TEC and scintillation modeling

Marcin Grzesiak
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Structure reconstruction (2D case)

- 2D test field with satellites
traces imposed

Gradients cloud and eigendirectrions of covariance matrix

Reconstructed structure

An example of a scalar field
not satisfying model
assumptions

(there is no “typical” structure
here)

and the result of basic
analysis.
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Modeling evolution — dispersion analysis
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Simulations - example
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Dependence on separation
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Drift dispersion
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phase difference

frequency [Hz]

5-6.04.2010 magnetic storm
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Spatio-temporal analysis

Taylor hypothesis imply that spatio-temporal correlation function “drifts” in
delay coordinates, which means that there is a “singular” (with zero eigenvalue
of the hessian) direction.
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Experimental TEC/scintillation modeling
(climatology)

Scintillation

Characteristic (e.g. S4) /TEC = F(MLAT’ MLT, Kp1 )

Where F is a suitable function.
Its choice depends on experiment — a set of observations taken for
“many” n-tuples (MLATs, MLTs, Kps,...)

An example: Low-latitude model (Aarons et al., 1985 o

(dB)

SI(dB)=2'""

MEAN SCINTILLATION INDEX

g=FA+ FB + (-1.5 FA+0.8 FB)-cos[(1t/12)(H — 0.2 — 0.25Kp
r = FC{cos|[(1/6)(H + 3.3)] — 0.4 cos[(1t/4)(H + 1.5)]}
FA = (- 2.7 - 0.3 FD)(S/100)

FB=0.2+FD+ (0.1 -0.1 FD)Kp
FC = (1.6 + 0.7 FD)(S/100) + 0.1Kp K s o e
FD = cos (2m/365)(D + 1.3) — 0.6 cos (41/365)(D — 4)

Upper plot: Scintillation index for 3 days of the year,
and D is the day number, H is the local time in hours, ~ With solar flux of 100 and Kp=2. Lower plot: Mean

_ _ _ scintillation index for February15 with 10-cm solar
i” asr:z;gsﬂgl?;?;[] ]I-‘gdc;;_nn’SKp planetary magnetic index. flux of 50, 100, and 150 units; Kp=2 (after Aarons, 1985).

(dB)

MEAN SCINTILLATION INDEX

Aarons, J., E. MacKenzie, and K. Bhavnani, High-latitude analytical formulas for
scintillation levels, Radio Sci., 15, 115-127, 1980.

TEC models based on IRI



The choice: F interpolating polynomial

An example: Indian model (lyer et al. 2006)

SO(t,d,F,0)=23 Y50, N; 4(t)N,;,(d)N, ,(F)N,,(6)

The scintillation occurrence SO dependence on local time t, day of the year d,
solar flux F, and latitude 0 is expressed as a simultaneous product of univariate

normalized cubic-B splines

Scintillation occurrence over Trivandrum
for solar minimum (upper panels) and
maximum (lower panels) (after lyer et al., 2006).

lyer, K. N., J. R. Souza, B. M. Pathan, M. A. Abdu, M. N., Jivani,
and H. P; Joshi, A model of equatorial and low latitude
VHF scintillation in India, Indian J. Radio & Space Phys.,

35, 98-104, 2005.
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Deterministic approach

geographic latitutde [deg]

pierce points triangulation 1.11.2011

geographic longitude [deq]

=y AV == [, ds-(fvi)



Finite volume formulation, identification of parameters
(TEC)
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Figure 7: Spectrum of the SVD singular values (from 1
to 112) plotted in decreasing magnitude.

geographic latitude |[deg]

Mv = df

M = UXV™*

vztu*df

VvV =

velocity field 1.11.2011

-90 -80 -70 -60 -50 -40  -30
geographic longitude [deg]
Figure 8: Reconstructed velocity field; the green
arrow shows velocity vector with magnitude of 100
m/s



log sigma

S4

Scintillation parameters prediction

%fAk avf = — faAk ds - (fvy)

SVD spectrum 1.11.2011 for S4 prognosis without source term
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Tests

| sd(actual-forecasted) - 269_2013 | Entries 22914
Mean -4.853e-05
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