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A matter of scale 
 

I had the recent good fortune to travel to Russia 
and examine one of the worlds more dramatic 
catastrophic landslides: The Kolka-Karmadon 
disaster that occurred in the Northern Caucuses in 
2002.  This disaster occurred following the 
detachment of the Kolka glacier that proceeded to 
move ~120 Mm3 of ice and debris almost 20 km 
down the Genaldon River Valley to the town of 
Karmadon and beyond.  The wave height reached 
350 m and maximum speeds are estimated in the 
order of 65-80 m/s (almost 300 km/h).  When 
faced with landslides of such magnitude, 
particularly based in the field, it is difficult to 
absorb the evidence and produce a realistic 
sequence of events.  The scale is constantly 
confounding; like the fable of the blind man 
describing an elephant, it is only with continued 
exposure that one begins to discern the complete 
picture.   
 
In coastal BC, while large dramatic landslides are 
certainly known, the vast majority of failures we 
encounter are much smaller.  Rainfall-triggered 
debris slides and debris flows are common, and 
their individual impacts are understandable at the 
human scale, typically producing a few thousand 
cubic meters of material apiece.  However, given 
sufficient time, the cumulative impacts of these 
events once again take on tremendous 
proportions and patterns become difficult to 
discern.  Consider that an estimated 20 billion m3 
of sediment have been produced from debris flows 
on Vancouver Island alone over the Holocene.      
 
In this issue, we consider exactly that.  In a short 
summary of a recent paper published in 
Geographica Helvetica we examine erosion on 
Vancouver Island over the last 10,000 years.  This 
is particularly relevant as we consider adaptation  

 
 
to climate change models.  By stepping back we 
are able to begin to estimate the kinds of impacts 
a warmer climate may have, and compare the role 
of human development.  This in turn enables us to 
develop strategies for future adaptation. 
 
Island Geoscience welcomes new submissions or 
ideas for articles.  The newsletter is sent to a few 
hundred professionals in government and private 
industry in BC and abroad.  Please send ideas or 
comments to:  richard.guthrie@gov.bc.ca
 
Past issues of Island Geoscience are here: 
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm
 
Enjoy the holiday season. 
 
Rick. 
 
Rick Guthrie, MSc, PGeo, 
Regional Geomorphologist 
 
Ministry of Environment,  
Vancouver Island Region 
2080 A Labieux Road 
Nanaimo BC, V9T 6J9 
250-751-3138 
 

 
 

The deposition of ice and debris from the Kolka-Karmadon 
disaster of 2002.  Photo by Igor Galushkin October 06, 2002. 
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Landslides and Climate Change on 
Vancouver Island: A Brief Look at the 
Last 10,000 Years. 
 

 
 
Looking east to Snag Lake along the Kennedy River on 
Vancouver Island 
 

As the pundits will point out, climate change is not 
a new phenomenon to coastal British Columbia, or 
North America itself.  In the millennial scale, we 
have only just recovered from near total ice-lock, 
as our country was buried under more than 1 km 
of frozen water.  What is new is the impact to 
civilized society as we know it, and consequently 
we are suddenly trying to understand the impacts 
of a warming climate to the world on which we 
rely. 
 
One typical geomorphological solution is to look to 
the past for clues about future behaviour, to try to 
interpret what we know about processes under a 
variety of conditions and consider the implications 
for future scenarios.   
 
In just such a study, Guthrie and Brown (2008) 
developed a model of erosion by landslides over 
the Holocene on Vancouver Island, and that model 
is summarized here.  Landslides are important to 
the understanding of climate change impacts:  
They are primary denuders of the landscape that 
directly transport sediment from upslope sources 
concurrent with other dynamic modes of erosion 

such as stream incision and runoff.  In addition, 
they are highly responsive to changes in 
frequency of landslide-generating precipitation 
events and provide first indicators of actual climate 
change impacts on the ground.   
 
The geologic, physiographic, climatic and tectonic 
regimes of Vancouver Island combine to produce 
a steep, youthful terrain that is generally prone to 
mass wasting.  Landslide types typical to 
Vancouver Island include slides, slumps, flows, 
falls and topples in debris and rock, however, 
debris slides and debris flows are most common 
and almost 20 times more frequent than rock falls 
in the forested areas (Guthrie, 2005). Debris slides 
and flows are defined as extremely rapid, shallow 
mass movements of unconsolidated material that 
usually begin as translational failures. These 
movements typically break up as velocity or water 
content increases, ultimately forming an avalanche 
(dry) or flow (wet).  Hereafter, the term ‘landslide’ 
refers to events of this category.   
 
The Holocene Climate 
 
Overwhelming evidence reveals that Vancouver 
Island was ice free, vegetated and dry by 11,700 
calendar years before present (y BP), following a 
rapid rise in temperature (see references in 
Guthrie and Brown, 2008).  Following the warm-
dry xerothermic interval (11,700-7,000 y BP), an 
increase in precipitation coincided with the start of 
the more moist mesothermic interval (7,000–4,000 
y BP.  At this time, western hemlock (Tsuga 
heterophylla) expanded on the island and the 
vegetated landscape began to resemble that of 
today. During the last several millennia, 
precipitation has remained relatively stable.   
 
Overwhelming evidence reveals that 
Vancouver Island was ice free, 
vegetated and dry by 11,700 calendar 
years before present… 
 
Consequently, it is possible to surmise that the 
type and form of landslides throughout the 
Holocene were similar to those of present-day, 
namely rainfall induced debris slides and debris 
flows. 
 
Linking Landslides to Past Climate 
 
Brown et al. (2006) used a vegetative index that 
compared the proportional distribution of coastal 
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Douglas-fir and coastal western hemlock to 
quantify temporal changes in Holocene  
precipitation for the southern part of Vancouver 
Island.  The results yielded precipitation isopleths 
in 1000 year intervals for the Holocene.   
 

 
 
Figure 1.  A timeline of climate trends over the Holocene. 
 
The isopleths were overlaid on the landslide 
potential map of Vancouver Island (Guthrie 2005) 
that divided the island into three major rainfall 
dominated categories (and a fourth alpine 
category not included here) described as follows:   
 
Zone I – The wet west coast, characterized by 
steep fjords, densely vegetated terrain and high 
precipitation falling as rain in winter months 
(>2600 mm•y-1).  Landslides are typically debris 
slides and flows. 
 
Zone II – The moderately wet central island, 
characterized by steep terrain, densely vegetated 
with exposed small outcrops, precipitation 
between 1600-2600 mm•y-1 falling mostly in 
winter months.  Landslides are typically debris 
slides and flows with minor numbers of rock falls. 
 
Zone III – The moderately dry east coast, 
characterized by more exposed bedrock and lower 
rainfall (<1600 mm•y-1), increased urbanization 
and rural development and shallower slope 
gradients.  One quarter of all landslides identified 
were rock falls.   
 
In the development of a conceptual mass wasting 
model, we incorporated the strong direct linkage 
between the incidence of landslides and 

precipitation. Present-day precipitation isopleths 
were overlain on the mass wasting zones of 
revealing that the precipitation isopleths are in 
broad agreement with the mass wasting map 
(Figure 2).  Each 1000 year interval was then 
assigned an ordinal category of either drier than 
present, modern, or wetter than present based on 
the variability of precipitation compared to present-
day.  The mass wasting potential maps for the wet 
and dry climatic intervals (Figure 3) were 
established by shifting zones I – III in proportion to 
the modelled climatic changes, calibrated against 
the modern analog and taking into account 
elevation effects.  Landslide frequencies were then 
estimated using the established rates for each 
zone (Table 1).   
 

 
 
Figure 2.  Mass movement potential zones of Vancouver Island 
(Guthrie 2005) overlaid by the rainfall determined by Brown et 
al. (2006).  Landslide rates are indicated for each zone. 
 
Table 1.  Landslide frequencies in each class. 

 
 
 
Landslide frequencies were then determined for 
the 20th century by calculating the amounts logged 
and hydrologically recovered over the last 100 
years.  Frequencies for logged areas were 
estimated at an order of magnitude higher than  
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Figure 3.  Mass movement potential zones for different climatic 
regimes including a wetter regime present in the middle 
Holocene, a modern climate, and a drier climate present in the 
early Holocene.  Green indicates zone I, zone II is blue and the 
orange is zone III.  Removed from landslide calculations are 
the alpine zone (white) and the flat Nanaimo lowlands (grey).   
 
 

natural frequencies based on considerable 
historical data.   
 
Results 
 
The results suggest an initially low incidence of 
landslides in the early Holocene, followed by a 
substantial increase in landslide frequency 
between the Holocene dry period and the warm 
wet mesothermic interval in the mid Holocene 
(Figure 4). Thereafter, there is a slight reduction in 
landslide frequency at 3000 y BP; after which 
landslide frequency remains relatively constant 
until recent human action drastically altered the 
landslide regime.  Landslide rates varied between 
0.005 - 0.008 landslides•y-1•km-2 during that time.   
 
Based on a mean landslide size it is estimated that 
debris slides and flows eroded an average of 
0.7m•m-2 across the Vancouver Island during the 
last 10,000 years. 
 
The impact of logging during the last 100 years is 
unambiguous as landslide frequency increased to 
0.015 landslides•y-1•km-2.  This increase reveals 
that the impact of logging outpaces that of climatic 
change. One can argue that continuing to improve 
logging practices is the single most effective way 
to adapt to any future climate change scenarios. 
 

 
 
Figure 4.  The record of landslides and erosion over the 
Holocene. 
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Introducing: 
 

 
 

Dorthe Jakobsen received a B.Sc. in Geology in 
1986 from the University of Calgary and a M.Sc. in 
Environment and Management from Royal Roads 
in Victoria in 2006. Dorthe has been a member of 
the Association of Professional Engineers and 
Geoscientists of B.C since 1992.   
 
Dorthe believes geology incorporates all sciences 
and that a multidisciplinary approach is critical to 
genuine understanding and making real advances 
in our knowledge. Dorthe is passionate about 
using science to create a just society. This means 
science informed decisions accessible to 
everyone.  She feels that science needs to be 
considered in conjunction with social, economic 
and environmental information as one element in 
the sustainability equation. 
 
From 1988 to 1999 Dorthe worked for the 
Geological Survey Branch in Victoria at the 
Ministry of Energy, Mines and Petroleum 
Resources as a research geologist.  She has also 
worked as a Land Use Geologist, as the 

Geological Editor/Publications Manager and in 
1999, moved to the Mines Branch in Nanaimo to 
run the regional operational and strategic land use 
planning program.  
 
Dorthe currently has the pleasure of being the 
Team Leader for the Coast Implementation project 
working to implement the historic Coast Land Use 
Decision.   
 
Geological fieldwork, mapping and planning 
projects have enabled Dorthe to experience 
incredible places in BC and Canada. Special 
projects include field work near the Yukon border, 
and mapping and planning projects on Vancouver 
Island and Queen Charlotte Islands/Haida Gwaii, 
the Central Coast and Sea to Sky portion of 
coastal BC. 
 
She recently returned from a trip trekking in Nepal 
and India, lives in the beautiful oceanside 
community of Parksville where, in her free time, 
she enjoys travel, reading, art, music, yoga, pets, 
gardening, spending time with family and friends 
and volunteer activities. 
 
 
Upcoming issues: 
 
The ice age legacy: How glaciers have impacted 
our current landscape. 
 
Controls to landslide runout: How far will it go? 
 
If you have topics you’d like to see, let me know.  
Have a great holiday! 
  
- RHG 
 
 
 
 

 
 

 

The Salmon River Estuary. 
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