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Short Duration Sporadic E
and Discrete Auroral Events

I .  I$A CKCKOI ~ l)

Our previous studies of the occurrence and durat ion of discrete auroral
events 1 have been based on anal yses of auroral  photographs , m a i n l y a l l - s ky  cam-
era images taken on Arctic  fl ights of the Air  Force Geophysics L a b o r a t o r y  (A FG I . )
Airborne  Ionospheric Observatory . These photographs,  taken  at i n t e rva l s  of one
m i n u t e  dur ing f l ights  in the midnight  sector , were arranged in montages  (F igu re ! )
that  afforded an effective means of identif y ing  the dura t ions  of discrete auroras .
From these data , the authors  have determined that  the fundamenta l  durat ions  of
these events fall  chiefly in the range of -I 5 minutes .

Simultaneous ionosonde and optical measuremen t s  made on \F G I .  f l ights  indi-
cate that  the occurrence of sporadic E (Es) has a h igh degree of correla t ion wi th
overhead aurora.  2 Similar  results have been reported by other invest igators
analyses of data from ground-based optical and ionosonde systems:  (1) in an early
work , Heppner , Byrne  and l3elon 3 found good correlation between zen i tha l  aurora!

(Received for publication 3 January 1979) -

• Krukonis , A. P., and Whalen , J. A . ( 1978) Occurrence and l i fe t imes of dis-
crete auroras near midnight  (to be submit ted  to JGR) .

2. Wagner , H . A. ,  and Pike , C. P. (1972) A discussion of arctic ionograms ,
A G A R D  Conf. Proc . No. 97 on Radar  Propagation in the Arct ic .

3. Heppner , J. P.. Byrne . E. C ., and Belon , A .E . (1952 ) The association of
absorption and Es ionization with aurora at high l a t i tudes , J. Geophys. Res .
57: 12 1.
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fo rms;  tha t  is , from no aurora to rayed hands , and sporadic E values; (2) Knecht 4

reported that zeni thal  aurora general ly was accompanied by the presence of
traces and , fur ther , that  aurora! brightness could he correlated wi th  the top fre-
quency of Es (f tEs)  echoes. lloth conclusions find support in the f l igh t  r e su l t s  of
Wagner  and Pike; 2 (3) I lunsucker  and Owren 5 showed t h a t  f tEs  increases  w i th
aurora! act ivi ty .  In the i r  survey paper which included a i rcraf t  and ground station
data , Pi t tenger  and Gassmann 6 demonstrated that , st at is t i ca l l y,  Es echoes wi th
ft F.s �5 MHz occurred wi th in  the auroral oval , the region of the m a x i m u m  occur-
rence of visual  aurora.

Conversely, nei ther  the flight data nor the l i t e r a tu re  indicate that  overhead
aurora is coincident with the occurrence of sporadic F. Buchau , Whalen , and
A kasof u 7 and Buchau , Pittenger and Sizoo 8 showed that  under  quiet  magne t ic  con-
dit ions , in the day sector in darkness , Es echoes can occur from areas where the
auroras  have been present and disappeared or moved. 130th Heppner et a!3 and
Fnecht 4 indicate that  ftEs echoes in excess of 5 MUz have been recorded in the
absence of overhead aurora and that they may he due to ob l ique  reflections , among
other  reasons.

Although the close re la t ionsh ip  of these phenomena has long been recognized ,
the dura t ions  of discrete auroral  events having l i f e t i m e s  in the range of 15 minutes
have not been examined with regard to the dura t ions  of sporadic E ion iza t ion .  In
th i s  stud y, we propose to de te rmine  how sporadic F measurement s  can be used to
de f ine  the dura t ions  of these discrete aurora! events.

2. ~IF T I lOI )  OF ~~ \ I YSIS

Since one of the ma in  object ives  of th is  a n a ly s i s  was to iden t i f y periods ari d
du ra t i ons  of sporadic E occurrence and , concur ren t l y ,  to a fford a s i m p l e  and con-
s i s t e n t  method of in tercompar ison  of data from the var ious r eco rd ing  s ta t ions , top
f requency  sporadic F ( f tEs )  was chosen as the measure  for the occur rence  of Es.

4. Knecht , R . W . ( 195 13 ) Helationships between aurora and sporadic F echoes at
Barrow , Alaska , .J. Geophy s. lies. (,I :59.

I lunsucker , H , D., and ()wren , 1.. ( 1962)  :\uroral sporadic F ion iza t ion ,
J, Res. Nat.  Bur. Stand. (i6I) :581 .

(3. I ’ittenger , F . .W , ,  and Gassniann , G .J. (1971 )  High l a t i tude S,Eoradic F ,
A l C I I L - 7 l 0082 , Env i ronmenta l  Research Paper , No. 347 , Redford , \ las s.

7. Buchau , J. , Whalen , .1. A ., and Akasofu , S. — I . (l~~l39) A i rbo rne  ob servat ion
of the midday aurora , A t m .  ‘ !err. Phy s. 31:102 !.

8. l3uchau , .1. , Pittenger , F . W . ,  and Sizoo , A . 11. (1970) Arct i c  Ionosphere and
Aurora:  Airborne Investigations, AFCHL -7 0-028 0 , Envi ronmenta l
Research Pape r No . 322 , Bedford , Mass.
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The use of ftEs , the highest observable Es frequency,  resolves the sometimes
complex problem of d i f ferent ia t ing  between the ordinary (foEs) and ext raordinary
(fx Es )  wave reflections which is outside the scope of this analy sis , and provides
a parameter whose relative numerical  value is reproducible by d i f ferent
investigators.

It is recognized that  sporadic F ionization may occur in a va r i ety  of types as
defined by the ICY classification system , depending on the temporal and geo-
graphic locations of the recording stations. Identif icat ion of Es by type , whi le
sc ient i f ica l l y impor tant , is a descriptive procedure , independent of the scaling
and , as su ch , is not critical to this stud y of Es durations.

Most of the data used in this investigation were recorded in the~N I)r th aurora!
zone , m a i n l y along the auroral  belt , in winter , and essentially in the midnight
sector. In th is  region , Es occurrence is more prevalent at night , centered
b etween 1800-0200 corrected geomagnetic t ime (CGT) and about 70 ° corrected
geomagnet ic  l a t i tude  (CGL) and shows little seasonal variation.  6 Wi th increased
magne t i c  ac t iv i ty ,  there is also a marked trend of increasing incidence of sporadic
E with  decreasing lat i tude.

Data from a station located midway between the lower la t i tudes  of the  au r u r ~ l
belt and the polar cap w~ re also included in this  stud y. In th is  region , t he sp a t i a l

character is t ics  of Es as a func t ion  of magnetic act ivi ty are qui te  v a r i a b le . 9 , 10

In keeping with the recommendat ion of Smith , U l imi t ing  top frequencies
“5 ‘.1Hz were used to def ine  periods of sporadic F that  were to he evaluated against
the presence of discrete aurora! events. The  choice of a5 MHz is based on a nun-i -
he r of f a c to r s , among them:  (1) nol’mal F layer echoes (foE) rarel y ex ceed 5 Mh z ;

thu . ’ ,, an \  mask ing  by this trace which might  affect the ident i f ica t ion  of Es is
reduced;  (2) absorpt ion is greatly reduced at this l imi t ing  f requency.  In the  few
cases where  published data , specifically, b l anke t ing  sporadic F ( fbEs ) , the lowest
observable Es f requency,  are fncorporated in the analyses , values of <5 MHz are
inc luded  for completeness .

The dis t inct ion between overhead and oblique sporadic F echoes is f requent l y
d i f f i c u l t  to ve r i fy . In most instances , the a i rc ra f t  sounder can dis t inguish  between
the two modes. As the a i rcraf t  approaches a band of Es , it  can follow the apparent down-
ward movement  to a m i n i m u m  height;  that  is, overhead Es , and then the apparent
upward movement  as the  a i rc ra f t  moves away . In the case of ground stat ions , the

9. Davis , T . N . (19 63 )  Negat ive correlat ion between polar cap visual  aurora and
magnet ic  a c t i v i t y , J. Geophys. lies. 68:4447.

10 . Taieb , C.C. (1966 ) A stud y of sporadic E at high lat i tudes , J. Geophy s. lies.
7 1:57 57 .

11. Smith , E . K .  (1 95 7 )  NII S Circular 582 , U .S. Government Print ing Office ,
Washington , D .C.
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samE d , f f ’ - r ~’n t i a t i o n  is o f t e n  unc r t a in .  For this ana l y s i s, we i n t e rp ret spor adic

F~ Ii, i~-i ng ovl ’rh l - ad from measurements  of the m i n i m u m  v ir t u a l  height (h ’F .s of
t t i , ’  echoes t h a t  f a l l  in t i ll -  range of 90-140 km .

\ l t h o u g h  I--. iic ’c ht ’ s st ; , t i s tj c a l  r esult s 4 ind icat e  tha t  t he re  is a t endency  for

ft Es; 7 M h z  to  h’ recorded when  aurora  is near the zen i th , Ca u t ion  s h o u l d  hi-  exr- r-
( - i sOd i n e m p l o y i n g  a l i m i t i n g  f re quency per Se to iden t i f y overhead Es i o n i z a t i o n .

\s  i r id v-at c ’d pre viousl y ,  top f requency  Es values 6 M Hz are not uncommon  from
ob l i q ue i ch ’, ,” ,  ; t n d / I , r  in the absence  of overhead visual  aurora.  I r r e g u l a r i t i e s  in
t h e  i l l nosph er e , s t r a t i f i c a t i o n of t i l e  ionosphere , and b r igh tnes s  of the  a u r o r a l
t ir e s a re several  fa - t o r s  t h a t  c ‘r i t r i b u t e  to t h e  top f r e q u e n c y  of the  Es re f ler t i  ( I n .

f u r -  c o n s I s t e r I t  i d e n t i f i c a t i o n  of overhead Es , t h i , -  m i n i m u m  v i r t u a l  he i gh t  measure-
ment  should be used as the d i s c r i m i n a t i n g  p a r a m et e r .

l ie -  I ’  - r l l u s f l } I e r i i -  so u n d e r  d a t a  were  ob t a ined  f rom t h e~ ~-~ I~GL . f l i g h t s  and f r o r r i
ground s t a t i ons a nd , as such , wi- re  recorded t lv  d i f f e r e n t  i n s t r u m e n t s  at d i f fe r e n t
lo( il t  ions;  c o n s e q u e n t ly  , the n u m bers are not di  1- I ’ c t l v  c om p i l  r a b le .  R a t h e r , em pha —

sis is p laced  on the d u r a t i o n s  and t r e n d s  of t he  p h en o me n a .

In t h e  p l a t t e d  d a t a , a n y  b r ” a k s  in  a sequence  of p o i n t s  a r e  d ue to n v  one of a

v a r i e t y  of reasons such as i n s t r u m e n t a l  a n d/ o r  i onosphe r i c  da ta  record ing  prob-
l e m s , c a l i b r a t io n period s , or o the r  u nde f ined  d i f f i c u l t i e s .

W i n - r e  av a i l a b le , o ther  cor robora t ive  data , t ha t is , m agn e t o g r am s  . g eomag -

n e t i c  index  Np ,  and s a t e l l i te  images were incorporated into the ana ly ses .

1. ~I I (LK ~i-T 0 V I ~~

Analogous  t o  the  l i f e t imes  of discrete  auroras , sporadic  F ion i za t ion  show’,
gr l - a t  v a r i a t i o n s  in d u r a t i o n , from short periods of several m i n u t e s  to sus ta ined
act i v i t ~ of ha l f  an hour  or more . ‘rhi s is well  i l l u st r a t e d  by f igure 2 wh ich  d isp l ay s
j on osonde m e a s u r e m e n t s  t aken  at - -1 -minu te  in te rva l s  on the AF GL  fli ght of 30 Jan-

uary 197 3  (Goose AB to Grand Forks A F B ) ,  together  with the  v i r t ua l  he igh t  ( h E )
of the  echoes .  These data can be d i r ec t l y correlated wi th  t i l l ’  a l l - sky cam era  photo -
graphs  ( ! -igur e  I )  taken s imul t aneous l y d u r i n g  the f l i gh t .  Note , in  p a r t i c u l a r , t h e

p e r i o d  from about  0300 to  0400 1 T . The appearance  of an overhead arc is u n i q u e l y
r e f l e ct e d  by an i n c r e a s e  in top f requency sporadic F as seen by the  sounder .  W i t h -

ri the  peri ods of 0338 to 0349 [ ‘F , and 0354 to 0409 I T , that  is , d u r i n g  disc rete
au ro ra ! even t s  of -10 and - - l  5 m i n u t e s  d u r a t i o n , respec t ive ly , ch ange .~ in the  top
f r e q u e n c y  of s poradic F echoes fo l low even subtle va r ia t ions  in “a urora l  act i va-
t iar a  “ Read t ogether  with  t h e  h t E 5 plot , one can fol low t h e  approach of the auroral
arcs m d  i d e n t i f y  the  periods of overhead pos i t ioning  together  w i t h  an I Sat imate  af
t b e r d u n - I l t i l I l l s .  For most  of the period , the two plots mir ror  each other; that is ,

12



i ncreased f t l :  can l)e i d e n t i f i e d  w i t h  decreas ed  m i n i m u m  v i r t u a l  h e i g h t  and , in
turn , discrete aurora! events , as seen on the al l  -sk~- camera  n l o n f ,gI’ , can be

confirmed by these measu remen t s .  ‘Ftiis is an u n u s u a l l y  good e x a m p l e  (If  
~ one-

— to-one correlat ion of overhead aurora and inc iden t  sporadic  F on a f i n , - - t  me

scale.

I. AIR cRAF’ r %s. ( ;R Ot ~~U S’I’ -Vl’I () \ IO ”~OSO\I ) I  U VI’  \

To expand on this associat ion , we un der took  to d e t e r m i n e  too- t f i - occu r r enc l ’

and durat ion of discrete aurora l  events could be d e f i n e d  v i a  sp orad ic  I . I T 1 ( ’ S S I I I I

ments from ground—based ionospheric sounders .  The a i r c r a f t  d a t a , o p t i c a l  and

ionosonde , represeat the u l t i m a t e  in m e a s u rem e n t  c o o r d i n a t i o n , n i h  i n  t i i i , ’  and

location , for the iden t i f i ca t i on  of d iscre te  a u r o r a  even ts .  If t h i s  good ; gr e en i ’r l t

can be realized via ground-based sounders , it  would prov ide  a n i o t - ,’ I ’ a s i ly  a r i es-

sible data base than aurora!  photographs.
In the recent past ,  most ground s ta t ions  h l a \ - I -  r educed  t h e l  r da ta  — t a k i n g  in- }i , ’d —

ules to ha l f—hou r’ intervals , w i th  on ly  a few selected s t a t i ons  o p e ra t i n g  Iii l i i , -

q u a r t e r — h o u r .  It is apparen t  tha t , under  these  c i r c u m s ta n c e s . o n l y  j u d i c i o u s  ~p t

comparisons can be made wi th  o ther  pa r ame te r s , a nd then  o n ly  on a s t ; , t i s t i , - l
basis. Events of short dura t ion  would most l i k e l y  be lost or smeared  out by t h e

scarcity of measu remen t s .
In the absence of f tE records , blanket ing sporadic  F: ( fbI : . ),  u s u a l l y ;j s h , ’ u i l  -

li v ed phenomenon , can be used as an indicator  of sporad i c  F . It is g e n er a l !~
accepted that fbEs corresponds to the m i n i m u m  p lasma t’r equ ei-e-~ of t h e  Es
layer. 12 . 13 , 14 An increase in the b lanke t ing  sporadic F: l l - I - Il uer l ( -v  o f t e n  i i- m -

cedes the onset of magnetospheric substorm s.  ( anadian ground s t a t  III.”, r(’(’ I I i ’ ( l

this  parameter on a 15-minu te  basis and publ ish  the  n u m e r i c a l  values i i i  t b ’  1,1 01

of f-plots.  In addition , occurrence of sporadic F is also indica ted  on m s ep ar l i t , ’

F block by alphabetic codes consistent with ICY c l a s s i f i ca t i on  t y p e s . \ u i n , ’r ’ i c a l

results are not plotted.
Some indication of the correlation that may be possible , even w i t h  such  sparse

measurements, is shown in Figure 3. The fbE
5 

(15- m i n u t e )  data from ( 3 i u i - c ’b i i h l ,

12. I3esprozvannay a , A , S,,  and Shchuka , T. I . (1977) Dis t r ibu t ion  of anomalous
ionization in the h igh- la t i tude  E region according to ground-b ased sound-
ing, Geomag. and Aeron. (Eng. Trans . ) ,  16 (No. 4):430.
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M a n i t o b a  p u b l i s h e d  in ( a  mcli III Ionospher ic  1)ata 1 is compared w i t h  ft b-

( 1 — m i n u t e )  da ta  t ak e n  10 t i e  - \ I - c  l - f l i ght of I 1) Deceml ,er  1 ) 7 6 . The period plotted

sI i , ’ ’ ,’;s t hu o i l - l i l , ’ I l ( ’ I -  i f .— p o r a i h i c  L a s  the  a i r c r a f t  I I V I- r h lew  C h u r c h i l l  in a d i r ec t

l u i m ’  f r o l a  l ’ , - ; , s , -  A l - h I  to  ( o ld  l ake , A l l i l l - t a , ( ‘ a o a d a .  -‘it 0530 b ’ ! , t t i e  ai r c u - a f t

oa s iii  l i i i  i n t O l e d i a t e  ‘. i ( I O l t V  I i i  C h u r c h i l l .  LI i , ’ d geon i agn e t i c  t ime  for

t b l I ’ ( , I  h i l i I ’ I  h o ur s  of t h u  c l l I l s t : , I i t  n l l i d n i g h t  f l i g h t  was  2300~~30 m i n u t e s .  Sus t a ined

st i - o r l p  ftE  s i m m ’ s  in  t h e  r a ng e  of v l l  M I  lx ( the  l i m i t  of t he  f requency  band u t i l i z e d

mn t h u s  f l i g h t )  occur red lit  ( t i t l e  l i s t  i n c - t i v e  p eriods:  - 0441 to — -0506 , - - 1) . i 21t to
t b . I .j ( I , tuu d  - (t , T , t )  11,  0 c . ~~fl I ’l ’ ; t h a t  15 , d u r i n g  t h i  ‘‘ ‘ye n i t ’ ,  of 2TI — , I S —  a nd 5 — m i n u t e s

i t l i r ; l t l I I i l . l h i , ’ .n’ n- - i - c  f o l ! i l w e d . i,\  a s t rong  e l ’ t i I u  of 7 M h z  t h a t  peaked at — -0630

I I , I l l i j y t t l I l I l  20 m i n u t e s .  In i l !  cas E - .’, hut  I l l i l ’ , t b ’  l i E  plot k h , ’ o t i f u ’ s  t h e  aurora

as o’, t i - h i m - a c t . l - o l t u i t l l u s l v , t I l e  m a X i nl c ’ ni  f tE s  for  each period occurred on or near

h i m  l I u a l - t I ’ i ’ — t i o t ir  n - t u e . - b i  p rov ided  sortie ha~~i~~, t I l l - I t  i p e r f ec t , for conipa r i son

\ ‘ ;i th  g r o u n d  s t a t ion  i i ~ i 1 a s p l o - u ’ i I -  d a t a .  W i t h ou t  r e f e r e n c e  to a c t u a l  n u m b e r s , t i l e

m a x i m a  of tb ’  Ch u r c h i l l  i l a t ; ,  a p p e a l-  to  c- o i n ( ’i l , -  ‘. , i t i i  t h e  a c t i v e  a u ror a l  periods as

5 I I ’ l i  I I ’ , t h i , ’  : 111 - i - r a f t .  \ l : i u a, ’t o ~~r ; , c r i s  t a ken  c o n c u r r e n t ly  it College , .- \ l a s k a 1 6 s h o w

-
‘ ‘ ‘ I L  sm a l l  bu t  d l s c i I ’ t I -  u i l a g n l ’ t i c  I , ; , ’, s in  t t i m ’  I l — i - I l i i l l l O l l e l i t  t h a t  s u b s t a n t i a l ly  d u l l —

c- ide i ’, ’i t lu t he , , ‘ i -j , , i h i - ,  of t i l e  i- I -~~, s i s I  a u ro ra !  act  i ’. i t y  . Sin -u i la r  m a g n e t i c  s i g n a t u r e s

‘. - i -  r i ot a p p a r e n t  i n  t i i , -  ~l ; , t : ,  f r om h l ; i h , - i  I .ake and \ I , - an u o k , two  s t ; , t i l f l l s  f a r

I t ’ l l  - i v e i l  f rom t h i , ’  SUr I ,r ’ u !  o v a l . It is evideflt  t h a t  none of t i le  g round  —based i on o—

- ‘ ad’ i r i e ; , s i i i ’ e r i i e n t s  d e f ii i t u ’ . . ‘l ~ d e t e r m i n e  I h i , ’  d u r a t i o n s  of t h e  d i scr e t e  events ,

as  t b i e v ; ,re  (I n  I n t l - n ’ ’ ,  ; i l ~ t h u a t  c a r l  r u s t  is ‘ ‘ ; i s i l ’ ,  obscure  t h e  , - v I - l l t _ as record

i t . 1’. i u I i i  l ie  a v : u i l a l , i l i t \  if the  a i r c r a f t  h a t : ,  i l l  t h i s  examp le , no es t imate  of

‘ h i l l - a t  1 1 1 ( 1  - ‘, , u h i l  i l l -  ft ’a .-, j l u l , - . l ot’ t h e  best  i n f o rn i a t i or , tb , ’  o p t i m u m  frequency of
l l ; , ’ ; I — t : I I - i r l p  should lie in t h e  r ange  o h  at  least  i — u n u n u t e  u t i t , ’ i ’ v ; , l s .  A d m i t —

I I ’ . , t h i n  - , - h , - i h i t h -  i i i l e t l t  c h h s t c u r t  - \ , ‘n l t s  of l ess  than  10 m inu t e s  d ur a ti o n , but

I u I ’ n u h n t b l h \  ;‘. I , n l l l  I i  of su f f i c i en t  I l , - l C - e t \  to record I b i o s e  in  t h e  r a nge  of ~‘! 5 m i n u t e s .

9. md 1 3  \O % I- .~IIlI-ii I ’) 77

In  coob , - l ; l t l I I t l  w i t h  h i , -  \ I ’ G l ,  f l i g h t s  on the  lt lu , i t b i , and 13th of Nov e n i h i—

1 1)77 , t h e  ( ; i - , - i - n l : i r u n l  S I - I t  I l l S  of \ ar s s a r ssuaq  and Godhavn took sounder mea t ire—

J u l 00, 1 1 ( 1  a t i i u u i - t ; , h , t , -  Of pp t ’I IX I I I at e l ’ ;  5 — m i n u t e  i n t e rva l s .  Narssarssuaq is an

In r ’o r al  ov a l  ~t I t l i l l i , i i i  I ’ ’ ( ;odhii , v ni i s  located midway between the auroral belt
;, nid l i t -  , I I l . r cap  in  t he  I u - a n s i t i o n  r eg ion , 

i , 10 between 75~ to 80° nor th  lat i tude .

I 5. Canad ian  Ionospher ic  I )ata  (197 6 and 1977) r)ept . Commun.  , Ottawa , Ontario ,
(:anada.

16. l ( I ’.’,-u i s h l , ’ n ( l , John II. (I)ec 1976 ) P re l imina ry  Geomagnet ic  Data , Open File
Report 76-300 1., I .S. Dept. In t . , Geological Survey.
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The fl ight  t rack~ , with minor  variat ions , were all very s imi lar;  t h a t  is , east
from Goose AU , north to the region of Godhavn , then south to the v i c in i t y  of
Nai ’ssarssuaq, and return west to Goose AU .  Geomagnetic condi t ions , as meas-

ured by the Np indox , were quite diverse , varying from a quiet (Q3) day on
9 November to a disturbed (D3) day , 13 November  1977.

L Figure 4 compares the incidence and v i r tua l  hei ght  of sporadic E r ecorded buy
t h e  a i rcraft  sounder , versus the same character is t ics  measured by the tO’ , Green-
land stations during an auroral event of -15 minutes  dura t ion  1)0 7 Nov em l ,er  1977.
Np for this  period was 1- , the intermediately active day of the three.  ‘it t h u . - t i m e

of this event , the aircraft  was located within <2~ of longitude , essen t i a l l y  over
Narssarssuaq.  In the associated plot , ftE 5 maximized  at 0016 I T , at a fre-
quency of a l O  MHz (the l imi t  of the frequency hand in use on the  a i r c r a f t ) .  lIx
interpolation from the original  ionograms , one could es t imate  tha t  the  echoes I

the aircraft were probably �16 MHz.  The ionograms tha t  are disp la y ed to t he

right  of the plots , in each case were recorded at or about 0016 1 ’!’.
In comparing the raw and reduced ionogram data , i t is evident tha t  the  F

signal was strongest at the aircraft , and decreased markedly  wi th  increased la t i -
tude at Godhavn. The double peak in ftE 5 recorded at Narssarssuaq is a l s o  pres-
ent in the sequence of a i rcraf t  ionogram s for this  period , judging from [lie two

cycles of build-up and decrease of the F5 mul t ip les .  From the v i r t ua l  he ight  p lot s ,
one sees that the aurora approached both the a i rc ra f t  and N ar ssarssuaq  at aI)out
the  same t ime , passed overhead , and then retreated . In contrast , a l tho ugh the
event at Godhavn is well defined , one canno t say unequivocal ly  tha t  it  was
overhead.

In this  and subsequent plots , there is a s l ight  ind ica t ion  tha t  the  m i n i m u m
v i r t ua l heights  recorded at Godhavn were s y s t e m a t i c al l \  h ighe r  t h a n  those

recorded at N arssar ssuaq ,  which is in keeping with  t h e  conc lusions reported by
Gladden. 17 For n ight t ime , hor izontal  type F5 ( f - t y p E ’ ) , he found that  h E  ivan
generall y dependent on geographic lat i tude , with lower he igh ts  at low , ’n - l a t i t u d e s .

In any case , the sporadic F, measurement s  clearl y def ine  the event at a l l  sta-
t ions , and the durat ion can be determined from this  parameter .

Similar!’, , F i g u r e  5 compares f tE 5 and h E  measu rernen t s  from the a i rc ra f t
arid ground station sounders for 9 November  1977 , a quiet  (Q3) day,  N p -04 du r ing

event tha t  peaked at -0037 L”f. Again , the a i r cr a f t  was in t he  i m m e d i a t e  v ic in-

i ty  of .‘.a rssars auaq .  In direct contrast to the  data of 7 November 1977 , i t  is

interest ing to note that  the strongest F5 echoes were recorded at Godh avn ,
decreasing in relative strength to the a i rcraf t . The ground station h E  p l I l t s  very

17. Gladden , S.C. (1962) A note on the heights  of the different  IGY types of E~ ,
Ionospheric Sporadic F, Smith and Maksush i ta , Ed. , 178 , P e rgamnuon
Press , New York.
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explic i t l y  i d e n t i f y the  au ro ra  as overhead , as does the a i rcraf t  plot . Due to imper-
fections in the  lonogram recordings , the a i rcraf t  data can onl y be used to conf i rm
the occurrence hut not the durat ion of the event; however , from both the Greenland
stations , the duration of the event is estimated to be ~1 5 m i n u t e s , based not only
on ftE , but more spec i f i ca l ly  on the h E 5 measurements.

The third data set recorded on 13 N ovember  !977 is shown in h-S gure 6. This
was a disturbed , 1)3 day wi th  Np --3 + /4  for th i s  event.  The a i rcraf t  was in t h u ,
v ic in i ty  of Goose H a .  Peak f tEs  occurred about 2345-2350 U’I’ . A ddi t iona l  data
were available from Goose Bay, taken on a 7. 5 -minu te  schedule , a nd fhEs  data at

15-minute intervals were recorded at Church i l l .  The a i rcraf t  data are included
for completeness, although da ta- tak ing  was te rmina ted  at the beginning of this
event. From Goose Bay and the a i rcraf t , the aurora was seen obliquel y with
recorded ftEs—4 .0 MHz , h ’ Es - - 12 5 km and f tEs  -- 5 . 0  M h z , h ’Es - -120 km , respec-
tively. At Nar ssar ssuaq,  h F.s measurements indicate that the  aurora was over-
head , but it is dif f icul t  to est imate the durat ion of any distinct event . On the  other
hand , the event at Godhavn is well defined , both from evaluation of the ftEs and
the m i n i m u m  vir tual  height .  At Churchi l l , a pronounced increase in fbEs to
5. 7 MHz is likewise recorded at about the same t ime,

In conjunct ion with this period , a Defense Meteorological Satel l i te  Program
pass (Figure 7), occurred at 2309 I T , just prior to this  “event. ” The locations
of the ground stations and the aircraft  are indicated on the figure. From the
DMSP image , we might  infer that  the lack of a well-defined event at Nar ssarssuaq
niight be the result of a persistent , stat ionary patch of Es ionizat ion , or tha t  the
data-taking schedule was of insuff ic ient  frequency to define changes in f t E s .  If  the
DMS P image also reflects the state of the ionosphere at - - - 2350 I T , then  the
Godhavn sounder was looking at a different  System , polar cap au rora;  conse-
quentl y, the Greenland stat ion measurements  cannot be intercompared.  Under
these conditions , the ionospheric sounder records at N ars sarssuaq,  and poss ib l y
at Churchil l , serve onl y to estal,lj sh the  occurrence of a period of sporadic F
activity,  hut the relative duration cannot be clearl y defined .

In these three examples , we have examined the dura t ions  of discrete aurora l
events under a variety of geomagnet ical ly  active conditions as measured by Np,
and compared the use of ground station versus aircraft  sounder da ta  for the  deter-
minations.  Althou gh the sample is limited , there is def in i te  evidence t h a t  ground-
based measurements of ftFs and h ’E s can provide a usefu l ya rds t i ck  for the  esti-
mation of the durat ions of discrete auroral events.
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b. I ) I ~CI -~‘-~I ( )\

‘l ’h i , -u p resent  s t a t u -  oh ’ k u i ow l e d ge of t h e  h r - e q u e n u - y of u u c ’c u r u ’ , - n e i ’  of Es i u u n i z  a —

t i u u r u  and i t s  r e l . i t i ’ ’n  I ,  v i s u a l  :iu l ’ora is I , ’~~s ivell  e s t a h u h i s h u - d  in  t h e  \ ‘ , i — t h u  a ur o r a !

b u a n  in  t h e  t e m p e r a t e  and equ ato r i  I zones .  I t !  \ l au i y  i n v e s t ig i t or’s h ay - made

s i g r u i f i c : i u u t  c u n u n x ’ i ! , u t i u n s  to  the  u n d e rst an d i n g  (i f its v a r i a b i l i t y :  b~ - d e f i n i n g  t h e

an c i~~u ica l p a t t e r - o s  of u , c c ’u r r e n c e  of Es in  t e r m s  of g~-’;g r ap h i c  l u i , - a t u o n , t inie , and

top f u - I - 1 1u 1 - o u -y  I Iu i ’5  ; J by d e t e r m i n i n g  the  u’e l ~u I i u m n s h i p  o f  [tic- b r i g h t n es s  of a u r or a

a m i d / o r  au r ur ’a l  f or -n i s  t o  f t E s ; 3’ ~ an n by dem onst  m a t i n g  t h e  i n v e r s e  co r r e l a t i o n

h u o t  vi m - a  f t l - s and v i r t u a l  h u - i g h t  of Iii, ’ i ’ efk ’c t ion ~~. 
2 ‘!‘biest ’ r e su l t s  are f u n d a m e n t a l

to t I n -  i n t e r p r l - t a c  i ’ ,u i  of t h i s  r e l a t i o n s h i p ,  t ,ut  t h ey rPI )r csent  the  m a c r l lv i ’ ’i ’,- of t he

p h e n ’u u u i e n a  -

In  con t r a s t . o u u -  r e c o g n i t i o n  of period s of d i sc re te  a u r o r al  ( ‘vents of s h u n t

d u u ; , t i o u i , -‘15 m i n u t es , f rom ex a m i n a t i o n  of al l—sk y camera  m u n l og e s
1 
, has  p r o —

v u d ’- d  a f r a m e w o r k  for t he  s tudy of the coincidence of these ionospher ic ’  e f f ect s  on
a mic roscal r - . Compara t ive data  fr om ground-based  in s t r u m e n t s  a re  , I s , ,  more

c u ’a d i l v  available for short periods from cooperat ing stat ions.  ‘is dv m u ’c c s c  r a ted
in t tu e  t ex t , n-c ha ve been able to correla te  sounder and op t ica l  data f r ’ u u u u  m - v u ’ r a l

recording stations and , consequentl~ , the  poss ib i l i ty  exis ts  for i d e n t i f y i n g  periods
of au ro ral  activity via measurements  of sporadic F ac t iv i ty .  Given a s u f f h - i e n t
bank of such data , one could: ( I )  contr ibute  to the  model ing of the t e r n  p u u r a l  and
spat ia l  Es character is t ics  of the E-region; (2) provide a better unde r s t and ing  ui f
t i u u -  F-region variabi l i ty;  (3) determine if a specifi c f requency can he co r r el a t u’d

with overhead Es ioniza t ion;  (4) provide more evidence to c l a r i f y t h e  u u ’ l a t i n n s h i t >

between occurrence of aurora and Es ionization.

7, (3)~ (:LI sJo~ s

1. Ground-based ionospheric sounders can provide  a v a l u a b l e  m m ’ c h r , d  f i u t ’  l i i i ’

determination of the relative duration of discrete auror’al events in the rau1 j~,’ of

�1 5 minutes via measurements of the duration of top frequen -y sporadic’ F. i n

conjunction with minimum virtual height data.
2. Our study supports the close associat ion of the occurrence of visual . , , y , - u --

he’ad aurora and incidence of sporadic E , both from ground station and airci’at ’t

measurements; however, a one-to-one correlation cannot bc’ confirmed.

3. Clearly, the fine-time scale of the discrete auroral events ( I -‘~ nuinutes)

requires [list the da ta - tak ing  schedules at ground installations IR’ at inut er ’,-als of
-:5 minutes .  Data recorded at intervals - 3 m i n u t e s  tend  t u u  smear out a n d f u , u -
obliterate the existence of these events.
18. Whitehead , J. D. (1970) Production and p r e d i ct i o n  of s l i o m a d i l -  F ,  R e v , ( ;eu,-

phy s. Space Phys.. 8:65.
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