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= LEO GPS-TEC Plasmasphere observations LEO GPS-TEC for plasmasphere =
Slant TEC computation E Low earth orbit (LEO) missions are usually = The plasmasphere is a torus-shaped region of cold We model the Plasmaspheric TEC in three E Phase center variations
Relative slant TEC can be derived from the geometry-free linear E equippeFl with.a dual—f.reql?ency GPS receiver (~ 1 eY) ar.ld relati?fely dense plasma cou.pled to the dimensions using a 3—h(?ur time V\.findows. Qur E Phas.e.center V.aflatIOIl (P(FV) maps can be used to descrlbe. satellite and ant.enna
o , = for precise orbit determination (POD). The two  magnetic field. It is located above the ionosphere. parameters, developed in magnetic local time = specific elevation and azimuth dependent errors. For the ionosphere-free linear
combination of two GPS phase observables L.; and L: = , _ - , , , _ , _ = .. . . .
1 1 GPS = frequencies can be used to remove the first = Usually, the transition altitude is defined by the (mLT) and magnetic latitude (mlat) using a = combination PCV maps may be computed using the residual stacking approach
Lys=1IL1— Ly~ (_2 _ _2> . 40.3 / N.dl + Carc = order ionospheric content from the signal, but altitude, where H+ ions become the most prominent  spherical harmonic expansion, are a reference = (Peter et. al., 2017). The ionosphere-free residuals to an orbit model are binned and
i/ LEO = they may also be used to obtain the total ion species. For most applications, the lower electron density at 1000 km, and two scale = averaged as a function of elevation and azimuth expressed in the antenna reference
where f1 and ) are the two GPS frequencies, the integral is the slant TEC = electron content between GPS receiver and  boundary is set to approximately 1000 km. heights, one from Satellite altitude to 2000 km = frame. Using our topside ionosphere and plasmasphere model, we can employ the
and CARC is an unknown constant offset for each connected arc = GPS satellite (slant TEC or sTEC). Most of the current knowledge and empirical models and a second form 2000 km to GPS altitude. = same approach to derive a PCV map for the geometry-free linear combination by
containing biases and ambiguity parameters. = are based on satellite observations and usually cover We also estimate the P1-P2 receiver bias for = assuming no geometry-free PCV for the GPS transmitter antennas. In turn one may
Prior to the relative sTEC computation cycle-slips and outliers are E For our study, we focus on five LEO satellites  L-values larger 4 (Zhelavskaya et. al., 2017). each connected arc of GPS carrier phase = use both PCV maps to derive single frequency L, and L, PCV maps.
removed using the Melbourne-Wuebbena linear combination and = form ESA's Sentinel mission: Sentinel 1A, 1B, Usually, ground-based GPS is used for the observations. = For this study, we use April 2017 to check for systematic differences between
ionosphere-free phase residuals obtained from POD. = 2A, 2B, 3A. These Satellites are in a near-polar ~ computation of TEC maps. The whole slant TEC is = model and observations. The results are shown in fig. 5. As expected the PCV maps
Furthermore, an initial leveling of the relative STEC is performed using = circular sun-synchronous orbit with an  mapped into a single layer, usually assumed at 350 We will use the model to generate = for Sentinel 1A and 1B, as well as for Sentinel 2A and 2B, look similar since the
the code observations for an ambiguity estimation. However, the final = inclination of about 98 degrees and an initial km - 450 km. This is obviously not suited for the = plasmaspheric TEC maps and generate phase = pairs have the same satellite, receiver, and antenna design.
leveling is performed together with the estimation of the model parameters = altitude of 693 km for Sentinel 1, 786 km for  plasmasphere. center variation (PCV) maps for the geometry- = R e
in the least-squares adjustment. = Sentinel 2 and 814 km for Sentinel 3. The local free linear combination. We show that = 0.02
= times are 6 LT/18 LT (1 A/B) and 10 LT/22 LT = We exclusively use the TEC derived from the LEO plasmaspheric TEC may reach more than =
: = (2A/B, 3A). POD GPS antenna. Due to the relatively high altitude 10 TECU, whereas the scatter in the P1-P2 bias = 001 ET
Electron denSIty from sTEC = Sentinel 1A, 1B, 2A, and 2B provide GPS data  of the Sentinel satellites, we ensure that our is at a level of about 5 TECU, and the = £ 3
The model is an empirical model for the electron density, valid = with a 0.1 Hz sampling, whereas Sentinel 3A  observations are mainly affected by plasmaspheric geometry-free PCV's are at the centimeter level = N ool 1N o o g%
for three hour time windows. The coordinate system is = uses a 1 Hz sampling. TEC. (1cm ~ 0.095 TECU) . = @§
magnetic local time (LT) and magnetic latitude (mlat). We ilIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIF 001%%
assume an exponential decrease with altitude for the electron -
dEHSity Ne: Plasmaspheric TEC, 2017, dOy 081, 01:30UT Pl_P2 recelver blas estlmatlon ) m
' X 270° 270° 002
Ne(h, mlat, mLT) = from 1000 km to 2000 km The P1-P2 GPS satellite biases was taken from the Center AT
( —(h—hm)) midnight noon : e . BRI SR Lor — PCV S2A Ler — PCV S2B
Niogo - € Hi : h < 2000km for Orbit Determination in Europe (CODE). However, the . S1B SR 270° 270°
) —(2000km—hm) _ (h—2000km) P1-P2 receiver bias needs to be estimated empirically. In & -1s T 0.02
Niooo - € H1 Ha h > 2000km I - ORI
. ’ — many cases it is assumed to be constant for each day ¢ o SICW
The parameters are the reference electron density N at (LEO's) 01.r IEﬂOIl’[h (8“)“??1 stations) and detem?ined using e S1A. S3A o %E
1000 km, the scale height H, from LEO altitude to 2000 km, @ zero minimum condition (Schaer and Steigenberger, g™ ..x -, 22
and the scale height H, from 2000 km to GPS altitude and hm 2096’ He1§§ eL. al.., 2005). . . e e SZA 0 180" o 0 é%
is set to 1000 km. These are represented by the exponential of This condition mlgl}t lead to an h consistency When using | Dt T % :
a spherical harmonics expansion of degree 5 (N;qy) and 4 TEC values from different LEO's at different altitude. For | , 001 5
(H,,H,): SLoN our approach we don't assume the bias to be constant. ~° o 100 1% 200 20 300 o
- Therefore we estimated an individual P1-P2 receiver bias Phase arc number
. . 1 . W1 1 - 1 1 -0.02
Niooo(mlat, mLT) = exp Z Z cij fij(mlat,mLT) from 2000 km to 20000 km for each phase arc. Figure 2 shows the biases for a 3-hour f;f}‘l"g PZS A}rl‘;sve"frecebsifig;d(%ogz[}?;‘éeg?])3.1(5)‘(5) i}’; %0°
- i=0 j=—i \ time winfdo;v. F(;fEeé;:}l ?)entinel satellite thle biases show a 3/29/20 17.p ' ' ’ Ler — PCV S3A References
y scatter of a few about a constant value. el . . S
Hi(mtat, mIT) = expd 3 3 digfylonlat, mLT) o O 0 et o 0 S ke e
| i=0 j=—i ) 6L low elevation observed STEC + Model and observed sTEC Issue 5, p.879-892, https://doi.org/10.1016/j.asr.2017.05.034
(4 1 ) model STEC 001 £E0 Heise, S., et.al., 2005: Differential Code Bias of GPS
_ r 16 'E'% Receivers in Low Earth Orbit: An Assessment for CHAMP
Hy(mlat, mLT) = exp - 2% Z_B”f o (mlat, mLT) o ” Figure 3 shows a comparison of the observed e a1l SAC.C. Eath Observation with CHAMP. Springer
TV IET J | g9 Berlin, Heidelberg
h h herical h ic b £ . d . 3 12 STEC values (.purple) to the modeled sTEGC B 0 2 Zhelavskaya, L., et. al., 2017: Empirical Modeling of the
where f ij are the spherical harmonic base Hunctions ( egree 1, £ 10 values for Sentinel 1A from 00:00 UT to 03:00 Qg Plasmasphere Dynamics Using Neural Networks. - Journal
order j) and ¢y, d;, e; are the corresponding coefficients. For S UT of doy 081, year 2017. 0012% Eftqf/?j%py()sric/;illOngggjgg,l7JA0244O6
deriving sTEC from the model a Gauss-Legendre quadrature is 5 6 It can be seen, that the model is capable of @=L qf(;_, M. M.f,;an& N. Jakowski, 2008, Estimate of higher
used with the line of Sight sampled at each 10 nodes below and gLON : reproducing the trends, but it is not capable of ngeé Si’(;)lg)(())sggp}:ierni.cleérfgsz ;512(3(1;171881())(());1;131111& Radio Sci.,
above 2000 km. This implies that the integration may be trom 1000 km to 20000 km 2 reproducing sTEC fluctuations as they occure 0" o Schaer, S. and Steigenberger, P., 2006, Determination and
expressed by a linear operator L. Therefore we can use the 0 at epochs with small TEC values Figure 5: Geometry-free PCV maps Use of GPS Differential Code Bias Values. IGS Workshop,
equation: > / . CO e I e I one Darmstadt, Germany
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sTEC = L-D-x+ bias, sTEC fluctuations 2017 doy 081, Time in h ) Using Sentinel GPS.TEC | o —_— e -

1 2 sing Sentine - is an efficient way to monitor the topside ionosphere
where sSTEC is the vector of the observed sTEC values, L is the Figure 3: Observed and model slant TEC values for Sentinel 1A. 3{ and plasmaspheric TEC. The model presented may be used to estimate the slant
integration matrix, x contains the coefficients, and D evaluates Observed values are shifted by the estimated P1-P2 bias. é > TEC to improve ground GPS-TEC maps and subtract topside and plasmasphere
the electron density at the sampled points. The bias term Elevation dependent errors E N TEC from ground or LEO GPS-TEC.
contains the arc-wise P1-P2 biases to be estimated. . 0 The LEO receiver bias should not be assumed to be constant since a scatter of a

: . : GPS data quality is known to be degraded at low 5 o- . .
To estimate the model parameters and biases all observations . . . . = few TEC is large compared to the plasmaspheric electron content.
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from Sentinel 1A, 1B, 2A, 2B, and 3A (0.1 Hz) from within a elevations. This may be due to multipath, higher order 8 1] Also generating geometry-free PCV maps may be used in combination with

. : . : ionospheric effects and ray bending on centimeter level £ . , : .
3-hour time window are used in a least-squares adjustment. gLON - 4 Jakowski 2008 A ionosphere-free PCV maps in order to derive single frequency L, and L, PCV
Figure 1 shows the resulting electron content for 3/22/2017 . — . . e —— (.oque And JAROWSKL , ) , , c 3] “ 7 X maps.

: , 0 2 4 6 8 10 12 14 Figure 4 shows the residuals for the 3-hour time window & ‘ ‘

(doy 081) at a reference time of 01:30 UT. The vIEC values Plasmaspheric TEC in TECU . 8 .l

. . . L of the observed-model sTEC values as a function of the ° Contact address
are obtained by numerical integration of the model densities in : . . . . . ' . . . . , ' . .

. . . Figure 1: Plasmaspheric TEC, 3/22/2017, 01:30 UT. Parameters elevation of the GPS satellites. The largest values can be 10 20 30 40 50 60 70 80 90 .
vertical direction. The peak value of 13 TECU appears close to estimated based on GPS observations from 00:00 UT to 03:00 UT : : : . Elevation in degree Lucas Schreiter M
observed at low elevations, and the residuals tend to Figure 4: Differences between observed and model slant TEC as a Astronomical Institute, University of Bern
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