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ABSTRACT

Despite a long history of landslide research in British Columbia, there remain 
few data on the actual change in rates of landslides following harvesting 
activities other than from the Queen Charlotte Islands and the Clayoquot 
Sound region of Vancouver Island. The application of these data to other 
areas in British Columbia is problematic. This paper discusses implications 
of the results of a study of three watersheds on Vancouver Island: Macktush 
Creek, Artlish River, and Nahwitti River watersheds. Some 363 landslides, 
from 0.02 to > 1 ha, were identifi ed in three watersheds from air photographs, 
beginning at a date that essentially preceded logging up to the present. Land-
slide frequencies increased in Macktush Creek, Artlish River, and Nahwitti 
River by approximately 11, 3, and 16 times, respectively. Two to 13 times more 
landslides reached streams following logging; most of these were between 0.2
and 1 ha. Landslide density analyses produced variable results, ranging from 
2.4 to 24 times increases in number of landslides. Road landslide frequen-
cies increased by 27, 12, and 94 times for Macktush, Artlish, and Nahwitti, 
respectively. Landslide frequencies need to be determined for many more 
watersheds to provide better information on the effects of logging activities 
on both Vancouver Island and the Interior of British Columbia. It is against 
this baseline that geoscientists and geotechnical engineers practising in the 
forest sector can measure their successes at reducing the impact of landslides 
in British Columbia. 

INTRODUCTION

The relationship between landslides and forest harvesting in British Colum-
bia is not a new topic. Studies have examined the causes at several different 
scales for decades, particularly on the Coast. These studies include regional 
inventories (Rood 1984; Sauder et al. 1987; Gimbarzevsky 1988; Millard 
1999), watershed-type studies (Thomson 1987; Hartman et al. 1996; Jakob 
2000), and thousands of individual landslide reports. Studies have focused 
on: causative factors (Schwab 1983; Millard 1999), frequency of landslides 
(O’Loughlin 1972; Howes 1987a; Guthrie 1997; Thomson 1998), recovery 
(Smith et al. 1986), and terrain types that may be more prone to landsliding 
(Howes 1987a, 1987b; Howes and Sondheim 1988; Rollerson 1992; Rollerson 
et al. 1998; Jordan 2002; Millard and Rollerson 2002). It is perhaps ironic 





that despite the studies to date, we remain largely unaware of the effects of 
harvesting practices on the frequency of landslide occurrence in British Co-
lumbia watersheds. This discussion paper is based substantially on a paper 
submitted to Geomorphology (Guthrie Geomorphology (Guthrie Geomorphology 2002) and readers are referred to it for 
complete details of these results. 

There is a global and local perspective that the occurrence of landslides 
is generally undesirable. Geoscientists and geotechnical engineers refer to 
the cost of landslides in terms of lives, property, and environmental values. 
In Canada, estimates have been made that we spend $50 million (1989 dol-
lars) a year (Schuster 1996) on landslide costs, and about fi ve people per year 
lose their lives to landslides. Indirect costs to resources are more diffi cult to 
measure but include loss of forest productivity, reduced real estate values, 
and loss of commercial or sport fi sheries production. Schuster (1996) claims 
that despite improvements in our knowledge base, global landslide activity 
is increasing. He attributes the increase to three factors: increased (urban) 
development in landslide-prone areas, climate change, and deforestation of 
landslide-prone areas. 

Geoscientists, geotechnical engineers, and related professionals are part of 
a fi eld of professionals trying to reduce the impacts of landslides on society 
by mitigative and preventative methods. Terrain stability fi eld assessments, 
watershed assessments, gully assessments, and road assessments are carried 
out to reduce landslide frequencies. A measure of change in landslide fre-
quency is required to determine the effectiveness of preventative measures. 
Unfortunately, natural rates of landsliding are not commonly known, so 
progress is diffi cult to evaluate. This is a major oversight that inhibits the 
ability to gauge successes of any particular prevention program.

This paper documents the increase in landslide frequencies associated 
with logging activities in three watersheds on Vancouver Island. It is expected 
that the results may be analogous to those in similar watersheds. At a mini-
mum, it illustrates the need for better information about natural and post-
logging frequencies across British Columbia.

STUDY AREA

The watersheds of Macktush Creek, the Artlish River, and the Nahwitti River 
on Vancouver Island were examined in this study (Figure 1).

Vancouver Island is predominantly rugged, having been subjected to 
multiple glaciations in the Pleistocene, and elevations range from sea level 
to 2200 m. The Vancouver Island Ranges, steep mountains composed of 
volcanic and sedimentary rocks intruded by granitic batholiths, make up the 
central and largest part of Vancouver Island (Holland 1964; Yorath and Na-
smith 1995). Deep fi ords and long inlets dissect the western coast, and rolling 
terrain and low relief of the Nahwitti Lowland characterize the northern tip 
of the island, most of which falls below 600 m above sea level. 

Precipitation varies widely from less than 700 mm/yr around Victoria 
(Environment Canada 1993) to nearly 6000 mm/yr on the west coast (Chap-
man 2000). The watersheds in this study receive between 2000 and 4000 mm 
of rain per year, the Artlish River watershed being the wettest and Nahwitti 
River watershed the driest.





Macktush Creek drains a small (28 km2) narrow watershed into the 
Alberni Inlet, approximately 12 km south of Port Alberni. Much of the 
watershed is steep, with elevations ranging from 1100 m to sea level. Logging 
began in the Macktush watershed early in the 20th century but was initially 
limited to a small portion of the estuarine fan until the mid-1970s. To date, 
50% of the total watershed area has been harvested, although much of the 
area of earlier logging is in recovery. Over 75 km of roads have been con-
structed in the Macktush basin (2.7 km/km2) and 40% of those roads have 
now been deactivated, most following a prescribed program in 1996.

The Artlish River drains a 125-km2 watershed into the Tahsis Inlet, about 
25 km northwest of Zeballos. Much of the Artlish watershed is mountainous, 
with steep walls and a broad valley fl oor. Elevations range from sea level to 
1540 m. Logging began in the Artlish basin in the 1970s. To date, approxi-
mately 21% of the watershed has been logged, and earlier harvested blocks 
are in some state of recovery. Approximately 177 km of roads have been 
constructed for a density of 1.4 km/km2. At least 18% of roads have been 
deactivated.

Nahwitti River drains a large (229 km2) watershed into Queen Charlotte 
Sound about 26 km north of Port Hardy. It lies completely within the Nah-
witti Lowland and so is characterized by low relief, rounded hills, lakes, and 
bogs throughout the watershed. Most of the Nahwitti basin is below 600 m 
elevation, and approximately 32% of the watershed is covered by bog pla-
teaus. Only about 2.5% of the watershed has slopes > 31o (60% slope). Except 
for a small wartime entry in the early 1940s, harvesting began in the water-
shed in the mid- to late 1960s. Approximately 23% of the watershed has been 
harvested and is in varying stages of recovery. Approximately 213 km of roads 
have been constructed for an overall density of 0.9 km/km2. The roads are 
concentrated in the southern portion of the watershed, however, and local 
densities are considerably higher. There are no roads across the bog plateaus. 
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fi gure 1    Location map showing the three study areas on Vancouver Island (from 
Guthrie 2002). 





RESULTS AND DISCUSSION

Across the three watersheds, 363 landslides ranging in size from 0.02 to 
> 1 ha were identifi ed on aerial photographs in roughly 15-year intervals 
ranging from 1955 to 1996 (Guthrie 2002), and on the ground in 1999 or 2000. 
Landslides < 200 m2 were observed, particularly at road edges, but were ex-
cluded from the study because they could not be identifi ed consistently and 
probably not at all under forest canopy. Landslides smaller than 500 m2 were 
also diffi cult to defi ne in forested terrain; while a few were identifi ed, it is 
likely that many were missed. Few landslides less than 500 m2 were recorded 
in either logged or unlogged terrain, and results are not expected to be sub-
stantially affected. Landslides were plotted cumulatively and frequencies were 
determined by counting the number of new landslides per interval (land-
slides per year). Results indicated that landslide frequencies went up 11 times 
in the Macktush Creek watershed, 3 times in the Artlish River watershed, and 
16 times in the Nahwitti River watershed compared with the natural rate over 
the period of record (Figures 2–4). 

Previous studies of landslide frequency have examined the number of 
landslides by cause, as a function of the total area, or compared the number 
of landslides per area logged with the number of landslides per area un-
logged (Rollerson et al. 1998; Jakob 2000). Although frequency is somewhat 
implicit in these analyses, they are actually measures of changes in landslide 
density. Density changes can be calculated looking at a single set of air pho-
tographs. However, this measure tends to dilute the impact of post-logging 
landslides by comparing landslides limited by the period of development, 
with natural landslides occurring over a longer period. 

Jakob (2000) applied correction factors to landslide density data of 40
and 60 years for natural landslides (an estimate of the length of time beyond 
which a debris slide was unlikely to be identifi ed) while post-logging land-
slides were corrected by dividing by the period of development in years. He 

 

N
um

be
r 

of
 la

nd
sl

id
es

1960 1970 1980 1990 2000

Year

60

70

80
Cumulative landslides in the Macktush watershed

10

20

30

40

50

Logging began in
mid-1970s

Frequency line
Road-related

Natural
Logging-related

19
70

19
87

1 9
94

19
99

fi gure 2   Cumulative landslides in Macktush Creek watershed. The natural rate of 
landslides appears to be about one every 5 years. The post-logging average 
rate is 2.2 landslides per year, an increase in frequency of 11 times (diagram 
from Guthrie 2002).





used these corrections to determine that post-logging landslide frequencies 
increased in Clayoquot Sound by 18–26 times. Table 1 shows a comparison 
of landslide frequencies and densities for the three watersheds on Vancouver 
Island using each method. 

Variable results given in Table 1 show some of the weaknesses of look-
ing at changes in landslide densities. In the Macktush watershed, even with 
the correction factors, the increase in landslide density underestimates the 
actual increase in frequency of landslides. In this case a relatively large area 
logged (50% of the watershed), most of which is on ground < 60% slope, 
negatively biases the results. In fact, the landslides that follow logging activity 
are focused on the smaller steeper portion of that landscape. Conversely, in 
the Nahwitti watershed, a relatively small portion of the landscape has been 
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fi gure 4   Cumulative landslides in Nahwitti River watershed. The natural rate of 
landslides appears to be about one every 4 years. The post-logging average 
rate is 4 landslides per year, an increase in frequency of about 16 times 
(diagram from Guthrie 2002).
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fi gure 3   Cumulative landslides in Artlish River watershed. The natural rate of 
landslides appears to be about one per year. The post-logging average 
rate is 3.25 landslides per year, an increase in frequency of about 3 times 
(diagram from Guthrie 2002).





logged, including almost all slopes > 60% (much of the fl at areas are inoper-
able bogs). Unfortunately, local geology in combination with the harvest and 
road-building activities resulted in substantial instability on those and adja-
cent slopes. The density scores are similar to those of Jakob (2000) when cor-
rected for ability to discern natural events for a longer period than the period 
of development, but more than the actual increase in landslide frequency. 
The corrections serve to exaggerate the disparity in landslides per unit area of 
land use. This is similarly true in the Artlish River watershed. 

That being said, in combination with actual frequency changes, the densi-
ties complete the picture of logging effects rather well. The results indicate 
that the rate of landslides has gone up considerably in all three watersheds 
(albeit differently in each). Not only has the landslide frequency gone up, but 
landslides are concentrated in a small portion of the landscape (increased 
densities) and that portion is logged. 

If densities alone are used to determine the impact of harvesting, the study 
area should be stratifi ed by slope classes, therefore allowing better compari-
sons of logged and unlogged areas.

Other studies have also shown substantial increases in landslide density. 
Rood (1984) recorded an increase in landslides following harvesting of 34
times, and Schwab (1998) recorded increases of 15 times in the Rennell Sound 
area.

Density changes are useful when looking at the impact of particular fea-
tures or practices that do not occupy a large portion of the landscape. To 
this end, landslide densities on roads were compared with landslide densities 
in the natural condition. The total area of a watershed designated as road 
was determined using an average road width of 20 m. Landslides connected 
to roads were summed and divided by the area determined to be road, and 
compared with the number of natural landslides divided by the unlogged 
area. The results indicated that landslide densities increased 27 times on 
roads in the Macktush Creek watershed, 12 times in the Artlish River water-
shed, and 94 times in the Nahwitti River watershed (Guthrie 2002). 

The study looked at the connectivity of all landslides to streams to deter-
mine whether there was a change in the relative impact on water resources. 
Similar to frequency increases in landslides themselves, 2–13 times more 
landslides hit streams (frequency rather than density) following logging over 
the three watersheds (Guthrie 2002).

The results indicate that, at least in the three watersheds examined on 
Vancouver Island, logging activities are substantially increasing landslide 
frequencies. Other frequency studies available for British Columbia 

Watershed

Frequency
(landslides per
unit time)

Density
(landslides per
unit area)

Density (temporal correction
of 40 years for natural
landslides and period of
development for other
landslides)

Density (temporal correction
of 60 years for natural
landslides and period of
development for other
landslides)

Macktush Creek 11 3.5 5.6 8.5

Artlish River 3 2.4 4 6

Nahwitti River 16 15 18 24

a Results indicate times increase following harvesting activities compared with the natural state for the period of record.

table 1 Results of frequency and density analysis in Macktush Creek, Artlish River, and Nahwitti River (adapted from 
Guthrie 2002)a





(primarily the Queen Charlotte Islands and Clayoquot Sound) also cite con-
siderable increases (O’Loughlin 1972; Rood 1984; Jakob 2000). However, the 
results vary considerably and cannot be uniformly applied across the Coast, 
let alone the province; while logging and road-building are probably causing 
increases elsewhere, the magnitude is unclear. The British Columbia Interior 
is particularly lacking in this information, with the exception of the terrain 
attribute studies that are in progress (Jordan 2002). Jordan (B.C. Min. For., 
pers. comm., 2001) has suggested that landslide densities appear to be about 
10 times greater in the southeastern Interior following logging.

The ability to compare rates of landslides is critical for British Columbia 
professionals to effectively reduce the number and impacts of post-logging 
events. For example, terrain hazard maps are a widely used tool for geosci-
entists and geotechnical engineers in the forest industry in British Columbia. 
There is general agreement on qualitative defi nitions for moderate and high 
likelihood of landslides. The previous quantitative defi nitions (derived from 
studies in the Queen Charlotte Islands) of those hazards were acknowledged as 
inappropriate for provincial use and therefore removed. Unfortunately, beyond 
the qualitative defi nitions, practitioners are left to rely on intuition hampered 
by a fundamental lack of concrete knowledge about the changes in landslide 
frequencies following forestry activities. While management practices can 
reduce the rate of landslides without quantitative data, the ability to accurately 
gauge successes and learn from mistakes is certainly impaired without it. The 
discipline is left with no metric against which to measure its progress.

Road location and design in particular would benefi t from landslide 
frequency and density data. Roads are arguably the major contributors to 
landslides, especially considering the relatively small area they comprise of a 
landscape, and yet they are the single features over which we have the most 
control. Preventative measures such as mapping high-hazard areas before an 
activity (i.e., road-building) takes place implies a goal of trying to reduce or 
eliminate landslides. The number of landslides caused by roads in this study 
seems to be suffi ciently high as to question whether those goals are being met, 
and certainly to question the relative rates in other watersheds.

In British Columbia, the move towards risk mapping in the forest indus-
try is probably inevitable. Risk mapping is several times more complicated 
than hazard mapping, and, even at its most qualitative, requires fundamental 
understanding of frequencies and probabilities. Understanding the actual im-
pacts of logging activities on the natural rate of landslides becomes, therefore, 
even more fundamental.

CONCLUSIONS

Geoscientists and geotechnical engineers in the forest industry in British 
Columbia promote the importance of landslide mitigation and preven-
tion. We have, as a professional group, an ongoing responsibility to reduce 
the potential damages caused by landslides and not to dismiss the notion as 
simply another mapping exercise. The watersheds examined in this study, 
while not necessarily representative of the province, show that forest harvest-
ing and road-building resulted in many times more landslides than occurred 
naturally in the same watersheds (Guthrie 2002). We need to quantify this for 
much of the rest of the province as well.





Fortunately, the data are easily accessible. Air photograph interpretation is 
a basic part of most geoscience done in the forest industry in British Colum-
bia, and minimal effort will produce frequency or density data for the inter-
preter. In addition, much can be gleaned from ongoing projects.

The challenge is predictable and two-fold. First, fi nd out what our impact 
really is and use that information as a measurable baseline. Second, bring the 
landslide frequencies down. Legislation in British Columbia has probably 
made signifi cant reductions to landslide frequency in places, but not without 
the conscientious application of expert skills. Geoscientists and geotechnical 
engineers need to continue to make strong recommendations designed to 
reduce the likelihood of landslides (rather than merely pointing to regula-
tions). We should keep informed about the results of new studies and use 
the information in our own work. We should think creatively, trying to come 
up with or implement new solutions to landslide problems, and we should 
report on the results.
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