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Background of GPS occultation observation 

• GPS receiver in LEO can track GPS radio signals that are 
refracted in the atmosphere. 
• The relative motions of GPS and LEO produce the limb 

scanning geometry.   



Effects of Es on the RO signals 

• When the radio wave pass through a thin ionization layer, the 

amplitude and phase of the GPS signals show strong fluctuations.  

[Wu et al., 2005] 



Es morphology from RO observations 

Fluctuation/Scintillation of phase and amplitude of GPS RO signals 
caused by thin ionized layer (Es) to study the local time, latitudinal, and 
seasonal variations of Es layer [Arras et al., 2008, 2009, 2010].  

Latitudinal and seasonal variations 

Semidiurnal signature 



Es formation: combined neutral wind shear and 
geomagnetic effects [Whitehead,1961] 

 
 

(Hines, 1974; Kelley, 1989) 

Strong wind shear exist at the mesopause; 

Metallic ions have long lifetime. 

Background for Sporadic-E 



Obs: 1. intense echoes when perpendicular to B (FAI) 

      associated with Es layer (intense plasma-density gradient) -> 

gradient drift instability (GDI). 

Obs: 2. quasi-periodic (QP) echoes with period 5-10 min [Yamamoto et 

al., 1991] 

      a. gravity wave: the period of QP similar to the buoyant periodicity 

            Es is severely modulated by southward propagating GWs. The 

distorted layer is aligned with B to fulfill the condition to excite the GDI. 

         not supported by later observtions [SEEK1] 

      b. plasma instability: 

         diff: in mid-lat, instability at one side of Es layer would be 

suppressed by the stable condition on the other side through electric 

field mapping effect along the inclined B. 

          sol: i). Nonlocal linear instability theory pointed out: a few mV/m 

enough to excite GDI associated to Es layer [Seyler et al., 2004]. 

                ii). Zonal wind shear can induce the GDI [Kagan and Kelley, 

1998]. 

       c. Kelvin-Helmholtz instability [Larsen, 2000]:  

              Richardson number is smaller than 0.25.   

Background for Sporadic-E 
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• Es cloud is aligned 
with the propagation 
direction, its central 
part results in the 
defocusing of radio 
waves, while the edge 
parts result in the 
focusing of radio wave. 
 

• Es cloud is tilted by an 
angle α > ∆H/L, it does 
not affect the 
propagation between 
heights z1 and z2. 

Layout of model of Es cloud 



1. Simulate the effects of separate Es clouds using MPS method: 

     fixed α = 0 
Ne0 = 6d5 (A,B); 3d5 (C-F) [el/cm3]. 
L = 100 (A,C); 50 (B,D); 25 (E); 10 (F) 
[km]. 
∆H = 4 (A-C); 2 (D); 1 (E); 0.5 (F) [km]. 
 
 
     fixed Ne0, L, ∆H: same as (top A) 
α = 1 (A); 3 (B); 5 (C); 7 (D); 9 (E) [deg]  



Ne0 6 105el/cm3

H 2km

• U-shaped structures 
are similar to those 
from separate clouds. 
 
• The number of the 
structures depends on 
the waviness and the 
dimensions of the Es 
layer. 

2. Simulate the effect of wavy Es layer using MPS method: 

Amplitude = 5 km 

Period = 200 km 



Samples of L1 C/A SNR from COSMIC RO in July 2009 

• U-shaped structures are 
clearly identified in observed 
RO signals. 
• Those structures observed at 
h well below the typical height 
of Es layer, correspond to tilted 
Es clouds. 
• For h < 20 km, the effect of 
the neutral atmosphere on 
amplitude may become 
significant, which limits the 
observable tilted angle of Es 
cloud to 9-10 deg. 



Distributions of identified U-shape structures from RO data 

• Latitudinal and 
local time 
variations of 
occurrence of Es 
events agree well 
with previous 
studies.  
• U-shape 
structures mainly 
occur at h ~ 90-
120 km, but also at 
much lower 
heights (tilted Es 
clouds). 
• thickness ∆Hmax ~ 
1.5 km. 



Estimate the distribution of the tilts of the Es clouds wβ 
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α: tilt of an Es cloud in the occultation plane; 
θ: rotation angle of Es cloud around the local vertical; 
β : tilt of an Es cloud with respect to local horizon  

Under the assumption of equal probability of an Es cloud to 

be characterized by θ, the probability density (PD) of wα is:  



wh (h) ~ wz(z)w [arccos(p /r)]
rdz
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∆β = 3.75 deg, C = 0.05 (solid) 
∆β = 3.75 deg, C = 0 (dashed) 
∆β = 7.5 deg,  C = 0 (dot-dashed) 
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Estimate the distribution of the tilts of the Es clouds wβ 

wz(z) ~WH (z zE ,HE )

zE 105km; HE 40km

Hanning window 
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PD of Es cloud to be located at z  wz(z)



Conclusions 

• By modeling, we found that Es clouds result in 
specific U-shape structures in amplitude of the RO 
signals. 

•  Those U-shape structures are also observed from 
COSMIC RO amplitude data. 

• The distributions of Es clouds (U-shaped structures) 
in TP height, latitude, and local time are estimated, 
which are consistent with other studies. 

• Using the distribution of the U-shaped structures in 
TP height, we evaluated the distribution of the tilts of 
the Es clouds, approximated by Gaussian distribution 
with additive constant. 


