Figures 3 and 5 indicate that
from the SME data we are able to determine
changes in atmospheric temperature in the 40-50
km region of the order of 3-5° K and detect and
track the presence of large scale dynamic systems
such as stratospheric warmings and movements of
the winter polar vortex.
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Abstract. NO, densities determined from the
limb scanning visible light spectrometer on board
the Solar Mesosphere Explorer spacecraft are
reported for winter 1981/82 in the altitude
region 28-40 km. The observational technique

utilizes the photoabsorption by NO, of Rayleigh
scattered sunlight in the 440nm spectral
region. The NO, density varies from pole to pole

and shows large variations at high northern lati-
tudes during the winter months which are related
to both the temperature and flow of air near 30
km.

Introduction

The importance of NO, as a catalytic destroyer
of ozone in the stratosphere was first pointed
out by Crutzen (1970). Since then, the global
and seasonal behavior of the column abundance of
stratospheric NOZ have been studied by Noxon and
co~workers (1979a,b, 1982) and Coffey et al.,
(1981). The measurements reported in the litera-
ture are inherently limited to the collection of
data sporadic in both time and location. A
recent theoretical treatment has appeared which
compares these measurements and model calcula-
tions of the distribution of nitrogen species in
the stratosphere (Solomon and Garcia, 1982).

- We report here on NO, density profiles obtain-
ed during winter 1981/82 from the Visible Light
Spectrometer on board the Solar Mesosphere
Explorer (SME) spacecraft. Data collected by SME

provide complete latitude coverage over the
Western Hemisphere and Western Europe during
daytime. Profiles are retrieved on one degree

latitude centers in the 20-45 km altitude region,
and are averaged to a standard geophysical data
base on 5 degree latitude centers and a 2 km
altitude grid. We describe the measurement tech-
nique, observations, and comparison with other
data. The scientific aspects of SME are discussed
by Thomas et al., (1980) and Barth et al.,
(1983).

Measurement Technique

Figure 1 shows the absorption cross section of
NOZ (Johnston, 1982) in the visible region of the

Copyright 1983 by the American Geophysical Union.
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spectrum convolved with the lnm resoclution of the
SME instrument. Considerable wvariation in the
cross sectlion exists in the region near 440nm.

By making radiance measurements, at the limb, of

Rayleigh scattered sunlight at two wavelengths
from the same scattering element, one where NO
has maximum absorption and one where it has mini-
mum absorption, it 1s possible to deduce the
slant column effect of NO, on the Rayleigh scat-
tered signal. Measurements made simultaneocusly
at wavelength pairs marked "normal” or "inverted”
result in a radiance ratio characteristic of
NO, . Measurements made at pairs marked “"null”
return a radiance ratio of the background atmos-—
phere. By comparing normal or inverted pair
ratios with null ratios one may obtain a profile
of NOy slant column abundance as seen from the
satellite.

The instrument used to make the NO, measure-
ments 1s a two channel visible light spectrometer
programmable in wavelength from 320-640nm in
0.3nm steps. The spectrometer is a 12.5 cm focal
length Ebert-Fastie design with a grating chosen
to put a Inm triangular bandwidth onto dual sili-
con diode detectors in the exit plane at a wave-
length separation of 3nm near 440nm (see figure
1). The telescope is a single-element f/5 off-
axis paraboloid. Its 25 cm focal length gives a
projected slit width at the earth’'s limb as seen ~
from the satellite of 3.5 km perpendicular to the
limb and 35 km tangent to the limb. The tele-
scope was carefully designed and tested to mini-
mize spatially off-axis scattered light, and the
observations indicate that the flight performance

RO, ABSORPTION COEFFICIERT

NORMAL

INVERTED

HORMAL
INVERTED

i i { i !

430 440 450
WAVELENGTH (nm)

Figure 1. The photoabsorption cross section of
NO, from 430-450nm (Johnston, 1982). The
wavelength pairs used for making the NO,
measurements are indicated as "normal”,
"inverted” and "null”.
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Figure 2.. The ratio of short wavelength (8) to
long wavelength (L) "normal”, "inverted”, and
“"null” wavelength pairs as observed on Day 42
1982. The null ratio is characteristic of a
Rayleigh scattering atmosphere with no NOZ
present. The other pairs are inverses of each
other in the N0, cross section and are symmetric
about the null line.

is excellent. The silicon diode detectors, which
were etched as exit slits, feed an analog elec~—
tronic circuit which measures each channel output
and the difference between the channels such that
the ratio of the two channel output can be deter-
mined to an accuracy of 0.27 in the 20-40 km
altitude region. This high degree of precision
is required since the differential absorption in
the ratio due to WO, in the Rayleigh scattered
signal rarely exceeds 3%.

Figure 2 shows raw unsmoothed measurements of
a null ratioc, a normal and inverted pair. The
lack of mnoise in these profiles demonstrates the
high precision of the instrument. The null curve
lies between the others and the separation of the
null and the normal (or inverted) curves depends
on the relative NO, cross—-sections in these wave-
length pairs. While Figure 2 shows how the var-
ious choices of grating position allow detection
of WO, some comment on the shape of the null
curve seems called for. At the wavelengths we
use (~440nm) the atmosphere has unit optical
depth for a tangent ray whose minimum altitude is
23 km. At much higher altitudes the satellite
views along a path of low optical depth and re-
ceives a signal which consists almost entirely of
singly scattered solar photons. Under these
conditions two neighboring wavelengths will exhi-
bit a ratio characterized by the A {(plue)
Rayleigh scattering dependence. At the other
extreme of altitude, well below 23 km, the signal
consists of photons which have been scattered
many times before re-emerging from the atmosphere
and the spectral dependence will be that of the
incident white sunlight. The expected change in
ratio between these two extremes is close to 3%
and the null curve in Figure 2 exhibits this.
Above ~32 km the signal ratio shows the pure
Rayleigh "blue"” value; at lower altitude one sees
the transition to the "white” limit of multiple

Measurements of NO

9 in the Farth's Stratosphere

scattering. Above ~28 km the optical depth along
a ray path is small enough to permit an analysis
only in terms of single scattering. Below this
altitude multiple scattering is important and,
indeed, prevents a clear quantitative measurement
of NOzu We thus, at present, restrict our analy-
sis to the reglon >28 km.

Observations

Thirty-two 2.5 msec samples (each 3.5 km pro-
jected at the earth’s 1limb) are taken each spin
of the spacecraft (approximately one degree of
latitude travel). Six spins are averaged to-
gether to put the data onto a standard 5° latl-
tude grid producing radiance profiles of high
statistical precision.

Instrument calibrations are used to produce
radiance profiles which are ratioced and averaged
in 5 degree latitude bins. An “"onion peel”
radiative transfer inversion code then retreives
NO, density profiles. The altitude profile of
the differences between an N0, radlance ratio
data set ("normal” or “inverted” pairs) and the
pure Rayleigh ratio ("null pair”) measured on the
3.5 km grid is input to the inversion routine and
is interpolated to an 0.5 km grid for inversion
stability. Inversion begins at 41 km where the
NO, density is known to be small and the inver-
sion code calculates the overhead column abun-
dance of N0, at the laver of interest. For each
successive 0.5 km layer below 41 km, the measured
difference in the ratios 1s corrected for the
column of N0, above that layer. The residual
difference is then assumed to be due to NOy
column abundance in that Ilayer. Model scale
heights (Solomon and Garcia, 1982) are used to
start the inversion. In the analysis account
must be taken of a small but non-negligible ef-
fect due to ozone absorption (Jehnston, 1982)

40 T T T 1

ALTITUDE (km)

30 +

} NS

28 ‘
8 8.4 8.8 9.2 9.6 10

LOG (NO,)
Figure 3. An NO, density profile taken at 40°S
latitude on Day 22 1982 from SME (solid line).
Comparison data is from Ackerman et al. (1973)
(squares) and Kerr and McElroy (1976) diamonds
taken 40°-60°N latitude in spring and summer. A
model calculation by Solomon (1982) (*) is shown
also.
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which requires correction below ~30 km. The
effect of this correction on the NO, densities is
never in excess of 207 and only achieves this
value near 28 km and at high winter latitude
where the NO, density 1is very small. NO,
densities are calculated to *20% at 28 km and
+507% at 38 km. Most of this error is normally due
to 1inaccuracies in determining the instrument
line of sight.

Figure 3 shows a typlcal N02 profile taken
during January 1982. NO, profiles from Kerr and
McElroy (1976), Ackerman et al., (1975), and
Solomon and Garcia (1982) are shown for
comparison. The SME and Solomon profiles are for
January 1982 at 40°S and the others are for
summer at 40°N, a set that should be
comparable. This comparison show a satisfying
agreement between the SME profile and the earlier
measurements; all three measured profiles also
-appear- to-be -in -harmony with the shape and magni-
tude of the model profile.

Figure 4 shows NO, column abundance above 28
km for Day 42 from south pole to northern termin-—
ator. The large amounts of NO, in the summer
hemisphere, the equatorial minimum, and a varla-
tion in the winter hemisphere, resemble what was
reported by Noxon (1979). A detailed theoretical
discussion of this general behavior may be found
in Solomon and Garcia (1982).

In Figure 5 we show a time and latitude
display of the integrated column abundance of NO
above 28 km during the first quarter of 1982%
Very prominent 1s the great degree of variability
in the winter hemisphere and the relative invar-
iance south of ~20°S. Noxon's studies (1979a,b,
1982) have already given hints of this seasonal
effect which reflects the much larger degree of
meridional movement of air in the winter strato~-
sphere, at least in the northern hemisphere. The
NMC maps during this period confirm the inference
from Figure 5 that south of 20°S the strato-
spheric air flow at ~10mbar 1s highly zonal in
comparison with the disturbed flow in the
northern hemisphere.
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0f particular interest is the behavior near
60°N where we can discern the appearance and
disappearance of a marked gradient in N0, with
latitude; the "cliff"  discussed by  Noxon
(197%9a). The NMC maps confirm that the periods
of high NO, at high latitudes occur when air flow
is from midlatitiude to high latitude; low NO,,
occurs when the flow 1is reversed. These
oscillating air flow regimes occur in association
with springtime warmings in the high Ilatitude
northern stratosphere.

A further example of the "Noxon CLliff” is
shown in Figure 6 where the NO, column abundances
above 28 km are proportional to the length of the
line segments for two orbits on day 42. There is
a clear difference between the latitude
dependence of the two column abundances at high
northern latitudes. The equatorial edge of the
polar vortex was over Hudson Bay just where the
abrupt decrease in N0, column is observed. We
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Figure 6. NO, column abundance above 28 km on
Day 42 1982 for two consecutive orbits showing a
cliff over Hudson Bay, Canada. The equatorial
edge of the polar vortex is over Hudson Bay just
where the abrupt decrease in NO, column is
observed.
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have numerous other examples which confirm this
"eliff" behavior which will be discussed in
detail elsewhere.

Conclusions

Measurements of the N02 density between 28 and
40 km have been made by the visible light instru-
ment on board the Solar Mesosphere Explorer
spacecraft during winter 1981/82. Daily profiles
of NO, are being collected on 5 degree latitude
centers over the Western Hemisphere and Western
Europe with a high degree of accuracy.
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SOLAR SPECTRAL IRRADTIANCE, 120 to 190nm, October 13, 1981 - January 3, 1982

G.J. Rottman, C.A. Barth, R.J. Thomas, G.H. Mount, G.M. lLawrence,
D.W. Rusch, R.W. Sanders, G.E. Thomas, and J. London
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ABSTRACT. Beginning on October 13, 1981 &
two channel spectrometer aboard the Solar
Mesosphere Explorer has been obtaining daily
measurements of full disc solar irradiance.
These observations cover the spectral interval
120 to 305mm with o .75nm spectral resolution.
The relative accuracy of the measurements from
day to day over the first trhree solar rotations
is approximately 1%. In this report we present
analyses of Lyman-alpha, the integrated
Schumann-Runge continuum (130-175nm), and the
integrated Schumann~Runge bands (175 to 1%0nm).
All three show a clear variability related
primarily to the 27~day solar rotation period.
Correlations of these three values of solar
irradiance to ground-~based indices of solar
activity, 10.7cm flux and sunspot number, are
presented.

Introduction

Solar ultraviolet radiation between 120 and
300nm is completely absorbed in the earth's
upper atmosphere. Although the ultraviolet
comprises only 17 of the total solar irradiance,
it is largely responsible for the photochemistry
and dynamics of the upper stratosphere,
mesosphere and lower thermosphere.

The Solar Mesosphere Explorer (SME) is a
satellite designed to study ozone in the )
atmosphere of the earth including the processes
that create and destroy it. In addition to four
limb-scanning instruments measuring temperature,
pressure, ozone and other trace gases, the SME
includes a small ultravioclet spectrometer taking
daily measurements of full-disc solar
irradiance.

In this letter we present the observations of
solar Lyman-alpha at 121.6nm which influences

~ozone in the mesosphere primarily through its

interaction with water vapor; irradiance in the
Schumann~Runge continuum (130-175mm), a source
of thermospheric atomic oxygen which is
transported into the mesosphere; and irradiance
in the Schumann-Runge bands (175-190mm) which
penetrates into the mesosphere providing a
direct source of atomic oxygen. We expect that
the obgerved changes in solar ultravioclet
produce a direct and measureable response of
middle atmosphere ozone densities.

The SME was launched on October 6, 1981 from
the Western Test Range intc a nearly-circular,
sun-synchronous orbit at an altitude of 534km
with the north equator crossing occurring near
3:00PM local time. The scientific objectives of
the SME mission are described in Thomas, et al.,
(1980).

Copyright 1982 by the American Geophysical Union.
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Observations

Solar data have been obtalned on a3 routine
basis starting on October 11, 1981 (day number
81284%. In this brief letter we present
irradiance data for three full solar rotations,
a period from October 13, 1981 through January
3, 1982,

The solar
Ebert-Fastie

instrument consists of an
spectrometer measuring solar
radiation scattered from a small scattering
screen. There are two separate spectral
channels each with ite own pulse counting
photomultiplier tube. The G-channel is used in
the spectral interval 120 to 200nm and the
F-channel obtains useful data over the interval
174 to 305mm. The photometric sensitivity was -
datermined in the laboratory rvelative to NBS
photodiode standards. These laboratory
measurements were made one year prior to launch
and our absolute accuracy on-orbit is estimated
to be £30%. The overall goal of the SME
irradiance measurement is +15 to 207 and will
be achieved through comparison to sounding
rocket experiments {see for example, Mount and
Rottman, 1981). However, it is evident from the
first 90 days of solar data that the instrument
is extremely stable with little or no on-orbit
degradation., This allows us to meet a primary
goal of the solar instrument: to follow changes
at or below the 1% relative accuracy level over
time scales of days to weeks. Solar variations
at these intermediate time scales are related to
solar rotation and/or the development and
disappearance of active regions. Long time
scales of solar variability related to the 11
year sunspot cycle or 22 year magnetic field
cycle can only be addressed after an extended
period {> 3 vears) of SME operations coupled
with 2 successful sounding rocket (or shuttlie)
cross calibration effort.

Fach channel of the solar spectrometer

measures radiation from the full solar disc
scattered from a small diffusing screen.
The SME instrument was designed to include an
additional set of screens used only for
calibration. The calibration screens were used
on day 81301 and day 82006, a time period
spanning the three solar rotations discussed in
this report. The short wavelength G-channel
screen showed no change to within 0.4% and the
long wavelength F-channel screen showed
degradation of less than 1%Z.

The spectrometer has a spectral resolution of

».75nm with approximately three wavelength steps

per instrument bandpass. .The spacecraft spin
rate is »12 seconds and the sun passes through a
plane normal to the scattering screen once for
each rotation of the satellite. At this point
in the satellite rotation, a small solar sensor
clocks out a single data sample and the grating
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Figure 1. Daily values of solar Lyman-alpha
irradiance and the linear regression on 10.7 cnm
flux {Table 1).

drive is incremented. For each calendar day
portions of F and G spectra are pieced together
to form a best average spectrum for that 24 hour
period.

The sun was relatively active during the
first three months of operation. The Zurich
Sunspot number ranged from approximately 100 to
almost 400 and the 10.7c¢m flux {in units of
10722 Wm™?Hz ') varied between 150 and 300.
Both indices show a mixture of active and quiet
solar behavior, typical for this time in the
solar cycle. In particular two large flare
periods {(days 81286~81290 and B81344-81345)
produced sclar proton events while the last
three weeks of this period had little or no
solar activity. We have chosen to model the
selar irradiance as a function of 10.7cm flux.
This radio emission (2800MHz) is a ground-based
index observed in Ottawa and is reported on a
daily bhasis by NOAA. It has been employed in
the past to model EUV solar flux variability
with considerable success {Hintevegger, 1980},
The source of the radio emisgsion is high in the
solar atmosphere, at the temperature level of
the high trangition region: TrI10°K. The UV
(140-300nm) emission is formed in the solar
atmosphere at or near the temperature minimum
and it iz not unreasonable to find that the
10.7cem flux emission is only a marginal
indicator of UV variability. S8till, to the
extent that the 10.7cm flux clearly tracks solar
activity, we use it for this first investi-
gation. The daily Zurich sunspot number is an
alternate ground-based indicator of solar
activity and we include the correlation of the
UV irradiance to sunspot number. QOur impression
is that below 200nm the correlation with 10.7cm
flux is somewhat higher.

Results
A) Lyman—~alpha
Figure 1 shows the Lyman-alpha irradiance

(10! photons cm~?sect ) measured from day 81286
through day 82003. These data have not been

adjusted for the change in earth-sun distance
{from 0.998 to 0.983 AU). The calibration of
the Lyman-alpha data set is based on a sounding
rocket (27.052) experiment of November 23, 1981.
This solar rocket experiment included a small NO
cell with a Mg?z window. The NO cell was cali-
brated in our laboratory against the same NBS
standard photodiode used for the SME cali-
brations. The cross calibration is accurate to
+207 and establishes a value of 3.85 (11}
photons cm~?sec™t for day 327.

Variability due to the twenty-seven day solar
rotation is clearly seen in Figure 1. The
overplot of adjusted 10.7cm flux (solid line)
more or less tracks the Lyman-alpha data through
all three rotations. To examine the data more
closely, they are subdivided into three
individual rotation periods. The least-squares
linear regression of Lyman-alpha on 10.7cm flux
for the entire data set is given by.

FLy; = 3.08(11) + 5.59{8}*?10’? (1)

A gimilar relationship was found in the 080-5
data (Vidal-Madjar and Phissamay, 1980) and, in
addition they found the coefficients varied over
the solar cycle. The extended 080-5 data set
{1969-72 and 1974-75) allows analysis relative
to slowly varying parameters, for example yearly
means of 10.7cm flux. Future analysis of the
SME data will study such long term effects. For
the time being it is of interest to compare the
SME regression (equation 1) with the relation
found by Vidal-Madjar and Phissamay (1980) for
medium to high levels of solar activity. 1If we
substitute our 83 day mean value for 10.7cm flux
(214) for their suggested yearly mean value we
obtain:

o]

5

P

= 2.87(11) + 4.B(8)*F (V-3

Flva 10.7

The linear regressions determined from the two
data sets are remarkably similar. Comparison of
the SME data set and the Vidal-Madiar results
indicates that the absclute accuracies of the
two data sets differ by less than 107.

1f we return to the SME Lyman-alpha data of
Figure 1 and consider each solar rotation
separately we obtain the statistical parameters
shown in Table 1. Examination of Figure 1
(dashed lines give the 10.7cm flux scaled to the
Lyman—alpha rotation by rotation) and of the
correlation coefficients of Table 1 show that
agreement of 10.7 variability and Lyman—alpha
variability is guite good for rotation 2 and 3,
but poor for rotation 1. In general we expect
to see such differences from one period of solar
activity to another. We will continue to model
irradiance changes over individual rotations as
well as over longer time periods.

B) Schumann—-Runge Continuum

We refer to radiation in the spectral
interval 130 to 175mm as Schumann-Runge
Continuum (SRC) since this is the approximate
spectral range of the corresponding molecular
oxygen absorption feature. Essentially all of
this radiation 1is absorbed in the thermosphere
and is the source of atomic oxygen atoms which
are transported into the mesosphere where

RS, X
5
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TABLE 1 TLeast-squares linear regression data for Lyman-alpha, integrated Schumann-Runge

Continuum (130-175nm) and integrated Schuman-Runge bands (175-190nm) on 10.7cm flux and sunspot
&%%%3 number. Analysis is carried out for the three individual solar rotations and for the entire
i period of 83 days.

1 2 3 TOTAL
Carrington Rotation 1714 1715 1716
Time Period (Days) 81286~81312 81313-81339 81340-82003 81286-82003
Lyman—alpha
Regression on 10.7cm
Constant Term (10%'%) 3.78 £.15 2.71 £.12 2.74 .11 3.08 £.09
Linear Term (10%) 2.35 .62 7.62 £.59 7.40 .54 5.59 +.40
Standard Error (10'1) .14 .11 .15 .18
Correlation Coefficient .62 0,93 .94 0.84
Regression on Sunspot Number
Constant Term (10%1) 4.11 £.08 3.61 +.09 3.43 .07 3.70 £.06
Linear Term (108%) 0.94 .28 3. .44 4.01 +£.35 2.65 +.24
Standard Error (10%}1) .14 .16 .17 .21
Correlation Coefficient 0.56 G6.84 0.92 0.78
Schumann~Runge Continuum
Regression on 10.7cm
Constant Term (1032} 1.29 £.04 1.08 £.02 1.17 +.02 1.20 .02
Linear Term (10%) 213 .14 1.29 +.09 86 £.09 .60 £.08
Standard Error (10%%) .27 .15 .23 .33
Correlation Coefficient 0.22 0.94 0.90 0.67
Regression on Sunspot Numb
Constant Term {1012} 1.29 £.02 .23 +£.,02 1.24 .01 1.26 £.01
Linear Term (10°%) 11 %.06 .49 +.,08 47 +.05 .31 %.04
Standard Error (10%! .25 .28 .25 <33
Correlation Coefficient .42 G.79 0.89 0.67
Schumann-Runge Bands
Regression on 10.7¢cm
Constant Term (10'%) 2.94 +.,07 2.63 .05 2.73 £.05 2.79 .04
Linear Term (107?) 0.0 .28 1.56 .26 1.33 £.24 .79 £.18
Standard Error (10%1!) .57 48 .62 .72
Correlation Coefficient 0.0 0.77 6.78 0.46
%%%% Regression on Sunspot Number
G Constant Term (10%%) 2.92 +.03 2.83 £.03 2.84 £.03 2.88 £.02
Linear Term (10°7) 0.07 +.13 60 .16 .78 £.13 41 £.09
Standard Error {10%!) .57 « 60 .58 .72
Correlation Coefficient 0.13 0.60 0.81 0.47
recombination cccurs. We have normalized the sunspot number of that day are similar to the
SME data of day 319 to the Mount-Rottman (1981) day of the rocket flight.
rocket data from July 15, 1980. Day 319 was Figure 2 shows the integrated irradiance
selected because the 10.7cm flux and Zurich {130-175om) from day 81286 to day 82003. The
so0lid line is the 10.7cm flux scaled to the SRC
I i i ; I data according to the least-squares linear
DAILY VALUES OF SRC (130-175nm) regression of the entire data set:
T: Fope = 1-20(12) + 6.00(8)*F, (2)
o 1.380 — ]
2 When a rotation-by-rotation statistical
e analysis is performed we obtain the dashed lines
“ 1.830 . of Figure 2 and the statistical parameters in
% Table 1. The correlation coefficient of the
< entire data set is only 0.67 and again it is
S clear that the trend to follow 10.7cm flux is
i 1.270 p— 7 stronger for rotations 2 and 3 than for rotation
o 1.
© = The 6% percent variability seen in the
~ 4240 b= — integrated SRC is not the mean variability but
= %""1?74 1 1718 § 1718 —s is clearly weighted by the longer wavelengths
where the bulk of the energy resides. In fact
1,180 | i | ! ? | the shorter wavelengths, characterized by strong
280 200 320 240 280 10 emission lines, show larger variations.
DAY NUMBER C) Schumann-Runge Bands
Figure 2. Daily values of the integrated
irradiance in the Schumann-Runge Continuum We define the spectral interval of the

(130-175mm). Schumann Runge Bands (SRB) of 0, absorption to
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irradiance in the Schumann-Runge Bands
{175-190nm} .

be 175 to 19nm. The absolute irradiance values
have been established by normalizing the SME
data of day 319 to the Mount-Rotiman {1981)
rocket dara of July 15, 1980. The daily value
of SRB is shown in Figure 3 and also shows the
27 day solar rotation effect (Heath, 1980). The
least-sguares linear regresslon of the entire

data set 1s given by:
FSRB = 2.79(12) + ?Q§S(8)*FEG'? (33
When rthe data are analyzed separately for each

rotation we obtain the statistical parameters
shown in Table 1. The correlation coefficlents
for rotation 2 and 3 ave moderately high but the
overall correlation coefficient is only 0.46.
This is due primarily to rotationm 1 which has no
statistical correlation to 10.7cm flux. We find
that the 10.7em flux is only a marginal indi-
cator of the solar variability at wavelengths
above 175nm. As mentioned earlier this is not
surprising since the layers of radio emission
and UV emission are widely separated in the
solar atmosphere and only weakly connected.

Summary

The solar instrument on SME provides a
daily measurement of full disc solar irradiance
in the spectral interval 120 to 305om. The
{netrument has shown little or no degradation
during the first three months of operations. We
helieve rhat the instrument stability is ade-
quate to accurately follow changes 1in solar
sltraviolet radiation over time periods of days
ro weeks, Data from the first 83 days of the
SME mission, a time period covering three
complete solar rotations, have been correlated
with ground-based indices of solar activity. In
this first report, we present irradiance
measurements at Lyman-alpha showing a cleay
27~day variability of £15%Z. The correlation of
Lyman—alpha data fo 10.7cm radio flux and to

21.: Solar Spectral Irradiance, 120 to 190 nm

sunspot number are quite high for two of the
rotation periocds, but only marginal for the
third.

Solar irradiance in the integrated
Schumann-Runge continuum (130-175um) shows
27-day variability of *6% and the longer
wavelength interval of the Schumann~Runge bands
(175-190nm) give a variability of +5%. Similar
ro the Lyman-alpha results we find a high
correlation of solar UV irradiance in these
wavelength intervals to the 10.7cm flux and
sunspot number for only two of the three solar
rotations. To the extent that these three solar
rotations are typical for this period in the
solar cycle, we conclude that ground-based
indices, for example 10.7cm flux, can only be
used to model the average variability of
ultravioletr irradiance. The correlations are
not always strong and for certailn periods the
models break down altogether. The objective of
rhe SME solar spectrometer is to accurately
measure changes in solar irvadiance at or near
the one percent level, far more accurately than
present empirical correlations can predict.
Sinee the ozone distribution of the middle
atmosphere is sensitive to day-to-day variations
in solar irradiance, the SME investigations make
direct use of these daily solar measurements.
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