
E-region studies using radio and 
optical techniques at Arecibo 

One of the greatest strengths of the Arecibo Observatory 
that houses the world’s most sensitive incoherent scatter 
radar is the multiple optical instruments that are co-located at 
the site. These includes three resonance lidars, imagers, 
photometers and Fabry-Perot systems. 



Evidence of Quasi-periodic structures in the E- and F region 

RTI maps of high-pass 
filtered ISR data in terms of 
signal power  without range 
square correction and 
illustrates the waves with 
quasi-periods ~ 1 hour. More 
details can be found in Livneh 
et al., JGR, 2007. 



Evidence of ion-electron-neutral coupling using simultaneous 
ISR and lidar Observations 

Coordinated measurements electron concentrations (upper), Ca+ (middle) 
and Ca (lower) facilitate understanding of mesospheric chemistry and ion-
neutral interactions [Raizada et al., GRL, 2011]. 



Influence of dynamical instabilities on the Na layer over Arecibo 

The left panel shows HTC maps of Na densities on two consecutive nights. Billows were 
observed on the first night accompanied by a strong wave activity, which can be seen in 
the 557.7 nm airglow images in the right panel [Sarkhel et al, JGR, 2012]. 



Thermospheric Layers as observed by lidars from Arecibo 
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Evidence of high altitude thermospheric K neutral layers as observed using a resonance 
lidar. Even though the layer is weak, it descends at a rate of a semi-diurnal tide 
[ Friedman et al., JASTP, 2013]. 



Correlative studies between Na and Fe from Arecibo 

This figure shows the temporal variation of correlation between Na and Fe with 
altitude, which was calculated by using a sliding window of 1 hour at each time. Red 
indicates high correlation while blue represents negative values. Thus, the region 
where anti-correlation exists is bounded by these two regions with positive 
correlation and this varies in width and altitude during each night. This behavior 
has been attributed to gravity wave induced density fluctuations. The 
superimposed lines represent the altitudes of (a) local minima, and (b & c) local 
maxima of Na (white) and Fe (black line) densities [Yue et al., 2013]. 



Influence of Sporadic E on the neutral Na and Fe layers at Arecibo 

Altitudinal and temopral variations of electrons (top panel), Fe (middle panel), 
and Na (lower panel) on 17-18 March 2004. Descending C shaped structures 
are strong in both Na and Ne, but weaker in the case of Fe. This is most 
likely due to longer lifetimes of Fe+ as compared to Na, an alkali metal. 



Trends in the thermospheric neutral winds (TNW) - 1  

Based on 30 years of Fabry-Perot, Brum et a. (2012) reported that the neutral wind trends 
over Arecibo are strongly  dependent (even as to sign) on the day of year and the time of 
night.  

The figure on the left shows TNW 
component long-term trend rates arranged 
by DOY versus LT. During the last 30 years 
it was detected an increase in the 
northward component’s absolute value, 
mostly before 01:00–02:00 LT, and with an 
intensity that is dependent on season. The 
larger variation before midnight was 
detected during the summer. During the 
winter we detected a tendency of the 
meridional wind to be more southward after 
midnight local time during the last 30 years 
The zonal component showed a substantial 
dependence with season for the long-term 
variation during the last 30 years. It was 
found a decrease in the eastward value 
during the equinoxes before midnight and  

a strong increase at midnight local time during the summer period. 	  

Brum et al., JGR, 2012 



Trends in the thermospheric neutral winds (TNW) – 2 
Variation in the Neutral Wind Vector (1980-2010)  

The figure on the left  shows de 
variation of the vector component of the 
thermospheric neutral wind derived from 
the trends over 30 years, the vector 
direction has rotated counterclockwise 
by approximately 26° while its magnitude 
has only slightly increased, maintaining an  
average value of roughly 40 m/s (Tepley 
et al., 2011). 

Tepley et al., 2012 



Oxygen densities derived from Arecibo ISR (or MSIS vs. Burnsider 
Factor and alternative hypothesis for the O-O+ cross section 
adjustment) 

Ion-momentum studied using 
incoherent scatter radar (ISR) 
data involves the estimation of 
neutral density and/or theoretical 
collision cross section. The 
current results presents the 
computed Burnside factor based 
on ISR data and a neutral wind 
empirical model  based on local 
Fabry-Perot data. As result, a 
remarkable dependency of the 
Burnside factor (or Oxygen 
densities rate - [O]	  ) with season 
and altitude were found (on going 
reserch).  
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