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Introduction 
T h e t h e r m o s p h e r e is t ha t r eg ion o f n e u t r a l 

a t m o s p h e r e in which a t m o s p h e r i c const i tu
en ts a r e gravi tat ional ly b o u n d to t h e E a r t h 
b u t a r e baromet r ica l ly d i s t r ibu ted acco rd ing 
to the i r molecu la r o r a tomic weights . Unl ike 
t h e lower a t m o s p h e r e , m i x i n g processes a r e 
weak, which allows each cons t i tuen t gas to be
have i n d e p e n d e n t l y . T h e t h e r m o s p h e r e be 
gins a t a b o u t 100-km-al t i tude a n d e x t e n d s u p 
to 500 k m o r b e y o n d . T h e t e m p e r a t u r e in
creases with h e i g h t t h r o u g h o u t t h e layer, 
which is a stabilizing inf luence . Solar ul t ravio
let rad ia t ion part ial ly ionizes t h e a m b i e n t gas 
to p r o d u c e a n i o n o s p h e r e . 

T h e lower t h e r m o s p h e r e is hos t to t h e E 
r eg ion of t h e i o n o s p h e r e in which t h e ions 
m o v e with t h e n e u t r a l a t m o s p h e r e since the i r 
collision f requency wi th n e u t r a l a t o m s far ex
ceeds t he gyrof requency . T h e u p p e r t h e r m o 
s p h e r e w h e r e t h e F r eg ion of t h e i o n o s p h e r e 
may b e f o u n d con ta ins ions which, in t h e 
p re sence of a n app l i ed electric field E, a r e 
free to dr i f t in t he E x B d i rec t ion (where B 
is t h e geomagne t i c field vector) since h e r e t he 
gyrof requency far exceeds t h e collision fre
quency . 

T h e fact t h a t t h e i o n o s p h e r e a n d t h e r m o 
s p h e r e a r e i n t e r p e n e t r a t i n g fluids causes in
te res t ing coup l ing p h e n o m e n a in which , a t 
low al t i tudes, t h e t h e r m o s p h e r i c w ind dr ives 
t he i o n o s p h e r e across magne t i c field l ines in 
the E r eg ion in a g ian t a t m o s p h e r i c d y n a m o . 
At h igh a l t i tudes above 180 k m a n d par t icu
larly at h igh la t i tudes , u p p e r t h e r m o s p h e r i c 
mo t ion is par t ly d r i v e n by t h e d r a g f rom col
lisions with ions m o v i n g a t h i g h s p e e d with 
t h e ionospher i c E x B dr i f t (he rea f te r called 
convect ion) . A t h i g h la t i tudes t h e p a t t e r n of 
convect ion of ten has a twin cell f o r m in 
which the flow is an t i so la r across t h e m a g n e t 
ic pole a n d s u n w a r d a t t h e d a w n a n d d u s k 
flanks. 

T h e collisional c o u p l i n g be tween t h e iono
s p h e r e a n d t h e t h e r m o s p h e r e is of p r i m a r y 
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i m p o r t a n c e in t h e global dynamics a n d t h e r 
m o d y n a m i c s o f t h e r eg ion [Killeen et al., 1983 , 
1984, 1985; Killeen and Roble, 1984; McCormac 
and Smith, 1984; McCormac et al, 1985, 1987; 
Meriwether, 1983; Rees et al, 1986; Rees and 
Fuller-Rowell, 1987; Roble, 1983 ; Roble et al, 
1984; Ska et al, 1986a, b; Smith et al, 1982, 
1985, 1988]. T h i s c o u p l i n g is o f g r ea t i m p o r 
tance to t h e h igh- la t i tude r e g i o n in t h a t it is a 
source of h e a t a n d m o m e n t u m to t h e n e u t r a l 
m e d i u m . Ult imately, however , t h e p o w e r 
source is t h e solar wind with t h e e n e r g y in
flow m e d i a t e d by t h e m a g n e t o s p h e r e a n d t h e 
i o n o s p h e r e . 

Mid- a n d low-lat i tude r eg ions also receive 
e n e r g y a n d m o m e n t u m f r o m this source , b u t 
t h e i n p u t is indi rec t . Po la r h e a t i n g a n d m o 
m e n t u m is c o m m u n i c a t e d to lower la t i tudes 
by t h e s t r o n g e q u a t o r w a r d winds (of several 
h u n d r e d m e t e r s p e r second) a n d hor izon ta l 
t rave l ing waves of l o n g wave leng th . Also, t h e 
e q u a t o r w a r d m o t i o n of t h e a u r o r a l z o n e 
b o u n d a r i e s en la rges t h e effective po l a r r eg ion 
a n d b r ings t h e p o w e r source closer to lower 
la t i tudes . 

T h e t h e r m o s p h e r e coup les back in to t h e 
i o n o s p h e r e by t h e d i u r n a l cycle of h e a t i n g 
a n d cool ing of t h e a t m o s p h e r e i n d u c e d by so
lar h e a t i n g a n d t h e ro t a t ion o f t h e E a r t h . 
Also, t h e mer id iona l c o m p o n e n t of t h e n e u 
tral wind induces field-aligned diffusion of 
ionosphe r i c p lasma, c h a n g i n g t h e F layer 
h e i g h t a n d densi ty o n a global scale. A d d i 
tionally, t h e same m e r i d i o n a l wind affects t h e 
global F r eg ion e n e r g y b u d g e t t h r o u g h t h e 
m o v e m e n t of mass , e n e r g y , a n d react ive mi
n o r cons t i tuen ts via a g ian t pole- to-pole H a d -
ley cell. 

T h e r m o s p h e r i c wind invest igat ions a t all 
la t i tudes a r e crucial in con tex t of this cou
p l ing in o r d e r to s tudy t h e dynamics of t h e 
global in teract ive system of which t h e the r 
m o s p h e r e is a pa r t . S imula t ions have b e e n 
m a d e by coup l ed i o n o s p h e r i c - t h e r m o s p h e r i c 
gene ra l c i rcula t ion mode l s which take these 
global effects in to accoun t [Rees and Fuller-
Rowell, 1987; Roble et al, 1982, 1987] . T h e y 
show t h a t t h e s t r e n g t h of t h e c o u p l i n g be 
tween t h e two fluids is d e p e n d e n t o n t h e ion
ization densi ty o r t he conduct iv i ty of t h e ion
o s p h e r e . T h i s is a var iable factor , d e p e n d e n t 
o n s h o r t - t e r m effects of a u r o r a l ionizat ion, 
also t h e shor t - a n d l o n g - t e r m effects of solar 
ionizat ion as it varies in t h e d i u r n a l , seasonal , 

a n d solar cycles. I n t h e p r e s e n t case u n d e r in
vestigation o f a p e r i o d of d a r k win t e r cond i 
t ions in t h e po l a r c a p at solar m i n i m u m , t h e 
coup l ing was e x p e c t e d to be weak. 

CEDAR Approach to Global Studies 

W e a r e n o w in t h e postsatel l i te e r a of g lob
al s tudy of t h e t h e r m o s p h e r e w h e n t h e neces
sary wide-scale coverage m u s t b e g a i n e d by 
in terna t ional ly o r g a n i z e d g r o u n d - b a s e d cam
pa igns o f observa t ion . T h r o u g h t h e C E D A R 
(Coupl ing , Energe t ics a n d Dynamics o f At
m o s p h e r i c Regions) p r o g r a m of t h e A t m o 
spher ic Sciences Division a t t h e Na t iona l Sci
ence F o u n d a t i o n , such c a m p a i g n s a r e o r g a n 
ized a n d ca r r i ed o u t with t h e h e l p of o u r 
col leagues in t h e U n i t e d States a n d overseas . 

T h i s p r o g r a m con t i nues a l o n g his tory o f 
invest igat ion o f t h e t h e r m o s p h e r e a n d m a n y 
p rev ious p r o g r a m s which have b e e n o r g a n 
ized to gain a global perspec t ive , such as t h e 
Global T h e r m o s p h e r i c M a p p i n g S tudy , a n d 
satellite p r o g r a m s such as t h e N A S A A t m o 
spher ic E x p l o r e r series a n d Dynamics Exp lo r 
er . T h e p u r p o s e of this p a p e r is to p r e s e n t 
o n e p a r t o f t h e C E D A R p r o g r a m which illus
t ra tes t h e p o w e r of c o m b i n a t i o n o f full vec tor 
wind d a t a f rom several d a t a sites in t h e 
n o r t h e r n arct ic . 

I n pr inc ip le , t h e invest igat ion of t h e cou
p l ing of t h e i o n o s p h e r e a n d t h e r m o s p h e r e 
can b e achieved by t h e c o m b i n a t i o n o f m e a 
s u r e m e n t s f r o m opt ical i n t e r f e r o m e t e r s , inco
h e r e n t scat ter r a d a r s , a n d r a d i o s o u n d e r s 
( ionosondes) . T h e i n c o h e r e n t scat ter r a d a r s 
a r e relatively few in n u m b e r (six a t t h e t ime 
of t h e e x p e r i m e n t r e p o r t e d h e r e ) b u t a r e t h e 
mos t valuable c o m p o n e n t for t h e d e t e r m i n a 
t ion of i onosphe r i c drif t , t e m p e r a t u r e s , a n d 
densi t ies as a funct ion of a l t i tude ove r a wide 
a r e a s u r r o u n d i n g t h e site. T h e m e r i d i o n a l 
c o m p o n e n t of t h e t h e r m o s p h e r i c w ind m a y 
b e d e d u c e d indirect ly f r o m t h e da ta . T h e o p 
tical i n t e r f e r o m e t e r s whose global d i s t r ibu t ion 
is shown o n t h e wor ld m a p p r e s e n t e d o n t h e 
cover a r e g o o d for t h e m e a s u r e m e n t of t h e r 
m o s p h e r i c w ind at all l a t i tudes a n d for all 
c o m p o n e n t s of mo t ion , a l t h o u g h b e i n g pas
sive a n d optical , they a r e d e p e n d e n t o n clear 
w e a t h e r for g o o d observa t ions to b e m a d e . 

T h e s e m e a s u r e m e n t s also rely o n a n inde 
p e n d e n t d e t e r m i n a t i o n of t h e h e i g h t of emis
sion since o n e c a n n o t utilize a r a n g i n g tech
n i q u e as for t h e r a d a r a n d r a d i o s o u n d e r s . 
I o n o s o n d e s r e c o r d t h e r a d i o reflect ion h e i g h t 
as a funct ion of f r equency a n d a r e useful for 
d e t e r m i n i n g t h e e lec t ron dens i ty var ia t ion 
with he igh t u p to t h e F - r eg ion p e a k which is 
f requent ly n e a r 250 k m . Also, wi th s o m e 
careful analysis of t h e da ta , m id - l a t i t ude iono
sondes can b e used to infer t h e m e r i d i o n a l 
c o m p o n e n t of t h e t h e r m o s p h e r i c w ind [Miller 
et al, 1986]. 

A special, in te rna t iona l ly c o o r d i n a t e d cam
pa ign was o r g a n i z e d for t h e 4-day p e r i o d 
J a n u a r y 1 4 - 1 7 , 1986. T h i s c a m p a i g n h a d a 
global d i s t r ibu t ion of 22 possible opt ical sta
t ions a n d six possible r a d a r s specially o r g a n 
ized to par t ic ipa te cove r ing b o t h h e m i s p h e r e s . 
I o n o s o n d e s tat ions w e r e also a l e r t ed to t h e 
exis tence of this special p e r i o d . I n t h e event , 
fou r optical s tat ions w e r e o p e r a t i n g in g o o d 
wea the r at h i g h n o r t h e r n la t i tudes : Sva lbard , 
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Kiruna , T h u l e , a n d Fa i rbanks , a n d these 
were able to c o n t r i b u t e ma jo r a m o u n t s of 
vec tor wind d a t a r ep re sen t a t i ve of he igh t s 
close to 250 k m . T h e s e s tat ions, b e i n g in con
t iguous reg ions a n d close to t h e t h r e e n o r t h 
e r n h e m i s p h e r e h igh- la t i tude r a d a r s , have 
b e e n selected for a s tudy o f t h e wind field 
d u r i n g o n e day of t h e p e r i o d w h e n t h e activi
ty was par t icular ly low (Figures 1 a n d 2). O n 
this day t h e r e was d a t a f rom all s ta t ions, b u t 
K i r u n a was in dayl igh t at t h e t ime o f in te res t 
a n d t h u s u n a b l e to obse rve . T h e coo rd ina t e s 
of t h e stat ions u s e d in t h e s tudy a r e g iven in 
T a b l e 1. 

TABLE 1. Coordinates of Stations 

G e o g r a p h i c G e o g r a p h i c Magne t i c 
Stat ion L a t i t u d e L o n g i t u d e La t i t ude 

S o n d r e s t r o m 67.0 - 5 0 . 0 75 .0 
Fa i rbanks 65.1 - 1 4 7 . 5 64 .8 
Svalbard 78.2 15.6 75 .0 
T h u l e 76.5 - 6 8 . 7 85.7 

T h i s p a p e r concen t r a t e s o n t h e dynamics 
of t h e h igh- la t i tude r eg ion us ing t h e opt ical 
wind da t a a n d t h e r a d a r ion drif ts to s tudy 
t h e s i tuat ion. T h e s e observa t ions will b e con
s ide red agains t t h e b a c k d r o p of a r e p r e 
sentat ive gene ra l c i rcula t ion m o d e l . T h i s is 
t h e first s tudy of its type to inc lude such a 
good g r o u p i n g of s ta t ions m a k i n g it w o r t h 
while to r e p r e s e n t t h e d a t a o b t a i n e d o n a 
scale of t he en t i r e h igh - l a t i t ude r eg ion . 

Description of Data 
T h e plot of t h e magne t i c a u r o r a l i n d e x 

A U / A L for t h e day in F i g u r e 1 shows cont in
u o u s low activity. I t is p r e s u m e d for t h e dis
cussion of t h e d a t a t ha t t h e r a t h e r qu ie t Q -
2 a u r o r a l oval [Feldstein, 1963] is a p p r o p r i a t e 
for o r i en ta t ion . A sequence o f f o u r s ta t ion 
m a p s is shown in F i g u r e 2 with t h e a u r o r a l 
oval inc luded for g u i d a n c e o n t h e t o p o g r a 
p h y with re la t ion to m a g n e t o s p h e r i c c o u p l i n g 
at 0900 , 1200, 1400, a n d 1600 U T . Since 
these a r e es t imates only , n o g r ea t re l iance 
shou ld be p laced o n b o r d e r l i n e pos i t ions of 
s tat ions in re la t ion to t h e a u r o r a l oval. 

T h e po la r cap , in t h e con tex t o f this work , 
is t he r eg ion ins ide t h e i n n e r circle of t h e au 
ro ra l oval. P rev ious w o r k [McCormac and 
Smith, 1984; McCormac et al, 1985; Rees et al., 

1986] h a s ind ica ted t h a t t h e d i rec t ion o f t h e 
magne t i c vec tor in t h e solar w ind j u s t u p 
s t r eam of t h e E a r t h is a n i m p o r t a n t factor in 
d e t e r m i n i n g t h e i o n o s p h e r i c dr i f t p a t t e r n in 
t h e F - reg ion a n d t h e t h e r m o s p h e r i c wind . 
T h e c o m p o n e n t of t h e solar w ind field in t h e 
axial d i r ec t ion o f t h e E a r t h ' s d ipo l e (Bz) was 
initially s o u t h w a r d b u t t u r n e d n o r t h w a r d 
n e a r 1000 U T a n d r e m a i n e d so unt i l 1700 
U T . T h e p e a k n o r t h w a r d va lue was 6 n T . 
After 1700 U T , Bz was s o u t h w a r d by a few 
nanotes la . F o r t h e whole p e r i o d f rom 1000 
U T to 2 3 0 0 U T t h e t r ansve r se c o m p o n e n t 
(By) was t o w a r d d a w n (negat ive) . 

T h e S o n d r e s t r o m f j o r d r a d a r m e a s u r e d ion 
drift d u r i n g this p e r i o d as is shown in F igu re 
3 . T h i s figure r e p r e s e n t s in po l a r m a p f o r m 
the available observa t ions m a d e d u r i n g t h a t 
day. Each vec tor is p lo t t ed with its tail fixed 
to t h e locat ion of t h e obse rva t ion ; t h e d i rec
t ion a n d l eng th r e p r e s e n t t h e m e a s u r e d ion 
drift ; bold vectors a r e wes tward , o t h e r s a r e 
eas tward . As t ime e lapses , t h e E a r t h ro ta tes 
o n t h e dial a n d all m e a s u r e m e n t s m a d e with 
t h e r a d a r at t h e s a m e r a n g e a n d p o i n t i n g di
rect ion a r e seen as a trail of vectors whose 
tails lie o n a circle of l a t i tude . T h i s figure is 
no t a s n a p s h o t r e p r e s e n t a t i o n of t h e dr i f t b u t 
r a t h e r a p r e sen t a t i on of t h e t ime-evolving 
drif t which emphas izes its global context . 

After 1700 U T w h e n Bz was s o u t h w a r d , 
t he r e c o r d is typical of By nega t ive condi t ions 
in tha t t h e h igh- la t i tude vectors a r e p r e d o m i -
nant ly eas tward [de la Beaujardiere et al., 
1985]. P r io r to tha t , t h e convect ion p a t t e r n 
a p p e a r e d s o m e w h a t f r a g m e n t e d , p robab ly 
because 6f a m o r e c o m p l e x s i tuat ion which is 
c o m m o n w h e n Bz is n o r t h w a r d . T h e p a t t e r n 
shows t h e wind d i rec t ions which ion -neu t r a l 
collisions w e r e t e n d i n g t o set u p in t h e vicini
ty of t h e S o n d r e s t r o m f j o r d r a d a r . T h e r m o 
spher ic w ind behaves like a low-pass filter 
with a t ime cons tan t of a b o u t o n e h o u r ; 
h e n c e only t h e longer- l ived fea tu res o n this 
plot would have h a d a n y effect. 

F igu re 4a shows t h e opt ical D o p p l e r wind 
m e a s u r e m e n t s m a d e d u r i n g a p e r i o d of o n e 
h o u r c e n t e r e d o n 0 9 0 0 U T o n t h e 17th o f 
J a n u a r y 1986 in which w ind vec tor da t a for 
Fa i rbanks , T h u l e , a n d Sva lbard a r e shown 
against a b a c k d r o p of a r ep re sen t a t i ve ins tan
t aneous t h e r m o s p h e r i c g e n e r a l c i rculat ion 
s imula t ion (arrows) . I n con t r a s t to F igu re 3 , 
this is a snapsho t , albeit wi th t h e equiva len t 
of o n e - h o u r e x p o s u r e . Each s ta t ion has fou r 

vectors shown p lo t t ed with the i r tails o n a 
o n e - h o u r - l o n g la t i tudina l a rc o n its e q u a t o r -
w a r d side a n d similarly, f ou r po leward . 
T h e s e resul t f r o m a combina t ion of t h e sin
g l e - c o m p o n e n t w ind m e a s u r e m e n t s m a d e at a 
fixed elevat ion in t h e ca rd ina l points of t h e 
compass . 

T h e stat ion m a p in F igu re 2a shows Sval
b a r d in t h e n o o n sec tor of t h e a u r o r a l zone 
while T h u l e lies in t h e cen t ra l polar c a p a n d 
Fa i rbanks is j u s t e q u a t o r w a r d of t h e e v e n i n g 
a u r o r a l zone . T h e wind is antisolar a t all sta
t ions a n d in r ea sonab le a g r e e m e n t with t h e 
b a c k d r o p m o d e l a n d with m a n y p rev ious sin
gle-point observa t ions a n d satellite crossings. 

A s t ime advances t h r o u g h 1100 U T , t h e 
p a t t e r n c h a n g e s little. By 1200 U T , however , 
w h e n t h e i o n o s p h e r e o n t h e dayside of t h e 
a u r o r a l zone has a d v a n c e d in to sunl ight , 
T h u l e , which is a cen t ra l polar cap stat ion, 
b e g a n to see a r e g i o n of s u n w a r d wind o n t h e 
po leward side as shown in F igure 4b. 

By 1300 U T , t h e u n u s u a l s u n w a r d w ind 
was obse rved o n t h e po leward side of Sval
b a r d as well a n d is well deve loped by 1400 
U T as shown in F i g u r e 4c. At t he s ame t ime , 
b o t h Svalbard a n d T h u l e con t inued to see 
po leward winds to t h e sou th . T h e m a p at 
1600 U T (F igure 4d) indicates tha t t h e sun 
w a r d d i s tu rbance h a d crossed f rom t h e pole
w a r d to t he e q u a t o r w a r d side of Svalbard 
while r e m a i n i n g p o l e w a r d of T h u l e . A not ice
able wind d ive rgence r e m a i n e d at Svalbard 
unt i l t h e r e s u m p t i o n of a n o r m a l p a t t e r n a t 
2000 U T . By this t ime , r e fe rence to F i g u r e 
2d shows tha t t h e s ta t ion h a d moved across 
t h e Q = 2 oval a n d p rog re s sed in to t h e po l a r 
cap . M o r e n o r m a l winds r e t u r n e d to T h u l e 
by 1800 U T , a p p r o x i m a t e l y local n o o n for 
t ha t stat ion. 

Discussion 
T h e r e is n o ev idence tha t t h e r e was only 

o n e d i s tu rbance ; t h e r e could have b e e n o n e , 
two, o r conceivably m o r e t h a n that . Likewise, 
it is no t possible to fully a n d u n a m b i g u o u s l y 
dis t inguish t e m p o r a l f rom spatial aspects of 
t h e observa t ion . Since m a n y aspects of t h e 
dynamics of t h e t h e r m o s p h e r e in t h e po l a r 
c a p a r e d e t e r m i n e d by factors which a r e al
mos t s ta t ionary in a n E a r t h - S u n c o o r d i n a t e 
system, we m a y s u p p o s e as a first a p p r o x i m a 
t ion tha t t h e d i s t u r b a n c e found in these ob 
servat ions is also a p h e n o m e n o n fixed in t ha t 
f r ame . O t h e r possibilities such as a large-scale 
gravity wave a r e n o t ent i rely e l imina ted , b u t 
also no t t h o u g h t likely because of t h e low ac
tivity a n d e x p e c t e d lack of sources . T h i s dis
t u r b a n c e , first seen at a r o u n d 1100 U T pole 
w a r d of T h u l e in t h e m o r n i n g s i d e o f t h e p o 
lar cap , was n o t obse rved 6 h o u r s ear l ie r 
w h e n Svalbard passed at t he same local t ime . 
I t is r easonab le to s u p p o s e tha t it a p p e a r e d in 
t h e t ime p e r i o d 0 6 0 0 - 1 2 0 0 U T . As m e n 
t ioned above , t h e n o r t h w a r d t u r n i n g of Bz 

o c c u r r e d at a b o u t 1000 U T . Any r e s p o n s e to 
t h e a c c o m p a n y i n g c h a n g e s in the convect ion 
p a t t e r n wou ld b e e x p e c t e d to take at least 
o n e h o u r u n d e r these c i rcumstances o f (as
s u m e d ) weak coup l ing . H e n c e it is cons is tent 
with t h e obse rva t ion tha t t he first a p p e a r a n c e 
of s u n w a r d winds d u e to t h e s u n w a r d po l a r 
c a p convect ion e x p e c t e d for n o r t h w a r d Bz 

condi t ions [Heppner, 1977; Heppner and May-
nard, 1987; Heelis, 1984] a p p e a r e d n e a r 1200 
U T . 

T h e T h u l e s ta t ion s p e n t abou t 4 h o u r s in 
t h e s u n w a r d w ind d i s tu rbance a n d saw it dis-

SOO 

AU/AL 

- 5 0 0 -

- t o o o 
0 2 4- 6 6 10 12 14. 16 19 20 22 24-

JAN. 17 ,1986 
Fig. 1. T r a c e s of A U a n d A L for J a n u a r y 17, 1986 (courtesy o f S. - I . Akasofu) . 
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a p p e a r a t a b o u t local n o o n . T h e Svalbard sta
tion first saw t h e s u n w a r d w ind d i s t u rbance 
at 1300 U T a n d obse rved it for several h o u r s 
o n t h e p o l e w a r d s ide , t h e n d i s a p p e a r i n g 
e q u a t o r w a r d at a b o u t 1600 U T . T h e p e r i o d 
of Bx n o r t h w a r d e n d e d n e a r 1700 U T , which 
indicates t h a t if t he i o n o s p h e r i c convect ion 
p a t t e r n r e m a i n e d a p p r o x i m a t e l y cons tan t 
d u r i n g t h e 7 -hou r p e r i o d , t h e Svalbard sta
tion mere ly passed u n d e r t h e n igh t s ide e d g e 
of p a r t of t h e s u n w a r d wind d i s tu rbance . 

Most m o d e l e d wind s t ruc tu re s in t h e p o l a r 
t h e r m o s p h e r e show a b r o a d swath o f an t i so-
lar flow across t h e c a p with m i n o r c h a n g e s of 
d i rec t ion d u e t o c h a n g i n g solar w ind a n d t h e 
offset of t h e magne t i c po le f r o m t h e ro t a t i on 
axis. Recen t c o u p l e d t h e r m o s p h e r e - i o n o -
s p h e r e m o d e l i n g by t h e Univers i ty Col lege 
L o n d o n g r o u p [Fuller-Rowell et al., 1987] 
shows t h a t it is r e a sonab l e t o expec t localized 
e d d i e s o f s u n w a r d wind in a genera l ly ant i -
s u n w a r d flow for cond i t ions such as o c c u r r e d 

n e a r n o o n U T o n J a n u a r y 17, 1986. F i g u r e 5 
shows a p lo t o f w inds s imu la t ed by t h e U C L 
g r o u p o v e r t h e n o r t h e r n p o l a r c a p a t a 
h e i g h t o f a b o u t 3 0 0 k m w h e n By was nega t ive 
a n d Bx was n o r t h w a r d . T h i s c o m p u t a t i o n 
uses t h e convec t ion m o d e l of Heppner and 
Maynard [1987] , wh ich h a s a r e g i o n o f s u n 
w a r d convec t ion in t h e p o l a r c a p . T h e impl i 
ca t ion o f t h e w i n d p a t t e r n s h o w n is t h a t n e a r 
1200 U T u n d e r w i n t e r so la r m i n i m u m cond i 
tions i on -neu t r a l coll isions t r a n s f e r sufficient 

0 1 / 1 7 / 8 6 
090000 
Q = 2 

DYNAMICS STRTI0NS DYNAMICS STATI0NS 

0 1 / 1 7 / 8 6 
140000 
Q=2 

DYNAMICS STRTI0NS DYNAMICS STATI0NS 

Fig. 2. M a p s showing t h e relat ive posi t ions of s ta t ions ( T h u l e (T) , Svalbard (L), Sond re s t romf jo rd (S), K i r u n a (K), a n d Fa i rbanks (F)) involved 
in this s tudy a n d t h e Q = 2 A u r o r a l Z o n e . T h e s h a d e d p a r t indicates reg ions of d a r k n e s s b e y o n d 12° solar dep re s s ion . T h e t e r m i n a t o r a n d loci of 
6° a n d 12° so lar d e p r e s s i o n a r e also s h o w n . T h e c u r v e m a r k e d M is* t h e b o u n d a r y o f moon l i t a t m o s p h e r e , t h e d a r k s ide b e i n g ind ica ted by M D . 

Panels (a ) - (d) show t h e c h a n g i n g re la t ionsh ip of t h e s tat ions to t h e oval as a funct ion of Universa l T i m e . 
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S o n d r e s t r o m f j o r d I o n V e l o c i t i e s 17 J a n u a r y 1 9 8 6 

Fig. 3. Po la r p lo t of ion dr i f t m e a s u r e d by t h e S o n d r e s t r o m f j o r d r a d a r for J a n u a r y 
17, 1986, as a func t ion of l a t i tude a n d Universa l T i m e . T h e vectors a r e p lo t t ed with 
the i r tails o n t h e p o i n t of m e a s u r e m e n t ; those which a r e wes tward a r e in bold face. 

m o m e n t u m to reverse t h e n o r m a l an t i sun-
w a r d flow in res t r ic ted r eg ions , o n e in t h e 
m o r n i n g a n d o n e in t h e a f t e r n o o n . T h e colli
sions also g e n e r a t e h e a t a n d raise t h e t em
p e r a t u r e of t h e gas as is seen f rom t h e d a r k -
s h a d e d t o n g u e e x t e n d i n g in to t h e m o r n i n g -
side of t h e po l a r c a p f r o m n o o n . T h i s is 
w h e r e t h e s t r o n g s u n w a r d ion dr i f t is located 
which causes t h e t h e r m o s p h e r e also to flow 
s u n w a r d . I t will also b e no t iced tha t t h e r e is 
a n o t h e r r eg ion of s u n w a r d flow at relatively 
h igh la t i tudes u p to 80° g e o g r a p h i c o n t h e 
even ing side. At 1200 U T t h e local t ime at 
T h u l e is a b o u t 0700 , which places it n e a r t h e 
m o r n i n g eddy . T h e 1200 p lo t shows tha t t h e 
po leward vector has t u r n e d s u n w a r d . Accord
ing to observa t ion , t h e e d d y lies p o l e w a r d of 
t he s tat ion as it does in t h e s imula t ion . Sval
b a r d local t ime is 1300, which places it n e a r 
t he s tar t of t h e e v e n i n g e d d y . At 1200 U T 
the ant isolar w ind vec tor o n t h e p o l e w a r d 
side f rom Svalbard is r e d u c i n g as if to t u r n 
s u n w a r d . At 1300 U T b o t h s tat ions show sun
w a r d wind o n the i r p o l e w a r d sides which is 
very m u c h as s imula ted by t h e U C L m o d e l . 
T h e m o d e l also indicates t h a t T h u l e s h o u l d 
ro ta te o u t of t h e p o l e w a r d flow by a b o u t 
1100 L T (1500 U T ) a n d t h a t t h e r eg ion of 
s u n w a r d flow will pass e q u a t o r w a r d of t h e 
Svalbard m e r i d i a n af ter 1800 L T (1700 U T ) . 
T h e s e la t ter c o m m e n t s a s s u m e tha t t h e 1200 
U T p a t t e r n f rom U C L m o d e l r e m a i n s fixed 
over some 5 h o u r s . T h e 1800 U T plot f r o m 
the m o d e l shown indicates t ha t this is n o t so 

b u t tha t even with cons tan t Bz n o r t h w a r d 
condi t ions , t h e s u n w a r d pa r t s of t h e edd ie s 
d i s a p p e a r with c h a n g i n g U T . T h u s t h e s imu
lat ion suggests t h a t t h e obse rved d i s appea r 
ance of s u n w a r d wind fea tures was d u e to 
the i r dy ing ou t . 

Conclusion 

T h e mul t i s ta t ion d a t a d o c u m e n t i n g this 
s u n w a r d wind d i s t u r b a n c e is cons is tent with 
t he hypothes i s t ha t it o c c u r r e d d u e to ion-
n e u t r a l c o u p l i n g associated with s u n w a r d ion 
drif t a c c o m p a n y i n g t h e n o r t h w a r d t u r n i n g of 
Bz. T h i s is a m u c h m o r e de ta i led a n d con
vincing appl ica t ion of t h e r m o s p h e r i c wind 
m o d e l i n g to mul t i s ta t ion da t a t h a n has b e e n 
possible in t h e past . I t has b e e n difficult to 
obta in good s imu l t aneous optical coverage in 
con t iguous r eg ions d u r i n g a n even t as in ter
est ing as this o n e discussed h e r e to p r o v i d e a 
tes t ing s i tuat ion. 

I t would have b e e n a r g u e d in t h e pas t tha t 
t he coup l ing efficiency be tween ions a n d n e u 
trals in t h e d a r k win t e r solar m i n i m u m po la r 
cap would b e t oo small to allow such a d e p a r 
t u r e f rom t h e s t r o n g ant isolar flow which is 
so c o m m o n l y seen . T h e s i tuat ion of s t r o n g 
ion-neu t ra l c o u p l i n g is now accep ted to p r e 
vail at solar m i n i m u m desp i te w e a k e n e d cou
pl ing which is k n o w n to exist. T h i s case is a 
t r i u m p h for t h e C E D A R a p p r o a c h a n d shows 
tha t no t only can we observe such th ings in 
u n p r e c e d e n t e d detai l if we o rgan i ze e n o u g h 

g o o d mul t i s ta t ion c a m p a i g n s such as this , b u t 
t h e d a t a c a n also a g r e e with t he s imula t ion 
even in a relatively c o m p l e x case such as this . 

Acknowledgments 

T h e C E D A R P r o g r a m is s p o n s o r e d by t h e 
Na t iona l Science F o u n d a t i o n Division o f At
m o s p h e r i c Sciences t h r o u g h t h e A e r o n o m y 
a n d U p p e r A t m o s p h e r i c Facilities P r o g r a m s . 
T h i s w o r k was c a r r i e d o u t u n d e r N S F g ran t s 
A T M 8 6 - 0 2 9 5 6 (RWS), A T M 8 4 -
19806(JWM), A T M 8 5 - 1 6 4 3 6 (VBW), a n d 
A F O S R 8 7 - 0 1 7 4 ( G H ) . 

References 

d e la Beau ja rd i e re , O . , V. B. Wickwar , J . D. 
Kelly, a n d J . H . King , Effect of t h e In t e r 
p l ane t a ry Magne t ic F ie ld 'Y' c o m p o n e n t o n 
t h e h igh- la t i tude n igh t s ide convect ion, 
Geophys. Res. Lett, 12, 4 6 1 , 1985. 

Felds te in , Y. I., S o m e p r o b l e m s c o n c e r n i n g 
t h e m o r p h o l o g y of a u r o r a s a n d magne t i c 
d i s tu rbances a t h i g h la t i tudes , Geomagn. 
Aeron., 3, 183, 1963 . 

Ful ler-Rowell T . J . , S. Q u e g a n , D. Rees , R. J . 
Moffett , a n d G. J . Bailey, In te rac t ions be 
tween n e u t r a l t h e r m o s p h e r i c compos i t ion 
a n d t h e po la r i o n o s p h e r e us ing a c o u p l e d 
i o n o s p h e r e - t h e r m o s p h e r e m o d e l , / . 
Geophys. Res., 92, 7744, 1987. 

Heel is , R. D., I n t e r p l a n e t a r y Magnet ic Field 
effects o n h igh a l t i tude ionospher ic convec
t ion , t h e po l a r c u s p , ed i t ed by J . Ho l t e t a n d 
A. Ege land , p p . 2 9 3 - 3 0 3 , D. Reidel , H i n g -
h a m , Mass., 1984. 

H e p p n e r , J . P., Empi r ica l mode l s of h igh lati
t u d e electric f i e l d , / . Geophys. Res., 82, 1115, 
1977. 

H e p p n e r , J . P., a n d N . C. M a y n a r d , Empi r i 
cal h igh- la t i tude electric field mode l s , J. 
Geophys. Res., 92, 4 4 6 7 , 1987. 

Kil leen, T . L., a n d R. G. Roble , A n analysis 
of t h e h igh la t i tude t h e r m o s p h e r i c wind 
p a t t e r n calculated by a t h e r m o s p h e r i c gen 
era l c i rculat ion m o d e l , 1, M o m e n t u m forc
i n g , / Geophys. Res., 89, 7509 , 1984. 

Killeen, T . L., P. B . Hays , N . W. Spence r , 
a n d L. E. W h a r t o n , N e u t r a l winds in t h e 
po l a r t h e r m o s p h e r e as m e a s u r e d f rom 
Dynamics Exp lo re r , Adv. Space Res., 2, 133, 
1983 . 

Kil leen, T . L., P. B . Hays , G. R. C a r i g n a n , R. 
A Heel is , W. B. H a n s o n , N . W. Spence r , 
a n d L. H . Brace , I o n - n e u t r a l coup l ing in 
t h e h i g h la t i tude F - r eg ion : Evaluat ion of 
t h e ion hea t i ng t e r m s f rom dynamics ex
p l o r e r 2 , y . Geophys. Res., 89, 7495 , 1984. 

Killeen T . L., R. A. Heel is , P. B . Hays , N . W. 
Spence r , L. E. W h a r t o n , a n d F. G. McCor 
mac , N e u t r a l mo t ions in t he po la r t h e r m o 
s p h e r e for n o r t h w a r d in t e rp l ane t a ry m a g 
net ic field, Geophys. Res. Lett., 13, 159, 1985. 
M c C o r m a c , F. G., a n d R. W. Smi th , T h e 
inf luence of t he I n t e r p l a n e t a r y Magnet ic 
Field Y - c o m p o n e n t o n t h e ion a n d n e u t r a l 
mo t ions in t h e po l a r t h e r m o s p h e r e , 
Geophys. Res. Lett., 11, 9 3 5 , 1984. 

M c C o r m a c , F. G., T . L. Killeen, E. Gombos i , 
P . B . Hays , a n d N . W. Spencer , Conf igura 
t ion of t h e h igh- la t i tude t h e r m o s p h e r i c 
n e u t r a l c i rculat ion for I M F By nega t ive a n d 
posit ive, Geophys. Res. Lett, 12, 155, 1985. 

M c C o r m a c , F. G., T . L. Killeen, J . P. T h a y e r , 
G. H e r n a n d e z , C. R. T s c h a n , J .-J . Pon-
th ieu , a n d N . W. Spence r , Circula t ion of 
t h e po la r t h e r m o s p h e r e d u r i n g magnet ica l 
ly qu ie t a n d active t imes as obse rved by 

This page may be freely copied. 



Eos, Vol. 70, No. 11, March 14, 1989 

1012084.bsh J o n 17 1 9 8 6 1012120.bsh J o n 17 1 9 8 6 

12 

1012144.bsh J o n 17 1 9 8 6 112168.bsh j o n 17 1 9 8 6 
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as a funct ion of t ime . F o r c o m p a r i s o n , a s imula t ion is s h o w n as a b a c k d r o p with a r rows . 
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Fig. 5. S imula t ion by the coup l ed t h e r m o s p h e r e - i o n o s p h e r e m o d e l d e v e l o p e d at Univers i ty Col lege L o n d o n a n d Sheffield Univers i ty 
for condi t ions of solar m i n i m u m win te r solstice w h e n I M F Bz is n o r t h w a r d a n d By is negat ive . W i n d s a r e shown by t h e vectors a t a con
s tant p res su re level n e a r 300 k m a l t i tude a long with u n d e r l y i n g s h a d i n g indica t ing t he t e m p e r a t u r e a t t h e s a m e he igh t . T h i s f igure or ig
inally a p p e a r e d in full color . See t h e back of t he second v o l u m e of 1989 (Vo lume 70, N u m b e r s 27-52) for t h e color p la te . 
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