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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inventory information is now no longer maintained in the DSCs, but is now managed in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/

GG-32B

AE HOURLY DIGITAL VALUES

THIS DATA SET HAS BEEN RESTORED. THERE WERE ORIGINALLY 11

9-TRACK, 800 BPI TAPES, WRITTEN IN ASCII. THERE ARE TWO

RESTORED TAPES. FILES 1-6 ON DR004759 ARE WRITTEN IN

AN UNKNOWN FORMAT, AND FILES 7-9 ON DRO04759 ARE WRITTEN IN AE
FORMAT AND FILES 10-11 ON DR004759 ARE WRITTEN IN AU FORMAT.

ALL OF DR004760 IS WRITTEN IN AE FORMAT. THE DR TAPES ARE 3480
CARTRIDGES AND THE DS TAPES ARE 9-TRACK, 6250 BPI. THE ORIGINAL
TAPES WERE CREATED ON AN IBM 360 COMPUTER AND THEY WERE RESTORED

ON THE IBM 9021. THE DR AND DS NUMBERS ALONG WITH THE CORRESPONDING

D NUMBERS AND TIME SPANS ARE AS FOLLOWS:

DR# DS# DD# FILES TIME SPAN

DR004759 DS004759 D000102 1-6 07/01/57 - 12/31/68
D023726 7 07/01/57 - 12/12/73(a)
D030718 8 01/01/66 - 12/31/66(b)
D030719 9 01/01/67 - 12/31/67
D030720 10 01/01/68 - 12/31/68
D030721 11 01/01/69 - 12/31/69

DR004760 DS004760 D030722 01/01/70 - 12/01/70
D030723 o1/01/71 - 12/31/71

D030725 01/01/73 - 12/31/73

1
2
D030724 3 01/01/72 - 12/31/72
4
D030726 5 01/01/74 - 12/31/74 (c)

{(a) I/0 ERROR FILE 1, RECORDS 33, 87, 96, 105, 137, 154
(b) I/0 ERROR FILE 1, RECORD 506
(c) I/0 ERROR FILE 1, RECORD 2334



GG-31C
2.5 MIN VALUES ON MAG TAPE

GG-31C

THIS DATA SET HAS BEEN RESTORED. THERE WERE ORIGINALLY 16

7-TRACK, 556 BP1 AND 800 BPI TAPES WRITTEN IN BINARY AND BCD. THERE
ARE TWO RESTORED TAPES. TWO OF THE ORIGINAL TAPES ARE MISSING,
D014250 AND D014459. DR0O04316 TAPE IS WRITTEN IN BINARY AND DR0O04317
TAPE IS WRITTEN IN ASCI1. THE DR TAPES ARE 3480 CARTRIDGES AND THE
DS TAPES ARE 9-TRACK, 6250 BPI. THE ORIGINAL TAPES WERE CREATED ON
AN IBM 360 COMPUTER AND THE RESTORED TAPES WERE CREATED ON AN 1BM
9021 COMPUTER. THE DR AND DS NUMBERS ALONG WITH THE CORRESPONDING D

NUMBERS AND TIME SPANS ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN
DR004316  DS004316 D001544 1 09/01/64 - 12/31/64
D001545 2 01/01/65 - 12/31/65
D001546 3 01/01/66 - 12/31/66
D001547 4 01/01/67 - 12/31/67
D004894 5 01/01/68 - 12/31/68
DR004317  DS004317 D013039 1 09/01/64 - 12/31/64
D013040 2 01/01/65 - 12/31/65
D013041 3 01/01/66 - 12/31/66
D013042 4 01/01/67 - 12/31/67
D023729 5 01/01/67 - 12/31/69
D012598 6 01/01/68 - 12/31/68
D012599 7 01/01/70 - 12/31/70
D023728 8 01/01/66 - 12/31/71
D023727 9 01/01/72 - 12/31/73
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GG-32B

AE HOURLY DIGITAL VALUES

THIS DATA SET HAS BEEN RESTORED. THERE WERE ORIGINALLY 11

9-TRACK, 800 BPI TAPES, WRITTEN IN ASCII. THERE ARE TWO

RESTORED TAPES. FILES 1-6 ON DR0O04759 ARE WRITTEN IN

AN UNKNOWN FORMAT, AND FILES 7-9 ON DR00475% ARE WRITTEN IN AE
FORMAT AND FILES 10-11 ON DR004759 ARE WRITTEN IN AU FORMAT.

ALL OF DR004760 IS WRITTEN IN AE FORMAT. THE DR TAPES ARE 3480
CARTRIDGES AND THE DS TAPES ARE 9-TRACK, 6250 BPI. THE ORIGINAL
TAPES WERE CREATED ON AN IBM 360 COMPUTER AND THEY WERE RESTORED

ON THE IBM 9021. THE DR AND DS NUMBERS ALONG WITH THE CORRESPONDING

D NUMBERS AND TIME SPANS ARE AS FOLLOWS:

DR# DS# DD# FILES TIME SPAN
DR004759 DS004759 D000102 1-6 07/01/57 - 12/31/68
D023726 7 07/01/57 - 12/12/73(a)
D030718 8 01/01/66 - 12/31/66(b)
D030719 9 01/01/67 - 12/31/67
D030720 10 01/01/68 - 12/31/68
D030721 11 01/01/69 - 12/31/69
DR004760 DS004760 D030722 1 01/01/70 - 12/01/70
D030723 2 01/01/71 - 12/31/71
D030724 3 01/01/72 - 12/31/72
D030725 4 01/01/73 - 12/31/73
D030726 5 01/01/74 - 12/31/74(c)

(a) I/0 ERROR FILE 1, RECORDS 33, 87, 96, 105, 137, 154
(b} I/0 ERRCR FILE 1, RECORD 506
(¢) I/O0 ERROR FILE 1, RECORD 2334
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©

CARD
COLUMN

1-3

9-10
11-12
13-24

25-145

146-1590

AE HOURLY DIGITAL

DESCRIPTION

STATION 1D
YEAR,MONTH

Tt

DAY

HOUR

FILLER OF ZERO'S

OH VALUES

MEAN VALUE

VALUES

REMARKS

FLAG SIGNIFYING DH DATA

24 5-DIGIT VALUES (THESE 5-DIGIT VALUES
ARE COBOL SIGNED FIELDS. THEREFORE

USE OF A COBOL PROGRAM IN READING
THESE TAPES IS RECOMMENDED)

ALSO A SIGNED FIELD 'S9(5)

Tapes are blocked 32 logical records per physical record

9 track, 800, ASCII, odd, I fiile
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APPENDIX B. CHARACTER CODES

COMPRESSED
ALPHA~

ASCII CARD CODE EBCDIC NUMBERIC TTY LINE PRINTER
ASCII HEX.| 029 KEY PUNCH ANSI HEX. | COMP. CAN HEX. L.P. HEX.
CHAR. CODE SYMBOL  CODE CHAR. CODE | CHAR. CODE | TTY CODE |SYMBOL CODE
NUL 60 M.P. 12-0-9~-8-1 | NUL 00 HUL €0
SOH 01 M.P. 12-9-1 SOH 01 SOM 81
STX 02 M.P. 12-9-2 STX 02 EOA 82

TH 03 M.P. 12-9-3 ETX 03 EOM 83
SO G4 M. P 97 EOT 37 EDT 84
ENQ 05 M.P. G=9=8-5 EKQ 2D WRU 85
ACK 06 M.P. 0~9=-8~6 ACK 2B RU 86
BEL 07 M.P. 0~g=8-7 BEL 2F BEL 87
BS 08 M.P. 11-5-6 BS 16 FE, 88
HT 09 M.P. 12-9-5 HT 05 HT 89
LF 0A M.P. 0-9=-5 LF 25 LF 8A

T 6B M.P. 12-9-8-3 VT 0B VT 8B
PE oc M.P. 12-9~8-4 FP oc FORM ac

R oD M.P. 12-9-8-5 CR 0D RETURN 8D
S0 OE M.P. 12-9~8~6 S0 OB S0 8E
ST oF M.P. 12-9-8=7 SI OF SI 8F
DLE 10 M.P. 12-11-$-8-1| DLE 10 DCO 90
DCl 11 M.P. 11-9-1 DCl 11 X~ON 51
DC2 12 M.P. 11-9-2 DC2 12 TAPE 92
DC3 13 M.P. 11-9-3 DC3 13 X~OFF 93
DC4 14 M.P. 9-g~4 DC4 3¢ TAPE 94
NAK 15 M.P. 9-8-5 NAK 3D ERROR 95
SYN 16 M.P. 9-2 SYN 32 sYC 96
ETB 17 M.P. 0~9~6 ETB 26 LEM 97
CAN 1 M.P. 11-9-8 CAN 18 S0 98
EM 19 M.P. 11~9-8~1 EM 19 S1 99
SUB 1A M.P. 5-§~7 sUB 3F 52 9a
ESC 1B M.P. 0~G=7 ESC 27 $3 9B
F8 ic M.P. 11-9~-8-4 S4 sC FS e
GS 1D M.P. 11~-9-8-5 Gs 1D s5 9D
RS iE M.P. 11-9~8-6 RS 1E 56 9E
US iF M.P. 11-9-8~7 us 1P §7 SF
SPACE 20 SPACE BAR (NO PUNCH) SPACE 40 | SPACE © SPACE A0 |SPACE 20
! 21 i 12-8-7 4 4F ! Ay ! 21
* 22 " 8-7 " 7F " A2 |" 22
# 23 # 8-3 4 7B # A3 |4 23
5 2 $ 11-8-3 $ 5B | $ 39 $ A4 3 24
3 25 % 0-8-4 % 6C % AS % 25
& 26 & iz & 50 & AS & 26
; 27 ; 8~5 ' 7D ' A7 | 27
( 28 ( 12~8~5 ( 4D { A8 i ( 28
) 29 ) 11-8~5 j 5D ) A9 ) 29
* ZA * 11-8-4 * 5¢C * AR % 2A
ES 2B + 12-8~6 + 4E + AH 4 28
, 2c . 0=8=3 . 3} . AC |, 2¢
- 2D - 11 - 60 - AD |~ 2D
. 2E . 12-8-3 . 4B 38 . RE . 2E
/ 2F / 0~1 / 61 / AF |/ 2F

M.P.=Multi-punch (No symbol}
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COMPRESSED _

ASCII CARD CODE EBCDIC ALPHANUMERIC TTY LINE PRINTER
ASCII HEX. | 029 KEY PUNCH ANSI HEX.] COMP. CAN HEX. | L.P. HEX.
CHAR. CODE SYMBOL  CODE CHAR. CODE|CHAR. CODE | TTY CODE | SYMBOL CODE
5 30 0 I ] FO |0 27 ] BO 0 30
1 31 1 1 1 F1 |1 28 1 Bl 1 31
2 32 2 2 2 F2 (2 29 2 B2 2 32
3 © 33 3 -3 3 F3 13 30 3 B3 3 33
4 34 4 4 y 4 F4 |4 31 4 B4 4 34
5 35 5 5 5 F5 |5 32 5 B5 5 35
6 36 6 6 6 F6 |6 33 6 B6 6 36
7 37 7 7 7 #7017 34 7 BT 7 37
8 38 8 g 8 Fg |8 35 8 B8 8 38
g 39 9 9 9 P9 19 36 ] B9 9 39

3A b 82 " 7. H 37 : BA H 3
: In 11-8-6 ; 5E H BB H 3B
< 3¢ < 12~8~4 < 4c < BC < 3¢
= 30 = . 8-6 = 7E = BD = 3D
> 3B > 0~8~6 > 6E > BE > 3B
? 3F ? 0~8-7 ? 6F ? BF ? aF
@ 40 @ 84 @ 7C @ co e 40
A 41 A 12~-1 A c1 A 1 A c1 A 41
B 42 B 12-2 B cz |B 2 B c2 B 42
C 43 c 12-3 C c3 ¢ 3 C c3 C 43
D 44 D 12-4 D c4 |D 4 D c4 D 44
B 45 £ 12-5 B c5 | E 5 E cs E 45
F 46 F 12-6 F c6 | F 6 F c6 F 46
G 47 G, 12-7 G c7 |G 7 G c7 G 47
H 48 H 12-8 H c8 LH 8 H cs H 48
I 49 1 12-9 i cy I 9 I c 1 49
J 4A J 11-1 J plL |J 10 J ca J 4A
K 4B K 11-2 K D2 | K 11 K cB K 4B
L - 4C L 11-3 L D3 | L 12 L ce L 4C
M 4D M 11-4 M D4 M 13 M <D M 4D
N 4E N 11-5 N D5 N 14 N CE N 4E,
o 47 o 11-6 o D |0 15 0. cF 0 4F
P 50 P 11-7 P p7 |p 16 P Do P 50
Q 51 0 11-8 Q Dg | Q 17 Q bl 0 51
R 52 R 11-9 R D9 | R 18 R D2 R 52
s 53 s G-2 s E2 |8 19 s D3 8 53
T 54 T 0-3 T E3 IT 20 |71 Dd T 54
U 55 U 0~4 U E4 | U 21 u D5 U 55
v 56 v G-5 v ES |V 22 v D6 v 56
W 57 W 6-6 W E6 | W 23 W D7 W 5%
X 58 % 0~7 X E7 | % 24 X ‘D8 % 58
¥ 5% Y 0-8 Y E8 | Y 25 ¥ D9 e 59
z 5A z 0=9 A E9 |2 26 z DA 2 5A
{ 58 ¢ 12-8-2 ¢ 4A { oB { 5B
5\ 5¢ 0-8-2 0-8-2 \ E0 \ DC \ 5C
] 5p ! 11-8-2 4 5A ] DD ] 5D
A 58 - 11-8~7 A 5F 4 DE A 5E
— 5F — 0-8-5 - §D - oF — 5F

H.P.=Multi~punch (No symbol)



COMPRESSED
i ASCII CARD CODE EBCDIC ALPHANUMERIC TTY LINE PRINTER
wr ASCII HEX.|029 KEY PUNCH ANSI HEX.|COMP. CAN L.P. HEX.
CHAR. CODE SYMBOL CODE CHAR.  CODE|CHAR. CODE| TTY CODE | SYMBOL CODE
60 M.P. 8-1 79 )
a 61 M.P. 12-0-1 a 81
b 62 M.P. 12-0-2 b 82
¢ 63 M.P. _12-0-3 c 83
a 64 M.P. 12-0-4 d 84
e 65 M.P. 12-0-5 e 85
£ 66 M.P. 12-0-6 £ 86 N
g 67 M.P. 12-0-7 g 87 .
h 68 M.P. 12-0-8 h 88
i 69 M.P, 12-0-9 i 89
3 6A M.P. 12-11-1 3 91
X 6B M.P. 12-11-2 k 92
1 6C M.P. 12~11-3 1 93
m 6D M.P. 12-11-4 m 94
n 6E M.P. 12-11-5 n 95
o 6F " M.P. 12-11-6 o 96
p 70 M.P. 12-11-7 p 97
q 71 M.P. ‘12-11-8 q 98
N r 72 M.P. 12-11-9 r 99
s 73 M.P. 11-0-2 s A2
t 74 M.P. 11-0-3 t A3 .
u 75 M.P. - 11-0-4 u A4
v - 76 M.P. °  11-0-5 v A5
W 77 M.P. 11-0-6 w A6
x 78 M.P. 11-0-7 x a7
Y 79 _M.P. 11-0-8 vy A8
z TA M.P. 11-0-9 z AS
{ 78 M.P. 12-0 { co
N T M.P. 12-11 | 6A
‘} 7D M.P. 11-0 :} DO
A 7E M.P. 11-0-1 ~ Al
DEL 7F M.P. 12-9-7 DEL - 07 RUB  FF
ouT

M.P.=Multi-Punch (No-Symbol)
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FORVAD OF 2.5 ¥INUI= PAPE RICoRL3
2 e P
. L S2TRAN Co 2.T15Ls 2003058 2

1=3 Obsemvatory waemonic code
4-5 Yours 1/@es 08 )
5 aMT
o=-T month; 01 to 12 J

S Element; D, B, Z, X, or ¥

9«20 Day; 01 te 31 :‘ =

2130 Eo. 3 00-23 j e

13-16 Lriitrary

17-20 Lither 7ero, or %..2 Sabula> base .1 degrees for D,
{a hundreds of gammes for C..c intensity elements

21-5..9 enty-Tour values beg innins at 2.5 minutes afcer
‘a hous (in gammas for K, %, X, ¥; venth-minutes
or D)

";’-—-. J Lourly mean

Each tape Dlock consists of 20 reccrds (24CC characters) A standerd

e o anr -
3/4 ineh intel:I record gap apiears ucpzeen tape s.ocks. COne or more
-"on—.u_k: follous tThe ~1ast bplock of data on Sape. When necessary,

padded nlis.s are used to complete the iast blocic of dac. =

~-a  zsovi. are sorfed zccordins O observato“" ~nemon’a, yeir, month,

G2, ~Geiiievy DOUT. The segueace of the elcmeats 1s o, H Z; Xy 250
The 20 ve-ues ir = ssitions 17-120 will 3ve the raage -G90 to 9998.
mae tebuler dase is sdjusted o avolc a four-dig. . ncSStive oumber in

Ta-zx 21-116. . A blank value 1s identitied by a S.55.

A 9553 Wi “ppu 2n position 117-120 _{hourly mezan) if there are mor
= 20 . _.< values in position 21=116. : 3

J ('oN'T) ;




SAMPLE CONPUTATICNS SEOWING USB OF TASTL BASES

Walsn Wit -

'.' D H 2 X Y >

- -
Tabular Base =006 155 -.35 =025 050
2.5 minute value -£823 -032 ~036 26 250

Total value ~7°02.3" ° 15L68y ~48596y -28T4y 3250y

the value of a magnetic element at any par ticular time

ASs shown above,
signed tabular base to the signed value.

is obtained by adding the

-r

The customary gecmagnetlic cohwv ntion is followed: all magnetlc valiues :

e yeferrec Lo the north-seeking end of thc compass needle, with X
“'-a"ueu as positive when directed northward, : as positive when directe
and D as positive when

£

- =
eas“"a“t, 2 a8 positive when directed downward,

-
v

directved easvwarc.

£ -

¢ the ta or format may be obiained

cr

Additional inforzatlion parvainin
by centactirn,

. Ceomagnetism Divisica
Coast and Geodetic Survey - ESSA
Washington Science Center
“ockville, Maryland 20852

Paone: 301 49-68047

CARLE: EIISCI, Rockville, Maryland

e
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FORMAT OF 2,5 MIN, AE INDEX TAPES IN BCD FORM

Each logical record is data for one hour,
POSITION
I« 3 AE, AL, AD, or AU
3 Year; i.s., 58
7 Month; Ol to 12
* (arbitrary)
9- 10 Pay; Ol ko 31
11= 12 Hour; 00 to 23
13= 20 Blank

21-116 Twenty four 4 character values of AE, AL, AD or AY
taken at 2.5 min, intecrvals

117=-120 Hourly average

The tapes are written at 556 BPI, they are BCD, 7 track, even parity,
cantainm 1 file of data, and are 7094 compatible, The data are blocked
20 logical records per physical record, and when there is not enough
data to fill the last physicel record om tape, the block is padded out
to the normal size, An example is the 197 tape., The last physical
record of the tape contains only 12 logical records of data, and s
therefore padded with eight final logical records, Each padded logical
record begins with a serlies of twelve nines, followed by 108 zevos,
Every logical record is 120 BCD charscters, m2! ‘ne the blocxsize of a
physical record 2400 characters, The tapes contain AE, AL, A0 and AU
data, iIn that order, and the data are time ordered within each type
of index (i.e,; AE data, time ordered, followed by AL data, time ordered,
followed by AO data, time ordered, followed by AU data, time ordered),

Therc is oné tape per year of data,




August 31, 1973

Tor Data Repositery
From: ADP Serxvicas |
Subject: Release of one AE index tape,

~.oass relesse DDI2611, This tape comtaimed AE data for more
than soe year. It was sorted by time and thz dsta were extracted
by year onto individual output tapes. These new ocutput tapes

were then placed in the WSSDC library ac DDL3039, DD1304D, DDL304L,
and DD13042, Therefore, the origioal tape is of no further use,



.
:

July 16, 1973

To: Data Repository
Fram: ADP Servicas
1 Subject: Release of one AE {ndex tape

Please telsase DDL2247, This tape contained AE data for more than

one year, It was sorted by time and the data were extracted by

yasr onto individusl output tapes, Theas new cutput tapes were then
placed “n the NSSDC tape library as DDL2598, and DD12599,

Thevefore, the original tape is of no further use,




STATUS REPORT: AURORAL ELECTROJET (AE) INDICES TOR 1970

by J. H. Allen {wg-i{'f?-c-.:??)
Environmental Dats Service, NOAA
Boulder, Colorado 80302 U.S.A.

This report presents the status of the derivation of Auroral
Electrojet (AE) indices for 1970. It inrludes a brief survey of prier
derivations of AE, a Ziscussion of the definition of AL and its method
of computation, tables of ourly averagse indices for Januacy-March 1970,
graphs of daily variations in AU, AL, AE, and AO for selected days,
and sume commeats on possible ways of improving the systematic and
timely derivation of this important peophysical index.

Intreduction

The Auroral Electrojet Index, AE, is designed te provide a global,
quantitative seasurz of auroral zone magnetic activicy produced by
enhanced ionospheric currents flowing along the margin of the auroral
oval, it is the rotal range at an imstant of time of the deviations
from quiet day values of the horfizontal magnetic field (H) around the
auroral oval. Defined and developed by Davis and Sugiura (1966), AE
has beén shown to be especially useful to delineate the onset and
progressive development of high latitude magnetic disturbances which
are recognized as one aspect of polar and magnetospheric substorms
(Akasofu, 1968). It has been shown to correlate strongly with the
{ntegrated southward component of the interplanetary magnetic field
(Pulovkin, et al., 1970; Arnoldy, 1971) and to be incimately related to
the growth of the geomagnetie ring currest during magnetir storms
(Davis and Parthasarathy, 1967). For these various roles AL possesses
advantages over other geomagnetic indices, in particular:

(1) it can be derived on aan Instantaneous basis or from avecages of
variations computed over any selected interval:

(14) 4t is a quanticacive index which, in gemeral, is directly related
to the physical processes producing the obperved magnetic
varlations;

(434) its uethod of deriv.tlon is relatively siwple, digital, and
obiective and is well suited to present computer processing
techniques; and

(1v) it may be used to study either individual events or statistical
aggregates.

Increasingly frequent reference to AE in journal articles con-
cerned with solar-terrestrial interactioms and magnetospheric physics
as well as requests to World Data Centers for AE indices are indica~-
tions of its utility. Also, IAGA Resolutione 2 and 15 (1969); the
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Joint COSPAR-IUCSTP Second Report om IMS (p. 36, 1972); and several
ad hoc conferences of users of geomagnetic data further document the
need for systematic, timely derivacion of AE indices. In order to
satisfy this need of the scientific community, the Environmental Data
Service of NOAA has undertaken to resume 2.5-min digitization of
magnetograms and to perforu the data processing necessary to derive
AE.

Prior Derivations of AE

AE indices were calculated and published by the Geophysical
Inscitute of the Univarsity of Alaska for the years 1957 chrough 1964
(Davis and Wong, 1967, 1968). These values were based upon the standard
tabulations of hourly-average scalings of the horizontal magneiic
field for selected surorzl zone magnetic observatories. Later, AE
indices were derived at the NASA Goddard Spaceflight Center under the
direction of Dr. D. Fairfield. These were derived from 2.5-min digiri-
zations of H fuom selected cbservatories and they covered the incerval
from September 1964 through June 1968.

The network of stations whose magnetograms were used Lo derive AE
changed slightly from year to year. Originally, some high latitude,
southern heaisphere stations were used to fill gaps in the longitudinal
distribution of the available northern hemisphere auroral zone statioas.
Critically located new stations were incorporated from time to time
and they significantly improved the station distributiom and, thus,
the approximation to the “true" AE. However, because of delay in avail-
ability of magnetograms from sowe stacions, the AE indices for the
years 1966 through 1968 were "preliminary" and were based on an inade-
quate distrilucion of stacions. Arnoldy (1971) has pointed out the
effect of the bizsed station distribution for the published 1967 AE
indices.

Definicion and Computation of AE

AE was originally derived by Davie and Sugiura (1966) from hori-
zontal magnetic field (H) data from = grouvp of seven aurcral zone
magnetic observatories. They derived a quiet time H level for sach
observatory and subtracted this value from observed imstantaneous
values of H., The result was s time series of deviations from the
undisturked field, * AH(r). Superposition of the seven time series
produced a set of interwoven lines, bounded by an upper and lover
envelope formed by the continuous set of extreme AH values. The
upper and lower envelopes were designated AU and AL respectively.

The range of the deviations at any instant, AU - AL, was defined

as AE for that instant of time. In the absence of other sources of
variations, AU is a direct function of the current flowing in the
eastward auroral elect ojet while AL is similarly rzlated to the west-
ward flowing current.




A second index derived from AU and AL was their amcan, AD = (AU+AL)/2,
AO is a measure of the presence pr absence of symmetry in the variacions
of the oppositely diracted electrojets and may Zllustrate the effect of
the magnetospheric ring current as observed at the aurcral zone. The
units of AU, AL, AE, and AD are gasmes,

The stations selected to contribute to AE were chosen te lie just
in or below thes auroral zone and to bé as evenly distributed in longituda
as was practical. Ideally, each station sheuld lie just outside the
instantaneocus auroral oval arowmd the time of local geomagnetic midnight.
In practice, the network of stations used must be relatively uniform in
longitudinal coverage and include 4 reseonable distrivution of laricudes.

Station Selection

Conversations with Davis, Sugiura, Akasofu, and others led to the
selection of the eleven stations listed in Table ! for the determination
of 1970 AE(11). The station positions are shown in Fig. 1 relative te
the geographic and geomagnetic aorth peoles. The station names are given
along with thelr wmmemonic abbreviation, geographic and geomagnetic
coordinates to the nearest degree, and the upiversal time of local geo~
magnetic midnight. A subset of five “essential" statioms which might
be used to determine a “preliminary" set of AE is indicated by asterisks.
We have chosen to Indicate the number of stations contributing to a
given determination by a parenthetical number following the letters AE.

This basic list of eleven stations may be supplemented with others
in the fucure to isprove the approximation of the “true"™ A=, For
example, there are two large lengitude gaps between Fort Churchill and
College and between Uelen and Tiksi. Also, because the auroral oval
varies in areal extent with the level of magnetic activity, we will
attempt to supplement the basic network wicth meridional chains of sta-
tions along some magoeiic meridians.

In addition to the geographic position of conmtributing stations,
another factor in station selection is the promptness with which their
records become available through the World Data Center system. This
means not only the timely submission of microfilm or other coples of
magnetog - s but also the availsbdilicy of calibracion daca such as
scale values, base lice values, and tempersture correction factors.
Also of great importance is the availability of auxiliary storm magne-
tograms and their calibration ipformation. This is because during
active periods the registration of normal magneétograns 1s often incom~
plete, necessarily resulting in missing data for these periods unless
stora magnetograms are available. The effect of missing data at a
eritical scation is illustrated in the graphs of AE discussed below.



Observatories Used for the Derivation of 1870 AE(11)

TABLE 1

Mnemonic | Geographic Coord. | Geomagnetic Coord, | LGH**

Observatory Abbreviation | N. Lat.® Llong.® |M. Lat.® E. long.®| UT |

1. Leirvogur = LR 54 22 70 n 2351 |
2. MNarssarssvaq NAS 61 45k A 37 0209
! 3. Great Whale River »GWR 55 784 66 317 0526
| 4. Fort Churchill Fe 59 94w 69 322 | 0850
5. College * 0 65 148¥ 65 256 1153
6. Barrow BN n 157W 68 261 1235
7. Uelené UE 66 170M 62 237 1250
g. Tiksi Bay# 191 72 129€ 60 19 1551
. Cape Chelyuskin * CC 78 104E 66 176 1650
10. Dickson Islandé DI 74 B1E 63 162 1747
ln. Abisko * Al 68 19¢ 66 115 2053

* “gesential® stations for the derivatiom of AE(S)

** |ocal Geomagnetic Midnight (LGM) at equinox

Geomagnetic coordinates and time calculated for inclined dipole fiald
# In data catalogs known as Cape Wellen, Tixie Bay and Dixon Island

-dl-




Fig. 1 - Stations contributing to 1970 AE(11) are shown by solid filled
circles.
Polar equai-area projection centered on north geomagretic
pole @ with geoyrashic and geomagnetic coordinate grids.

- B




Quiet Time Reference Levels

There are several techniques which could be used for deriving the
quiet-time reference level of the Lhorizontal field at each AF stalioa.
o have selected the following as being simple, essentlally objectlive,
and easily performed on the computer. It is also the technique uged by
Davis «nd Wong (1967, 1968) for hourly AE for 1957-1964. A =monthly quist
cime average value of i is compuied for each station f.iom all the 2.5~
sis values oa cthe internaticcally adopted 5 quiet days of sach month.
This provides a set of twelve monthly reference values for each station
for a year. The soath-to-month change in reference lewvel it ctypically
in the range 3-10 gasmas but can bs as great as 3J. These changes
introduce similar small discontinuities at each aonth’s and imto AU
and AL and, therefore, into AE. This technique also does not remove
any local Sq variatiocns. However, our computer progrsm inciudes the
option to derive monthly quiet-time means for each 2.5-min interval
from the 5 Q-days or amy other selection of days.

Computation of Indices

The monthly raference levels for each station were subtracted from
the observed values of H giving 4H deviations for each 2.5-min UT. In
practice they were grouped in hourly blocks by month and with the sta-
rions ordered in geographic longitude. The AH values were then scanned
by coaputer techaiques and the extrenme deviations identi{iad for each
2. %-min UT. The values of these extremes became AU and AL for that
time and the observatocies which produced them were also recorded. AE
and A0 were computed from AU and AL and all indices were recorded oa
magnetic tape. At the same time, hourly averages of all Indices were

computed.

Graphs of all the 2.5-min indices were produced on the computer's
cathode ray tube plotiing unit and mierofilmed. Tables of hourly aver-
age indices were printed ia sonthly blocks. For hours of high AE rhe
complete set of station deviations for each 2.5-ain interval was listed.
Quality control programs were used to check each stage of the deriva-
tion and sample statistics were kept on the freguency of station selec-
tion for AU and AlL.

Samples of Jutpur

As of the end of June 1972, the first half year of AE(11) for 1970
has been completely processed. Whil: some subtie 2rrors may remain,
ve are not aware of any uncorrected errors in the archived data files.
Tables 2 - & give the hourly average AE sumsary information for the
soaths of January-March 1970. The hourly means are simply the average
of the twenty-four 2.5-win AE velues. Duriag active times this mean
may differ by as much as 100 gammas from che hourly AE value computed
from hourly average H scalings. The tables aleo give the meaas of

b=



hourly AE for each day, for all days by hour for the entire month, and
for the 5 international quiet (Q) and disturbed (D) days by hour and
for all hours. Tables 5 and 6 show the stations which were the major
contributors to AU and AL, respectively, for each hour in January 1970.

Figures 2 - 4 are illustrative graphs of the time series AU, AL,
AE, and A0 for 18 selected days chosen from the first quarter of 1970,
February 14 through March 3. These days encompass a wide rang> of
activity levels from extremely quiet (February 23) to very disturbed
(March 1). The succession of events pictured for February 24 illus-
trates the way in which AE can delineate volar substorms. Other fes-
tures of chese sasple index graphs will be discussed in the section
covering problems and limirations of AE.

Ulcimate Data Formats

AE(11) data for 1970 will be available to users in several for-
mats. it is planned to prepare a summary publication in the special
data report series (UAG reports) of World Data Center A for Solar-
Texiestrial Physics. This would include index graphs of AU, AL, AE,
AD like Figs. 2 - 4 for every day of the year. It would also cortain
the hourly indices like Tables 2 - & for all months, and probably AU
and AL station information like Tables & and 7. All these data would
also be available on microfilm from WDC-A.

In addition, the 2.5-min values of all indices are om magnetic
tape. They are aveilable directly inm 7 channel, 556 BPI, BCD format,
IBM compatible, but conversions are possible. 1In principle, computer
listings of all 2.5-tin values can be provided. It is hoped, however,
that for most purposes the index graphs will serve, and detailed
listings will be requested for only short intervals of particular
interest. In any case, WDC-A will attempt to package the data for
1970 in ways wvhich meet user meeds, and all suggestions will be con-
sidered.

Problems in Derivatiom of AE

Three categories of problems were encountered in our work of
deriving AE:

(1) those inherent in the method of derivation of the index;

(i1) those arlasing from observatory proceduraes and the resulting magne-
tograms; and

{1i1) those produced by the digitlzing process.
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Fig. 2 - Index graphs of AU, AL, AE, AD for February 14-19, 1970
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(1) Inherent Problea=

At an AE observatory the deviation from quier time H will be the
gane either for am enhanced electrojet current or for a constamnt cuzrent
which moves spatially relative to the fixed observatory. With a limiced
nuzber of stations and for a small event, no spproximation to AE wili
distinguish between these two sources of H deviacions. Also, saall
elsctrojet variatfons could occur im the gaps between observatories and
pnot show im AE. Furcher, failure to resove any 5q variations In compu=
ting cthe AH deviarioms probably accounted for the saall diurmal varia-
tion in AE noted by Pudovkin, et al. (1970). Restrictiom of the sec of
contributing stations to the northern hemisphere should introduce a
seasoual variation as moted by Afonina and Fel'dshteyn (1971) In the
AU and AL tatios.

(11) Data and Recordiog Problems

The operating problems which may arise at an aureral zone magnetic
observatorv afe many and varied. Those which particularly affect the
derivation of AE are aay which change the baseline of ihe H trace during
a month; any which change the H scale values; and any setting of the
X trace on the magnetogram which permits it to go off the photographic
paper during times of moderate or large @xcursions.

An example of the effect of baselime drilts is shown in Fig. 5.
The relatively high yet undisturbed level of AU for mamy hours of
January 6 and for the first three hours of January 7 were obviously
erronecus. They were traced to the magnetograms Irom Tiksi. For
several days in early January the Tiksi E trace appeared to drifc awvay
from its baseline. Ac 0300 UT on January 7 the entire Tiksi magneto-
gras abruptly became blank and remsined so for over twenty-four hours.
When the varicseters were returned to operation the problem had appar-
ently been solved by adjustment Co the instruments, for the H trace was
thereafter stable relative to jts baseline. Since we have no baseline
values or calibration correctioms for Tiksi for 1970, we had tc axelude
the values from that observatory for the interval January 1 - 8 and
derive AE(10) for those days. Tour of the 5 Q-days of January occurred
after the variometer adjustments 2t Tiksi ard these were sufficient to
provide a monthly reference level for the remainder of the month.

The above example also serves to show the importance of having
available the basic calibration dsta. The scale values and baseline
values used for Ti, UE, CC, and DI were those provided for 1967 and
1968. The lack of current baselines is only serious for those months
during which significsnt changes occur, otherwise the process of
cbraining the AH deviatioans eliminates the baseline value = any
arbicrary value could be assumed so long as baseline stability was



[Tentotive AU ong &L}

(Terntative AU ond AL)

Fig. § - Uncorrected index graphs of AU, AL for January 6-7, 1970




maintained for the whole month. Apparently the old scale values we
used vere sufficiently close to 1970 vaiues; no excessive imbalance 3
wvas observed in the fraquency of occurrence of AU and AL at these sta-~
tions.

The graph for 70/02/19 in Fig. 2 shows a problem ia AL which is
d1ffizult to resalve at the digitizing stage (indicated by arrow).
The time drivi of the magnetogram dru= at FC was very erratic aad pro=-
duced irregularly spaced hour lines varying betweea 20=m separation
and 60mm. This was further complicated by the fact that the magnetogram
wvas left on the drum for two days in seccession with consequent over-
lapping of the traces. Attempts at digitization were unsuccessful
as indicated and these FC data have been deleted for {inal AE computa-
tions.

Anocther problem with the magnerograms for this period produces a
characteristic effect easily seen in the AU and AL traces. The arrows
on the index graphs for 70/02/26 (AU) and 70/03/01 (AL) poist to
"migsing datz effects", These occur most often im the AU values and
may not be recognized if only AE or AO is studied. They can add
apparently significant fiae structure to the pattera of individual
gvents in AE. During times of magnetic activiry the H trace may pass
off the magnetograa, it wmay cross the other traces and become lost
in the confusion of lines, or the light beam may simply move so rapidly
chat its trace is too faint to record. Any of these even:is can produ=e
“aissing data effects™ 1f they occur at a critically located station.
Operation of variometers with secondary H-mirrors would produce re-
serve H traces and ofren eliminare the missing datz problem during
some active times. During times of high activity the need is fox
auxiliary storm magnetograms. This problem was particularly acute
during the great magnetic storm of March 8, 1970. Because we lacked
storm magnetograms from most statioms in cthe AE network, we wvere essen-
tially reduced to computer AE(3) during most of March 8.

(111) FProblems in the Digitizing Proces:

Quality control of the digitizing process proved to be more diffi-’
cult than expected, It is not useful to discuss these problems in
detail with the users of AZ, but we must admit the possibility that
not all errors introduced in digirization were removed. For example,
the avrow on the index graph for 70/03/02 points to 4 spike in AU at
0200 UT. This 18 s spurious effect vhich has been corrected on the
final data tapes. In this case we found that the oparatoer accidentally
shifred from the H to the Z trace on the hour and returned to the H
trace vhen the two crossed a few minutes later. Errors like chese ace
difficult to detect unless they result ia suspiciously non-nstural
appearing variactions on the inmdex graphs.
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Introduction I.

An important consequence of the solar wind earth interaction is the production of
electric currants in the terreastrial ionosphere whose magnetic affects are recorded on
observatory magnetograms. These currents are observed simultanously over large
geographical regions but they are most intense in auroral zone, especially in the
midnight hemisphere. The currents flow approximately along parallels of latitute at the
auroral zone and consequently their magnetic perturbations are recorded primarily in
the north H (or X) components.

Often current flow increases for intervals of a few hours producing large (100's of
gamas) magnetic perturbations known as magnetic substorms. Magnetic substorms
inturn are only the geomagnetic component of the more far reaching
magnetospheric substorms, a tem designating ill-defined physical processes and
their influences on virtually all observable magnetospheric phenomena. To allow
better study if these complex geophysical interrelationships, an index of substorms
is a highly desirable and necessary quantity.

an ofT
For many years the three hour Kp (and Ap) indices of geomagnetic activity have

served well as general indices of wild wide geomagnetic activity. In recent times,
however, increasing understanding of the causes of the various types of gaomagentic
fluctuations contributing to Kp along with the advent of high speed computers and high
time resolution space crafts measurements point up the need for more redefined
indices to supplment Xp. The Dst index (figure ?) has been defined as a measure of the
magnetospheric ring current and
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Definition. A detailed definition and discussion of the AE index has been
given by Davis and Sugiure  (1966). Briefly, the technique is to seperpose K
and X components of digitized auroral zone magnerograms from observations
distributed in longitude around the auroral zone. The traces are aligned using
base levels which are determined at each observatory from geomagnetically
quiet days. Next two envelopes are drawn ecompassing the traces from all the
observations. The AE index is defined at the upper envelope (AU) minus the siiy
lower envelope (AL). Normally the station near midnight will be the contributes
to the envelopes and as long as the distribution of stations previous coverage
near the maximum of the disturbance the local time affects will be surpressed
and the index will represent the universal time dependance of auroral zone
geomagnetic activity.
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SYM WORD NUMBER DESCRIPTION

Record §2
IHIGH (1) 1 Month (Integer)
IHIGH (2) 2 Day (Integer)
INIGH (3) 3 Yaar Alphanumeric
IHIGH (4) “ Data Type - AU (alphanumeric)
HIGH (5)=-HIGH (580) 5-680 High data values at Z. 5 minute
. intervals IBM 7094 Floating Point
Record ¥3
LOW (3) 1 Month (Integer)
LOW (2) 2 ! Day (Integer)
LOW (3) 3 Year Alphanumeric
LOW (9 i Data Type - AL (alphanumeric)
XLOW (5)-XLOW (580) 5-580 Low data values ai 2.5 minute
intervals [BM 7094 Floating Point
Record #4
IDIF (1) 1 Month (Integer)
IDIF (2) . 2 Day (Integer)
" IDIF (3) ) Year Alphanumeric
IDIF (4) @ Data type - AE {alphanumeric)
IF (5)-DIF (580) 5-580 Difference data values at 2.5

minute intervals IBM 7084 Floatin;
Point, Defined as AE=AU-AL.

Records are Repeated in Sets of Three.




AURORAL ELECTROJET (AE) INDLCES AVAILABLE FROM NSSDC

Under the direction of Dr. D. H. Fairfield of the GSFC Laboratory
for Space Sciences, NSSDT has prepared & program for computing AE indices.
The basic data used are 2.5-ain digitized values scaled from magnetogramé
recorded at norshesn suroval aons scations., The digizized Sate o0 magretic
tape were obtained from the U.S. Coast and Ceodetic Survey. The & upper
(AU) and A lower (AL) values are selected and the AE Index computed.

For each day of data the 2.5-min values of AU, AL and AE sre written
onto binary tape. (See Figure 1 for a format description.) The AE Index
data are alsc made available on 35-ma microfilm in two formats. The first
contains plots of AU, AL and AE for each day of data in gammas V& time of
day in hr. (See Figure 2.) The second available microfile format comsists of
the 2.5-min AE tabulations for esch day. (See Figure 3.3

Because the data is not available from all the statioms at one time,
the AE Index is updated periodically when new station data are made
gvailable. 1In order to identify the various updates of the tapes and
aicrofilss, & header record has been generated for each form of availatle
data. Figure & describes the format of the tape header record and Figure 3
shows the format of the microfils header. Esch header recerd contains s

version number which identifies the date the tape and microfilm were
generated. The stations and their base values derived by D. H. Fairfield
for each available month are. also listed on each header record.

for more informacion on the AE Index, refer to a paper prepared DY

D. H. Fairfield of the Laboratory for Space Sciences, NASA-GSFC, Greeabdelr,

Maryland. The paper is entitied "The 2.5 minute AE Index™.
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DESCRIPTION

i
8
B

. 1 -2 ZERO £411.

VERS 3 Current date of tape generation in MMDDYY .
This will be the version nunber.mlphmuuric

1¥R 4 Year of Data. XXbbbb (left justified

Mphmum:ic}
18TA (L) 5 First Stasion XKXXbbb {lefz justifled
nlphanumrici
MON(1,1) & Month of available caca. {Inceger)
STAVAL(1,1) 7 Derived base welue for stgcion for one

gonth, (Floating Point)

15TA(2) 8 Second Station
MON(2,1) 9 Month of Available Data.
STAVAL(2,1) 10 Derived basa value for stacion for oae
month. :
. Beginning with word 5, words are repeated in sets of three giving stactien,

ponth of available data, and derived ocase value. This data is sorted in order
by station and month, ALl unused words will be ZERO o £ill out tha 580 words

of the record.

FIGURE & BINARY HEADER RECORD FORMAT
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National Academy of Sciences

WOPLD DATA CENTER A

2101 Constitution Avenve, N. W. Washington, D. C. U.S.A., 20418

World Data Center A consists of the Coordinatian Office

and eight subcenters:

World Data Center A
Coordinstion Office

National Academy of Sciences
2101 Constitution Avenue, N.N.

Haskington,

Solar and Interplanetary Phenomana,
ionospheric Phenomena, Flare-Assocfated

Events, Geomagnatic Variatifons, Magnetospheric

and Interplanetary Magnetic Phenomena,
Aurora, Cosmic Rays, Alrglow:
World Data Center A
for Solar-Terrestrial Physics
National Oceanic and Aimospheric
Administration
Boulder, Colorado, U.5.A. 20302
Telephone (303) 499-1000 Ext. 6467

Geomagnetism, Seismology, Gravity (and
Upper Mantle Project Archives):

World Data Center A:

Gepmagnetisa, Sefsmology and Gravity
Environmental [ata Service, NOAA
Boulder, Colurado, U.S.A. BD302
Telephone (303) 499-1000 Ext. 6311

Glaciology:
World Data Center A:
Glacfology
U. 5. Geological Survey
1305 Tacoma Avenue South
Tacoma, Washington, U.S5.A. 98402
felephone (206) 383-2861 Ext. 316

Longitude and Latitude:
World Data Center A:
Longitude and Latftude
U. S. Naval Observatory
Washingtca, 0. C., U.5.A. 20390
Telephone (202) 698-8422

Notas:

. C., U.5.A. 20418
Telephone {202) 961-1478

Meteorology (and Nuclear Radiation)

World Data Center A:

Metzorology

Natfonal Climatic Cente-

Federal Buflding

Asheville, North Carolina, U.5.A, 28801
Telephone [704) 254-0961

Oceanography :

World Data Coenter A:
Oceanography

National Oceanic and

Atmospheric Administ-ition
Rockville, Maryland, U.S.A. 20852
Telephone (202) 426-9052

nockets and Satellitas:

World Data Center A:

Rockets and Satellftes

Goddard Space Flight Center

Code 6501

Greenbelt, Maryland, U.S.A. 20771
Telephone (301) 982-6695

Tsunami :

World Data Center A:

Ts unasmi

Kational Oce-nic and Atmospheric
Administration

P.0. Box 3287

Honolulu, Hawaii, U.5.A. 968]?
Telephona (808) 546-5698

(1) Worid Do+ Centers conduct international exchange of geophysical observations .n accordance
with the principles set forth by the International Council of Scientific Unfons. WOC-A is
established in the United States under the auspices of the National Acadsmy of Sciences.

(2) Cosmunmications regarding data interchange matters in general and World Data Center A ac 2
whole should be addressed to: World Data Center A, Coordination Offfce (see 2ddress above).

(3) Inquiries and communications concerning data in specific disciplines snould be addressed to
the appropriate subcenter listed above.
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AURDRAL ELECTROJE: HAGNETIC ACTIVITY INDICES (AE) FOR 1§7u

by

Joe Maskell Allen
Mationa) Gecphysical and Solar-Terrestrial Data Center
Envirommenta) Data Service
KOAA, Boulder, Colorado 80302

ABSTRACT
The Aurora) Electrojet fndex (AE) is discussed and a detailed description
i{s glven of the der{vation of 2.5-mia AE {ndices for 1970. Tables are given
of hourly average indices for sach day of the year and of the stations which
supplied the extreme deviations from quiet time levels for each hoor. Graphs
of the varistions of the indices are includes for each day.

SECTION I

1. Introduction

The Agroral Electrofet Index, AE, is designed to provide a global, quantitative measure of
suroral zone magnetic activity produced by emhanced ioncspheric currents flowing along th: margin
of the auroral oval. ldeally it is the tota] range at an instant of time of the deviations from
quiet day values of the horizental magnetic field (A) around the auroral owal. Defineg and
developed by Lavis and Sugiura [1966], AE has been shown to be especially usaful to delineate
the gnset and progressive development of high latitude magnetic disturbances which are recognized
as one aspect of polar and magnetospheric substorms [Akasofu, 1968). It has been shown to cor-
relate strongly with the integrated southward component of the interplanetary magnetic field
{Pudovkin, et al., 1970; Arnoldy, 1971] and to be intimmtely related to the growth of the geomag-
netic ring current dyring mageetic storws [Cavis and Parthasarathy, 1967]. For thete various
roles AE possesses advantages over other geomagnetic indlces, in particuler:

(1) ft can be derived on an instantanecus bdasis or from averages of variations computed over
any selected interval;

(1) it 15 & quantitative index which, in genersl, 15 directly related to the physical
processes producing the observed magnetic variations;

{i11) 1ts method of derivation is relatively simple, digital, and objective and 15 well syited
to present comfster processing technigques; and

(iv) it may be used to study either individua)l evenis or statistical aggregates.

Increasingly frequent reference to AE in Journal articles concerned with solar-tervestrial
interactions and magnetospharic physics as well as requssts to World Data Centers for AE indices
are indications of 1ts utility. Also, IAGA Resolutions 2 and 15 [Alldredge, 1589); the Joint
COSPAR-TUCSTP Second Report on INS [1972); and several ad hoc conferences of users of geomag-
netic data further document the need for systematic, timely derivation of AE {ndices. Im order
to satisfy this noed of the scientific community, the Environmental Data Service of NCAA has
undertaken to resume 2.5-min digitization of magnetograms and to perforw the data processing
necessary to derive AE. This report is one means of distributing & summery of the results. More
detailed informatiom and data may be obtained from Norld Data Center A for Solar-Terrestrial
Physics, Boulder, Colorado, U.5.A.

1.1 Prior Derivations of AE

AE indices were calculated and published on a systematic basis by the Geophysical Institute
of the University of Alaska for the years 1957 through 1964 (7. N. pavis, st al. 1967, 1963].
These valuss were basad upon the standard tabulations of hourly-average scalings of the horizontal
sagnetic field for selected auroral zore magnetic cbservatorics. Later, AE indices were derived
at the NASA Goddard Spaceflight Center under the directicn of D. Fairfield. These were derived
from 2.5-m'r digitizations of H from selected observatories and they covered the interval from
September 1964 through Jume 1968 [King, 1977).
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The petwork of stations whose tograms were used to derive AE changed slightly from
year 1o year. Originaily, some W atitude, scuthern hestsphere stations wers used to f11]
sun in the longitudinal ¢istribution of *he available northern hemisphere auroral zone statfons,

ritieally located new stations were ¥ncorporated from time to time and they significantly
1 the station distribution and, thus, the appreximetion to ={deal® AE. However, becduse
of delay in availability of magnetograss from some statfons, the AE indices for the years 1966
u-rocr 1968 were “preliminary” and were based on an insdequate @istribution of stations. Arnoldy
1571] has pointed sut one effect f the blased station distribution for the published 1967 AE
ndfces. Also, omission from the AE station network of high latitude statioms such as Barrow
or Inuvik may have sometimes severely limited the amplitude of detected events K. Kawesaki,
R. L. McPherron, private mniuttuaskf Because of & history of H-baseline problems, Barrow
magnetograns were not used 1i the NASA derivation of the 2.5-min AE indices. In the EDS
derivation of AE(1]1) for 1970, Barrow contributed 18.6% of tha extreme positive ~~viations (AU)
and 12.21 of the negative extreme valuves (AL).

i.2 finition & tion of AE

A was originally derived by Davis end Sugiura 11966] from horizontal magnetic field (H)
data f-om a group of seven auroral zone magnetic observatories. They derived 4 quies time M
level for sach observatory and subtracted this value from dbsarved fustantaneous values of .
The resul® was a time series of deviations from the undisturbed field, s4H(t). Superposition
of the séven time series produced @ set of interwoven lines bounded by an upper and Tower
envelope formed by connecting the set of extreme 4N values. The upper and lower envelopes
were designated AU and AL respectively and the ramge between them at any instant, AU-AL,
wis defined as AE for that time. In the absence of other sources of variations, AU is a
direct function or the current flowing in the eastward auroral electrojet while AL ¢ similarly
related to the westward flowing current.

A second index derfved from AU and AL was thefr mean, AD « (AUFAL)/2. It 1s an approx-
{mate measure of the equivalest zonal currents affecting the auroral one whether arising n
the icnotphere or umtos?hzn. It f1lustrates the presence or absence of symmetry in the
variations of the oppositely directed electrojets and mdy provide a correlation with ring
current effects in ghe auroral zone. The umits of AU, AL, AE, and AD are garmas (1 gamma =
1 nanotesla = 13107 Gauss).

The stations they selected to contribute to AE were chosen to 1ie in the aurgral zome
and to be as evenly distributed fn longitude as was practical, Ideally, each station should
1ie just below the instantanecus auroral oval arouna the time of loce1 geomagnetic midnight.
In practice, the network of stations used must be relatively uniform in longitudina® coverage
and include a reasonable distribution of latitudes.

1.3 Station Selection for 1970 AE

Conversations with Davis, Sugiura, Akasofu, and others led to selection of the eleven
stations 1isted in Tetle 1 for the determination of 1970 AE{11). The station positions are
shown in ri?. 1 relative to the geographic and geomagnetic north poles. The station names
are given along with their memonic abbreviation (EDS-NOAR), geographic and geomsgnmetic
coordinates to the nearest hundredth degree, and the universal time of geomagnetic midnight
at equinox.

Delay in magnetogram acquisition from some observatories may lead to the future use of 2
subset of the given observatories for tha derivation of "preliminary” AE. Availabfiity of
new stations may increase the list. We have chosen to indicate the mnumber of stations
contributing to a given determination by & parenthetical number following the letters AL.

This basic 1ist of eleven magnetic observatories may be supplemented with other stations
in future derivations to improve the approximation of “{deal” AE. For exasple, there are
longitude gaps between Fort Churthill and College and between Cape Uelen and Tiksi Bay which
may be f1jed. Also, because the auroral oval varies in areal extent with the level of magnetic
activity, we will attespt to supplement the present network with meridional chains of stations.
The addition of any standard station to the present network represents a significant increase
in the worz of digitization to secure 2.5-min values. For this reason, we are interested in
continuing to review the desirability of retaining all stations used for deriving 1970 AE(11).
In general, we have chosen to use records frew standard magnetic cbservatories and tc avoid the
use of racords from temporary installations although the latter say have been well-situated to




suDelement the network. In this way we Ropc to produce comparable indices from ysar to year and
to standardize cur technicue of sagnetograd processing.

In sddition te the geograp iic positiom of comtributing statfons, another factor in statfon
selaction 15 the prosptness with which their records become avaflable through the ¥orld Datz
Ce~ter syites. This means mot only the timely submissien of microfils or other copies of
sagnatograms. but also the availability of calibration data such 38 scale values, baselire waives,
and temperature correction factors, Also of grest isportance i3 the availability of auxiliary
stors magnetograms and their celibretion information. This it because during active periods
{of grestest interest for AE) the registration of mormal magnetograms 1s often incomplete,
necessari’y resciting in missing data from these periods unless storm magnelograms are svafilable.
The sffect of mis.ing data at @ criticel station may oe observed in the graphs of daily varfation
»f the indices (Section II1).

TABLE 1
Observatories Used for the Derivation of 1970 AE(11)

T Wesonic Geographic Coord. _ | Eﬂignatin‘. Coord. l" -
Observatory Abbreviation | N. Lat.® E. lomo,® | N. tat.” €. loeg.® | wr |
! e

T, Lefrvogur 1] [ 90 - N - T 1 .2 ok | %

2. Narssarssuaq NAS §1.20 3416 n.a 3,79 | 0210 }

3. Great Whale River @R | 5527 282.22 |6658 7.3 0526 |

[ |

4, Fort ChurchiNl FC | 55.80 265.90 68.70 =22.77 0704 |

5. College ¢o 64.87 212.17 64.6) 256,82 | na3 |

6. Barrow s |nx  ms |sa.54 2415 | 12 |

7. Cape Uelen # UE i %17 1007 |ers 2w 1250 |
8. Tiks Bay # | T N.58  129.00 50.4¢ 1914 1351

} ! | !

9. Cape Chelyuskin | cc | 772 iod.28 | 66.26 176.46 | 1650 |

10. Dikson Isiand # | ol t 73.5% 80.57 Il §3.02 161.57 1748 |

1. Adiske l Al | e8.90 18.90 .Iss.m 115.08 2082 |

| L =

*Local Gecmagnetic Midnight (LGM) at equinox
Geosagnetic coordinates and time caiculated for inclined dipole field

fSometimes given as; Cape t:llen, Tixie Bay, and Dixen Island.



Fig. 1 Stations contributing to 1570 AE(11) are shown by solid fil7ed circles.
Polar equal=areg projection centered on north geomagnetic pole
with geographic and geomagnatic coordinate grids.

Geographic latitude is indicated by the concentric circles of solid
Tines. Geomagnetic Jatitude 's indicated by the mumbered concentric
circles formed by + signs. Geographic longitude is given by the
outer clircle of numerical values with meridians shown as solid Vines
every 300, Seomagnetic longitude is given by the inner circle of
numbers and the border of hash-marks at 109 intervals.
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There are sevaral techniques which could be used for deriving the quiet time referenc:
Tevel of the horizontal field at each AL statior. Me have selected the following &s being
siiple, estantially objective, and easily performed on the computer. It is also the technique
used by Lavis and his associates (1967, 966] for hourly AE for 1957-1964. A moathly quiet
time average value of H Is computed for =ach station from 211 the 2.5-min values on the
intarnationally adopted § quiet days of each gonth. This provides 2 set of twelve monthiy
reference values for each station for & year. The average month-to-month absolute change in
reference level during 1970 was about 13y and the greatest change observed was 40y
These changes introduce small discontinuities fnto AU and AL at each month's end and, therelcre,
into AE. This technique does not attespt {o remove 5q varistions; howewer, our computer
program includes an opiicn to derive monthly quiet time means for each 2.5-min fnterval from
he 5 Quiet Days or any other selection of days.

As computed for 1970 AZ(11) and given in the Pirst table of Section IT, the monthly H
refergnce levels for each station include the M basel ine value at that location. So Tong
as each H variometer maintains stability relative to its baseline during & month of recording
then the absolute value cf the paseline {5 not important. However, as discussed balow
{subsection 2.2), wnen there is composent drift relative to the daseiine this can introduce
errors i1nto the AE indices. Effects of such fnstrumental drift or shifts can be compensated
when absslate H observations are taken at critical times to permit H baseline determinations.
For this reason we have computed our reference levels including baseline values instead of
simply using average millimetar amplitudes of H or other alternative reference levels. For
some Russian and Canadian observatories we did mot have current adopted baseline values,
Either arbitrary preliminary salues were used or ¢lse the most recent adopted values available
for dates near to 1970. In this way AE was derived on & more timely basis without our befing
forced to await final adoption of paselines. We are prepered to apply adopted baseline walues
when they become available and will circulate updated tables of reference levels and any
changes necessary in the AE indices. Ne do not expect these to be significant although they
wmight increase AE slightly in Some cases.

1.5 _Computation of ledices

The monthiy reference leveis for each station were subtracted from the observed values
of H giving &K deviations for each 2.5-min UT. In practice these values were grouped in hourty
blocks by month and with data for the 11 stations ordered by geographic longitude. The 2H
values were then scanned by computer techniques and the extrese deviations fdentified for each
2_.5.mip interval. These extreme values became AU and AL for that time and the observatories which
produced them were also recorded. AE and AQ were computed from AU and AL and all indices were
recorded on magnetic tape. At the same time, hourly averages of 211 indices were computed.

Daily graphs of all the 2.5-min indices were produced on the computer's cathode ray tube
Jotting unit and microfilmed. Tables of hourly average indices wefe printed in sonthly
locks. For hours of high AE the complete set of station deviatéons for 2ach 2.5-min interval

wat listed. Quality control programs were used to check each stage of the derivation and
sample statistics were kept on the frequency of station selection for AU and AL.

section 11 of this report reproduces the tables of statien reference values, hourly
sverage indices tabulated by month, and monthly 1ists of stations contributing AU and AL
for each hour. Section I11 reproduces the microfiim graphs of index variations for each
day. Brief compents on these tables and graphs are given at the beginning of Sections IT and II1.

7. Problems in Derivation of AE

Users of these indices should be aware of the followtng types of problems:
(1) those inherent in the method cf derivation of the fndex;

{11) those arising from observatory procedures and the magnetograms; and

(144) those produced by the digitizing process.




2,1 inherent Probless

At an AE gbservatory the deviation from quict time N will be the same either for an enhanced
electrojet current or for a constant curi ent which moves spatfally relative to the fixed observ-
atory. Nith a lizited mumdber of stations and for a seall event, no approxtmation to AE will
distinguish between these two sources of M deviatiuns. Also, small electrojet variations could
occur n the gaps batween observatories and not show im AE, Further, failure to remove any Sq
variations in computing the H deviations probably accounted for the small diura*! variation
noted in AE by Pudovkin, et al. [1970]. Restrictfom of the set of contributing stations to the
northern hemisphere should Tntroduce a seascnal varfation {n the AU and AL ratios as noted by
Afonina and Fel'dshteyn [1971].

2.2 Data and Recording Problems

The operating problesis which may arise at an auroral zone magnetic observatory are many
and varied. Those which particularly affect the derivation of AE are any which change the
baseline of the K trace during A month; any which change the H scale values; and any setting
of the H trace on the magnetogran which permits it to go off the edge of the photographic
paper during times of moderate or large excursioms.

An example of Geseline drift effects fs showm in Fig. 2. The relatively high yet unvarying
Tavel of AU for many bours of Jangary 6 3nd for the first three hours of January 7 are obviousiy
erroneous. For several days of the first week in January the M trace &t one cont-ibuting cbserv-
atory appeared to drift relative to its baseline. Apparentiy the prooles was resoived by instru-
mental adjustments for after twenty four hours of blank record following 0300 UT, January 7.
the magnetograph recordings were resumed and offered no further probless.
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Fig. 2 Uncorrected index graphs of AU, AL for January 6-7, 1970.
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This difficulty was compounded by the fact that we had no currest baseline zalidration
cita far that obsarvatory and could sa.e no attespt wo compensate for the observed drifis.
For the interval Janvary 1-8 we derived AE{10) and excluded the drifting data. Lack of current
baseline information 1s caly serious for such times during which siqnlﬁm: cr ocCurs.
Otherwise the precess of deriving AH el‘minates the baseline and any arbitrary value can be
assumed 30 long 4% Saseline sesbility is assured.

Some of the records processed in derfving 1970 AE tad frregularly spaced hour marks
arising from erratic time drives in the magnetographs. This caused unique probless for our
semi-automatic digitizing equirsent. [n some iastances difficulty with the Uime drive was
alse assoclated with multiple days of recording on a single magnetogram. This produced 2
complex network of overlapping traces which were difficult to separate.

Another protlem encountered in deriving AE produces a characteristic effect sasfly seen
in the graphs of the AU and AL ndices (Section 11!}. During moderate magnetig activity the
H trace at some observatories say pass off the magnetogram and if there {5 no secondary trace
some data will be lost. At other times the H trace simply becomes so feint that it cannot be
digitized. On the other hand, during some large magnetic svents the magnetogram traces become
50 @ized that they casmot be distinguished from ope another for digitization. Unfertunately,
many of the observatorizs selected for deriving AE do not routinely supply storm magnetograms.
If for any reason the W trace is "lost” at a critically jocated station during 2 time when it
is suprlying either the AU or the AL values of the AE index then 2 "missing data effect” results.
At such Limes the metwork of the Az stations is effectively reduced and the station recording
the next 304t extreme M deviation is used to supply AU or AL. The two most outstanding swch
events can be seen in the graphs 1A Section (11 for AU on 72/03/08 at 1430 UT and 1900 UT and
on 70/07/21 at 1330 UT. These missing data effects are characteristically rectangular bays
in AU or AL with & sharp decrease toward zerg, appareatiy morsal varfations for a few =inutes
to hours, them a sharp increase back to a higher value. During the great magnetic stors
of & March 1970, data were missing from as many as eight stations during parts of the day. Me
were reduced to deriving AE(3) for those intervals and the three stations supplying H devia-
tions were located in the North Aserican sector.

This problem of missing data effects can be greatly mitigatad at the observatories.
Adjust=ent of the pesition of the H trace on the magnetograms, instzilation of sacondary
H mirrors on the variceeters, &nd the inclusfon of suxilfery storm magnetograms for active
times would solve most mtssing data problems in the records supplied to the World Dats Cemter
systes. When stnrm magnetograms are supplied appropriate calibration data should alse be
furniahed.

2.3 Digitizing Process Problems

Quality comtrol of the digitizing process proved Lo be more Sifficult than expected. It
is not useful to discuss these problems fn detail {n this report, but we must admit the pos-
sibility that not all errors introduced in digitization were removed. We are not asare of
any erroneous index values in the tables of this report or In the archived 2.5-min values.
However, unless a digitizing mistake produced a suspiciously mon-natural 2ppearing yariation on
the index graphs it may have been wissed. At any instant of time AE is the result of measured
N deviatfoms at only two stations and mot the average of many measurements. For this reason it
is especially susceptible to digitization errors. Currently, we have adopted the procedure of
computer-plotting synthesized magnetograms from the raw digitized values and from the values
obtained after applicatfon of calibration data. Large discontinuities in the K trace are easily
observed. By this aeans we hope to reduce the aumber of errors in AE derivation which character-
i2ed our First attempts with 1970 data. ke request that anyone detecting questiomable values
in 1970 AE(11) communicate with WOC-A concerming this matter. If secessary, corrections will be
issuad from timg-to-Ltime and distributed to the scientific user community, including statements
in later reports in this series.

3. Avaflability of Indices

This report presents hourly average indices, some statistical summaries, and graphs of thg 2.5-

min indices for each day of 1970. Users of the indices desiring computer 1istings of 2.5-wmin
values may obtain them upon reguast from WDC-A. In addition these indices are available on digital
magnetic tape. They can be supplied in either 7- or 9- channe!, 556 8P1, BCD format, IEM compat-
ible modes. Othe- conversions are possible upon special request. Microfiim coples of the index
graphs are also avatlabie. In generai, WOC-A will attempt to supply the data for 1970 in any way

which will meet user needs end which facilitates data distribution. WNe welcome suggestions concern-

ing different means of effective data distritwtion.
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SECTION 11

TRELES

Tablg of Monthly H Reference Values

The monthly quiet-time W reference values are yiven for each cbservatory. These values are
the base from which the AN deviations were derived and they were computed as the average of all
2.5-min digitized H values from the internationa)ly adopted 5 magnetically aquiet days of each
ponth, The given values are in gammd v~its and are absolute in the sense that they include the
applied scale value and provisione] baseline used for sach ooservatory's magnetograes. While
subsequent changes im adopted baselines may shift the reference valyes slightly they should mot
affect the derived indices because the method of cerivation eliminated the H baseline value (see
te:t).

Tables of Howrly Mean Indices

The folipwing tables contain womthly Tistings of average hourly indices: AE, AL, &U, and
A0, These hourly values were computed as the mean of the 2.5-min instantaneous values and the
first hove of each day covers the data interval from 0000-0100 UT. A1] times are given in
Universal Time and the indices are given in gammas. On March 8, UT hours 15, 16, and 20 had hourly
AL values more negetive than-1000y. This was also true for UT hour 12 on November 7 and for UT hour
8 on December 14. These values appesr In the tables as uncder] ined positive numbers because there
was not suffictent spece to print a four digit value and regative sign.

Tabies of Stations Suppiying Hourly AU ond AL

As described above, the hourly average indices are computed frim the s S.min instamtaneous
indices derived for that hour. Each pair of instantanecus values of AU and AL arise from date
recorded at only twe  “ations and the station-pair contributing these extreme values may change
fros one 2.5-win data interval to the néxt during an hour. In order to designate a singie station
as the source of hourly AU or AL some convention myst be adopted as a basis for selection. We
have chosen to designate the station having the ma.imum average 8K for the hour as the "contributor”
of hourly-AU. Likewise, the statfon having the most megative &M is the contridbutor of hourly-AL.
Two empirical observations from deriving AE indices support this decision. During disturbed times
{when hourly AE exceeds 150y) it is most cosmon for one pair of stations to be both the most
frequent contributors of AU and AL and to 2150 have extreme hourly averageaH values. During cufet
times {hourly AE Tying in the range 20-60y}, one station-pair may supply AU and AL for most of an
nour only to be displaced by another station-pafr critically situated to record the onset of am
AE event. Generaily, there is little difference between &H at the stations supplying the AU gnd
AL indices during quiet times and the cther stations of the petwork. Thut large deviations
ascociated with an event are sufficient to raise the hourly average 4H of thé critically located
stations above *he corresponding wvalues of the statfon-pair which supplied most of the quiet-time
values. For such hours the stations indicated as supplying AU and AL are the ones whith responded
to the event.

These tables serve to {llustrate the nonuniform contribution to AU and AL madg by different
stations of the metwork. Barrow, Fort Churchill, Cape Chelyuskin, Dikson Island, Great Wnale River,
and Narssarss<uaq suppiy about 71X of the extreme values used in deriving 1970 AE(11]). In
particular, Barrow, Dikson Island, and Cape Chelyuskin supp)fed almost 50% of the AU indices.
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AE, and AD for ssch day of 1970,
with drafted labels to impreve lTegibilt
month/dey in descending order () Apri) 1970 is 70704/01).

SECTION 11T

GRAPHS OF INDICES

Daily Graphs of 2.5-min Aurcral Electrojet Indices

The following graphs are computer drawn plots of variztions of the 2.5-»in indices AU, AL,
They are printed from microfila produced by the computer but

of the small characters. The dates are given as year/

CORRECTIONS TO UAG-22

The graphs on pages 86-88 are correctly and prominently labeled
along the vertical axis: AU, AL, AE, AG. The corresponding
labels were inadveriently omitted from the graphs on pages

B9-146.

On page 92, in the graph Tor 70/02/10 (10 Feb 1970}, the three
hours of record shown for 0420 to 0730 UT should be shifted one
hour toward UT-noon. Thus, the two events in AL (and hence in

AE and AQ) occurred one hour later than shown.
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