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18 MLT

Figure S1. Polar plot of WINDII quiet-time (K p<3) wind data distribution as a function of MLAT and MLT at south-
ern high latitudes above 40S MLAT. Green and black data points represent WINDII winds calculated from green line
emissions (daytime winds) and red line emission (nighttime winds), respectively. Data accumulated in all the seasons is

combined together.
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Figure S2. Residual cross-track winds (quiet-time GOCE cross-track wind — quiet-time WINDII climatological winds)

as a function of southern magnetic latitudes (MLAT) for various magnetic local time bins.
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Figure S3. Comparison of GOCE corrected (blue), uncorrected (magenta), and WINDII (black) cross-track winds as a
function of MLAT for various 1-hour MLT bins at southern high latitudes. The data are divided into three broad seasonal
bins: December solstice (November, December, January, and February), equinox (March, April, September, and Octo-
ber), and June solstice (May, June, July, and August). The vectors in the rightmost column represent the average GOCE

cross-track unit vector. For these unit vectors, magnetic north (east) is at the top (right) of the page.
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Figure S4. Comparison of HL-TWiM with two days of HIWIND neutral wind measurements (DOY 177 and 176 of
2018). It demonstrates that HL-TWiM captured the morphology of data. The climatological HL-TWiM winds are much
smoother than the data from these specific days, as expected. The discontinuities in HL-TWiM winds every 3-hour are

due to the 3-hour cadence of the Kp index.
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Figure S5. Estimated 1o uncertainty in the modeled average zonal and meridional winds for Thule and Poker Flat as a

function of magnetic local time and day-of-year for Kp quiet (=2) and active (=4).
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Figure S6. The equal area grid (icosahedron grid) as a function of MLAT and MLON used as a regular grid for calcu-
lating HL-TWiM winds.
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Figure S7. The difference between winds calculated for 0-4UT and 12-16 UT at Kp=3 as a function of MLAT and
MLT for northern (left column) and southern (right column) high latitudes.
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Figure S8. Average cross-track wind observed by GOCE and computed from FPIs, SDIs, and WINDII data as a func-
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Kp bins (0-2.5, 2.5-5, and >5). Black symbols show HL-TWiM computed cross-track wind along the GOCE orbit. All

other colors present cross-track winds calculated from different datasets. The rightmost column shows the direction of the

average GOCE cross-track unit vector. Magnetic north (east) is at the top (right) of the page.
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Figure S9. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S10. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S11. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S12. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S13. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S14. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S15. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S16. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S17. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.
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Figure S18. Same as Figure S8, but for a different MLON and MLT combination as shown on the top.

~17-



MLON:0—180 and MLT:4-5

X GOCE X KS FPI O MJ FPI O PL FPI X HA FPI
[0 UARS WINDII GREEN A UARS WINDII RED + JB FPI O AH FPI
< MM SDI + MW SDI <& SD SDI O MODEL WIND

Kp=0-2.5 Kp=2.5-5 Kp>5 GOCE Unit Vector
F T

c? .
f
45—%50

X { 1F 16

° ] L ccce 10

F---------4°7 |

] L 4O

+ 1-1F 4%

X 3 E N ]

3 Jf_ 110 13

_____ * — *.? jf§§&§§§§5$ﬁ$ﬁ$5$i§“:$

;_1_ Jn

£ 2 B o 12

5 __T9% ¥ 1 pEsssssonssssssse

C X 4 o

S o -1F 1°
X
(%]
2
T
n
n
2
O

65-70

* :$ i ]

1 1F 8

- —i%—i R SSSSASSSY
1.0 i

+ 4 - -

E A ]
S IR D S —

el
|
1
|
T
1
70-75

— 1 -_ _8

___________ TEESS SSSS |

0

EpS I~

E L __8

1 1

___________ T SSSSSSSSS 8

1=

1 n 1-1r 13

| | | iE | | | £ | | | E L | | | 1=

90 180 270 360 90 180 270 360 90 180 270 360 90 180 270 360
DOY DOY DOY DOY

Figure S19. Same as for Figure S8, but for SOUTHERN high latitudes. MLON and MLT combination is shown on the
top.

—18-



Cross—track Wind (m/s)

X GOCE X KS
J UARS WINDII GREEN
< MM SDI

MLON:0—180 and MLT:5-6

FPI 00 MJ FPI O PL FPI X HA FPI

A UARS WINDII RED + JB FPI O AH FPI

+ MW SDI < SD SDI O MODEL WIND
Kp=2.5-5

T
m]

Kp>5 GOCE Unit Vector
T T

|
|
|
|
|
|
|
|
1
N
i\
45-50

1
_
—TT
1

1
g
T50-55

1

A
I
"

n

A

A

A

n

55-60

J-1F .

X = o —

S0 1 E ]
] K@ il 1 r T
KL, XA L of 1 I 1
L M*— SF ___)I#JF%&_D_ﬁ____ @ﬁmwmi
o ; 1 .t 1
O e >l<>|< 1-1r 1¢©
o 1E % i L ]
o O ol m

| S o B 1F ) + it h
F (@
5 [T __{ -8 -J EosStseStsessss T
TROREHE IR E ﬁ [ 1
o E EEpa Jeo
O r ]
RN | 1T ]
NG } { 1 T
) F ] L 4
e C | R (g X
R 13 17'F ]
o E|>|< L = L 4

x R E L
%% % 3 1" 13
e - - = F - - - - - - - = _'E ?fE SESESSSS é
- 11 1™
% E_ ; i _m
: : 1 18
_________ o ___]1 oL sessesss 18
E 1=
- 1-r 13
1 1 1 1 1 1 1 1 1 =
90 180 270 360 90 180 270 360 90 180 270 360 90 180 270 360

DOY DOY DOY DOY

Figure S20. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Figure S21. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Figure S22. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.



Cross—track Wind (m/s)

MLON:0—180 and MLT:18-19
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Figure S23. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Cross—track Wind (m/s)

MLON:0—180 and MLT:19-20
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Figure S24. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Cross—track Wind (m/s)

MLON:0—180 and MLT:20-21
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Figure S25. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Cross—track Wind (m/s)
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Figure S26. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Cross—track Wind (m/s)
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Figure S27. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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MLON:180-360 and MLT:19-20
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Figure S28. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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Cross—track Wind (m/s)

MLON:180—-360 and MLT:20-21

X GOCE X KS FPI O MJ FPI O PL FPI X HA FPI
[ UARS WINDII GREEN A UARS WINDII RED + JB FPI O AH FPI
<& MM SDI + MW SDI <& SD SDI O MODEL WIND
Kp=0-2.5 Kp=2.5-5 Kp>5 GOCE Unit Vector
T T T T F T T T T T T
200 - B 1
100 8 - 1k ]
- R O o X 1 | 19
o a2 S : - - - ofmeemensneath
b E ] LK 19
d E ° + + 17T ]
200 : CHE ]
T —y ; ER s
0 Biaad — — st o ; f--pr -1 o= l
= oy g 3 d
O %*% . ;d(% )’# }‘* % )F* 1-1r Jw
3 . 1t -
100F 1o >|< Jf;H< 11F 12
b Pl [T - - L] o ;
_'.".'- "‘i'"" ,l( _E_.I | 4
200 *? 4 O%‘f _ L ]
100 H Jf 1r 18
oF -~ 2 ---4F---------4F1]--------1 0 .
o ’S ERNNS 18
200 = +ﬁ° 1t 1
100 o } 1 .
] iR
- It Sy Siniaiaatt B 18
200 % ¥OpK] E - 7
100 11 T
R | e
g: £ %* * i* J -1+ _-l\
200 s ﬁ&w *%*% >|< It ]
| i $ ] ]
100 O QRS j( 1 r __O
o MBx Kk - : . 1 i ¢
gy Fagn Dk = % EN 1R
X + X : ]
200 . ER la
- o ]
100 )@ o E e
Y X as 1 ]
0p - ﬁ‘g*g*—ﬁﬁ ---§F---------4o0 -””-”-’---)-’-’?@
X ] T
¥ 1-1r 15
1 1 1 1 C 1 1 1 1 1 1 =
90 180 270 360 90 180 270 360 90 180 270 360 90 180 270 360
DOY DOY DOY DOY

Figure S29. Same as Figure S19, but for a different MLON and MLT combination as shown on the top.
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