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Summary 
 
Pc3 index amplitude characterizes the geomagnetic activity 
affecting aeromagnetic surveys. A study of Pc3 index 
amplitude over Canada in 2000 shows that the sub-auroral 
zone, the auroral zone, and the polar cap have distinct 
patterns of activity.  Average activity is higher during the 
months of February, July, and November in the auroral and 
sub-auroral zones.  The station in the polar cap exhibits 
maximum activity near midday during the summer months. 
At all locations, activity is stronger with faster solar wind.  
Detailed analysis of a magnetic storm shows that Pc3 index 
amplitude during the main phase of the solar storm is 
important at all locations except at the polar cap.   
 
Introduction  
 
Aeromagnetic surveys are currently flown using flight lines 
and intersecting perpendicular tie lines. They are 
subsequently leveled so that long period variations (longer 
than approximately 1 minute) in the magnetic field do not 
affect the results.  However, short period variations, if 
sufficiently large, will contaminate the magnetic maps.  To 
avoid this situation, the magnetic field is generally 
monitored using a nearby base station and the survey is not 
flown or the data rejected if the temporal variations are 
more than a given tolerance. Vallée et al. (2005) 
demonstrate that the Pc3 pulsation index designed by the 
Australian Space Weather Agency is well correlated with 
rejection of aeromagnetic data using a standard tolerance 
used by the Geological Survey of Canada for surveys in 
northern Canada.  The occurrence of magnetic fluctuations 
characterized by the Pc3 index amplitude in a specific area 
at a given time can have a strong impact on the cost of a 
survey and prediction of Pc3 index amplitude would be 
very useful for cost estimation in planning aeromagnetic 
surveys. 
 
Review of the literature on the geomagnetic activity in the 
Pc3 frequency range shows that useful forecasting is still 
not available. Pc3 frequency range activity is either 
broadband or narrowband and is associated with different 
geomagnetic phenomena, including pulsations, 

geomagnetic storms, and substorms.  Bolshakova and 
Troitskaya (1984) observe that Pc3 pulsation occurrence 
increases near the dayside cusp, which is the region located 
on the sunward of the Earth where magnetic field lines are 
open and in which the entry of magnetosheath plasma to 
low altitudes is most direct.  Troitskaya (1994) notes that 
for low magnetic activity, high latitude Pc3 pulsations are a 
very common phenomenon in the region of the projection 
of the dayside cusp on the Earth.  Menk (1993) discusses 
the occurrence of pulsations at low latitudes. Posch et al. 
(2003) observe a range of pulsation activity associated with 
magnetic storms.  All these observations have yet to be 
integrated in a space-weather model of Pc3 activity.  
   
Canada is a complex region from the point of geomagnetic 
activity as it is crossed by the auroral zone and the cusp.  
Vallée et al. (2005) show that corruption of the 
aeromagnetic data is stronger in the auroral zone.  
However, for planning aeromagnetic survey, we need more 
information on the geographical and temporal distribution 
of the Pc3 index amplitude.  The first step we follow is the 
analysis of historical data to identify statistical trends and 
verify their repetition.  As a starting point, we selected year 
2000, which was near the maximum of solar cycle 23. We 
compiled different statistics on the variations in the Pc3 
index amplitude using data collected every five seconds in 
2000 by the Canadian Magnetic Observatories and 
CANOPUS networks.  We related these results to solar 
wind parameters. We also studied in more detail the so-
called “Bastille Day” magnetic storm that occurred in July 
2000.  These results are the first step toward the 
development of guidelines for planning aeromagnetic 
surveys in Canada. 
 
Methodology 
 
We compiled different statistics of the variations in the Pc3 
index amplitude using data collected every five seconds in 
2000 by the Canadian Magnetic Observatories and 
CANOPUS networks shown in Figure 1.  We computed the 
Pc3 index by applying a band pass filter with periods 
between 10 to 45 seconds and we computed the RMS value 
in each 20 minute interval during each day.  
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Figure 1: Location of Canadian magnetic observatories and 

CANOPUS magnetometers.  

 
Geographical variations 
 
Figure 2 presents the average Pc3 index amplitude in 2000 
over Canada.  Although affected by the irregular 
distribution of the stations, this image illustrates the 
importance of the Pc3 index activity in the auroral zone and 
particularly near Hudson Bay. 

 

Annual variations 
 
The RMS values for each 20-minute time slot were 
averaged on a monthly basis.  By plotting month of the year 
versus hour of the day, seasonal differences in the daily 
pattern of activity can be detected (see Figure 3) in the sub-
auroral zone, the auroral zone, and the polar cap.  Ottawa 
(OTT), in the sub-auroral zone, is characterized by a small 
activity during nighttime and some activity during daytime 
hours, particularly during the months of February, July, and 
November. Baker Lake (BLC), in the auroral zone, is 
characterized by a much stronger activity during the 
daytime. In this case, the more active months are also 
February, July, and November.  Smaller activity occurs in 
the nighttime hours between 20h00 and 4h00 local time.  
Night-side activity is irregular and is attribute to auroral 
substorms. The diurnal variations at Resolute (RES) in the 
polar cap are completely different than from elsewhere.  
The activity is much stronger during the daytime with a 
very clear maximum at noon local time during the summer. 

Figure 2: Map of the mean Pc3 index amplitude in 2000 over 

Canada. The magnetic inclination is indicated by the contours. The 

dots indicate the locations of the stations used in the study. 

 
Relation with solar wind parameters 
 
As geomagnetic activity is related to solar wind parameters, 
we can study if Pc3 index amplitude characteristics are 
related to solar wind parameters as measured by satellites. 
For this purpose, we analyzed the correlation between solar 
wind parameters and the Pc3 index amplitude. Figure 4 
shows a plot that is typical at all stations we studied. This 
Figure shows that the Pc3 index amplitude increases as 
solar wind speed increases. For some stations during 2000, 
it is also possible to show a correlation between the Pc3 
index activity and the direction of the interplanetary 
magnetic field.  

 

Geomagnetic storm impact: the “Bastille day” storm 
 
On 14 July 2000, satellites observing the sun detected an 
intense X-ray flare and a coronal mass ejection. This 
resulted in one of the most intense geomagnetic storms in 
2000, the so-called “Bastille day” storm. The Dst index, 
which is an index describing geomagnetic storms  
(Gonzalez et al., 1994) reached –300 nT.  As the storm is 
well documented, it represents an opportunity to relate 
geomagnetic storms with Pc3 index activity.  Figure 5 
shows the variations in the Dst index and the direction of 
the interplanetary magnetic field and Figure 6 shows the 
corresponding variation in the Pc3 index at Ottawa (OTT), 
Baker Lake (BLC), and Resolute (RES). We outline the 
principal characteristics of these Figures. 
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Figure 3: Diurnal variation of the Pc3 index amplitude at (a) 

Ottawa (OTT), (b) Baker Lake (BLC), and (c) Resolute (RES), 

during 2000. 

 

The Pc3 index peaked during the sudden commencement, 
resumed to a quiet value, then increased to reach 60 at most 
of the stations of the Canadian magnetic observatories, 
except at Resolute where no Pc3 geomagnetic activity was 
observed.  The Pc3 index amplitude was larger during the 
main phase of the geomagnetic storm and decreases rapidly 
as the Dst index returned to its quiet value in the recovery 
phase. 

 

Figure 4: Yearly average of the Pc3 diurnal variation classified 

with solar wind velocity (SWv in km/s) for Baker Lake (BLC) in 

2000. Each curve represents a different solar wind velocity 

magnitude.  As the magnitude increases, Pc3 index amplitude 

increases.  

 

Conclusions 
 
Our results are similar to those of Vallée et al. (2005) who 
showed that geomagnetic activity affecting aeromagnetic 
surveys is more prominent in the auroral zone. In this 
study, we show that there is a characteristic daily pattern, 
with an increase of the geomagnetic activity at dayside.  
Nighttime activity is also quite important in the auroral 
zone.  Studies over a solar cycle such as those conducted by 
Newitt and Vallée (2005) are required to confirm the 
generality of our findings. 
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Figure 5: Variations in (a) the interplanetary magnetic field and (b) 

the Dst index near 14 July 2000.  

Figure 6: Variations in the Pc3 index amplitude at (a) Ottawa 

(OTT), (b) Baker Lake (BLC), and (c) Resolute (RES) during the 

time displayed in Figure 6.   

 


