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1 INTRODUCTION AND RATIONAL 

The City of Prince Rupert requested Northwest Hydraulic Consultants (NHC) to investigate the hazard 
and risk to Prince Rupert, Port Edward or the First Nations community of Metlakatla of tsunamis that 
might be caused by seismic events or landslides. Dr. John Clague of Simon Fraser University (SFU) and Dr. 
Brian Menounos of the University of Northern British Columbia (UNBC) were contracted by NHC to 
provide their opinion about the possibility that landslide-generated tsunamis could damage coastal 
infrastructure in these communities. We first provide an overview of the primary mechanisms that can 
lead to the generation of large, displacement waves and attendant flooding. We then describe methods 
used in this study to identify potential landslide areas and their corresponding landslide geometry and 
movement before concluding with recommendations. 
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2 DISPLACEMENT WAVES GENERATED BY LANDSLIDES 

Landslides entering water may generate large waves that are extremely destructive near their source. 
For example, an earthquake in Alaska in 1958 triggered a rockslide that fell into Lituya Bay in Alaska 
(Miller 1960). The rock mass pushed water to a height of 525 m above sea level on the opposite shore of 
the fiord and generated a gravity wave that moved down the bay to its mouth at a speed of between 43 
and 58 m/s. 

Submarine landslides can also produce large tsunamis. For example, an earthquake-triggered landslide 
generated a devastating tsunami that killed more than 2200 people in Papua New Guinea in July 1998 
(González 1999; McSaveney 1999; Tappin 2001; Tappin et al. 2001). Tsunami-producing submarine 
landslides can be triggered by a variety of mechanisms, including earthquakes, undersea volcanic 
eruptions, and construction activity. Gases trapped under layers of sediment at the edge of a continental 
shelf could cause the sediments to fail and slide downslope, triggering giant waves. Landslides can 
generate tsunamis in lakes (Brideau et al. 2012) and rivers. Although these tsunamis can be very 
destructive, their effects are localized. 
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3 METHODS 
A LiDAR (Light Detection And Ranging) survey combined with bathymetry data and geomorphic analyses 
were conducted to identify sites potentially prone to landslides. 

3.1 LiDAR Surveys 

LiDAR is a surveying technique that can help identify former landslides and landslide-prone terrain in 
vegetated landscapes. It measures distances to a target by illuminating the target with pulsed laser and 
measuring the reflected pulses with a sensor. Differences in laser return times and wavelengths can then 
be used to make digital 3-D representations of the target, in this case the ground surface.  

We completed a Lidar survey of steep slopes in the vicinity of Prince Rupert in tandem with a similar 
survey of the intertidal area. The surveys were completed over a two-day period in June 2018 during low 
tide.  

We used a Riegl Q780 full waveform infrared scanner (1064 nm) with dedicated Applanix  PosAV Global 
Navigation Satellite System (GNSS) Inertial Measurement Unit (IMU) for the surveys.  We processed 
Lidar and flight trajectory using the Applanix RTX positional software that yielded horizontal and vertical 
uncertainties of less than ±15 cm (1σ). Average point density (laser shots) for the intertidal (355 km2) 
and slope (380 km2) surveys were respectively 2.63 and 5.57 m−2. We classified all of the Lidar data into 
ground and non-ground laser returns, and the ground returns were gridded into 1 m bare earth geotiffs. 

3.2 Bathymetric data  

We acquired high-resolution bathymetric maps of the nearshore seafloor in the Prince Rupert area from 
the Canadian Hydrographic Service (Canada Department of Fisheries and Oceans) in order to determine 
if and where large masses of landslide debris came to rest on the seafloor. 
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Figure 1   Area of LiDAR survey acquisition (orange polygon) and slopes identified for further hazard 

study 

 

3.3 Geomorphic analysis of slopes 

We performed a geomorphic analysis of all slopes bordering the sea within 20 km of Prince Rupert. We 
used existing Lidar imagery of Kaien and Digby islands provided by the City of Prince Rupert, our newly 
acquired Lidar imagery, and satellite images publicly available on the Google Earth platform. We also 
examined scanned aerial photographs of the Prince Rupert area acquired from the Department of 
Geography at the University of British Columbia. 

3.4 Results 

Rock slopes border much of the coastline north and south of Prince Rupert.  Gentle slopes adjacent to 
the shores of Digby Island  are unlikely too low to fail and trigger tsunamis. Other shorelines, however, 
have adjacent slopes that rise moderately to steeply and have local relief of as much as 600 m. These 
slopes are forested and, with the exception of a slope in Tuck Inlet (see below) and slopes with 
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numerous shallow-seated debris slides and debris flows that do not produce tsunamis, bear no evidence 
of past instability (e.g. visible head and lateral scarps, bulging slope toes, and hummocky ground). 

Satellite image inspection revealed a slope in Tuck Inlet with possible signs of instability (slope 1, Figure 
1), specifically an unusual curved lineation more or less perpendicular to the fall-line of the slope that 
could potentially be the headscarp of a landslide. Inspection of the bare-earth Lidar scenes indicated 
that this curved lineament was probably structurally controlled; i.e. the surface manifestation of joints or 
a fault. Furthermore, all other lineaments that we first identified through inspection of satellite images 
were confirmed to be joints or faults based on their straightness, occurrence in parallel sets, or lack of 
vertical displacements. Further support for this assessment is the lack of anomalous accumulations of 
lobes blocky rockslide debris on the seafloor at the base of slopes in Tuck Inlet. Examination of all 
bathymetric data similarly showed that there are no unusual accumulations of debris on the seafloor 
that could have originated from rockslides or large rockfalls. 

Based on our inspection of the LiDAR and satellite images and the aerial photographs, we identified 
three slopes for follow-up analysis. One of the three slopes (slope 1 in Tuck Inlet; Figure 1) has possible 
evidence of past instability; the other two are among the steepest slopes within 20 km of Prince Rupert, 
although no geomorphic evidence of present or past slope instability is evident at those two sites (slope 
2 on the west side of Kaien Island 3 km southwest of Prince Rupert, and slope 3 near the northwest 
corner of Smith Island 9 km south of Port Edward) (Figure 1). 
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4 LANDSLIDE GEOMETRY AND MOVEMENT 

The landslide geometry and movement for the three slopes identified are summarized in Table 1. The 
information is to be used as input parameters for the landslide-generated tsunami wave numerical 
modelling analysis. It is assumed that the landslides initiated with headscarps near the top of the slopes, 
a situation that causes highest impact velocities of the sliding mass.  

The scenario landslide from slope 1 is a rockslide 150 m wide, extending from the shoreline to an 
elevation of 230 m a.s.l. on a slope with an average gradient of 32° (Table 1). The failure was modelling 
as a slab 20 m thick that detached from the slope and entered the sea with a velocity of 20 m s-1. 
Comparable metrics for the landslide from slope 2 is that it is 1,000 m wide, commences at 400 m a.s.l., 
has a slope of 32°, and enters the sea at 10 m s-1. Slope 3 is 900 m wide, begins at 650 m a.s.l., is less 
steep (27°) that slopes 1 and 2, and impacts the water at 20 m s-1 (Table 1). 

Table 1 Landslide location, geometry and impact velocity 

Slide Location Angle Length (m) Width (m) Thickness (m) Velocity (m/s) 
1 54.3656 N -130.2569 W 32 580 150 20 20 
2 54.2654 N -130.3542 W 32 1240 1000 10 10 
3 54.1427 N -130.2778 W 27 1200 900 30 20 

  

We emphasize that our analysis provides a ‘worst-case’ scenario for landslides that could produce 
damaging tsunami within the study area. Our analysis considers sudden failure of a given slope with the 
material moving as a sliding mass that enters the water at high speeds. We also assumed that the 
landslides initiated with headscarps near the top of the slopes, a situation that causes the highest impact 
velocities of the sliding mass. Because no geomorphic evidence was found for such failures, either on 
rock slopes or on the seafloor below, we assume that none has happened within the past 12,000 years, 
or since the study area was deglaciated at the end of the last ‘Ice Age’. The possibility that such a 
landslide might happen within the next several hundred years cannot be totally ruled out, but we 
conclude that it is extremely unlikely. Thus the modelled tsunami wave heights are not only the 
maximum possible, but also have a likely average annual probability of 1 in 10,000 (0.001). Smaller 
landslides within a 20-km radius of Prince Rupert are much more likely, but they would produce 
correspondingly smaller tsunamis. It is likely that landslides with average annual probabilities of 1 in 100 
(0.01) would have little or no effect on Prince Rupert or Port Edward. 
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5 RECOMMENDATIONS 

The probability of landslide-generated tsunami within the study area is low, but the risk posed by these 
events is moderate given the potential damage caused by such an event. We thus recommend a 
geotechnical study of the identified slopes to further quantify the likelihood of failure. We anticipate 
that such a study would require field work by a geotechnical expert to assess evidence for instability 
such as tension cracks that may not be visible with the lidar imagery. 
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