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Introduction
Climate change has caused permafrost degradation and increased 

slump activities in the Canadian Arctic. These changes have negative 
effects on local communities, ecosystems, and Arctic landscape. 
Retrogressive thaw slumps are common landslides caused by melting 
of ground ice in permafrost. Dr. Zhaohua Chen from Environment and 
Climate Change Canada is leading a research project collaborated with 
Parks Canada to study coastal erosion and landscape changes in the 
Arctic. This project serves as a pilot project of Dr. Chen’s research to 
study an area of about 513 km2 within the Aulavik National Park on 

northern Banks Island, Northwest Territories. 
This project systematically studied potential factors that could affect 

the occurrence of slump activities on Banks Island. The significance of 
topography, geology, land cover, and hydrology on Arctic slump 
activities was investigated using geographic information systems (GIS) 
methods. The final output of this project included three main 
deliverables: 1) a geodatabase with raster and vector datasets 
containing layers that influence slump activities; 2) regression analysis 
methods analyzing factors influencing slump activities; and 3) slump 
susceptibility maps of the study area. 

13 variables were chosen by IBM SPSS Statistics for a best-fitting 
linear regression result. The adjusted R square was 0.34. Binary 
regression result used 25 variables, and this model predicted 59.1% of 
the slump origin points and 97.2% of the non-slump points correctly 
(Table 1). 

Figure 2 illustrates calculated raster layers based on regression 
analyses results. There was a significant difference between the slump 
susceptibility maps using two regression models. Results from the 
linear method indicated that most (75%) of the study area had slump 
probability between 0.2 and 0.4, whereas results from the binary 
method indicated that most (88%) of the study area had slump 
probability between 0 and 0.2. The binary method predicted more 
study area belonging to the medium high and high classes, which was 
2.18% compared to 0.23% from the linear method. Despite these 
differences, areas of slump probability higher than 0.4 were relatively 
consistent in two slump susceptibility maps.

Flow diagram of methodology is illustrated in Figure 1. A 
geodatabase was built in ArcGIS Pro to store slump inventory and all 
factor layers that could influence slump occurrence including 
topography, geology, land cover/use, and hydrology. Some derived 
layers included elevation, slope, aspect, bedrock geology, geological 
structures, bedrock dip angle and dip direction, dip direction and 
aspect difference, dip angle and slope difference, distance to 
structures, distance to flow, surficial geology, and land cover 
classification. Thematic maps were created for each factor layer. Values 
of all the factor layers at each slump occurrence were extracted using a 
model created in ArcGIS Model Builder and formed a slump inventory. 

Before conducting regression analysis, continuous raster layers were 
normalized to value between 0 and 1, and categorical factor layers 
were broken down into binary raster layers. 500 random points outside 
of slump polygons were created and merged with the 88 slump origin 
points. Values of the modified raster layers were extracted to the 588 
observation points. Linear and binary (logistic) regression analyses 
were conducted using IBM SPSS Statistics. Coefficients of variables and 
intercepts were used for calculating slump susceptibility at each pixel 
location within the study area. 

Methods

Results

Linear and logistic regression models were built to map Arctic slumps 
on northern Banks Island, and two slump susceptibility maps were 
created. The study area was classified into five classes of slump 
susceptibility. The areas of medium to high slump susceptibility 
coincided well with observed slump occurrences. 

Conclusions

Figure 1. Flow diagram of methodology 

Figure 2. Slump Susceptibility Map 

Table 1. Regression analyses results 
(left: linear model, right: binary model)
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