In-situ observation of thermospheric gravity waves by GOCE

Shuang Xul(shuang.xu@my.hamptonu.edu), Sharon L. Vadas?, Jia Yue?3
lHampton University, Hampton, VA, 2NorthWest Research Associates, Boulder, CO, A
3GC)ddard Space Fl'ght Center; GreenbEIt, MD Since 1984 Vil s SPACE FLIGHT CENTER

ID: MLTG-9
CEDAR 2023

I V E R S

0. Science Questions 4. Results ] Statistics of GW intrinsic parameters in 2011
 What is the characteristics and distribution of gravity waves J Case example: Deriving intrinsic parameters of a GW event. I (a) Histogram of A, in 2011 (b) Monthly change of 4, (peak
: tat-ti ? N N - A (peak)=595 km 700} 3 (peak)=595 km '
(GWs) in quiet-time (low Kp) thermosphere 10 % 5 and iy (CONF595%) at Avrr o = 1087.2 km I . 1500 , _ o0} u(peak) m :
40 f  PS(B, Tyerack) = —Garg=154.1°- | < 600 - >
1. Goals & Motivation 2 207 l\ AR(D, Wxgrack) = Gmod 50105 - | o 500 | ¥ geol Q
. . . . - . 0 _ oorLx ., . ., . . .., 3
 Determine the time, location and intrinsic parameters of = Of f V : I ’ | | )
: : o o0 I U - 0 500 1000 1500 JFMAMJJASOND
thermospheric GWs observed by GOCE satellites. 3 ok : I 1. (km) Month in 2011
 Determine the uncertainties (errors) of derived intrinsic GW ) . . ) Histogram of 7, in 2011 (d) Histogram of (p Amp.) in 2011
arameters 0 1x10 210 3% 10 4%10 | (c) o w e PR
P : Distance along satellite track (km) . 12888 ' » 2000 f
* |nvestigate the thermospheric GWs during geomagnetic quiet = ' > 1500
fimes 5 P 58 5 - Information of GW event #2 » Ag = 550 £ 97 km I o 2888 : 2 1000k
' > UTC 2010-07-05_22:53:00 » & ~ 165+ 5° | * 000k {* 500
2. GOCE in-situ measurements > (75.53°E, 79.43"S) » T ~ 14 +2 min | 00 . ) ) ) )
* Density and x-track wind derived from 6 accelerometers e 7, (Min) Amplitude of 5 (%)
o Altitude: ~270 km * Velocity: ~7.8 km/sec J Methodology validation using the tsunami-generated GW cases. _I (a) Ay peak at 550-650 km (b) Ay in equinoxes > in solstices.
e Life span: 2009-11 ~ 2013-10 Time resolution: 10 sec |_(C) Ty peak at ~15 min. (d) p Amp. peak at 1-2 %.
90° 120° 150° _—————
3. Methodolo gy sunam; 60 - —— = 7 _ I 1 Statistics of GW propagation directions in 2011
. o . o = /7 2 AN RS
 Dispersion & polarization o, occurrence: . O\ Ay =147 + 7 km I ) ———— o
relation of thermospheric B, Pro A 05:46 UTC on 11 i « VA e min = o /2011, Jan + Feb + Deg/ | = 5oo 2011, Mar + Apr + May
GW (Vadas & Nicolls, 2012) Ay =726 £ 135 Kkm| @ I - I S 5 20
o March 2011 (E4). e L =102+ 0.6° 5 200 g 0
= Complex unctlon~ ] GOCE observed TIr_— T m‘? " -   )|| . I 5 100, | 5 109
—Garg (P, A,) = PSP, Usrrgcr) tsunami- = —150 iO) S A (Cg -90 -éo -3:0 0 30 6:0 90 (d 2 90 -éo 30 0 30 6:0 90
Gmoa (P, Az) = AR(D, Ustrack) generated GWs R Lt | = 5001011, Jun +Jul+Aug | = 00 o1, Sep + Oct + Noy
. . =\ TR & ‘ e 400 et
in 3 orbits. ) 2 O i 1 2 XN 7 L)AL I ° 200 o 300F A
“upc’ . - \ * ‘ - ks 200 o 200 3 \
PS =phase Sh’ft. (Base map and ‘ ‘xjg A’H — 367 i 30 km I g 100 g 1002' \\
VA D — . - 4 . e NG & oL s . Z 0 : BVEVEIVEN 29 Z Ot L RS /
AR” = amplitude ratio. T T | 0 = T =46 + 6 min 0 90 -60 -30 O 90 90 60 -30 0 30 60 90
b5=p/p. sunami irave | B . | I Latitude Latitude
~ i : . e Time are from s =-160+13 \ " o FAON ; :
U.track = Perturbation of x-track wind. = | of Garc \ I e » GWs over 30°-60°N in June solstice season
gUre 1 of barcla ' S mostly propagate NE-ward.
et al. (2014)) S, I_____ﬂ)_pg__r_____
——————————— e — — — ° 2.5x10
* Use red-noise model and Wavelet analysis (Torrence & Compo, _I -l GW percentage 2 2.0x10"
- : - - - - - - - - Total TAD #: 206,225 T 1.5x10"
t1998).to determine t.he power, location and uncertainty of each 0 Seasonal gridded pA2 of GW events | ) | Total GW # 34,378 > ; 0:104
raveling atmospheric disturbance (TAD) event. Gridded mean of (5 Amp.)2, unit %2 I i w L 3
* Power spectrum = rectified amplitude spectrum (Chen et al., ' ' ' I * Annual - / TAD: 16.4% = 5-0"100
0.0 1.8 3.6 5.4 7.2 9.0 > Most TADs cannot be
2016) (a) 2011, Jan + Feb + Dec (b) 2011, Mar + Apr + May JFMAMJJASOND
_UTC 2010-07-05_22:10:20~23:39:50 _ o0 [ Emm—— o0 I solved as GWs. Month in 2011
(a) 40f @30S 60SESROS3US 0 \fT ] 60 BN : 0 RN v T, 3G 5. S ummary
] Y 7 i bt Ay : 30 30
i - W) 4 Y 7Y ] spectrum: 0 0  Retrieved the locations, amplitudes, and confidences of the
L P - Red: normalized ~ - ! , o .
£ Wy NgE———mp]] rednoise 30 30 { TADs along .GO(.:E §atell|te tracks during quiet-time. ldentified
% 20 012345 [ Blueamplitude gg N . 88 E | and solved intrinsic parameters of GWs among them.
aF HEEE R Wi Amplitude (%) |1 unbiased 180 -120 60 O 60 120 180 180  -120 Predict reasonable GW parameters generated by Tohoku

(c) 2011, Jun + Jul + Aug (d) 2011, Sep + Oct + Nov Tsunami on 11 Mar. 2011 w/o any assumed limits from
90 e = : . 90 e e e .
. 7 = T R surface conditions.
- fil * "y e . e g,
30 30 ‘ Preliminary statistical monthly and seasonal results of
0 0 thermospheric GWs observed by GOCE at z=270 km.
-30 -30
N ol Acknowledgements References
] ) . . :90 T ' 90 m - : , NASA AIM, NASA grants 8ONSSC19K0836, grants * Torrence & Compo (1998) BAMS.
0 1x10 2x10 3%x10 4x10 0246810 180 -120  -60 0 60 120 180 180 120 60 0 60 120 180 80NSSC20K0628 and grants 8ONSSC20K0628. NSF grant AGS-f © Vadas & Nicolls (2012) JGR Space Phy.

Distance along satellite track (km) 'V_'eanznmf)ez 1832988, AGS-1651394, AGS-1834222. Drs. Eelco Doornbos, | * Garcia et al. (2014) JGR Atmos.
(unit: o or %?*) Jack Wang, Christian Siemes and Federico Gasperini. * Chen et al, (2016) JGR Space Phy.



mailto:shuang.xu@my.hamptonu.edu

