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Outline

() An analytical model is introduced for a stratified medium consisting
of locally spherically symmetric sectors. Model describes different
types of the ionospheric contributions to the RO signhals at the
altitudes 50-90 km of the RO ray perigee.

(I Connection between the amplitude and phase variations of the radio
signals propagating in the satellite-to-satellite and satellite-to-Earth
communication links. Simulation of the amplitude, bending angle and
refractive attenuation off RO signal.

(nr)r Description oft the' elkonal acceleration technigue for identification
and lecation off layered structures In the atmoesphere and Ienesphere,
and’ reflections, frem the Earth’s surface. Possibility: off the integral
absorption measurements in the atmosphere.

(iv) Possibility to separate the influence of layered structures from
contributions of irregularities and turbulence in the atmosphere.




The altitude profile of the physical parameters are measured along the traectory
of tangent point T whereradio waves propagate along layers. Main assumptions of
RO method: (i) spherical symmetry of the atmosphere and ionosphere; (ii) there
exists only one tangent point on ray GTL which coincides with radio ray perigee T.
Eikonal and refractive attenuation are connected by a classical dynamic equation
(Liou and Pavelyev, GRL,2006, Pavelyev et a ., 2009).




Experimental evidences of connection between the refractive
attenuations Xa and Xp retrieved from the FORMOSAT-3 amplitude
and phase RO data (neutral atmosphere and lower ionosphere). The
antenna s amplitude diagram influence Is seen inthe intensity data.
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Experimental evidences of connection between the refractive
attenuations Xa and Xp and derivative of the Doppler freguency on
time as follews from RO data obtained during Venusian ionosphere

investigation (Pavelyev et al., GRL, 2009).
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omparison ol the relractive attenuations Xp: anc
amplitude (curve 1) and phase data at GPS freguency F1 (curve 2). Retrieved vertical
profiles of altitude profiles of electron density and its vertical gradient (curves 3 and 4,
right). One may. estimate the distance of the inclined ionespheric layer from the radio

ray. perigee and the helght of the lenospheric layer by use of the elkonal/intensity
techni Pavelyev et a., GRL, 2009, GPS Solutions, 2010).
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A possibility to measure absorption of radio waves by comparison of the amplitude
and phase parts of the GPS radio-holegrams (e.g., two events). Curves 1 and 2
describe attenuations obtained from the amplitude and phase data, respectively.
Curves 3 and 4 Indicate theoretical dependence of the refraction attenuation with

absorption and refraction attenuation, correspendingly (Pavelyev et al., GRL, 2009).
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Left: curves 1 and 2 describe experimental and theoretical altitude
dependence of absorption, respectively. Right: curves 1 and 2 Indicate

experimental dependence of refraction attenuation calculated fro
amplitude and phase data. Curves 3 demonstrate theoretical dependence

of the refraction attenuation and absorption.
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Curves 1 - 5 indicate experimental dependence of refraction attenuation calculated fro
amplitude and phase data. Curves 6-10 demonstrate experimental dependence of the
integral absorption. Curves A,B Indicated the theoretical dependence of the refractio
attenuation and Integral albsorption (Pavelyev et al., GRL, 2009)

1.0
0.8
0.6
0.4

0.2
0.0

\

I_'I'I'I\'I'I'I'

—

=_81.5 N 301.2 W(5,10)—
42.3N319.1W (4,9)
-28.9 N 260.1 W (3,8) —
68.3 N245.7W (2,7) ~
277N 23:|3.SW 1,6)

| 1

15 20 25 30
height [km]




Generalization to the case of reflections from the Earth’'s
surface. Connection between the refractive attenuations Xd,
Xr and derivative of the difference of the Doppler frequencies
AF of the direct and reflected signals with respect to time
(Pavelyev et al., 2010, Radio Science under review)




ANALYTICAL 3-D MODEL FOR THE PHASE PATH EXCESS AND REFRACTIVE
ATTENUATION OF RO SIGNAL Pavelyev et d., PIER 2010.
Different spherical sectors may be active during occultation.
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Types of ionospheric influence on the amplitude (A1) and
e'konal (F1, F2) of radio occultation signals at freguencies

1575.42 and 1227.6 MHz in the interval 40-80 km
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Types of 1onospheric influence on the amplitude (A1) and
e'konal (F1, F2) of radio occultation signals at freguencies
1575.42 and 1227.6 MHz in the interval 40-80 km
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CONNECTION BETWEEN THE PHASE PATH EXCESS
AND AMPLITUDE VARIATIONS (analysis of the
experimental GPSIMET data; Pavelyev et al., 2002)
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Similar amplitude variations observed in the communication

Relahve signal level Ev (dB)

Phase

link satellite — Earth (Karasawa, Radio Science, 1985)
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1. Results of simulations: replies in the amplitude and phase are nearly equal to the
vertical width of alayer.

Influence of alayer on the amplitude and phase

of RO signal.
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Influence of seven ionospheric layers on the
amplitude and etkonal variations of RO signal.
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Curves 1 and 2 describe the electron density and its vertical gradient. Curve 3
corresponds to the bending angle, curve 4 and 5 are relevant to the eikonal and

amplitude responses of RO signal.




Theoretical connection between the amplitude and eikonal

IN RO measurements. Location of the inclined layers.

(Liou and Pavelyev, GRL, 2006; Pavelyev et a., JGR, 2007, GRL, 2009, GPS Solutions,
2010, Liou et al., 2010). The elkonal acceleration has the same importance for RO data
analysis as the Doppler frequency. It alows one to recalculate the phase data to the
refractive attenuation. This connection opens the independent way to locate inclined layers
from analysis of the amplitude and phase data.

1-X(t)=ma, a= d@/dt”
X=A/A;
m=d,d,/R,(dp,/dt) >



Evidence of atmoespheric origin ofi the phase and amplitude variations in RO
signal. Comparison of the refiraction attenuations Xp and Xa (left). Displacement

D of the tangent point T from the RO ray perigee calculated from the FORMOSAT-3
phase (curve 1) and amplitude (curve 2) data (right).
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Comparison of the refractive attenuations Xa and the eikonal variations (left).
Comparison of the refractive attenuation at the first GPS frequency (curve 1) and
the elkenal accelerations at the firequencies F1 and F2 (curves 2 and! 3) (right).
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Comparison of the refractive attenuations Xa and the eikonal variations (left).
Comparison of the refractive attenuation at the first GPS frequency (curve 1) and
the elkenal accelerations at the firequencies F1 and F2 (curves 2 and! 3) (right).

Hkm Xp-1 Xal dkm h,km " m, $¢/m
97.61 0.06429 0.07053 140.74 99.163 1.26 0.87587
97.58 0.06584 0.07291 155.00 99.461 1.38 0.88391
97.55 0.06694 0.07458 164.73 99.673 1.47 0.88940
97.52 0.06633 0.07550 198.30 100.59 1.77 0.90861
97.49 0.06610 0.07563 206.26 100.81 1.84 0.91316
97.46 0.06481 0.07478 219.46 101.22 1.96 0.92078
97.42 0.06299 0.07309 228.50 101.50 2.04 0.92599
97.39 0.06081 0.07047 226.61 101.41 2.02 0.92484
97.36 0.05814 0.06694 216.38 101.02 1.93 0.91883
97.33 0.05460 0.06265 210.95 100.81 1.88 0.91563
72.23 0.04132 0.06316 714.35 112.09 6.39 1.17436
72.19 0.04029 0.05866 626.54 102.86 5.60 1.11844
72.16 0.03934 0.05328 498.98 91.618 4.46 1.04047

72.13 0.03786 0.04721 357.26 82.105 Sl 0.95806




Vertical distribution ofi the electron density and its gradient in the main parts of
two patches of sporadic E-layer. Curves 1 and 3 describe the eectron density
distribution, curve 2 and 4 relates to the vertical gradient of the electron density.
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Separation of contributions from layers and irregular structures
(Pavelyev and Salimzyanov, 2010)
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Conclusion

The elkonal acceleration has the same Iimportance as the Doppler freguency in RO
experiments. Advantages ofi the elkonal acceleration/intensity: technigue ofi RO data
analysis are:

(1) a possibility to separate the layered structure and tunbulence contributions to:RO
signal

(2) a possibility” te estimate: the absorption Ini the atmosphere by dividing the
efraction attenuations fiound from amplitude and phase data

(8) a possibility to lecate the llayered structures In the aimesphere With accuracy. In
the distance fremitihe standand poesition ef the tangent peint of abeut =100/kn;

(4)) a pessibility te estaklishithe Ienesphei e or almespheric orgin ef the
amplitude and phase varatienself RO signal.
(5)) a poessinity. te estimate horizental gradients in the lewer Ionesphere

EUtUrer investigaiiens: are: needed o) establiishT conneclions: hetween: the: elkenal and
amplittieer Vanrialiensiig the geneiall case When aelie\Waves are prepagaiing thareugh
lecally sphenically/ symmeiical SeCiors:




Thank you for your attention!




