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1. Background

Goal and context

v’ The new EUMETSAT Polar System 2nd Generation (EPS-SG) satellites are
designed for neutral atmospheric sounding. The orbit height is in the range
823-848 km.

v EPS-SG, will provide as well an opportunity of ionospheric sounding, with
Impact parameter height only below 500km.
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1. Background

Goal and context

v' The new EUMETSAT Polar System an Generation (EPS-SG) ==tellites are

designed for neutral atmnenk~vis - bit height the range
nd orbi
823-848 km Jind area between 500 km a
v EPS-SG, wii provide as well an opportunity of ionospheric sounding, with
Impact parameter height only below 500km.

Previous work Extrapolation

v' The Vary-Chap model where the scale height varies linearly with respect to
height has been proposed based on FORMOSAT-3/COSMIC GPS
occultation data inverted by means of the Improved Abel transform inversion
techniqgue, taking into account the horizontal electron content gradients
(Olivares-Pulido et al., 2016)

v A new electron density extrapolation technique - the Vary-Chapman
Extrapolation Technique (VCET) - for impact parameters of 500km up to the
EPS-SG orbit height was developed, when accurate electron density profile
below 500km is available (Hernandez-Pajares et al., 2017)
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he Vary-Chapman Extrapolation Technique
(VCET) . i, Hor 2H/O

e p—Z h—hm
N= N,,e*(1-2=¢"%) where z =

0H

65
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2. Method 1: SEEIRO

the Simple Estimation of Electron density
profiles from topside Incomplete RO data
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2. Method 1: SEEIRO

D> lono Abel inversion

v

Ne profile below
500 km (r,, N.', sN.})

v
Electron content correction H(r,) ~ —ﬁi'_'”
(500 km<r<r) 2-In —e W
N&Y(r -Ar)
A e k

Scale height series
[380 km, 440 km]

Linear fit

v

Extrapolation (>500 km) by
exponential model

If(iter#==10)
Full Ne profile
(rir Neir SNei)
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2. Method 1: SEEIRO

»  |lono Abel inversion

Ne profile below
500 km (r;, N.', sN.")
v

Electron content correction H(n) = =

NV
(500km<r<rL) 2-In —&——
+ NV .-ar)

1) assume constant scale height for each pair of consecutive values.
2) approximate the Chapman function by the exponential
approximation specially valid when z > 1

= Nme%(l_z)

\
Extrapolation (>500 km) by
exponential model

If(iter#==10)
Full Ne profile
(ri) Nei) SNei)
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2. Method 1: SEEIRO

Electron content correction
(500 km<r<r)

A

>

lono Abel inversion

v

Ne profile below
500 km (r,, N.', sN.})

v
—-Ar
H(n) ~ ==
2.1n _f_"
N:' ”(rk—Ar)

v

Scale height series
[380 km, 440 km]

/

v

Linear fit

v

Extrapolation (>500 km) by
exponential model

If(iter#==10) [

Full Ne profile
(rir Neir SNei)

/
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2. Method 1: SEEIRO

>

[

lono Abel inversion

v

Ne profile below
500 km (r;, N.', sN.")

Electron content correction
(500 km<r<r)
A

v

/

2 gywo step processing stra\.tegy
Estimation + Extrapolation

H(n) ~

[

Scale heig... sciies
[380 km, 440 km]

/

v

Linear fit

v

Extrapolation (>500 km) by
exponential model

If(iter#==10)

Full Ne profile
(ri) Nei) SNei)

— /

12
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3. Method 2: AVHIRO

the Abel-VaryChap Hybrid modeling
from topside Incomplete RO data

ers simultaneously

Estimate all the unknown paramet



GPS

Observation equations (Ax=Db): from top to bottom

(L;), = a(2l,,N, +2l,,N,+ ... +2I, N, ) +B,
(Ly)y @ (20,,Ny +2L,,Ny + ... + 2, N +2L, N, ) +B
(L) = a(2,N, +2L,N, 4+ ... +2[, N+ 2, ., \N..,) + B

(L) = (20 N, +2L N+ ... +2[ N +2l N, +2l. . .N..,)+B

L,: the ionospheric combination of carrier phases
N;: electron density in each layer
B,: the corresponding ambiguity term

14
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Application

Example of Design matrix: A,poya19

400 ) 1 7 ... 317 318

@ | 16.6572e5| 8.335719 |8.368659 ... 0.00000  0.00000

1 | 16.627438| 8.330636 |8.353430 ... 0.00000  0.00080

2 | 16.597565| 8.3155098 |8.338266 ... 0.00000  ©.00000

o0 3 | 16.567779| 8.300606 |B.323138 ... .00000  ©.00080

a2 | 16.538082| 8.285658 |8.308056 ... 0.00000  ©.00000

s | 16.588473| 8.278756 |8.293021 ... 0.00000  0.00000

& | 16.478952| 8.255899 |8.278@31 ... 0.00000  ©.00000

200 7 | 16.449524| 8.241087 |8.263088 ... @.oe000  ©.o008p

g | 16.420182| 5.226320 |3.248100 ... .00000  ©.00000

o | 16.30@020| 8.211507 |8.233338 ... 0.00000  ©.00000

0o 1@ | 16.361764 5.196920 |3.218532 ... 0.00000  0.00000

11 | 16.332687| 8.182287 |8.203772 ... 0.00000  ©.00000

' 12 | 16.303609| 8.167700 |8.18%@57 ... 0.00000  0.00080

0 B0 100 150 200 250 300

Layer thickness = ~3km

Ax=b: 1) rank deficient equations
2) ill-conditioned equations (column vectors of A matrix are highly related)

15
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The unknown vector X in equation Ax = b is composed to three parts
x*(electron densities from 380 km to 1000 km), x? (electron densities
below 380 km) and xambi

oooooooo

D0E SLT 0st ETA) oot S 03 74 L]

0 50 160 150 200 250 60

h—hm

N= N,,ek(1=2=¢"") where z =

He(h) = (h = hyn) + Ho , b 2 By

o,
oh

X2 hm,Nm, Hg ¢,

16
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160 150 200 250 60

o,
oh

hm,Nm, Hy ¢,

Nonlinear: two exponen

3. Method 2: AVHIRO

The unknown vector X in equation Ax = b is composed to three parts
x*(electron densities from 380 km to 1000 km), x? (electron densities
below 380 km) and xambi

yyyyy

mmmmmmmm

D0E SLT 0st ETA) oot S 03 74 L]

h—hm

Nwhere Z

He(h) = (h = hyn) + Ho , b 2 By

tial terms

17
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160 150 200 250 60

o,
oh

hm,Nm, Hy ¢,

Nonlinear: two exponen

3. Method 2: AVHIRO

The unknown vector X in equation Ax = b is composed to three parts
x*(electron densities from 380 km to 1000 km), x? (electron densities
below 380 km) and xambi

yyyyy

mmmmmmmm

D0E SLT 0st ETA) oot S 03 74 L]

h—hm

Nwhere Z

He(h) = (h = hyn) + Ho , b 2 By

tial terms

Linearization
18
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3. Method 2: AVHIRO

The unknown vector X in equation Ax = b is composed to three parts
x*(electron densities from 380 km to 1000 km), x? (electron densities
below 380 km) and xambi

yyyyy

mmmmmmmm

D0E SLT 0st ETA) oot S 03 74 L]

h—hm

Nwhere Z

He(h) = (h = hyn) + Ho , b 2 By

tial terms

Linear n
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3. Method 2: AVHIRO

lono Abel inversion

'

/ Initial vector X, / / [hm;Nm,'HO,,;;%]0 /

v
[y, | [ ]

v

Full Ne profile
Xpowell (x1, x2)
v

Powell search
cost function:
//Axpowell_ b//2 + A//Xpowell -XO/IZ
v

—/ [x%; x*™; hm; Nm; Ho ¢; %] /

If(iter#==10)
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3. Method 2: AVHIRO

lono Abel inversion

/ lmitinl semat— / /
solve the full electron densities (up to 1000 km),

ambiguity term and four parameters of Vary-Chap

model simultaneously. : |
Full Ne profile
Xpowell (X1 ’ xz)
v
Powell search
cost function:
[ 1A%powen = b1 * + Al [Xponen - %ol I*
v

ﬁ/ [xZ; x“mbi; hm; Nm; H 0.t %] /

If(itert##==10)

21
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4. Assessment

4.1 SEEIRO assessment (<500km)
4.2 AVHIRO assessment (<500km)

4.3 Other aspects of assessment regarding AVHIRO

22
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Representative scenarios of major storm, solar cycle
minimum and maximum conditions: +3700
COSMIC/FORMOSATS3 radio-occultations (inverted in terms
of electron density profiles with improved Abel inversion)

Solar Flux and KP indices of proposed scenarios
200 , 20

Solar Flux at 2800 MHz (F10.7) ‘ '
k
Selected days for scenarios
= - CH 209
150 |- o o ' ... 15
< 5 E & Bl
N = = K RIS
L ® o ) B R N
‘\é' ? a BB,
.Lc * .‘:E. .':i-" '..I-."‘
= oAs? o8 § % ees o TN x
S N geetei s of oo )
N : R KRy gt s °
6 100 | ¢ ) B ...,‘..-0 "f', t:‘:d 10 <
— '3'_ 5 bo . i ey o, L A S a
~ ‘. ‘ ,. ,.‘ ('. . . “ § X
x . O
3 u
= \“ ”q\ u 5. g' & s o o
T 3 =
5 Wi "’M'*MW* 5| §
I} a8
o <
50 - | @ 45
|
| \ ‘

011“$MH|MMMMNM“MMM“JL( ﬂ“mhihMﬂJmHMMMMmmu“MMML.O

2006 2007 2008 2009 2010 2011 2012 2013 73



The EUMETSAT
Network of

ROM SAF : -
€ oms Example for a typical single RO

day 261, 2011, ~37323sec, PRN13, rec.|220 (arc#6)

RO-11_261_1220_13_37323_6, AVHIRD relerror: 45,1 (iler 80) RO-11_261_1220 13 37323 6, AVHIRD relerror: 1.3 {iler #9)
BO0 T T T a0 7 T - -
SEP.w POD corr. ref. 4 SEP. w POD comr. ref. 4+
SPH.Sym, w POD corr. red, SPH. Syrn, w POD corr. rel.
oo AVHIRD 4+ 1 ol - AWVHIRD L
GO0 1 GO0 -
g GO0 g 500
= & .
= a0} = a0} H#Hiter=9
£ ]
ann a0 ﬁu%.
r - o AT whe AE b i
200 200 b paEw T AN
qabri ¥R
+
10 100 }.,. faﬂf
B 1 L 1 1 ; 1 . 1 1 o 1 1 f 1 1 1 1
0 des11 Ze+11 Jes1l de+11 Do+l Ge+11 Te+d1 Be+s11 Be+11 le+12 /] e+ Ze#11 Je+i? de+11 Se+11 Bes11 Tesil  Be+id
Electron densily / m®-3 Electron density / m®-3
RO-11_261_1220 13 373236, SEEIRG rel.errar: 46.1 {iler #0) RO-11_261_1220_13_37323_6, SEEIRD rel.error: 10.0 [iler#9)
BOo0 : . - : - : : - a0 : : - - : : :
SEP.w POD comr.ref. <+ SEP.wPOD com. ref. <+
SPH.Sym. w POD corr. ref. SPH.Sym. w POD corr. ref.
] SEEIRO  «+ - o | SEEIRD  »
BOO 600 |
SEEIRO SEEIRO
£ 500 #_ O 1 . a0 |
= Iiter= = i =
£ 400 \ ] £ oamf #Hiter=9
2 s o E rey
T s | I T | T a0 | W"*"”:uﬂ:
- s 'sc
200 _tf.;.;‘tt::*-fffqt* | ana | 4_,_4“1‘-*1-“‘14“-‘* *
f++"‘++ war® ot kT
100 100 |
EAPRT P
0 Tes11 Z2e+11 Je+11 4e+11 Se+11 Ge+11 Te+ll Se+11 Qe+11 1as12 0 e+l 2e+11 Fe+i1  de+11  Se+11 Ge+s11 Tes11  Be+id
Electron density / m*-3 Electron demaity / m*-3

Ref 1: Abel inversion modeling the horizontal variabilty with separability concept from complete RO data
Ref 2: Abel inversion under assumption of spherical symmetry from complete RO data
24
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4.1 SEEIRO assessment (<500km)
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4.1 SEEIRO assessment (<500km)

Distribution of absolute errors
(28-days representative data)

COSMIC_FORMOSAT3_4 repr_weeks ROPE_ITER_0.S2

450 : : : :
RMS / Bias / Std.Dev. in m_{-3} = 1.9e+11/1.2e+11/1.5e+11 (Nobs=3770)

400 -

350

300

250

200

150 ¢

100 ¢

50

0 Ze+ll de+11 6et+ll 8e+11 le+l2
Apsolute_error_MNe_for_h_It_500km

Abs.Error BEFORE SEEIRO:
1.2e+11 m3 +/- 1.5e+11 m?3

COSMIC_FORMOSAT3_4_repr_weeks_ROPE_|ITER_9.52

1600 : . : :
RMS / Bips / Std.Dev, in m_{-3} = 5.56+10/3,0e+10/4.7e+10 (Nobs=3765)

1400

1200

1000

800

600 -

400 -

200 r

0 2e+ll de+11 cet+ll 8e+l1l le+l2
Abpsolute_error_MNe_for_h_It_500km

Abs.Error AFTER SEEIRO:
3.0e+10 m3+/-4.7e+10 m?3

26
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4.1 SEEIRO assessment (<500km)

Distribution of relative errors Each profile:
RMS(ANe)

(28-days representative data) Relerr = rcseren X 100%

COSMIC_FORMOSAT3_ 4 repr_weeks ROPE_|ITER_0.52 COSMIC_FORMOSAT3_4_repr_weeks_ROPE_ITER_9.82

100 . : . . . . . 350
RMS / Bias/ Std.Dev. in % = 54,8/ 50.2/ 22,1 (Nobs=3770)

RMS / Bias / Std.Dev. in % = 15.0/ 12.6/ 8.2 (Nobs=3765)

LS e S | B e e e SRR : : : : : : :
: : : : L e | [ P P P P G R
e S b T P o e . s s s | | s s
S R L LU ITER#O ] 20 prfbd e e ITER#S -
el 1 s P O, S S 6 s s o
S0 L | e e
150 | o o o o o R —
A0 e : : : : : : :
0 Lo o e e e e T e S S
20 e e : i i : : i i
50 o o o e o R e _—
10 S | e | : : : : : : :
0 ; ; ; ; ; ; 0 : : = L L : :
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Relative_error_Ne_for_h_lt_500km Relative_error_MNe_for_h_It_500km

Rel.Error BEFORE SEEIRO: Rel.Error AFTER SEEIRO:
50% +/- 22% 13% +/- 8%

27
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4.2 AVHIRO assessment (<500km)
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4.2 AVHIRO assessment (<500km)

Distribution of absolute errors
(28-days representative data)

COSMIC_FORMOSAT3_ 4weeks python-vl3 erabs_ini
450

RMS /Bias / Std. Dev. i inm_{-3}=1. ae+11.f1 1le+11/1. 4e+]_‘l (Nobs= 3?21} —

B0 1 AS— ]

so b T -

ITER #0

300

250

200

150 ¢

100

30

0 Ze+11 4e+1l 6e+11 8e+1l
Absolute_error_Ne_for_50km_to_500km

Abs.Error BEFORE AVHIRO:
1.1e+11 m3 +/- 1.4e+11 m?3

le+12

COSMIC_FORMOSAT3_ 4weeks python-vl3_erabs

2500 : : : :

RMS / Bias / Std.Dev. in m_{-3} =4.3e+10/1.8e+10/3.9e+10 (Nobs=3721) ———
2000 Foom oo
BT T
OO0 e ]

BOO e
0 H | ] I
0 2e+11 4e+11 Ge+11 8e+11 le+l?2

Absolute_error_Ne_for_50km_to_500km

Abs.Error AFTER AVHIRO:
1.8e+10 m3+/- 3.9e+10 m>3

29
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4.2 AVHIRO assessment (<500km)

Distribution of relative errors
(28-days representative data)

COSMIC_FORMOSAT3_ 4weeks python-vl3_errel_ini COSMIC_FORMOSAT3_4weeks python-v1l3 errel
100 . T . . : . . 600 . . . T . . .
RMS /Bias/ Std.Dev. in % = 53.0/ 48.5/ 21.5 (Nobs=3721) ——— RMS /Bias/ Std.Dev. in % = 15.8/ 8.4/ 13.4 (Nobs=3721) ———
90 ’ | ; ; ; ; ’
500 W | b b [
80
70 i i - ITER.H#H9 ;
L S R S
S —————
o0 b4
200 b
i i i i i 0 il J:_ n.i_-— i i i
40 60 80 100 120 140 0 20 40 60 80 100 120 140
Relative_error_Ne_for_50km_to_500km Relative_error_Ne_ for_50km_to_500km

Rel.Error BEFORE AVHIRO: Rel.Error AFTER AVHIRO:
49% +/- 22% 8% +/- 13%

30
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4.2 AVHIRO assessment (<500km)

Distribution of relative errors
(28-days representative data)

COSMIC_FORMOSAT3_4weeks_python-v13_errel_no_outliers_greater_than_50 COSMIC_FORMOSAT3_4weeks_python-v13_errel_no_outliers_greater_than_20
600 600

'RMS /Bias/ Std.Dev. in %= 8.7/ 6.5/ 5.8 (Nobs=3619) — /Bias / StdDev.in % - 6.8/ 5.7/ 3.7 (Nobs=3511) —

500 [ [ ] e | ) S S A— |

400 |- ------------ ----- Removmglc)Zof 400 | -------------------- Removmgzmef
w || L 3721 profiles wit h ] el | 3721 profiles with
1 | rel.err > 20%

o0 [ g L . — — -

oo f ol e — S S |

= I 1 1 1 ! L L L - ' 0 — i i I
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20
Relative_error_Ne_for_50km_to_500km Relative_error_Ne_for_50km_to_500km

Rel.Error AFTER AVHIRO: Rel.Error AFTER AVHIRO:
7% +/- 6% 6% +/- 4%
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4.3 Other aspects of assessment

regarding AVHIRO



¢ ROM SAF
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Absolute error below and above 500 km

Below 500 km Blind area: above 500 km

COSMIC_FORMOSAT3_4weeks_python-v1l3_erabs COSMIC_FORMOSAT3_4weeks_python-v13_erabs
2500 : . : : 2500 — . . -
RMS 7Biks / Std.Dev. in m_{-3} = 4.3e410/1.86+10/3.86+10 (Nobs=3721) — RMS /Bigis / Std.Dev. in m_{-3} = 5.6e+10/2.3e+10/5.1e+10 (Nobs=3722) ——

oo || S S T — | | S S— S T— _
1500 flooo S S I 1 1500 [ e —_— — -
000 || A S S SU— ] 1000 pfon o - o .
s0 | | A E— S T | sef ] e —_— — -

0 L ) L I 0 1 H i :

0 5e+10 le+ll 15e+11 2e+11 2.5e+11 0 5e+10 le+1l 15e+1 2e+1l 25e+11
Absolute_error_Ne_for_50km_to_500km Absolute_error_Ne_for_500km_to_hmaxref

Abs.Error: Abs.Error:
1.8e+10 m3+/- 3.9e+10 m-3 2.3e+10 m3+/-5.1e+10 m3

33
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Relative error below and above 500 km

RMS(ANe)
RMS(Ne_ref)

Below 500 km Blind area: above 500 km

X 100%

Each profile: Rel.err =

COSMIC_FORMOSAT3_4weeks python-v1l3 errel COSMIC_FORMOSAT3_4weeks python-vl3 errel
600 . . . T . . . 100 . T . . T . .
RMS /Bias/ Std.Dev. in % = 15.8/ 8.4/ 13.4 (Nobs=3721) ——— RMS /Bias / Std.Dev. in % = 57.5/39.2/ 42.1 (Nobs=3722) ———
90 ’ ’ ; ; : ’ ’
500 W | b b [
80
i i i ; ; i i 70 |
400 {10 S o o
: : : : : : : 60 L
800 [l w0 L
] ey
200 f 1 S T ]
: : : : : : : 30
20 |
e s e -
H H H H H H H 10
0 o 1 4_ n.o_.— | | | 0 I i i I i
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Relative_error_Ne_ for_50km_to_500km Relative_error_Ne_for_500km_to_hmaxref
Rel.Error: Rel.Error:

8% +/- 13% 39% +/- 42%
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= ROM SAF

Radio Occulta rology

aaaaaaaa

Four examples of precision above 500 km

AOC-11_261 1220 13 37323 6 AVHIRD biind araa rel.error: 29 (e #5)

Heighit | km

+
#*

'SEP. w POD corr, rel.
SPH.Sym. w POD coer, raf,
AYHIFD

rel.err=2.9%

ok b
II"-‘-'-I | | | | | |

1
Hesght | km

a 1e+11 2e+11 Ja=11 4e+11 Se+11 Ge+l1 Te+1d
Elgciron densdy [ m®-3

8a+11

RO-B_234_1241_16_53642_195, AVHIAC bind araa rel.armar 78.9 (ikar 43)

aon
o0
]
500

400

Haight / km

00
200

0

T T T T T T

SEF. w POD cor. ref.

SPH.Syr. w POD corr. ref.
AVHIRD E

- rel.err=78.9%

+

l WWW
*+ + +++W

CE T

Haight / km

0 Basid Tes11 1.8e+11 2e=11 288411

Electron densty | m™-3

a1l ASes11

RO-6_346 1250 19 41738 G3, AVHIRD blind area releror: 92,1 (Ser.#9)
and T T T , T T
SEP. w POD oo, ref. — +
00 SPH.Sym. w POD corr, raf -
AVHIRD %

a0l
500 - rel.err=93.1%
400 -
and

200

u] 3&1—1I:I ﬁEIHIZI 9&1—1I:I 1EE+11 1.5e+11 1.Be+11
Elaciron density / m®-3

2.1e+11

AC-8_Z34 1291 _19_T474_7, AVHIRD blind area ral.arar: 13,8 (iler ag)

a0 T T T
SEP. w POD corr. maf +
700 EPH.Sym. w POD carr. mal. -
AVHIRD  #
GO0 -
500 rel.err=13.9% -
200 .
Ao - —
200 - .
100 |- gt T 1
o | 1 | 1
0 Bas1d) Ta+11 1.5a+11 2r+11

Electron density / m™-3

2 BasM

Ref 1: Abel inversion modeling the horizontal variabilty with separability concept from complete RO data
Ref 2: Abel inversion under assumption of spherical symmetry from complete RO data
AVHIRO: Abel-VaryChap Hybrid density profile from topside Incomplete RO data
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Pros and Cons: Summary
| AVHRO | SEERO

Ne Relative Accuracy 8% 13%
Predominant Ne Rel. Acc. 3% 10%
Ne Absolute Accuracy (1.8x1010 +/- 3.9x101%)m"3 (3.0x10%0 +/- 4,7x1010) m-3
Predominant Ne Abs. Acc. <10%m-3 <10%m-3
CPU time per preprocessed 20 minutes (~2min in 17 seconds
RO future parallel version)
Suitable for NRT service? No Yes
Suitable for PP service? Yes Backup option for PP
Required ancillary No No
information?
Required inputs Dual-frequency GPS carrier phase measurements,

predicted GPS and LEO orbits

Convenient inputs Dual-frequency GPS POD carrier phase meas.
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5. Conclusions (1/2)

. In this work, two methods - SEEIRO and AVHIRO - are presented as
new techniques to retrieve full electron density profile from
truncated RO data, without the need of external data.

. SEEIRO reduces the relative error of the RO inversion with data up
to 500 km regarding to the full data inversion up to 800 km, from

50% (+/-22%) before, to 13%(+/-8%)

. AVHIRO reduces the electron density error of the RO inversion with
measurements up to 500 km regarding to the full inversion with
observations up to 800 km: from 49% (+/-22%) before to 8%(+/-
13%).

. AVHIRO reduces the predominant relative error to 3% compared
with the 10% obtained with the fast SEEIRO approach.
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5. Conclusions (2/2)

5. AVHIRO provides simultaneously the linear Vary-Chapman
extrapolated electron density profile with accuracy slightly lower than
those obtained at heights below 500 km with observations: (2.3 £ 5.1)
X 1019 m-3 above versus (1.8 & 3.9) X 1019 m3 below 500 km.

6. SEEIRO solves the problem by two step processing strategy and
needs less computation time, suitable for Near Real-Time
determination. AVHIRO estimates the full electron density profile
simultaneously and achieves more accurate results, yet at higher
computational cost, suited for postprocessing.

Remarks

In the proof of concept of SEEIRO and AVHIRO, spherical symmetry is
assumed. The improved Abel inversion taking into account horizontal
gradients will be easily applied in a straightforward way under
separability hypothesis by substituting Ni = Vi * Si, where Vi is the
VTEC at the corresponding "i" crossing point (given for instance by
GIM) and being Si, the "shape function", the new unknown. 40
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Convergence for ROs of a single day (261, 2011):
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