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an example of this decomposition refer to Appendix B). To then e↵ectively compare the amplitudes

at the two heights we use the ratio of DE3 temperatures to DE3 densities, given by the Hough

Mode Extensions, as function of the solar flux F10.7 (Figure 5.8). Note that at 110 km this ratio

is not significantly sensitive to level of solar activity, with values varying from 1.66 for F10.7 of 60

sfu to 1.80 for F10.7 of 200 sfu, minimum at the equator and greater at higher latitudes.

dens_260	=	0.66*dens_110+0.02*S10	+	1.71	

DE3-DENS SYM 110 km (blue), 260 km (black), S10.7 (red)
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DE3_260 (black), FIT DE3_110 (blue), FIT S10.7 (red), FIT DE3_110+S10.7 (gray)
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2.	Solar	EUV	Effects	on	Propaga/on	
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a

b

Figure 5.9: Comparison between 110 km and 260 km for DE3 symmetric density during 2010-2012. DE3

temperatures at 110 km are converted to DE3 densities using the HME ratios presented in Figure 5.8. The

red line superposed represents the S10.7 index. Note the broader latitude range for DE3 at 260 km and the

apparent lack of correlation between DE3 and S10.7 variability at both heights.

The	 ver'cal	 coupling	 of	 waves	 from	 the	 lower	 to	 the	
middle	thermosphere	 is	a	key	process	 in	determining	the	
dynamics	 and	 electrodynamics	 of	 the	 upper	 atmosphere	
system.	 In	 this	work,	 the	effect	of	 solar	 radia'on	on	 the	
ver'cal	propaga'on	of	the	eastward	propaga'ng	diurnal	
'de	with	zonal	wavenumber	3	(DE3)	is	inves'gated	using	
Thermosphere,	 Ionosphere,	 Mesosphere,	 Energe'cs	 and	
Dynamics	-	Sounding	of	the	Atmosphere	using	Broadband	
Emission	 Radiometry	 (TIMED-SABER)	 temperatures	 near	
110  km	 and	 Gravity	 field	 and	 steady-state	 Ocean	
Circula'on	Explorer	(GOCE)	neutral	densi'es	near	260 km.	
The	analysis	 is	performed	at	 low	 to	mid-la'tudes	during	
2010-2012,	when	reliable	and	con'nuous	measurements	
are	available.	To	beTer	characterize	ver'cal	coupling,	we	
decompose	DE3	 into	 its	equatorially	symmetric	and	an'-
symmetric	components,	and	convert	DE3	temperatures	to	
density	 perturba'ons	 using	 Hough	 Mode	 Extensions	
(HMEs).	 Solar	 effects	on	 the	 ver'cal	 propaga'on	of	DE3	
are	inves'gated	looking	at	the	temporal	variability	of	the	
ra'o	of	DE3	amplitudes	at	260	km	to	110	km	and	S10.7	
(EUV	 index[5]).	 Significant	 an'correla'on	 between	 S10.7	
and	 DE3	 ra'os	 is	 found,	 indica'ng	 that	 solar	 EUV	
variability	 	 plays	 an	 important	 role	 in	 modula'ng	 the	
ver'cal	propaga'on	of	DE3	from	the	lower	to	the	middle	
thermosphere	on	a	day-by-day	basis.		

o  Daily	DE3	amplitudes	 for	 2010-2012	are	derived	 from	SABER	 temperatures	 at	 110	 km	and	GOCE	densiDes	 at	 260	 km	by	 least-
squares	fihng	wave-4	to	differences	between	values	at	the	ascending	and	descending	nodes[2]	in	5-day	moving	windows.	

o  To	 properly	 characterize	 the	 verDcal	 propagaDon,	 we	 decompose	 DE3	 into	 its	 equatorially	 symmetric	 and	 anD-symmetric	
components,	and	convert	DE3	temperatures	to	DE3	densiDes	using	Hough	Mode	Extensions	(HMEs)	 [1][4],	global	soluDons	to	the	
linearized	dynamical	equaDons	that	are	internally	self-consistent.	

o  Significant	 correlaDon	between	 the	 temporal	 variability	of	DE3	at	both	heights	 (Fig	1,	 r>0.7)	 and	 lack	of	 correlaDon	with	S10.7	
suggests	that	the	majority	of	DE3	at	260	km	is	due	to	verDcal	propagaDon	from	110	km	(the	not	exact	agreement	is	likely	due	to	
the	influence	of	wave-wave	interacDons,	zonal	mean	winds,	dissipaDon,	and	inherent	transience).	

Figure	1	Comparison	of	DE3	symmetric	density	la'tude-'me	structures	at	110	km	and	260	km	during	2010-2012.	The	superposed	red	line	represents	the	solar	EUV	index	
S10.7.	DE3	temperatures	at	110	km	are	converted	to	DE3	densi'es	using	HMEs.	

o  Significant	 anDcorrelaDon	 (r=-0.63)	 is	 found	 between	 DE3	 raDos	
(260	km/110	km)	and	S10.7	for	2010-2012	(Fig	3).	

o  Increasing	 solar	 EUV	 causes	higher	 reflecDon	 (greater	β)	 and	 thus	
less	propagaDon,	explaining	the	inverse	relaDonship	between	S10.7	
and	the	raDos	found	in	SABER	and	GOCE	data.	
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Figure	 2	Ver'cal	 profile	 of	 DE3	 (2,2)	 amplitudes	 at	 solar	 high	
(F10.7=170,	dashed)	and	solar	low	(F10.7=60,	solid)	from	HMEs.	

Χ 	 = 	 2π
λz
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Figure	3	(a)	Ra'os	between	DE3	density	at	260	km	and	110	km	(green	line),	S10.7	(red	line),	
moving	correla'on	coefficient	(black	line);	(b)	81-day	means;	(c)	residuals	from	81-day	means.	

Ratio DE3-dens 260/110 km (green); S10.7 (red); Corr. Coeff. (black)
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2.	Solar	EUV	Effects	on	Propaga/on	

Conclusions	
§  There	is	no	significant	correla?on	(|r|<0.3)	between	DE3	(110	and	260	km)	and	S10.7.	
§  The	ra?o	between	DE3	symm	at	260	km	and	DE3	symm	at	110	km	is	significantly	an?-correlated	with	

S10.7	(r=-0.63).	Nega?ve	correla?on	between	S10.7	and	the	DE3	ra?os	is	expected,	because	
increased	solar	radia?on	is	associated	with	higher	mean	density;	and	higher	mean	density	results	in	
increased	dissipa?on	(see	momentum	equa?ons),	thus	for	increased	S10.7	the	ra?o	between	DE3	at	
260	km	and	DE3	at	110	km	decreases.	

rS10/temp=-0.2;	rS10/dens=-0.3			

rS10/temp=-0.3;	rS10/dens=-0.3			

rS10/temp=-0.1;	rS10/dens=-0.2			
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o  The	 day-to-day	 variability	 of	 the	 symmetric	 component	 of	 DE3	
density	 perturbaDons	 at	 110	 km	 and	 260	 km	 is	 analyzed	 in	
connecDon	with	solar	EUV	variability.	

o  Significant	 correlaDon	 (r>0.7)	 is	 found	 between	 the	 temporal-
laDtudinal	variability	of	DE3	symmetric	at	110	km	and	at	260	km,	
suggesDng	 that	 the	 majority	 of	 DE3	 at	 260	 km	 is	 due	 to	 the	
verDcal	extension	from	110	km.	

o  The	raDo	of	DE3	at	260	km	to	DE3	at	110	km	and	S10.7	are	found	
to	 be	 anDcorrelated	 (r=-0.63),	 in	 line	 with	 the	 theory	 that	
increased	solar	input	is	responsible	for	higher	reflecDon	(reduced	
verDcal	propagaDon)	due	to	larger	scale	height	(and	thus	β).	

o  The	effect	of	solar	EUV	variability	on	verDcal	propagaDon	will	be	
further	analyzed,	 closing	 the	gap	between	260	km	and	110	km,	
using	 NaDonal	 Center	 for	 Atmospheric	 Research	 (NCAR)	
thermosphere-ionosphere-mesosphere-electrodynamics	 general	
circulaDon	 model	 (TIME-GCM)	 simulaDons,	 with	 MERRA	
(Modern-Era	 RetrospecDve	 Analysis	 for	 Research	 and	
ApplicaDon)	reanalysis	data	at	the	lower	boundary.	

	

²  The	 greater	 the	 solar	 input	 the	 larger	 ρ	 and	 the	 higher	 the	 peak	
alDtude	(Fig	2).	

²  The	amplitude	above	the	peak	depends	on	the	raDo	of	scale	height	
(H=RT0/gM)	to	the	verDcal	scale	of	the	wave	(λz):	β=(2πH)/λz	

² Higher	F10.7	results	 in	greater	H,	 thus	 larger	β,	meaning	that	more	
reflecDon	and	less	propagaDon	occurs.[3][6]	

RaDo	of	DE3	at	260	km	to	DE3	at	110	km	for	2010-2012	

χ≈1	

The	 exponenDal	 growth	 of	 a	 wave	
ceases	(peak	occurs)	when	the	Dme	
scale	 for	molecular	dissipaDon	 is	of	
order	the	wave	period	T:	

S10.7		


