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Top level view of FS3/COSM I C ionospheric
data processing
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GPS RO TEC observations and vertical Ne retrieval

Assuming locally spherical symmetry of the
lonospheric N and straight-line propagation for
the GPSL1 and L2 signals:

1. Calibrated TEC determination (TEC’)

N

TEC'(r,) = pTEC(R (1)) — PTEC(Ry(r)) =2 | = dr .
where pTECs are the path TECs from GPSto LEO, Example calibrated TECs (in
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N, retrieval errors applying the Abel inversion
on TECs

e caused by the spherical symmetry assumption

e caused by the straight-line propagation (neglecting L1 &
L2 ray bending) assumption

e caused by the assumption of stationary ionosphere
during each occultation observation (averagely ~15
minutes)

* Inadequate Initial (LEO orbital) N, and initial N, variation
below the LEO altitude

o caused by the ellipsoidal shape of the Earth
e others




|mproved Abel inversion based on compensated TECs
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Compensated TEC determination (TEC*) :

TEC* (r) = TEC'(r) + jf'(|\|;“"dd (r,6,(r), 4 (r)) = N,™" (r,6,4))d

where (r, 6(r), A(r)) is the corresponding tangent-point position with the

same radial distance along a ray.

The Abel inversion through compensated TECs :
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Modelling of 3D Ionospheric Electron Density:
The TaiWan lonospheric Model (TWIM)

« Approach : vertical a-Chapman layers + 2D surface spherical
harmonics fitting

h-hm(6,1)

1— h—hm(eﬂ)_e_ H(8,4) J

| =

N,(6,2,h) =3 N,.(6,A)xe
=1

where n=6 for F2,,,, F2,.,m» F1.9, F1, E, and D-layers, and the

peak density (N...,), peak height (h,), and scale height (H) are
combinations of surface spherical harmonics.

 Advantage: equivalent layers for physical layers; peak height and
peak density for each physical layer are explicit parameters.

Drawback: inaccuracy of fitting profiles.

Radio Science, 44, doi:10.1029/2009RS004154, 2009.



Comparisons between Chapman-layer fitting
profiles (in blue) and RO N, profiles(in red)

/datascosmic_data_pc/lvddata/p2_chap/2007.001/1711c13446.ne
0 T T T T

Jdatascosmic_data_pc/lvddata/p2_chap/2007.001/1711653174 .ne
00 T T T T T T T T T T
400
— —~ 300-
= =
= = f
o o
z a2
E} E}
=] =
A =
e e
pr T 200-
100- 100-
o L . . . L L L I I o I I I L L I I I L
[d] 1 2 3 4 5 2] q 8 9 10 0 1 2 3 4 5 6 7 ] 9 10
Plasma Freguency (MHz) Plasma Freguency (MHz)
00 Sdatascosmic_data_pcslviddata/p2_chaps/2007.001/1711c23523 . ne 00 Fdatascosmic_data_pc/lvldata/pZ_chap/2007.001/1711c47341 . ne
T T T T T T T T T T T T T T
400 400
= 00~ = 800+
= =
o o
z a2
E} E}
=] =
A = |
e e
2 zo00d @ 2004
100- 100
0 L L L L L L L L L 0 I I I L L I I I L
0 1 2 3 4 5 2] 7 8 9 10 0 1 2 3 4 5 6 7 ] 9 10

Plasma Frequency (MHz) Plasma Freguency (MHz)



Numerical mapping of ionospheric parameters
(e.qg. foF2 and hmF2) by the least squares method

- The spherical surface Laplace
equation is
_1 g [sinea—r\+ _ - 821ﬁ=0
sin 6 06 00) sin“6 d¢°

- The resulting real and orthogonal
functions are defined by

R MUF = 5,69 MHz

“m!
Unm(0,¢):\/2n+1(n m): P™(cos @) cosmg , and |
2z (n+m)! foF2 maps in UT

vnm(9,¢)=\/2”+1(”_m)! P™(cos@)sinmg , wheren=0,1,2,---,m=0,1 2, -, n.
27 (n+m)!

- Includes universal time (UT) and local time (LT) modes.



Evaluation of TWIM limb TEC by RO measurements

 The TEC ratio (TR) profile (between the calibrated path TEC and the
simulated modeling path TEC) is defined:

TR(r) = - (D) |
"N (r,0,4)d

R

« Examples of TR profiles on the 95" day in 2008:
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Evaluation of TWIM vertical TEC by JASON data

JASON orbit map on the 86 th yearday in 2008
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noontime foF2 maps (from top to bottom)
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the north-pole area has higher values (~5

1. The June noontime foF2 map shows that

MHz) than the south-pole area (~2 MHz),
which is in continuous night during the
winter.

2. All the noontime foF2 maps show one
equatorial N, trough along the dip equator
and two N, crest traces at £~18° magnetic
dip latitudes for equatorial anomaly (EA). =B, 7

3. For seasonal variations of EA at noon, the
foF2 values along the two crests are highest
at the March equinox and lowest at the June
solstice.
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March, June, September, and December ~ -§
noontime hmF2 maps (from top to bottom
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1. From the June noontime hmF2 map the
mid- and high-latitude hmF2s in the
northern hemisphere generally have
relatively higher values (by 30-40 km)
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Validation of compensated TEC retrieved foF2 and fokE by
the ionosonde data
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Final remarks

 FormoSat-3/COSMIC has become a promising program for monitoring
the large-scale global ionosphere.

« A 3D approach using vertical Chapman layers and surface spherical
harmonics for modeling variations of ionospheric Ne have been
proposed and implemented to be the TaiWan lonospheric Model
(TWIM).

 The standard Abel inversion error because of potential horizontal
gradient and inhomogeneities of the ionosphere could be reduced by
compensating path TECs based on a qualified ionospheric model, e.g,
TWIM.

Futureworks

e Including ionosonde and ISR measurements to improve the TWIM
results.



