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Abstract 
 
 Ionospheric scintillations can seriously jeopardize the reliability of the GNSS signals and consequently can cause 
significant error or outage on precise positioning applications. The threat is most acute at low latitudes where 
ionospheric irregularities are more likely to occur resulting in L-band signal scintillations. This paper describes the 
effort made to model the ionospheric scintillations over the Latin American region in the frame of the CIGALA project 
funded by the European GNSS Supervisory Authority within the 7th Framework Programme of the European 
Commission. Comparisons between the low-latitude model of scintillations and observations are here presented and 
discussed within the project perspectives. 
 

1. Introduction 
 
 The ionosphere represents the largest contributor to the GNSS (Global Navigation Satellite Systems) error 
budget. In particular ionospheric scintillation, i.e. the fluctuations in the phase and amplitude of the signals from GNSS 
satellites when they cross regions of electron density irregularities in the ionosphere, can impose serious degradation on 
GNSS system functionality, including integrity, accuracy and availability. To characterize these fluctuations two indices 
are internationally adopted: the amplitude scintillation index, S4, which is the standard deviation of the received power 
normalized by its mean value, and the phase scintillation index, σΦ, which is the standard deviation of the detrended 
carrier phase. The two geographic areas most affected by scintillations are the auroral and  equatorial regions [see, e.g., 
1]. The low latitudes show a characteristic feature of the plasma density, known as the equatorial anomaly, EA [2], for 
which a plasma density enhancement is produced and seen as crests on either side of the magnetic equator. It is a region 
in which the electron density is considerably high and inhomogeneous, producing ionospheric irregularities structures 
causing scintillations. In the Brazilian longitudinal sector, the ionospheric F region irregularities present peculiarities 
due to several local physical conditions, such as the high magnetic declination angle [3]. The separation between the 
magnetic and the geographic equators and the presence of the EA, also produce important peculiarities in the 
irregularity distributions [4]. Considering the increasing relevance of GNSS technologies (such as GPS, GLONASS and 
the forthcoming GALILEO) in the considered region, knowledge and monitoring of scintillations are essential, so that 
warnings and forecast information can be made available to GNSS end users, global system and local augmentation 
network administrators in order to guarantee the necessary levels of accuracy, integrity and availability of high accuracy 
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and safety-of-life applications. Especially when faced with severe geospatial perturbations, mitigation tools to minimize 
destructive effects on satellite signals tracking (loss of lock, degradation of accuracy resulting in poorer satellite 
availability) are also needed. In this context, the challenge of CIGALA (Concept for Ionospheric scintillation 
mitiGAtion for professional GNSS in Latin America) project, co-funded by the European GNSS Supervisory Authority 
(GSA) through the European 7th Framework Program, is to understand the causes of ionospheric disturbances and 
model their effects in order to develop novel countermeasure techniques to be implemented in professional multi-
frequency GNSS receivers. The CIGALA project, which started on February 15th, 2010 and will end on February 14st, 
2012, includes research activities towards the prediction of signal propagation and tracking perturbations related to the 
ionospheric scintillation that are at the base of developing mitigation tools. 
This paper describes the advancements made within the project to model ionospheric scintillation by means of the 
approach described by Wernik et al. [5], opportunely extended to the low latitude ionosphere, and presents the first 
validation test performed by means of historical datasets and of measurements acquired by a new type of multi-
frequency multi-constellation GNSS receiver deployed at Presidente Prudente, SP,  Brazil. 
 

2. Scintillation climatology from WAM model 
 
 The simulation of scintillation effects on trans-ionospheric signals can be accomplished either by using 
analytical models [see. e.g., 6], climatological models and in-situ-data based models (WAM) [8, 5]. Based on a review 
of available scintillation models delivered in the frame of CIGALA, it seems that the most adequate models within the 
context of CIGALA are the WBMOD [7] and WAM [5] models. Such models rely on physical principles driving the 
propagation of radio waves through plasma density irregularities, as well as to the modeling of those irregularities in the 
ionosphere according to specific helio-geophysical conditions. Both models take into account the strong scintillation by 
assuming the Rice distribution of the power fluctuations for which the amplitude scintillation index S4 becomes:  
 
S4

2~ 1-exp(-S4w
2)    (1) 

 
where S4w is the scintillation index derived from the weak scintillation model [7]. The WAM model has been adopted, 
because it can be easily updated and fine tuned with low latitudes in-situ data, recently collected or taken from historical 
archive, such as the Dynamics Explorer 2 plasma density measurements [9]. Besides scintillation indices, WAM also 
outputs critical spectral parameters such as the spectral strength (T) and slope (p) which are needed for the error 
analysis and the tracking models. The WAM model makes use of the DE 2 data from the retarding potential analyzer 
plasma density, covering the period from August 1981 to February 1983, near to the solar maximum activity and it was 
originally developed to reproduce the irregularities and scintillations climatology at high latitudes [5]. From in situ 
measurements we derived the turbulence strength parameter Cs and the spectral index. In the low latitude formulation of 
the model with the NeQuick model [10] the Cs parameter was rescaled to get its value at the height of the maximum 
electron density. The NeQuick model was also used to estimate the irregularity layer thickness. To convert the 
parameters derived from in situ measurements to the equivalent scintillation index one should rely on the scintillation 
theory. We used the simplest phase screen approach as described by Rino [11]. Our final result are maps of the 
overhead scintillation index S4 in Local Time (LT)-Dip Latitude coordinates sorted according to the Kp geomagnetic 
activity index and season.  
 

3. Scintillation climatology from ground-based observations 
 

 Climatology of scintillation over the Brazilian sector has been reproduced by means of historical GPS data 
acquired by a SCINTMON (SCINTillation MONitor, http://gps.ece.cornell.edu/realtime.html) receiver deployed in 
Presidente Prudente (PP - Brazil, 22.12ºS, 51.41ºW) and by a PolaRxS (http://www.septentrio.com/) receiver installed 
in the same site on January 2011 within CIGALA. Observations from PP are very interesting due to the proximity to the 
Southern crest of EA. The ionospheric assessment has been accomplished using the GBSC (Ground Based Scintillation 
Climatology) technique, recently developed by INGV as an original tool to identify the main areas of the ionosphere in 
which scintillation is more likely to occur. The GBSC builds maps of the percentage of the occurrence and/or of mean 
and root mean squares of scintillation indices, TEC (Total Electron Content), signal to noise ratio and other parameters 
defined in a bi-dimensional coordinates system (geographic coordinates, geomagnetic coordinates, horizontal 
coordinates, time), selected on demand [12]. The SCINTMON receiver is managed by the Instituto Nacional de 
Pesquisas Espaciais (INPE), which has the data ownership, and was originally developed by the Cornell University 
since 1995. It computes the signal amplitude at 50 Hz on L1 frequency. The PolaRxS receiver has been specifically 
designed by Septentrio Satellite Navigation N.V. for ionospheric monitoring and space weather applications. It is built 



around a state-of-the-art multi-frequency multi-constellation GNSS engine to support ionospheric monitoring in all 
GNSS band using all satellites in view. In the past, ionospheric monitoring using GNSS signals has essentially been 
limited to the L1CA signal from the GPS satellites, simply because that was the only unclassified signal available to the 
civilian community. In the recent years, the GNSS constellations have undergone significant changes. GPS satellites 
transmit civil signals on L2 and L5, GLONASS satellites transmit civil signals on L1 and L2, and GIOVE satellites add 
civil signals in the L1, E5a and E5b bands. The purpose is to maximize the observability of scintillation events.  

 
3. Comparisons and conclusions 

 
 The data acquired by the SCINTMON receiver in 2009, between 21 UT and 09 UT (18-06 LT), from Jan 1st to 
Oct 31st, with a significant data gap between Jun 29th and Jul 25th, and the first data collected by the PolaRxS receiver in 
January 2011 have been analysed through the GBSC method to test the WAM capability of predicting the observed 
scintillations scenario. Figure 1 shows the local time (left) and seasonal (right) dependence of S4 index modeled by 
WAM. The predicted values present a peak of the amplitude scintillations around 21 LT, as expected due to the post-
sunset enhancement of the eastward electric field that at low latitudes allows ionospheric irregularities to form. The 
seasonal variation (fig.1, right) confirms that during the equinoxes the scintillation is more likely to occur. Lack of 
sufficient in-situ historical data explains the gaps on 00 LT and on July in the plots. Figure 2 presents how mean S4 
depends on local time (left) and seasons (right) according to the SCINTMON observations analyzed by the GBSC. 
Please notice that the left plot in figure 2 refers to the time interval 18-06 LT. If we compare the plots in figure 2 with 
the red curves reported in figure 1 a general qualitative agreement is found. In particular the figure 2 confirms the 
expected post-sunset scintillation enhancement around 22 LT (left plot) and the equinoctial S4 maxima (right plot). 
 

 
 

Figure 1. Local time (left) and seasonal dependencies (right) of S4 modeled by WAM: 25th percentile in blue, 50th 
percentile in red, 75th percentile in green. 
 
In figure 3 we have plotted the LT (over 24 hours) variation of the mean S4 values observed at Presidente Prudente by 
means of the PolaRxS receiver deployed in January 2011. Due to the limited data set span available at the time of this 
paper, the plot can be considered only a first preliminary snapshot of the new observations within the CIGALA project. 
Nevertheless a general agreement with the WAM climatology and with the SCINTMON (via GBSC) climatology can 
be found. In this paper we have presented the first results of the research activities currently in progress within the 
CIGALA project. Such activities are addressed to model the low-latitude scintillations over the Brazilian sector through 
the use of an in-situ-data based model termed WAM. From the comparison with the observations made in the recent 
past at Presidente Prudente and with the new observations just started on January 2011 in the same location, WAM 
looks like very promising in the perspective of modeling the scintillation effects on GNSS signals. 
 

 
 



Figure 2. Local time (left) and seasonal dependencies (right) of mean S4 as observed from the SCINTMON receiver at 
Presidente Prudente and analyzed by the GBSC method. 
 

 
 
Figure 3. Local time dependencies of mean S4 as observed from the PolaRxS receiver at Presidente Prudente and 
analyzed by the GBSC method. 
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