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Summary 
In this study, we perform a spatio-temporal evaluation of the earthquake detection thresholds for 
the seismic stations deployed in and around Alberta. Unlike the classical evaluation of the 
magnitude of completeness (MC), we defer to a numerical approach due to the relatively quiescent 
and clustered nature of seismicity in the province. Specifically, we estimate the simulated 
earthquake spectra against empirically measured station ambient noise. The station noise levels 
are handled as a statistical distribution to account for noise variability, while station operational 
up-time informs a probabilistic station availability. This synthetic approach is then applied to 
multiple years of station noise, station availability, and emplacement geometry data in Alberta. 
We compare the numerically determined MC against empirical results obtained from the seismic 
clusters to ascertain the validity of the model, with both MC exhibiting results within 0.2 ML of each 
other. Overall, this approach of network performance evaluation can accurately predict detection 
thresholds, providing insights into network deficiencies and information for targeted network 
improvement. 

Introduction: Seismicity in Alberta and the Magnitude of Completeness 
Seismicity in Alberta has been sporadic and sparsely distributed (Stern et al., 2013), with the most 
dominant clusters related to various anthropogenic activities occurring near the towns of Rocky 
Mountain House (Wetmiller, 1986; Baranova et al., 1999; Schultz et al., 2014), Cardston (Schultz 
et al., 2015a), Fox Creek (Schultz et al., 2015b; Schultz et al., 2017), Red Deer (Schultz and 
Wang, 2020, Wang et al., 2020), and Grande Prairie (Li et al., 2021). With the continuous 
development of unconventional resources in Alberta, timely assessment and mitigation of 
potential seismic hazards (Ghofrani et al., 2019, Reyes-Canales et al., 2022) has become 
important for people and infrastructure around the province. To better understand the cause of 
seismicity and to greatly increase the detectability of the small to medium seismic events, the 
Alberta Geological Survey (AGS) continues to collect data from various seismic networks 
deployed in Alberta, such as the Regional Alberta Observatory for Earthquake Studies Network 
(RV, Schultz and Stern, 2015c), Scientific Induced Seismicity Monitoring Network (2K, Schultz et 
al., 2020), TransAlta Monitoring Network (TD), Canadian Rockies and Alberta Network (Y5, Gu 
et al., 2011), Canadian National Seismograph Network (CN), Alberta Telemetered Seismograph 
Network (PO, Eaton, 2014), Public Safety Geoscience Program Canadian Research Network 
(PQ), GSC-BCOGC Induced Seismicity Study (1E), Montana Regional Seismic Network (MRSN, 
D’Alessandro and Stickney, 2012), and United States National Seismic Network (US), as shown 
in Figure 1.  

The quality of an earthquake catalog fundamentally impacts the quantity and spatial reliability of 
its documented seismic events and the interpretations that can be drawn from it. One metric of 
catalog is the detection threshold, or Magnitude of Completeness (Mc), of the station network. Mc 
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is defined as the lowest magnitude in a spatiotemporal area, above which all earthquakes that 
occurred are confidently detected (Rydelek and Sacks, 1989). Due to the sporadic and a relatively 
quiescent nature of seismicity in Alberta, the catalog-based approaches for the estimation of Mc 
(Wiemer and Wyss, 2000; Cao and Gao, 2002; Marsan, 2003; Woessner and Wiemer, 2005; 
Amorèse, 2007; Mignan et al., 2011) cannot be used. Instead, the need to evaluate the network 
performance has prompted numerical-based approaches, similar to D’Alessandro et al. (2011), 
Schultz et al. (2015d), and Mahani et al. (2016), which are the bases for this study.  

 
Figure 1. Spatial distribution of over 140 seismic stations that are used for seismic monitoring in 
Alberta. Shaded shapes represent stations that have a real-time telemetry during their operation, 
while white shapes are the non-telemetered stations.  
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Methodology: Numerical evaluation of the Magnitude of Completeness 
Seismic station performance can be adversely impacted by many external factors, such as 
proximity to the bodies of water, instrument self-noise, as well as anthropogenic noise. Due to its 
importance, the station’s ambient noise spectra are sequentially computed based on the Power 
Spectral Density (PSD) plots using the PQLX software (McNamara and Buland, 2004; McNamara 
and Boaz, 2011). The probability distribution functions (PDF) are then obtained from the 
accumulation of numerous PSDs to better assess the station’s time variability of noise and its 
probability of occurrence. 

The propagation of the seismic waves is another factor to consider during the numeral 
simulation of the network performance. To evaluate, earthquake spectrum was computed using 
the formula 𝑆𝑆𝑠𝑠(𝑟𝑟,𝜔𝜔) = 𝐶𝐶𝑆𝑆𝑀𝑀0

1+(𝜔𝜔 𝜔𝜔0)⁄ ɣ 𝜔𝜔𝑛𝑛 (Aki and Richards, 2002), while accounting for the 

exponential loss relationship for anelastic attenuation 𝐴𝐴(𝑟𝑟,𝜔𝜔) = exp ( −𝑟𝑟𝜔𝜔
2𝑐𝑐𝑐𝑐(𝜔𝜔)

), anelastic quality 
factor 𝑄𝑄(𝜔𝜔) = 893ƒ0.32 from Atkinson (2004), and the empirical amplitude decay applicable for 
Alberta as proposed in Yenier (2017). 

By combining these results, we produce a magnitude-distance relationship for each station 
considered in this study. This relationship was further extrapolated to a grid of distances relative 
to the stations to find combined detection thresholds at each grid point. The fourth lowest 
magnitude was then taken as a minimum detectable magnitude, since four stations are typically 
needed to reliably detect a seismic event (Figure 2a). Considering that the stations with high 
ambient noise or networks with several inoperable stations can greatly dwindle network’s 
performance, a Monte Carlo analysis was utilized while varying station noise levels (Figure 2b) 
and operational up-time (Figure 2c). Combined influences of both manipulations (Figure 2d) 
introduce randomness to the model, which closely resembles empirical detection thresholds 
observed in the province.  
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Figure 2. Numerically estimated detection threshold (Mc) maps for 2011, considering station up-
time and PDF variability (a). Single Mc map computed using the modal PDF noise value and 
ignoring station up-time (b), median Mc map computed using variable PDF values and ignoring 
station up-time (c), median Mc map computed using the modal PDF noise value and accounting 
for station up-time, (d) median Mc map computed using variable PDF values and accounting for 
station up-time. Seismic stations used in the calculations are color-coded based on the number 
of realizations.  
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Results: Alberta’s Magnitude of Completeness spanning 2012-2021 
Prior to 2013, the seismic monitoring in Alberta relied heavily on the Canadian National 
Seismograph Network (CN) and the Montana Regional Seismic Network (MB) due to a limited 
number of stations deployed within the provincial boundaries. As such, detection thresholds are 
the lowest closer to the Montana stations, ~150 km South of Alberta with 1.00 ML. These stations 
had an operational time of over 99% of the year and the statistical variability introduced to our 
model has little effect in the area but becomes more prevalent in central Alberta. Specifically, 
~50% operational time of the MANA and RDEA stations on the Alberta Telemetered Seismograph 
Network (PO) lowers sensitivity in the area by ~0.08 ML and has a stronger impact than the noise 
variability, which softens the detection radii. An approach used to compute the Mc maps using 
variable PDF values and station up-time (Figure 2d) was used in the years 2012 – 2021 (Figure 
3 and 4) to assess the evolution of detection thresholds in the province.  

 

Figure 3. Temporal changes in detection threshold (Mc) for Alberta ranging from 2012 to 2016, 
as created by combining the variabilities in PDF values and accounting for the station up-time. 

In 2014, an increase of stations in central Alberta, specifically the RV stations near the town of 
Fox Creek and TD stations near the Brazeau Dam, has increased sensitivity in both areas by 
~1.00 ML (2.44 to 1.54 ML, and 2.10 to 1.12 ML, respectively). The sensitivity increase is observed 
both in the empirical observations, as reported on the AGS website, and the numerical 
calculations performed in this study. However, the empirical Mc calculated in various clusters in 
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the province before 2018 is higher by about 0.4 ML. This is attributed to a different local magnitude 
calculation used by the AGS (Hutton and Boore, 1987 prior to 2018 and Yenier, 2017 afterward). 
Once this has been accounted for, empirical Mc is off numerical Mc by ~0.2 ML. Overall, this 
approach of network evaluation performs well in the areas with quiescent seismicity, as is the 
case in Alberta. Furthermore, this approach better approximates the geometrical spreading of 
seismic waves in the province, as well as a better-calibrated event magnitude calculations, 
resulting in the detection thresholds that closely resemble empirical observations.  

 

Figure 4. Temporal changes in detection threshold (Mc) for Alberta ranging from 2017 to 2021, 
as created by combining the variabilities in PDF values and accounting for the station up-time. 

Conclusions 
This research calculates the detection thresholds in the province of Alberta, where the sporadic 
and quiescent nature of the seismicity does not allow for a catalogue-based calculation of the Mc. 
Instead, a numerical approach was used in this study, based on the approximate geometrical 
spreading of the seismic waves while accounting for inelastic attenuation and the ambient noise 
of the stations. Furthermore, we included statistical assessments, like station noise spectra and 
operational time, as well as better magnitude corrections to better estimate the detection 
thresholds in the province. These findings act as a quantifiable measure of the AGS catalogue 
and a model for future improvements to the regional monitoring in Alberta. 
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