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• Compose an Excel sheet with all 103 SA 
events stated in the Nature Communication 
article. Access the SUSSI database and 
collect satellite images of the polar caps 
capturing SAs in ultraviolet wavelengths.

• The SUSSI images help locate the boundary  
of the SA, and are then cross-referenced with 
polar plots from the SuperMAG database to 
get an even more precise location. 

• Out of the 103 events, 7 of them did not have clear SSUSI auroral structures. ULF 
data for any event in the year 2018 was not yet available. We concluded on 49 
clear Sawtooth Auroras.

• All 3 plots are from an SA event #88 (out of 103) April 15, 2015, showing a 4hr 
block. This event produced a Dst of -124, placing 2nd (out of 49) over the 4yr period 
of recorded SA events studied in this project (also in He et al., 2020).

• Largest recorded Dst value was -222, lowest recorded Dst value was -40.

• Period ranges Pc4 and Pc5 produced the highest amplitude readings within the 
ULF. However, as shown in the plot above (station PIN) Pc2 band readings 
produced much larger fluctuations, perhaps related to EMIC waves. 

• Magnetometers higher in latitude typically captured larger values in the data, 
however stations along the arc of the SA produced more oscillation and variability. 

• Magnetometer data (figure below) shows attenuation as magnet field perturbations 
from the sawtooth aurora moves along. Indicating direction and magnitude of the 
magnetic field along all three axis.  

• The onset of sawtooth auroras was accompanied by distinct features within the ultra 
low frequency waves, as well as increased ionospheric current activity.

• Stations outside of the red zone yield more activity in the higher frequency ULF waves 
(Pc2– 5-10 s) than stations deep in the auroral cavity (shown through the SSUSI 
images), believed to be caused by plasma waves that are growing exponentially or at 
a faster rate.

• As the aurora brightens, it expands towards the south and produce larger magnetic 
perturbation in all three axis. There is intense activity and large amplitudes for stations 
within the auroral zone. In particular, stations around the arc display a pattern in 
magnetic field motion, with attenuation. 

• Due to the large data set, and the time required to complete the analysis, the results 
are not completely matured at this point, some events still remain to be completely 
analyzed. 

• Space weather holds enormous value, especially in the tech rich age of today, where 
communication systems and satellites can be vulnerable to intense activity.

• Sawtooth Auroras although greatly studied, due to a lack in collective observations and 
failed scientific consensus, a mechanism to interpret sawtooth auroras (SA) origins is 
yet to be completely understood (He et al, 2020). 

• One way of studying SAs, is by using a magnetometers to make measurements of the 
Earth’s magnetic field and perturbations that may occur. By collecting measurements 
and then compiling all the data, aspects such as the duration, direction, magnitude, 
and location of SAs can be revealed. 

• A recent article, put out by Nature Communications, describes 103 recorded SA 
events, which serves a basis for study (He et al, 2020).

• The SuperMAG database contains an international 
network of magnetometer stations. Each green 
vector represents ionospheric current inferred at 
one of the stations, while the black vectors 
represent fitted currents. 

• Once a date, time, and time interval is selected, 
specific stations in intense regions and outer edge 
of SAs are chosen to retrieve and analyze data. 
Plots inspecting the Earth’s magnetic field along all 
three dimensions and ultra-low frequency 
integrated wave-powers for various period ranges 
can then be generated.  

• The objective of this research is to study the SA associated ionospheric current structures and characteristics of ultra-low frequency waves (ULF) through the analysis of magnetometer data 
and advance the science towards a mechanism that interprets SA.

• This study examines SA events from the years of 2014 to 2018 as provided in He et al., 2020, specifically inspecting ground-level magnetic perturbations utilizing the SuperMAG database. 
Ground-based measurements were studied along two parameters: magnetic perturbation (direction and magnitude) and ULF wave powers.

• ULF waves in the Pc2 – Pc5 bands provided by SuperMAG are also analyzed to understand the wave activity associated with SA events.


