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This study presents the preliminary results and initial evaluation of a low-cost, ground-based ionospheric scintillation monitoring system utilized in Peru. The receiver is engineered to detect disturbances in 
satellite signals caused by ionospheric irregularities, with the aim of enhancing the spatial resolution of scintillation measurements. The pilot system has been tested in the northern and central regions of 
the country to measure rapid fluctuations in the amplitude of GNSS signals. Preliminary results indicate that the system is capable of detecting distinct scintillation events, which have been correlated with 
data from commercial high-precision, albeit more expensive, GNSS receivers. In addition, the measurements were compared with observations from the LISN instruments. These promising preliminary 
results highlight the potential of the system to enhance the monitoring of ionospheric disturbances and contribute to the improvement of satellite-based navigation and communications in low-latitude 
regions. 

2025 CEDAR|GEM Workshop, Des Moines, IA, USA, June 22-27 email: epacheco@igp.gob.pe

Development of a Scintillation Monitoring System in Peru: Preliminary Results

Abstract

This research work is funded by 
CONCYTEC-PROCIENCIA under the "E041-2023-02 
Applied Research Projects" competition with 
contract number PE501083405-2023. The Jicamarca 
Radio Observatory is a facility of the Instituto 
Geofisico del Peru operated with support from the 
NSF AGS-2213849 through Cornell University. 

5. Acknowledgments

6. References
[1] Basu S., K.M. Groves, Su Basu, Sultan P. J. (2002). Specification and forecasting of scintillations in communication navigation links: current status and future plans, J. Atmos. Sol. Terr. Phys., 64, pp. 1745-1754.
[2] Groves, K., Basu, S., Weber, E., Smitham, M., Kuenzler, H., Valladares, C., et al. (1997). Equatorial scintillation and systems support. Radio Science, 32(5), 2047– 2064.
[3] Bose A., Santra A., Mahato S., and Dan S. (2019). Low Cost, Compact GNSS Modules for Atmospheric Probing, International BSS, University of Warmia and Mazury, Olsztyn, Poland.
[4] Dan S., Santra A., Mahato S., Koley C., Banerjee P., Bose A. (2021). On Use of Low Cost, Compact GNSS Receiver Modules for Ionosphere Monitoring. Radio Science, vol. 56, doi: 10.1029/2021rs007344.
[5] Kogogin et al (2021). Capacities of TEC measurements by the low-cost GNSS receiver. J. Phys.: Conf. Ser. 1991 012020.
[6] Gomez Socola, J., Rodrigues, F. (2022). ScintPi 2.0 and 3.0: low-cost GNSS-based monitors of ionospheric scintillation and total electron content. Earth Planets Space 74, 185 (2022).

Ionospheric scintillation is characterized by rapid fluctuations in the 
amplitude and phase of radio signals as they pass through the plasma-rich 
regions of the Earth's upper atmosphere. These fluctuations occur due to 
irregularities in the ionospheric electron density and can significantly disrupt 
critical satellite-based navigation and communication systems [1],[2]. These 
effects are particularly pronounced in low-latitude regions such as South 
America, where complex ionospheric dynamics lead to frequent and intense 
disturbances, especially during periods of high solar activity. 

1. Introduction 3. Measurements

2. Description

4. Conclusions
● We have investigated the use of low-cost receivers in the central 

and northern regions of Peru (Jicamarca, Piura, and Jaén) to 
obtain ionospheric scintillation measurements.

● Preliminary scintillation measurements from Dec 2024 to Feb 2025 
showed a very good agreement between the S4 index obtained 
from the developed low-cost receivers and the high-precision 
systems with a correlation of about 0.817 (Jicamarca), 0.841 
(Piura) and 0.907 (Jaén).

Although the study of these effects has 
typically relied on high-accuracy 
instruments, interest is rising in utilizing 
affordable, low-cost receivers to expand 
observational coverage across both 
space and time, particularly in areas 
where ionospheric behavior is especially 
complex [3],[4],[5],[6].
In this study, we investigate the use of 
low-cost GNSS receivers to measure and 
analyze preliminary measurements of 
ionospheric scintillation across selected 
sites at the central and northern regions 
of Peru (Jicamarca Radio Observatory, 
Piura, and Jaén) as shown in Figure 1. Figure 1. Receiver stations

COSMIC-2/FORMOSAT-7 S4 measurement

Figure 2. Comparison of S4 index between our receiver and the Septentrio PolaRx5S 
at JRO(a), Piura(c), and Jaén(e) and their corresponding correlation (b), (d), and (f).

Figure 3. 
S4 index from 
GLONASS at 
Piura Station 
(2024-12-03)

Figure 9. S4 index 
measurement using the N°
4-COSMIC-2/FORMOSAT-7 
satellite signal at 400 MHz 
during its pass over the 
Jicamarca station.
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Figure 8. Doppler shift effect

Figure 4. 
S4 index from 
BEIDOU at JRO 

Station 
(2025-01-30)

Figure 5. 
S4 index from 

GALILEO at JRO 
Station 

(2025-01-30)

Figure 6. 
S4 index from 
SBAS satellite 
at JRO Station 
(2025-01-19)

Figure 7. Tracking COSMIC-2

To measure the S4 index across Peruvian territory, two types of receivers 
were developed. The first is a GNSS signal receiver that uses a ZED-F9P 
module with a sampling rate of 1 Hz. Based on the acquired data, the S4 
index is calculated every minute for the GNSS constellations. The second 
receiver is designed to capture signals from the COSMIC-2 satellites and 
uses an ADALM-PLUTO SDR for data acquisition. In this case, the S4 index is 
computed every second due to the limited number of minutes these 
satellites are visible from the receiver. 
These measurements are conducted at three 
different stations; Jicamarca Radio Observatory 
(JRO), Piura, and Jaen, for the GNSS receiver, 
and at the JRO for the COSMIC-2 receiver. The 
measurements shown in Figures 2-9, were 
taken on the dates shown in Table N° 2.

Station Latitude Longitude

JRO -11.952 -76.875

Piura -5.170 -80.875

Jaen -5.676 -78.779

Station JRO (GNSS) Piura (GNSS) Jaen (GNSS) JRO (COSMIC-2)

Date 2025-02-01 2024-12-03 2025-12-05 2025-06-16

Table N°2.
Day of measurements

Table N°1. Stations coordinates

In addition, the solar activity and geomagnetic conditions during the 
measurement days are indicated  in Table N° 3.

Index avg JRO (2025-02-01) Piura (2024-12-03) Jaen (2025-12-05)

Kp 4 3 2

Dst (nT) -10 -13 -12

F10.7 182 169 169

Table N°3. 
Solar flux and 

geomagnetic indices.


