Phase and amplitude scintillations associated with polar cap patches: Statistical and event analyses
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1) Introduction MLT Dependence 4) Event Analysis "

* lonospheric scintillation can degrade the GNSS sighals and has the ————T—T—T—T T T T—T—T— T — T T T—T—T—T « Figure 7 shows an example of 5 ol
potential to cause a loss of access to GNSS services. 055 a - 055F > -
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Figure 1 shows a visual representation of the impacts of
ionospheric structures on communication and navigation,
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|nc.Iud|ng polar cap patches. | o i : i | o | ossf * | o | - occurred at 21:18 UT and is e o ol
Using a polar cap patch database provided by Ren et al. [2018] ~ 03f R N Y - = 03T . | e marked by a red circle R I N
and scintillation data from 2016 provided by CHAIN, we study S oasf i | | *1 - S0, : . ] . " he densi ' £th 3 R S °i°f°:38°@2°8{zgosgooIg:QOOO;e;gﬁggj:o e
whether and how polar cap patches impact ionospheric 8 o2 ‘ I n | l || I - Sl T Looking at the density ot the '
T 015k | | | | | | | | ] o.15-0 0 . o . ‘ o o | ‘ o o 21:18 UT patch, it can be
>CINHHation. . epe 01} | | o] - o1 | ] noted that there are several i
It was found that ~92% patches do not lead to significant phase S os ] N densi es in th : =
or amplitude Scinti"ation increases in the polar cap’ but . 1 2 3 45 6 7 8 9 10 1|\1|L1T2 13 14 15 16 17 18 19 20 21 22 23 1 2 3 4 5 6 7 8 9 10 1,\1|L1|-2 13 14 15 16 17 18 19 20 21 22 23 thelr;SItathsﬁlTehslsln ;tfhspan O m:? 088??8@8 Ooooofg e . o
occasionally they do lead to enhanced scintillations and Figure 3. (a) box plots of the maximum amplitude scintillation binned by MLT hour, and (b) box plots of the maximum phase P 9 .t 14'1pS MLT which Fetlitioggettiots e ° -
f iall scintillation binned by MLT hour. The y axis of the plot has been cut to 0.05 to 0.55 cutting off a maximum phase scintillation occurred at 14. , WhIC i
preferentially near noon. e th I falls in the range of noon MLT. e
value that is an outlier at y = 0.67 at 2 MLT. .
POLAR CAP Y * Figure 7 (b) and (c) show the Figure 7. Patch Density (a) with the peak marked by a
PATCHES * Figure 3 displays the MLT dependence of the scintillation values for the patch maximum at the density peak. Hce and amblitude red circle and a black line to mark the half width. Phase
o saTcOm < AURORAL IRREGULARITIES * The maximum amplitude (a) and phase (b) scintillation values during the patch are binned by MLT hour. o Lot P (b) and amplitude (c) scintillations between 20:00 UT
‘ ol / | * |t can be noted that there is an increase in the median of the phase scintillation (b) values near noon MLT. i)cm.' at;‘ons rch. both th and 22:00 UT on March 6, 2016. The black vertical line
* The relationship is not apparent in the amplitude scintillation as shown in (a). ;:;:;gan;:; Cli';udoe € '”i'.caﬁ? a polar Captp?cthChbpeék 'fje”t']‘:'fﬁ- Thf iree”d
 These plots demonstrate that patches near noon, generally have higher phase scintillation. phase an P verticalline represents the beginhing ot the pateh, an
scintillations are enhanced the red vertical line identifies the end of the patch.

EQUATORIAL F LAYER

AOMALIES - Patch Temperature Dependence and there is a maximum phase scintillation value over 0.5 detected by PRN 9 just

. ] | | : Figur(? 4 (a) sr\ows the.distribution c?f Teand Ti before the patch density peak.
ey S e R 250 ; zzz Lo associated with patch in a 2D mosaic plot. The patch » Although there is no significant amplitude scintillation detected, there is still an
EQUATOR #” ceosatcom 0 I S tempe.ratures were calculated using a moving mean increase to >0.25, compared to the background scintillation detected at the peak
T I of 3 minutes. of the patch by PRN 7 and PRN 29.
ol ;‘3’.‘1‘ ) * One can see that most the patches are below 1500 K 06-Mar-2016
1800 0 < By e . . EQ- b 3 i
Figure 1. Schematic plot highlighting the ionospheric structures that can < to00f. o 100 '°“3'°.-":°.:-,‘ L for both Te and Ti, which would belong to the a > 220'59'00 s c
disrupt communication and navigation signals (image credit: UiO). 1400} 15 1400 o classical cold patch class e g I " A N\
0] ™ g * To define a hot or cold patch, we used k-means
1000 M e clustering, a classification algorithm provided by ey
2) About the Data ZZZ I :Zz X Gonos MATLAB called kmeans, which finds k centroids for n = ;
. . o . 1 x 1 L, T e e data points. We chose k = 3, and the algorithm used N -l
* This study adapts a patch identifying algorithm from Ren et al. W e e Tifg the squared Euclidean distance to find the optimum 5
[2018] and applies it to the RISR-C data in 2016. Density . 4. a) Mosaic plot of the i 4 elect clusters by measuring the distance between the Figure 8. (a) Total Electron Content Map showing in units of TECU and Current density (b) on
) ) ) iIgure 4. 4 OSalC piot O e 1on ana electron i ] . : . i :
enhancements in the F-region of the ionosphere that had a temperatures associated with polar cap patches (b) different centroids and the data points. March 6, 2016 at 20:59 UT. {f) lonosf)he;i;gi‘_’ggtb? map for March 6, 2016 between 20:58
density at least double the surrounding plasma [Crowley, 1996] classifications of the patches by ion and electron * Figure 4 (b) shows three different patch » Figure 8 show March 6, 2016 at 20:59 UT showing the TEC (a), the FACs (b), and
and had halfwidths that lasted between 3 minutes and 2 hours temperatures diVideq into three categories: hot-Te (red), temperature cIaSS|f|cat|on.s, including cold (Ti ~=Te the convection map (c) during the scintillation increase.
. hot-Te-Ti (blue), and cold (green) <~1500 K), hot-Te (Te >> Ti and Te >~1500 K), and . . .
are defined as patches. hot-Te-Ti (Ti~=Te >~1500 K) * RISR-C is shown by a magenta circle in (a) and (b) and was just poleward of the
, , * Figure 5 shows the temperature - 1€e" = . : :
We found 541 patches in 2016 and used 433 patches for this g IO. C.USp, which can be found roughly between the large recz! and blue I.:AC.denS|ty
o T dependence of the amplitude (a,b,c) and " . b - c - signatures at ~72 degrees around noon and the convection throat in Figure 8 (b).
study with simultaneous scintillation measurements. phase scintillation (d,e,f). The ion (a,d) - o - e During this time period, the TEC increased on the dayside due to the storm-
The Canadian ngh Arctic Ionospheric Network (CHA|N) GPS and electron (b,e) temperatures are oz _ozsf o oz ' enhanced density (SED) and the p|ume extended p0|eward into the p0|ar cap,
receiver collocated with RISR-C provided the phase and amplitude shown as well as the electron to ion e, wie o Dgbah o which was then segmented into a patch.
scintillation data for the patches. temperature ratio (c,f). The magenta line | —z=77" . . AR | e At 20:59 UT, the structured patch passed over RISR and the receivers causing an
, , , o is a linear fit of the scatter plots shown. R e coEert i intillati ite Ci
In order to exclude multi-path effects and identify scintillation| | . . A , e e m e e oo W mo mn we o 1 Bt w |r.1flux of severe phase scintillation as showr\ by the enlar.ged Wh"fe circles.

, , , o Based on the correlation coefficients in * Figure 8 (c) shows the SuperDARN convection pattern with velocity vectors. The
close to the RISR-C field-aligned beam, the ionospheric pierce the top right corner, it can be seen that fast convection flows were detected right over the receiver suggesting field-
points (|PPS) that corresponded to an elevation angle higher than the best fits are the Phase vs Te and 0_;5:d 025 0,;5:6 055 0,;5:f 040 aligned density irregularities just poleward of the cusp at this time, consistent with
20 degrees were used. Phase vs Te/Ti. T e > T, the TEC and RISR observations shown earlier.

: : : : : as a larger dependence on electron A ' ol LR : . : :
wind monitor are also used to assist the interpretation of the 8 P _ > T caused by a CIR, which rea.ched a .mmlmum.DST ajc ?1.20 UT. This storm c.aused SI?D
o t< that astioated temperature and the temperature ratio .| ¢ SR T i and polar cap patches during the ionospheric positive storm phase. In this study, it
>CINTITIATIon EVENTS that WEre Investisated. than the amplitude scintillation does. Yo om o wo mm e W wo o wmm o w0 o5 1 le & 2 s is noted that a polar cap patch was observed just poleward of the dayside cusp at
* The larger correlations in Figure 5 (b) and ~21:18 UT on March 06, 2016 just before the minimum Dst of the storm, and
3) Statistical Analvsis (e) also show that the electron Figure 5. The amplitude (a,b, c) and the phase (d, e, f) as a function of h. d oh : t'II’ i J b g th ; g ft’h tch
y temperature has a hisher correlation Ti (a,d), Te (b,e), and Te/Ti (c,f) are shown. The magenta line is the enhanced phase scintiiiations were o serv.e neartne wes er.n cdge Ot the patc
Patch Scintillation Distributi mp € hasanig linear fit, and the number in the top right corner is the correlation and later to the east as the patch propagating across the receiver. These
Mg eddlalsllicdfelaf Bl At ha el with the scintillation values for a polar i i i i i
. P coefficient between the fit and the scatter plots. The points are color- observations support the role of patch in creating enhanced ionospheric phase
Figure 2 displays the distributions of amplitude (a) and phase (b) cap patch than the ion temperature. coded by patch temperature as shown in Figure 4. scintillation
scintillations during the peak of polar cap patches. .
Most of the amplitude scintillations fall below 0.3 (~ 92 %). 35 Temperature, Density, and MLT
of the 433 events (~“8%) displayed max amplitude scintillation 4 b x * Figure 6 (phase) shows the distribution of hot-Te 5) Conclusion
above 0.3. e ) o (red), cold (green), and hot-Te-Ti (blue) patches 1. It was found that 92% of the maximum patch scintillation was under 0.3 for both
Most of phase scintillations also fall below 0.3 (~ 92%). 32 of for different MLT sectors as labeled. The y axis is phase (in the unit of radian) and amplitude scintillations, and 8% of the maximum
the 433 events (~8%) displayed max phase scintillation above et 05 et 03 the density prominence of the patches, i.e., the patch phase and amplitude scintillations exceeded 0.3. Less than 1% of the phase
0.3. difference between the peak and edge densities. scintillation was classified as severe, i.e. over 0.5 radians, while no severe amplitude
Less than 1% of patches (3 of the 433 patches) displayed severe T . The x axis is the peak maximum phase scintillation was identified associated with the patches in the database. The patch
phase scintillation over 0.5. and none displayed severe amplitude L. . . . . . . scintillation. edges are not statistically different from the patch peaks in terms of scintillation
SC|nt|”at|On. Meximum o Scintilation at Density Peak Maximum o, Scintlation at Densty Peak o The bIaCk |Ine5 ShOW the ||near flt the COId Va|ue5.
The patch edges showed similar distributions. - patches within the sector, while the magenta line 2.There is a clear MLT dependence of the patch phase scintillation with higher
T T T T T T T e T T T  d shows the linear fit of just the hot-Te patches. scintillation values near noon MLTs, while no such dependence is observed for
ol ' o "™ e For phase scintillation (Figure 5), the correlations amplitude scintillation.
o / x setot-en0” that fall into the 95% confidence interval when 3. The dependence of scintillation on the patch prominence has been evaluated at
" P /x s excluding the patches outside of the 90th different sectors and a clear positive correlation can be found for cold patches near
X o ox percentile are dusk cold patches, dawn hot-Te noon for max amplitude scintillation and for hot-Te patches everywhere except
2 39 patches, and noon hot-Te patches. midnight for max phase scintillation. The phase scintillation is found to be more
30t - -
ol ' 5w om0 B 00 = = = o * Thisindicates that the phase scintillation of hot- dependent on the patch density prominence than the amplitude scintillation.
o} SR g Te patches during noon and dawn and cold Fokr furlt:er questions, please contact alanahco@umich.edu
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