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Introduction:  Europa's ionosphere has a dispersive 

effect on radio signal propagation [1,2]. This effect is 
detrimental to the quality of radar observations, as it cre-
ates pulse broadening, signal distortion, and signal de-
lay [1,3,4]. Previous work has discussed that one can 
use two active radar channels simultaneously to correct 
for Europa’s ionosphere distortion [1,2]. While using 
active radar to correct for ionosphere distortion is a ro-
bust method [3,4], the HF active channel by REASON 
will at times be dominated by the loud bursts of Jupiter's 
decametric radiation when on the sub-Jovian side 
[1,5,6], and thus limited in being able to be used along-
side the VHF channel to perform active radar correc-
tions of ionospheric distortion. Here, we demonstrate 
the potential to use Jupiter's Radio Emissions with a pas-
sive radar approach [5,6] to correct for ionosphere dis-
tortion, using the passive radio sounding method that 
has been recently developed on Earth [7]. Here, we dis-
cuss the abilities of the passive radar to correct for ion-
osphere distortion, and we compare its performance to 
an active radar system with preliminary simulations. Fi-
nally, we show that even in the presence of significant 
total electron content (TEC), the passive radar approach 
not only can correct for ionosphere distortion for 
REASON using a passive HF system but also perform 
at a similar level to the active system in terms of signal 
to noise ratio and range error. 

Background: Europa's ionospheric environment 
has been shown to have considerable amounts of TEC 
which creates the dispersive phase shift that causes dis-
tortion and delay in the range compressed signal [1]. 
The amount of signal distortion after propagation 
through Europa's ionosphere has been shown to be di-
rectly proportional to the TEC [1]. Performing altimet-
ric measurements on Europa would be important in or-
der to constrain the amplitude and phase of gravitational 
tides. However, due to the effects caused by Europa's 
ionosphere, there is uncertainty in whether the measure-
ment is due to surface change, such as a tidal bulge, or 
an ionosphere change, such as signal delay or broaden-
ing.  

Active Approach. One commonly used method to 
correct for ionospheric distortion is with a two channel 
active radar system with different center frequencies 
[3,4]. One channel can be used to correct for the other 
channel of a different frequency. Thus, it has been pro-
posed to use the HF and VHF measurements together to 
correct for the other. The HF is limited to a 9 MHz cen-
ter frequency with a 1 MHz bandwidth, which is in the 

range that causes significant signal distortion [1]. While 
we can correct ionosphere distortion with the delay dif-
ference between the HF and VHF channels, the Jovian 
noise is an issue for an active HF. However, when there 
is Jovian noise present, the HF system is limited because 
it is dominated by Jupiter's radio emissions on the sub-
jovian side. 

Passive Approach. To address this issue, we inves-
tigate whether a passive approach using the HF Jovian 
decametric radiation can also perform the ionosphere 
corrections. This method depends on work by [5,6] 
demonstrating the potential to use Jupiter's decametric 
radiation as a signal of opportunity to perform radar 
measurements of Europa's icy shell. Furthermore, a pas-
sive radio sounding approach using a compact astro-
nomical white noise source has been demonstrated on 
Earth [7]. Thus, while the HF environment on the sub-
jovian side is dominated by the Jupiter's radio emis-
sions, which is detrimental to an Active HF system, we 
investigate whether we can use Jupiter's decametric ra-
diation as a source to perform the ionospheric correc-
tions with a passive HF channel. 

Therefore, our objective is to estimate the extent to 
which a passive HF mode can provide measurements of 
the ionospheric TEC in the sub-Jovian side. In particu-
lar, we are interested in the differences between active 
and passive corrections, and seek to evaluate the differ-
ence in effects of dispersion on the waveform.  

Methods and Results: We simulate radar signal 
propagation through Europa’s ionosphere for a variety 
of SNR and TEC. For the passive case, the instrument’s 
SNR is determined and limited by the maximum inte-
gration time. Thus to compare it to the SNR of the active 
system, we compute the time-bandwidth product gain.  

 

 
Figure 1.  Measurement concept and geometry for ion-
osphere corrections using a passive approach 
 
We first simulate a range compressed pulse that propa-
gates through a free-of-charge environment, as well as 
a pulse propagating through Europa’s ionosphere that 
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obtains a dispersive phase shift [1]. We then simulate a 
white noise echo [5-7] for the passive Jovian decametric 
radiation case through a free-of-charge environment,  as 
well as a white noise signal that travels through Eu-
ropa’s ionosphere to obtain the dispersive effects, and 
then cross-correlate it with the direct path’s white noise 
signal as shown in Figure 1.  

Using a nominal value of TEC [1,2,8], the de-
lay and distortion are clearly visible in Figure 2. How-
ever, the difference in delay between the two channels 
can be inverted for an estimate of the TEC. Once the 
TEC is estimated, it can be used to give a phase shift 
correction to the compressed signal in the frequency do-
main [1,3,4] as shown in Figure 3. The errors in range 
after correcting with both methods are shown in Figure 
4. 
 
Table 1. Parameters for Passive Corrections Simulation 

 Altitude 1000 km 
 Nominal TEC  4*10^15 m-2 

VHF Center frequency 60 MHz 
 Bandwidth 10 MHz 
 Pulse Length 100 µs 
HF Center frequency 9 MHz 
 Bandwidth 1 MHz 
 Integration Time 0.02 sec to 0.1 sec 

 
 

 
 
Figure 2. Signal distortion and delay for both active 
VHF (left) and passive HF (right) radar cases.  
 

 

 
Figure 3. Corrections of the ionospheric effects 

 
Figure 4. Range errors after correcting with active (top) 
and passive (bottom) methods vs. TEC and SNR 
 

Conclusions: Our preliminary results show that  
passive corrections of the Europa’s ionospheric distor-
tion using a white noise source are possible. The passive 
method performs with a range error that is on the order 
of the active case, especially for reasonable values of 
TEC. Our future work includes determining the maxi-
mum receiving windows for the passive measurements, 
and evaluating the duty cycles for transmit and receive 
with the VHF. As this simulation used a vertical column 
of TEC and a specular reflection,  our next step is to 
reconcile the geometry for a slant TEC and introduce 
expected scattering conditions. 
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