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The localizer frequency of the inflight radar system is: 109,5 MHz.

opportunity to observe the high-latitude ionosphere. November 3-4, 2015:

Key Points
= Vertical total electron content (VTEC) maps inferred from Greenlandic GNSS CME-Induced Storm HSS-Induced Storm Solar Radio Burst and Ray Tracing During the Event
stations are used for the first time to Investigate differences In lonospheric
disturbances caused by high speed streams (HSS) and coronal mass ejections An example of a larger CME-driven e Fig A displays a spectrogram observed on 4 November 2015 at the Glasgow, X T AR N PR
CME ionospheric storm is the 19 February An example for a sabli e . P ’
( ) 2014 highly complex, multiphase larger HSS-driven SOLAR WIND . Vs 5 sighatures were present at the same times throughout some European sites.
' ' ' Telalis : ot . 1 lonospheric storm is mAREFACTION =
= TEC mapping reveals pronqunced ne_gatlve main storm p_hase and S|gn|f|cantly tsr:cemc;’sm?llo(;hncr:]eadsttgremliirr?\?t(lgzga;ﬁtcjgz the 3 November 2015 | L, R : /«\ The spectrogram shows the initial detections of a SRB (Knipp et al., 2016), which
decreased polar patch formation due to increased atmospheric heating. that year. The geomagnetic storm was event, which was k ﬁ e started at approximately 13:40 UTC and continued for hours. It was observed
: : ' ] followed on the next o«\\““/az/'/m " A the day following the 3 November HSS-related ionospheric disturbances
= On the day fO”OWIﬂQ the HSS event (NOV- 4’ 2015) a SOIar radlo bUfSt (SRB) Caused tdf;reectreeCTL(J:ItMé)Sf two - powerful - Earth day by a CME and an @ " 5°“‘i<”\° 1  Baaa presented in this poster. This SRB disturbed the inflight airport ground radars or
anomalles In European and Greenlandlc alr naVIQatlon. We present our flndlngs ' associated SRB. Pizzo, 1978 AZ Kataoka et al, 2006 the airplane Ianding receivers in northern Greenland.
. (Courtesy of Deborah Eddy and Thomas Zurbuchen.)
related to this rare event. Fig A1 presents a schematic about our current understanding of the Fig A2 shows the interplanetary structure of a HSS and its typical Questions: | | | |
complex structure of an interplanetary CME. signatures in solar wind parameter data. (1) Were these disturbances related to the HSS-induced ionospheric storm? (2) M
) At the latitude of Thule, the Sun never rises above the horizon during the days of
g oE e L 4B NI (e WWMMMMWW Ey the storm. Therefore how could air navigation be impacted by solar-originated Elevation of the sun:
. - . - giﬁﬂ o % = .
Observations and Mapping Technique | Sl e L f prenomene? s 2ay e
S ey J/\f mww SRS - By T WWWWW Facts about the airport: FeT—— 8018 15749 175 &5
Greenland’s GNSS ground stations (a subset of this {;ééfw : qu - = R e The direction of the Thule AFB runway with North is: 85 degrees. ’ ’
network can be seen in Fig A) present a unique : MMWW e ‘WMNWWWMNMMMWWWA The geographical coordinates of the runway in degrees are: (lat, long) = (76,53, -68,73). . < nJit ionosphere for the period

Due to Greenland’s unique Iocqtion the grognd- MUL ¥ : The F-region (300 km) is sunlit in the period: 7-
based GNSS measurements will cover regions S e kw M R s, S e = _ o _ _ _ _ 20 LT (6:30-20:00 LT)
representing the polar cap and auroral oval of the e I = Time o_f Incidence for the received erroneous localizer signal: The bottom of the E-region (100 km) is sunlit in
o ionosphere, providing a complete latitudinal profile of e N W Foe 'M e = Event time: 14:45 UTC (11:45 LT) the period: 9-18 LT (8:30-18:00 LT
= N, . g v MMW% = period: (8: ; )
= i 25 the Arctic ionosphere. - ol L e : e R S e R -
%, g : | | | | e mm E o MW - The E-region (100 km) of the ionosphere is sunlit for angles larger than -10.1 degrees, and the F-region is sunlit for angles larger
£ W i=3  GNSS ionospheric pierce points (IPPs) can be E ST e I, 72 e N S than -17.3 degrees.
© acquired ranging from approxiimately 55 to 90 . | = = %W =
o {15 degrees northern geographic latitudes and 10 to 80 ok N = E S = Raytracing of the localizer frequency for plasma frequencies from 10 to 15 MHz:
G %% degrees western longitudes. ’ ’ o ’ : . oo e ; Radio bursts (less than 190 MHz) will (for elevation angles larger than -3 degrees) be reflected in the E- and F-region of the ionosphere.

Radio bursts (less than 115 MHz) will (for elevation angles between -5 and -3 degrees) be reflected in the E- and F-region of the ionosphere.

The geometry behind the calculation of TEC Fig B1 and B2 are relevant (OMNI data) solar wind parameter time-series that demonstrate the differences between the CME and HSS
ot o ) by Py || e sy O putr s cn o ser 1 e fmer o W Conporne e 55 06,37, || oo
B. Measurements used in this work consist of 1- i | (1) The disturbance was not related to the 3 November HSS event. It was caused b i
T : y a SRB on the following day.
AQ1
— AR — second, 15-second, and 30-second sampling interval = (2) Itis possible to have solar radio bursts (of 109,5 MHz) to impact the ground antenna/cables/wave-guide and the airplane localizer radio.
W 30 Sw using GNSS observations acquired from the 0 L 2.3 4 5 6 7 XI0EN,

Geographic longitude Greenland GPS Network (GNET) permanent ground

- Mean VTEC Station ID: THU4 - DoY: 307 and 308
. | THU4
16

- ) I o ¢ 62 GNET _ 18 ected. Thi stations located along the Greenland coastline M S
rom the total number o stations were selected. IS (Durgonics et al, 2017). z | | | ) = -
selection was based on their geographical location and distance to each = Fig C displays results from Thule du.rmg the CME- & N N L AT ummary
other. The goal was to provide an even distribution along the coastine. - ?n”;’hee”plo?afigguaggzgl(‘t‘;g;’r:ghggr‘g; 'Ze'ﬁ\f:;egrgﬁlig AV N For the first time we compared ionospheric effects of HSS and CME-driven storms at high-latitudes.
which resulted in the best IPP coverage. The white dots on the right side | - Pl - ‘am- €d pro : | TP - :
nanel of Fig A shows an example IPP distribution for a given epoch. showing 5 days of ionospheric vertical N, distributions ~ +« ..« o - There were S|m|Iar_|t|_es and also dlﬁgrences obser_ved in the d_evelopment of the storms. _(1) Both
MVTEC observed by a digital ionosonde. The N, distributions type of storms exhibited clear negative phase, which resulted in an increase of TOI-breaking-down
' ' ' . sSAMVTEC) show that the principle ionized region is the F-layer with - e Ve oen0: G- ot 1 s - - : :
Zzihgegg egzeizlgrinrggeI:)/E;Sés/raeblcjspa?lleilOgtraé?n%rfgvelgg ogzgrvsﬁfsse, > lonasonde TEG hmE2 typicaIIE)/ aropund 300 krr? EIG C (rr}lliddle)' ‘' SCOR | ot INto patches and a decrease In patch formation In general throughout the Greenland sector. The
observables (L1, L2). We utilized the Jet Propulsion Laboratory’s Global 2 m ,,; | MVTEC time series above Thule during the same days M negative phase developed as the PCN-index started to increase indicated energy input into the polar
) ) _ 20 L UL | ' ' ' i 310 WMAA - JF Wk, A - - :
Ionospzerlczl\/laps (JF’LIO GIMs) to obtegn fVT(IjEC \I/alues Whléh then were 2. Lk } g > rf(;‘;r‘g’”dg\‘”gt‘g ntOOF; ;L“eagl\jv(Tdé‘(r:k (ﬁg“het glnueg Zvﬁéhdiﬁhgﬁ SV R cap. (2) The rate of PCN increase was clearly different for the two types of storms. (3) The impact
mapped in 2D, as can be seen in Fig C; for details on JPL GIM see, e.g., 0 . WUR AT IR A1 1 | : | - o ™ TN : : : :
Mannucci et al. [1998]. Fig C shows how the time development of polar DR T TSR and the ionosonde-derived TEC (red line). The diurnal 1 " f of the physical processes responsible for the negative phase have less pronounced impact on the
patches can be seen on a non-disturbed day in the 2D VTEC maps. The e S5 | | | w lonization cycle in the F-layer was disrupted after the - oty 2= diurnal TEC variations than on patch formation.
time interval between snapshots is 10 minutes. ; Il .  first CME arrival. Fig C (bottom): NmF2 and hmF2
e ﬁ‘»}‘; | .,  time series demonstrating negative correlation. . e SR _ _ _ _ _ _ _ _ _
Relative plasma drifts are of the order of 1000 m/s in the polar-cap region, £ \A A‘M I L bl 2 cQAQl We also investigated and assessed storm influences on airborne navigation at high-latitudes in order
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which in theory requires at least 1-Hz sampling rate to detect 1-km-size IR (I W1 H I W .5 Fig D: polar cap index (Vennerstram et al., 1991) north /W to determine the possible cause of the radio communication disturbances. This effort may lead us to
irregularities. e A (M i & (PCN) time-series for the CME and HSS-related & o | @~ My . : : : :
e o £ 2 (M Ty | ™ disturbances. A and the red dotted line shows the HSS i & . ﬁ a better understanding of the phenomenon and might help develop communication hardware that is
for a given epoch i Mean VTEC (MVTEC) (Fig B) Is calculated ' | | | — iz arrival time and B and the blue dashed line marks the . - more resistant to such effects.
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