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Motivation 1
\ |

* lonospheric variability affects a variety of
communication and navigation systems

 The current deep solar minimum allows for
the perfect opportunity to study the coupling

of the ionosphere to processes from below

— Low geomagnetic and solar activity

— Sudden stratospheric warming (SSW) is the
largest meteorological phenomena in the lower

atmosphere




Background

* Regions of Interest

*The ionosphere is the
electrically-conducting
region of the
atmosphere

*The primary drivers of
lonospheric variation are
solar flux and
geomagnetic activity
sIncoherent scatter
radars (ISR) are used to
probe the ionosphere
*Focus is on the daytime
lon temperature, Ti, at
altitudes of ~200km and
above




Background V4

» Sudden Stratospheric Warming (SSW)

— Large-scale meteorological process in the winter
hemisphere lasting several days or weeks
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Background

* Development of SSW

— During SSW, warm and cold cells form around the north pole
— lon temperature effects observed at higher
altitudes depends on the location of the ISR »Consequences of SSW
include mesospheric
NCEP/GFS 10-hPa TEMPERATURE ANALYSIS NCEP/GES 10-hPa TEMPERATURE ANALYSIS COOIing and lower
No SSW we o SSW . thermospheric warming
(Goncharenko and
Zhang, 2008, Funke et.
al, 2010, Kurihara et. al,
2010)
*Any effects above
~170km are practically
unknown
*Goal is to see if the
NeERrGES Ceamarca s LR Millstone Hill ISR
e e SR, observed the SSW in
2010 at higher altitudes
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Method -

elonospheric models
Millstone Hill ISR, 285 km (|SR||\/|’ IRI, |\/|S|S) do
5 not capture all of the
behavior seen in the
data
-Need to preserve
2-3 hour variations
*Decided to use January
2007 data as a baseline
case to determine if the
January 2010 SSW
event generated any

January 2010 effects over Millstone
Hill




Cases Under Study

e Two cases studied: January 2007 and
2010
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Summary of Cases {/

The geomagnetic activity was quiet in both
January 2007 and 2010. The solar flux was also
low for both campaign periods

However, differences in geomagnetic activity and
solar flux do exist between the two campaigns
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T1 Differences

Millstone Hill ISR, Diff Ti, K, JAN2010-JAN2007 .COOIIng (~1O-25K)
D A IS observed In the
morning (6-10LT),

and warming
(~15-30K) is seen in
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the afternoon
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F10.7 and Kp B

« Changes in geomagnetic activity and solar flux
cannot account for all of the Ti differences

Millstone Hill ISR, Difference in Ti, K, 285 km

eFrom 7-10LT, the
observed Ti in 2010
IS cooler than the Ti
In 2007 (~5-18K)
eAt 11LT, Tiin 2010
IS warmer by ~20K
Wmawawwwams  than the Ti in 2007

Light Symbols = JAN2010-JAN2007 (ISRIM)

6 F ¢ 8 9 10 11 12 13 14 15 16 17 18
LT, hours

Ti Difference, K




Ti Variation w“".
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Millstone Hill ISR: Ti Variation, 285 km h ]
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Conclusions 5

« A minor SSW event occurred over Millstone
Hill during January 2010

 lonospheric models do not capture all of the
Ti behavior observed
— ISRIM adequately captures geomagnetic and
solar flux activity
o Variations in Ti demonstrate increased wave
activity
— Cooling (~10-25K) was observed in the morning

(6-10LT) while warming (~15-30K) was seen In
the afternoon

— Changes in Ti at altitudes below ~285km cannot
be explained by geomagnetic activity or solar flux




Future Work  {T5

Investigate the effects of the January 2010
SSW at lower altitudes (100-200km)

Study how other ionospheric parameters (Ne,
Te, Ion drift) were impacted by the SSW

Extend studies into the nighttime hours

Use other ISR data to see what they
observed during the January 2010 campaign
period, and compare to the results obtained
from Millstone Hill




Acknowledgements

 Thank you to my mentors Larisa, Shun-
Rong, and Anthea for answering my many
guestions

e Thank you to Phil, Vincent, and KT for
making the REU program an amazing
experience

* And thanks to everyone at Haystack for
creating the best learning (and nicest)
environment (and for all of the free food!)




