On distributed observations of ionospheric irregularities and L-Band scintillation from Puerto Rico
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Abstract Results
Recently, we installed three ScintPi 3.0 in Puerto Rico to study ionospheric Wl T Tzoa11223 T2ozinz2a L. || |z0211225 ] . TZo211227
irregularities and scintillation in a region that can be considered to be a ° T L * ------ o " e T
boundary between low and mid geomagnetic latitudes. ScintPi 3.0 is a I P N L T I Y L O P s [T '*?5 E Ny () . W T o <
GNSS-based, multi-constellation, dual-frequency ionospheric scintillation — — — T 3 N “ | N g
and total electron content (TEC) monitor developed at UT Dallas. Analyses SIS — o TR M U B s | O B 15| 05 lRAYS AN
have been carried out for measurements collected since December 2021. TR Ty s Tl 0.0 +— S0 A A AN N AR R R | — 1o
In this initial analysis, only geomagnetically quiet days were taken into — jdnaiinlgninhi Jabi i N IR it —
consideration based on the time histories of the Kp index. In this poster, e 2020100 20220112 | | 50— {€) T
we will present the occurrence rate of L-Band scintillation, their ERTR PR N
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properties, and the spatial distribution of ionospheric irregularities
causing scintillation. We will also present evidence of the source of
ionospheric irregularities causing scintillation.
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Figure 8 — Exampleof scintillationameasuredusingGPSl4. Panel(a) showsthe IPPs
for the three receiveran PuertoRicocolorcodedaccordingto the valuesof S, index

Objectives

on L1. Panel(b) showsthe S, indexvaluesversustime. Panel(c), in particular,shows
that strong scintillationis occurringdue to smallscaledensityfluctuations(shownby
r'TECembeddedn largeplasmadepletionobservedt low latitudes

L-Band scintillations in Puerto Rico have been reported in the past but,

in general, the observations have been limited in duration. Here we

setup an observation campaign with the following goals:

" Goal #1: To create a database of routine, distributed L-Band
jonospheric scintillation and TEC measurements at a site located in

At least for the quiet conditions scintillations were mostly contained between
15 and 20 magnetic latitude. (See Figure 9)

the boundary between mid and low geomagnetic latitudes. 75°W 70°W 65°W 60°W  75°W 70°W 65°W 60°W  75°W 70°W 65°W 60°W _

" Goal #2: To determine the properties and sources of the observed | 23:00-00:00 UT|| 00:00-01:00 UT | 01:00-02:00 UT 100
scintillations. poenlE Pl PG

More specifically: How often do we observe L-Band scintillation in - o> b *z:i’ﬂ:ﬁ ip wt:\:) o
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Puerto Rico? How intense can observed scintillation be? Where do the
irregularities causing scintillation in Puerto Rico come from?
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" I[n order to obtain measurements of irregularities and L-band Py ?OOWZ-(;E(JJVL;;;” = P ?05#3-;2\”0:{(}}3 | i ?0;4-3225?;;“ N7
scintillation in a location that is the boundary between mid and low | AL AL T LA L
geomagnetlc |at|tUdeS’ WE deployed 3 SCIntPI 30 recelvers o Ur3|iver55a| tir?we 9 - Ur31iver:al tir;e 9 o Uiiver:altir;e 9 ZOGN:‘;}’ ; . I :1} f:t:;% EQ: EP?'B
distributed over Puerto Rico. Those receivers are located in Arecibo . | | | . | .
(66.75°W, 18.34°N), Quebradillas (66.91°W, 18.46°N) and Culebra Figure 5 — Summanof L1 (~1.6 GHz)S, measurementsnadeby ScintPB.0 in Arecibo, | 15N | .
(65.30°W, 18.33°N). Figure 1 shows the locations of our receivers PR during geomagnetic quiet nights Highlighted dates indicate nights without Nl .2
_ For. this ’stud We' ralvzed measurements made from Deceﬁber scintillations Thesenew measurementshowthat, for the conditionsof the campaign L- 10°N |1
tice (~D v 51th 90D 1y ‘6 March . ~Mar 20t 2022) Th Band scintillation could be observednearly every day on a site located in PR More | | __ .
solstice (“Dec 21%,2021) to March equinox (*Mar 207, 2022). The importantly,the measurementshowcasef severeamplitudescintillation TSW 70W 65W 60 TSW 70°W 65W 60°W 0
average of decimetric solar flux (F10.7cm) was 102 SFU. See Figure 2. | | o . | o o
= During the observation campaign (90 days) we found that 43 nights Arecibo, Puerto Rico | = UET el ellsilaUiiel Figure 9 — Spatial and temporal variations of L-band scintillations (§ = 0.25)
. . . . _- —- Occurrence Rate 5,(01)=0.25 | 1.47 0:25=54<04 observationsamade during the campaignperiod The snapshotsserveto show that
were geomagnetically quiet, that is, Kp index was lower than 3.0 41 (a) Occurrence Rate Sa(L2) = 0.25 1 (b) BN 0.4<5,<0.6 o . :
dur ) , o 9 ’h ! ) , Hiohlioh | 124 BN 0.6<5,<08 scintillationoccurs predominantlyfo the southof the sitesand between01:00 UTand
uring the entire night ana the previous 24 hours. Figure 3 highlights s 0854 04:00 UT (~ 21:00 and 00:00 LT) Thelocationand timing reinforcethe associatiorof
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the nights where these conditions were met.

19°N

observedcintillationwith equatorialplasmabubbles

o
0

250 A

Quebradillas

Occurrence Rate %
Occurrence rate %

Conclusions and Future Work
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100 0. N IR N N A 2 . = A new ground-based observational setup is now in place for distributed
a D | S S N b il witiin, W DA 20 228 23 0 1 2 3 4 5 6 7 8 09 measurements of ionospheric irregularities and scintillation from Puerto
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Figure 1ScintPB.0 deployments Figure 2F10.7 solar flux for the analyzed Figure 6 — (a) Theoccurrenceate of §, = 0.25. (b) §, distributionof the measurements ICO.1he Setup 4 (?WS I0NOSP e.r|c |r.regu dfity studies d € bounhdary
period Scintillationoccurspredominantlyin the postsunsetto postmidnightsector A significant between low and mid geomagnetic latitudes.
KP Index(Dec 21th to Mar 20th) numberof intensescintillation(S, = 0.8) casesare observed " The most striking finding is that, at least for the period of the campaign
o o o ow . ow . o . - (Dec. 21, 2021 — Mar. 20, 2022), quiet-time scintillation was observed
Wk | | 2oz Sori22 So3i225 s 031122655 i almost every night from Puerto Rico.
| | | | - 15°“jﬁ? //‘//? /‘///? j? j? = |ntense scintillation (S, = 0.8) activity dominates at the beginning of the
Figure 3Nights under quiet Geomagnetic conditions 2022 10°N > e = e N - . . . .
N O s el el d e night, 20:00 to 23:00 LT (23:00 to 01:00 UT), and moderate to weak
= Measurements of irregularities/scintillation: ScintPi 3.0 is capable of 20N> et et et St scintillation is found to occur near mid-night and in the post-midnight
making measurements of ionospheric TEC and scintillation (at two 15N / —7 / —7ll / —Z i / =7/ / sector.
frequencies). A previous version of ScintPi showed that estimations 1°°N//f§54 /%‘// /)}// /5// /// " The temporal evolution and spatial distribution of scintillation and TEC
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of S, agreed with S, values provided by commercial receivers o = = = == perturbations indicate that the observed irregularities are associated with
(Rodrigues and Morales, 2019). Figure 4 shows an example of 15°N:jﬁ? j? j? ://? j? EPBs.
irregularities in TEC and scintillation associated with them. HON e s = e e -
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In orde.r to determine the occ.urrenge of scintillation, we computgd o / == / —— // e // ——- // the solgr cx./cl.e reaches |t.s ma>.<|mum under the different seasons
the S, index from the signal intensity (Qfor each tracked satellite 1soN|— 2 ez | | Sy " The ScintPis in Puerto Rico will help us better understand the occurrence

(Kintner et al., 2007): 10Ny

® Py of mid-latitude ionospheric scintillation and irregularities. The
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— — — —— — measurements will complement observations made by other ScintPi
T / e / e / B / g / monitors being deployed by our collaborators across the US.
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