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Summary and Conclusions 

o  Zonal	 winds	 are	 responsible	 for	 the	 genera4on	 of	
electric	 fields	 via	 the	 F	 region	 dynamo	 mechanism,	
while	 meridional	 winds	 modify	 the	 ionosphere	 by	
moving	 plasma	 up	 and	 down	 magne4c	 field	 lines.	
Knowledge	 of	 meridional	 winds	 is	 key	 to	
understanding	 la4tudinal	 and	 thermosphere-
ionosphere	coupling,	and	yet	global	measurements	of	
this	wind	component	are	scarce.		

o  In	 the	 60’s	 and	 70’s	 thermosphere	 winds	 were	
obtained	solving	the	momentum	equa4ons	with	crude	
models	 of	 pressure	 gradient	 and	 ion	 drag	 (Challinor,	
1969;	Geisler,	1966).	

o  Here	we	present	a	new	method	to	es+mate	zonal	and	
meridional	 thermospheric	 neutral	 winds	 (synthe'c	
winds)	for	solar	low	and	geomagne4c	quite	condi4ons	
using	data	from	the	Challenging	Minisatellite	Payload	
(CHAMP)	satellite.		
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o  CHAMP	 was	 lunched	 in	 2000	 in	 an	 almost	 circular,	
near-polar,	 slowly	 precessing	 orbit,	 and	 provided	
homogeneous	and	global	coverage	un4l	2010.	

o  Neutral	 density	 and	 zonal	 (cross-track)	 wind	 from	
CHAMP	 accelerometer	 [Bruinsma	 et	 al.,	 2004;	
Doornbos	 et	 al.,	 2010],	 and	 electron	 density	 from	
CHAMP	Langmuir	probe	[Cooke	et	al.,	2003]	are	used.	

o  To	derive	thermosphere	neutral	 	winds	the	following	
3-step	procedure	is	adopted:	

Step	1:	Deriving	temperature	and	ion	drag	from	
neutral	and	electron	density.		

i.  Star4ng	 from	 CHAMP	 total	 mass	 densi4es	 (ρ)	we	 use	
the	NRLMSISE00	 empirical	model	 and	 iterate	 on	 F10.7	
un4l	 the	 model	 density	 converges	 on	 the	 measured	
density	(±1%),	yielding	the	equivalent	model	exosphere	
temperature	(T).	

ii.  Ion	 drag	 coefficients	 (λ)	 are	 inferred	 from	 CHAMP	
electron	density.	

Step	2:	Deriving	pressure	gradients	from	neutral	
density	and	temperature.		

i.  Pressure	 (p)	 is	 inferred	 from	 neutral	 density	 and	
temperature	using	the	ideal	gas	law	(p=ρRspecT).	

ii.  Eastward	(PGX)	and	northward	(PGY)	pressure	gradients	
are	 derived	 by	 calcula4ng	 deriva4ves	 with	 respect	 to	
longitude	(φ)	and	la4tude	(θ)	

PGX = 1
RE ρcosθ

∂p
∂φ

PGY = 1
RE ρ

∂p
∂θ

Step	3:	Solving	 the	2-D	momentum	equaQons	 for	 the	
horizontal	wind	field.	

i.  Neglec4ng	 ver4cal	 viscosity,	 plasma	 drifs,	 parallel	 ion	
drag,	 horizontal/ver4cal	 advec4on,	 and	 momentum	
force,	we	solve	for	the	zonal	(u)	and	meridional	(V)	wind	

o  CHAMP	neutral	and	electron	density	are	used	to	infer	
thermospheric	zonal	and	meridional	winds	by	solving	
the	momentum	equa4ons.	

o  The	methodology	 is	 validated	 using	 	 TIME-GCM	 and	
the	 total	 uncertainty	 in	 the	 synthe+c	 winds	 is	
es+mated	to	be	±30%.	

o  Synthe4c	 winds	 are	 used	 to	 highlight	 the	 longitude,	
la4tude,	local	4me,	and	seasonal	variability;	we	found:	

1.  Strong	 eastward	 jet	 in	 the	 postsunset	 hours	 around	
the	geomagne4c	equator	due	 to	decreased	 ion	drag	
associated	 with	 the	 combined	 effect	 of	 intensified	
eastward	 ion	drifs	due	to	ver4cal	electric	fields	and	
the	rapid	increase	in	height	of	the	ionosphere	driven	
by	 the	 evening	 prereversal	 enhancement	 of	 the	
ver4cal	plasma	drif	(27	m/s	superrota4on	speeds).		

2.  The	HWM14	empirical	model	 largely	underes4mates	
(by	over	50%)	the	 la4tude,	 longitude,	and	 local	4me	
variability	in	CHAMP	synthe4c	winds.	

3.  Significant	 asymmetry	 in	 the	 la4tudinal	 varia4on	 of	
non-migra4ng	4des	are	consistent	with	the	presence	
of	 higher	 order	 modes	 likely	 due	 to	 the	 effect	 of	
mean	winds	(result	not	shown	here).		

4.  Strong	 seasonal	 and	 local	 4me	 dependency	 in	 both	
zonal	and	meridional	winds	(result	not	shown	here).	

Neutral	 and	 electron	density	 from	TIME-
GCM	are	converted	to	pressure	gradients	
and	 ion	 drag	 values,	 according	 to	Step	 1	
and	Step	2,	 and	used	 to	derive	 solu4ons	
to	the	momentum	equa4ons	(Step	3).		

TIME-GCM 
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o  The	derived	
winds	capture	
over	85%	of	the	
variability	in	the	
model	winds	in	
la4tude	vs.	
longitude	(Fig	4).		

o  Similar	results	
are	found	for	
different	local	
4mes	and	
formats. 
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∂u
∂t
=2Ωvsinϑ −λu−PGX ∂v

∂t
=2Ωusinϑ −λvsin2 I−PGY

and	RE=Earth’s	radius.	;	

;	

where	t=UT-4me,	Ω=Earth’s	rota4on	rate,	I=dip	angle.	

Figure	2.	LaQtude	versus	local	Qme	plot	of	130	day	mean	(a,	a’)	and	40	
day	 mean	 (equivalent	 day,	 b	 and	 bʹ)	 syntheQc	 zonal	 and	 meridional	
winds,	40	day	mean	HWM14	zonal	(c)	and	meridional	(cʹ)	winds,	and	40	
day	mean	(equivalent	day)	cross-track	winds	(d).		

o  HWM-14	fails	to	
reproduce	most	of	the	
observed	local	4me	
and	la4tude	variability	
in	the	winds	(Fig	2).	

o  Averaging	130	days	of	
data	leads	to	
amplitude	suppression	
by	up	to	30%,	
compared	to	40-day	
means	(Fig	2a-2b).	
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Figure	4.	Zonal	(a-c)	and	meridional	(aʹ-cʹ)	 laQtude-longitude	wind	structures	at	12	
LT	 from	 TIME-GCM	 neutral	 and	 electron	 densiQes	 (panels	 a-aʹ),	 self-consistently	
output	from	the	model	(b-bʹ),	and	scaler	plots	(c-cʹ).	

o  We	selected	7	solar	low	and	geomagne4c	quite	10-day	periods	within	the	43-
day	period	1	Aug-12	Sept	spanning	the	years	2007-2009	(Tab	1).		

	

Figure	 1.	 Scaler	 plot	 between	
syntheQc	 zonal	 and	 cross-track	 winds	
for	the	seven	10-day	periods	in	Tab	1.	

Local	Time	 10-day	Period	 F10.7	
03	–	15		 30/08/07-09/09/07	 69	
04	–	16	 20/08/07-29/08/07	 71	
10	–	22	 04/08/09-13/08/09	 68	
17	–	05	 03/09/08-12/09/08	 67	
18	–	06	 24/08/08-02/09/08	 67	
19	–	07	 12/08/08-22/08/08	 67	
20	–	08	 01/08/09-11/08/08	 67	

Table	 1.	 Local	 Qme	 and	 average	 solar	 flux	
level	 for	 each	 of	 the	 seven	 10-day	 periods	
selected	for	the	local	Qme	reconstrucQon.	

o  We	least	square	fit	all	the	waves	and	refer	to	
this	43-day	period,	for	which	all	la4tudes,	
longitudes,	and	local	4mes	are	sampled,	as	
an	equivalent	day.		

o  Averaging	only	43	days,	instead	the	130	days	
needed	for	CHAMP	to	cover	all	local	4mes,	
reduces	the	effect	of	amplitude	suppression	
due	to	averaging	and	mixing	of	seasons.	

o  Strong	correla4on	(r=0.81)	is	found	between	
synthe4c	zonal	winds	and	cross-track	winds	
for	the	seven	10-day	periods	(Fig	1).		

o  We	 es4mated	 that	 the	 synthe'c	 zonal	 and	
cross-track	 winds	 share	 over	 65%	 of	 the	
variance	 in	 la4tude-longitude	structures,	with	
no	detectable	bias.		

La+tude	vs.	Local	Time	
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Figure	 3.	 LaQtude	 versus	 longitude	 comparisons	 between	 (a)	 CHAMP	 cross-track	
wind,	 (b)	HWM14	zonal	and(bʹ)	meridional	winds,	and	 (c)	CHAMP	syntheQc	zonal	
and	(cʹ)	meridional	wind	for	the	10	day	period	12-22	August	2008	at	19	LT.		

o  Synthe4c	zonal	and	cross-track	winds	share	
most	la4tude-longitude	variability,	with	large	
eastward	speeds	up	to	250	m/s	(Fig	3).	

o  Zonal	winds	
maximize	around	
geomagne4c	
equator	due	to	
decreased	ion	
drag	at	19	LT.	

o  HWM14	largely	
underes4mates	
the	observed	
speeds.		

La+tude	vs.	Longitude	
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