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Sudden Stratospheric Warming: when the polar stratospheric temperatures
increase rapidly with time, leading to a poleward increase of zonal-mean
temperatures and, on occasion, a reversal of zonal-mean zonal winds to an east to
west direction (Andrews, Holton, Leovy 1987).

* Minor: temperature increases, the polar night jet not reverse direction

* Major: temperature increases, reversal of the polar night jet and the polar

vortex splits into regions.
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Polar Vortex: a planetary-scale cyclonic circulation, generally centered in the
polar regions, extending from the middle troposphere to the stratosphere

(American Meteorology Society).
Polar vortex
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» Characterize, unambiguously, the ionospheric global response to SSW in
four dimensions.

» Obtain a comprehensive view of how the ionosphere recovers.
« Utilize the lonospheric Data Assimilation Four Dimensional (IDA4D)

algorithm to characterize the global distribution of TEC and the full vertical
profiles of the ionospheric electron density during SSW events.
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lonospheric Data Assimilation four-Dimensional (IDA4D) algorithm
Typical data sources used by IDA4D include:

1. Ground-based GPS slant total electron content (TEC)

2.Ground-based digisonde and incoherent scatter radar

3. Ground-based DORIS tx and ~4 low earth orbit satellites with DORIS rx

4.Space-based GPS occultation measurements of TEC

5.Space-based topside GPS TEC

6. Space-based in-situ electron density (DMSP)

7.Space-based UV airglow derived electron density (GUVI/SSUSI)
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Orange dots: 350 km IPP of ground-based
GPS

Red squares: Ground DORIS transmitters
Red lines: 350 km intercept to the
satellite from DORIS transmitters

Solid yellow lines: GPSRO traces

Dashed yellow lines: Topside TEC
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Impact of sudden stratospheric warmings on equatorial ionization anomaly
Goncharenko et al. [2010]
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Termperature (K)

2009 &:2013 SSW
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Zonal Mean Temperature 2013

Zonal Mean Zonal Wind 2013

259 gum o3 260 g 94
2470472 :
247470 o = ~ %0
7 2 0
234 47 8 o 234 50 9
x 2228804 E\:/ b « 21820 T2
3 3 g
S -] 2
210 S 1 £ E 200Q7 £
2 = 8
_s0 -50
197 =21 196 —14
185 M 44 183 M -36
o 100 200 300 o 100 200 300 Y 100 . 200 300 o 100 X 200 300
Time (doy) Time (doy) Time (doy) Time (doy)
70 Zonal Meon Temperoture 2009 10hPa 70 Zonal Mean Zonal Wind 2009 10hPa 70N Zonal Mean Temperature 2013 10hPa 70N Zonal Meon Zonal Wind 2013 10hPa
- - g . . - 260 T n T el
80 8oF E
~ 60 = ~ ok ki
< £ 3 ]
£ o E w0
2 °
2 % ® 2 ]
& b /J“\,\\ El & 20f} 3
© E ° ]
N AT E = o —— —
: ,ZO;W ]
—40F 3 " L L L s " " d
0 100 200 300 0 100 200 300 0 100 200 300 0 100 o200 300
Time (doy) Time (doy) Time (doy} Time (doy)
2009 Potential Temperatures at 10hPa 2013 Potential Temperatures at 10hPa (doy)
17.00 doy 19.00 doy 21.00 doy _14.00 16.00 18.00

—— . = — — —
230 240 250187 200 252 265192 208 224 240 255 271 287203 216 235 242 249203 210 233 241 248203 212 221 249 258210 216 223 229 235 242 248

L

Qs

255 264215 221

249 255215

— — —
248 209 242 249210 240 246

NCEP Data
LASP REU, Summer 2014

204 215 226 237 243 260 271208 217 226 236 245 228 235 242 220 226 232 237 243 216 223 230 237 244 251210 217 225 232 239 247 254208 215 222 229 235 216 222 234

11 8/14/14



**Science
+»* Technology

+» Applications

Wavenumber =

Wavenumber: the spatial frequency of a wave.

* If wave 1 has a larger magnitude than wave 2 during a warming event, then

the event is classified as minor.
* If wave 2 has a larger magnitude than wave 1 during a warming event, then

the event is classified as major.
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IDA4D MAP TEC DIFFERENCE IDA4D MAP TEC DIFFERENCE
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Colorbar scales are different

2013 TEC response to the SSW event is 2 times larger than in 2009.
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LON = 75W UT = 0300/LST = 10 LON = 75W UT = 0500/LST = 12
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Appleton Anomaly: vertical electrodynamic drift at the equator, creating a
trough at the magnetic equator, and plasma diffusion along geomagnetic
field lines, creating crests on both sides of the equator (Martyn, 1959).

MAGNETIC DIP EQUATOR
{7 SOUTH S| MAGNETIC NORTH &)
FIELD LINE
EQUATORIAL
ANOMALY J— S | ANOMALY

CREST

AFTERNOON TYPE TRANSEQUATORIAL PROPAGATION (aTEP)

Harrison
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IDA4D Electron Density IDA4D Electron Density
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IDA4D Electron Density IDA4D Electron Density
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IDA4D FIXED LOCATION Electron Density IDA4D FIXED LOCATION Electron Density
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* The 2009 SSW event had a stronger wavenumber magnitude but low TEC and
electron density response compared to 2013 SSW event.

* Morning TEC increase and evening TEC decrease was observed globally for
both warming events as a function of local time.

e During the 2013 SSW event at 75W and 80E the southern Appleton anomaly
has a greater response than the northern anomaly. This is also seen in the 2009
event at 80E but does not show as great a response.

* The 2013 northern Appleton anomaly occurs earlier in the day during the
warming event. This is not present in the 2009 event possibly because of the
low TEC and electron density response.

* Further work is needed to understand why the ionospheric of response to SSW
event in 2009 was weaker than the response in 2013 even though the 2009
event was stronger.
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