
Abstract

Effects of ecological disturbances are likely to be more pronounced the longer the disturbance 
persists. The diffi culty and costs of restoration work therefore are likely to be greater, while 
the probability of success in restoration is likely to decrease, as disturbance is prolonged. We 
examined the persistence of disturbance at a landscape scale in a region having among the 
most heavily-disturbed watersheds in western North America, the southern east slopes region 
of the Alberta Rocky Mountains. We used the British Columbia Level 1 Watershed Assessment 
Procedure (IWAP) to evaluate the risk of erosion and stream channel damage from logging 
and linear disturbances to 90 basins in the Crowsnest, Oldman-Livingstone, Highwood river 
and Willow Creek drainages for the decades 1910, 1930, 1950, 1970 and 1990 using GIS 
analysis of historical and current maps, air photographs and contemporary digital geographic 
data. Overall, 87 of 90 basins have been at moderate or high risk of damage for 20 to 100 years 
(mean 47.4 years). Presently 28 are at high risk, and have been so for 20 to 60 years (mean 30 
years). An additional 59 are at moderate risk, and have been so for 20 to 80 years (mean 43.4 
years). Land managers wishing to minimize the disturbance risk in these watersheds need to act 
immediately to decrease risk factors for the 28 basins at high risk, and to prevent the evaluations 
for the remaining 62 basins from attaining the high risk category. This can be done by removing 
roads, recontouring their beds and replanting their rights-of-way; and by replanting cutblocks 
more effectively to reduce equivalent clearcut area.
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Introduction

Watersheds are highly-integrated ecosystems. The 
nature of the geology, soils and biological communities 
in the uplands, and the physical, chemical and biological 
processes that occur there, ultimately infl uence the 
waterbodies, watercourses and channels in the valley 
bottoms (Rawson 1939, Hynes 1975, Lotspeich 1980). 
Resource development inevitably entails substantial 
disturbance of the land surface within watersheds. Road 
systems are built and maintained, exploration trails 
and transmission lines are cut, and forest is logged or 
cleared. In the case of surface mining, the land surface 
may be substantially re-sculpted or even physically 
removed. Inevitably these activities, if extensive 
enough, disrupt the ecological integrity of watersheds 
and the watercourses that drain them.

The types of disturbance caused by largescale 
development are often long-lasting. Once built, roads 
are seldom removed. Seismic and exploration trails 
are rarely reclaimed. Roads and trails beget more 
roads and trails as new developers and recreationists 
extend and adapt the network for their own uses. 
Cutblocks, wellsites and surface mines remain surface 
disturbances for at least several decades. Urbanized 
sites are effectively permanent and ever-growing. The 
kinds of changes caused by such longterm disturbances 
are often cumulative and synergistic. Increased surface 
erosion and increased, fl ashier runoff are two common, 
widespread effects of surface disturbance that are of the 
progressive, synergistic type. For these types of change, 
the duration of disturbance substantially determines the 
total damage that a watershed may sustain.

 In this paper, we examine the duration of watershed 
disturbance in one of the most disturbed regions 
of the Rocky Mountains. We applied a measure of 
risk included in British Columbia’s Level 1 Interior 
Watershed Assessment Procedure (IWAP) to historical 
data from 1910 to 1996 to study changes in, and duration 
of risk from, surface disturbances in 90 watersheds on 
the eastern slopes of southwestern Alberta. We then 
considered ways in which the degree and extent of risk 
to watersheds can be minimized.

Study Area

The 2455 km2 study area lies in the Front Ranges 
of the southern Canadian Rocky Mountains on the 
eastern slopes of the Continental Divide approximately 
between latitudes 49°30' N and 50°20' N, and between 
longitudes 114°15' W and 114°50' W (Figure 1). It 

includes the headwaters of the Oldman River, including 
most of the Crowsnest River drainage and all of the 
Livingstone River basin; as well as small parts of the 
Highwood River and Willow Creek drainages in the 
north and northeast, respectively. All of these streams 
are part of the South Saskatchewan River system. 
The hydrology is snowmelt-dominated, with peak 
fl ows occurring in May and June. The area has a long 
development history of more than 100 years, and is 
now among the most intensively disturbed landscapes 
in the Rocky Mountain region of the United States and 
Canada (Sawyer and Mayhood 1998a).

Methods

We chose the peak fl ow versus surface erosion 
interaction score from the Level 1 Interior Watershed 
Assessment Procedure (British Columbia Forest 
Service 1995) as the measure of watershed risk for this 
exploratory exercise. Erosion is progressive, and interacts 
synergistically with increases in peak fl ow. Damage 
from increases in these two factors is therefore likely to 
worsen as the duration of the disturbance increases. 

Figure 1. Location of the study area in southwestern 
Alberta, adapted from Mayhood et al. (1998).



The peak fl ow versus surface erosion score provides 
a screening-level ranking of the potential for damage 
to watersheds from the combined effects of increased 
peak fl ows and increased surface erosion resulting from 
land disturbance. It is calculated from six measures of 
road development, plus estimates of equivalent clearcut 
area adjusted for the effects of hydrological recovery 
due to forest regeneration, and for the elevation of the 
clearcuts in the basin. Rationale, data requirements and 
details of the calculations are provided in the IWAP 
guidebook (British Columbia Forest Service 1995). 
Here we describe only those data and procedures 
specifi c to this study.

Recent linear data (roads, railways, transmission 
lines, vehicular trails), hydrography and digital 
elevation models (DEM) were obtained from Alberta 
Government 1:20,000 digital base map fi les. For 
road density calculations, we combined all linear 
disturbances that carried motorized traffi c, but excluded 
foot and horse trails. Erodible terrain was mapped from 
surfi cial geology (Bayrock and Reimchen 1980) and 
slope data from the DEM using materials and slope 
criteria in Reimchen and Bayrock (1977).

Vegetation data, including species composition and 
stand disturbance modifi ers, were derived from digital 
Alberta Vegetation Inventory (AVI) fi les. The linear and 
DEM data are current to 1994, and the vegetation data 

are current to mid-1995, supplemented with our ground 
observations up to 1996. Historical linear data were 
digitized from historical maps and aerial photography as 
available. The AVI did not provide basal area removal 
data to compute hydrologic recovery for regenerating 
clearcuts in the manner specifi ed in the IWAP manual. 
We therefore estimated percent recovery from crown 
closure or crown removal, as available, in the AVI 
datasets (Sawyer et al. 1997).

Digital data were managed and analyzed with the 
ArcInfo geographic information system (ESRI 1995). 
Further details of our methods are provided elsewhere 
(Haskins and Mayhood 1997, Sawyer et al. 1997, 
Sawyer and Mayhood 1998b).

Results

The extent of landscape disturbance in the 90 study 
basins, and the associated level of risk, were mapped 
for alternate dacades beginning with the decade 1910-
19 (Figure 2). From these maps, the number of basins at 
risk in each major drainage were tallied for each of the 
studied decades (Table 1). 

Prior to the coming of the Canadian Pacifi c Railway 
in 1898, the study area was essentially undeveloped. 
The initial disturbances shown for the decade 1910-
19 refl ect the presence of the railway and associated 
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Table 1. Numbers of basins at risk, by decade.

Decade
Risk 1910 1930 1950 1970 1990

Total Study Area low 88 85 61   8   3

moderate   2   5 28 68 59
high   0   0   1 14 28

Highwood low 10 10   6   2   1
moderate   0   0   4   8   9

high   0   0   0   0   0
Willow low   9   9   7   0   0

moderate   0   0   2   8   6
high   0   0   0   1   3

Oldman-Livingstone low 44 41 40   4   1
moderate   1   1   5 36 33

high   0   0   0   5 11
Crowsnest low 25 22   8   2   1

moderate   1   4 17 16 11
high   0   0   1   8 14
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developments in the Crowsnest Valley, and horse 
and wagon trails in the Oldman and Livingstone 
valleys. Risks to most watersheds from this level of 
development were negligible: only two (Oldman River 
between Hidden and Racehorse creeks, and lower Gold 
Creek) were at moderate risk.

By the 1930s the expansion of mining and 
urbanization in the Crowsnest Valley, and the 
introduction of automobiles to the region, had led to 
substantial expansion of the road network up several 
tributary valleys, some small surface mining pits, 
clearcuts in headwater creeks, and some cleared pasture 
or cropland at the lower end of the valley. Roads had 
replaced much of the old wagon trail in the Oldman 
and Livingstone valleys. This level of disturbance 
placed the upper Crowsnest valley and two additional 
tributary watersheds at moderate risk. Risk ratings for 
the remainder of the watersheds, including those in 
the Oldman-Livingstone basin, were unaffected by the 

additional development.
By the 1950s landscape disturbance in the 

Crowsnest drainage was extensive. Several urban 
centres now occupied substantial areas of the mainstem 
valley fl oor. An intricate network of roads penetrated 
up most tributary watersheds. Clearcuts and surface 
mines had expanded and new ones developed, while 
cultivated crop and pasture land was extensive in the 
lower Crowsnest valley and its northern tributaries. 
The Forestry Trunk Road, a major gravel highway, 
now traversed the entire length of the study area from 
north to south. From this road, other roads penetrated 
to the headwaters of the Oldman, Livingstone, and 
some headwater tributaries in the Highwood and 
Willow basins. A large forest block had been cut in 
the Westrup Creek basin (Willow drainage). Cultivated 
crop and pasture extended along the southern half of the 
eastern study area boundary. Risk assessments refl ect 
the substantial increase in human development: by the 

Figure 2.  Disturbance history, alternate decades 1910-1990 (top row); watershed risk assessments for the 
corresponding decades (bottom row). White, low risk; light gray, moderate risk; dark gray, high risk. Township 
and range lines (9.6 kilometres, or 6 miles) are shown along map margins.



1950s, 28 of the 90 basins (approximately 31 percent) 
were now rated to be moderately at risk, more than half 
of them in the Crowsnest drainage (Table 1). One, the 
upper Crowsnest valley, was at high risk.

The effects of a major expansion of the logging 
industry were evident by the 1970s. Numerous large 
contiguous clearcuts existed in the upper basins of the 
Racehorse Creek (Oldman) drainage, in the Westrup 
Creek basin, and throughout Crowsnest Creek basin, 
with smaller but still extensive clearcuts in upper 
Cataract Creek (Highwood drainage), Dutch Creek 
(Oldman drainage), and various Livingstone drainage 
basins. Seismic trails for oil and gas exploration 
crosshatched most of the study area, while the road 
and trail network had expanded up most major, and 
a great many minor tributary valleys. Open-pit mines 
had expanded in the Vicary-Racehorse creek drainages. 
In response, there was a large increase in the number 
of basins at risk. Over 90 percent were classed as at 
risk. Over 15 percent were at high risk, most in the 
Crowsnest drainage (Table 1).

The remaining years into the 1990s saw continued 
expansion of commercial logging and the road and trail 
networks. In the west, large contiguous cutblocks now 
extended over 20 km north to south and approximately 
4 to 6 km east to west, covering the most southerly 
tributary basins of Racehorse Creek to as far north 
as Hidden Creek (Oldman drainage). The basin of 
Crowsnest Creek was now almost completely cut 
over, and a substantial new clearcut occupied most of 
the upper Gold Creek valley. An extensive pattern of 
linked cutblocks occupied most of the upper Oldman 
and Cataract Creek headwaters, and covered several 
basins near the Oldman-Livingstone river confl uence. 
The seismic trail and road network extended into 
virtually every watershed, sparing only the summits 

of the Livingstone Range and the Continental Divide. 
As a result, nearly 97 percent of the 90 basins were at 
risk; more than 31 percent were at high risk (Table 1). 
Only three basins were considered to be at low risk, one 
of them — Cache Creek (Oldman drainage) — lying 
almost wholly within a protected natural area.

The historical analysis allowed us to estimate the 
period for which each watershed has been at risk. A 
summary of these estimates for the total study area 
is supplied in Table 2. These data were compiled by 
sequential inspection of the risk classifi cation for each 
basin shown (Figure 2) over the 100-year study period. 
Basins at low risk (white) were excluded from the 
calculations. Most basins showed a progression from 
low to moderate, and often to high risk. Only one basin 
(Westrup Creek, north end of the east boundary of the 
study area) showed suffi cient recovery during the study 
period to decrease from high risk (1970) to moderate 
risk (1990).

The data for each decade represented a composite of 
data from any time within in each decade of study. For 
this reason the possible duration of disturbance from 
one study decade to the next theoretically could have 
been as short as 11 years or as long as 29 years. We 
used the median, 20 years, as the best estimate of the 
duration between each decade studied. The 1890s, the 
next earlier comparable period in the time series, was 
taken as the zero-impact decade, although some impact 
must have occurred with the arrival of the railway in the 
last two years of that decade. 

By the 1990s, the basins in the study area that were 
at moderate risk (approximately two-thirds of the total), 
had been at risk for a mean of 43.4 years. The basins 
at high risk (nearly one-third of the total), had been so 
for a mean of 30 years. In addition, many of the high-
risk basins had previously been at moderate risk for 
various periods. When the total period of risk is taken 
into account (Table 2, rightmost column), 87 basins had 
been at some elevated level of risk for a mean of 47.4 
years, ranging from 20 to 100 years.

Discussion

The Level 1 IWAP is a screening procedure 
designed to identify watersheds at risk as a result of 
surface disturbances, especially those associated with 
commercial logging. Watersheds identifi ed at some 
level of risk typically would be further investigated 
through air photo interpretation, map work and fi eld 
studies to determine the extent to which actual damage 
had occurred (British Columbia Forest Service 1995). 
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Table 2. Numbers of basins at risk by duration of risk. Right 
column provides the number of basins with the 
indicated duration of total risk, both moderate and 
high, over the entire study period

Median Years 
at Risk

1990s 
Moderate 

Risk

1990s 
High 
Risk

1910s-1900s
Moderate +
High Risk

20   5 15   5
40 40 12 52
60 13   1 25
80   1   3
100   2
Total 59 28 87
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This follow-up work remains to be done in our east 
slopes study area. Nevertheless, observable damage to 
stream channels and riparian zones should be expected, 
at least in the high-risk watersheds. In a similar study 
in the Carbondale River basin, a comparable 300-
km2 watershed abutting the upper Crowsnest basin 
on the south, we found that all eight sub-basins, and 
the Carbondale basin as a whole, ranked as high-risk, 
and all showed extensive channel and riparian damage 
(Sawyer and Mayhood 1998b).

Despite the very large clearcuts in some basins, the 
risk of watershed damage from peak-fl ow increases 
alone in the 1990s was rated as low for over 70 percent 
of the basins, moderate for more than 23 percent, and 
high for just fi ve individual watersheds (Mayhood et al. 
1998). In the same study, the risk of surface erosion was 
rated as high for over 90 percent of the basins, moderate 
for over 5 percent and low for only three basins. Other 
risks, including that to riparian zone integrity (87 
percent of basins at low risk) and to watershed damage 
from mass-wasting (all basins at low risk), were also 
low. Accordingly, the risk of surface erosion from land 
disturbance is the principal risk to watershed integrity 
in most of these 90 basins. Here, as in many other 
forested regions, surface erosion from land disturbance 
is overwhelmingly attributable to the extent of road 
development (Waters 1995).

Roads and other linear disturbances constitute major 
geomorphic features in the landscape, extensions to the 
drainage network delivering water and sediments into 
the natural drainage system. In our study area the extent 
of roads and other linear disturbances approaches the 
total length of the natural drainage network (Mayhood 
et al. 1998). As long as they are allowed to persist, forest 
road networks fundamentally change the delivery of 
water and sediment to streams (Beschta 1978, Dietrich 
et al. 1982, King and Tennyson 1984, Reid and Dunne 
1984, Chamberlin et al. 1991, Frissell 1997). Transport 
of water and sediment are the major factors shaping 
the mainly gravelbed channels in the study area, so 
if stream channels are to be restored to or maintained 
in something approaching their natural state, it is the 
extent of road development that must be controlled in 
most of our watersheds. We can control the extent of 
road development by minimizing their persistence, and 
the duration of the disturbance they create. We can, in 
other words, build them only when they are absolutely 
necessary, use them for as short a term as possible, and 
physically remove them once they have served their 
primary purpose.

A prudent land management policy in the study area 
would include plans to physically remove as many roads 
as necessary and restore their rights-of-way to a more 
natural condition, so as to reduce high IWAP risk scores 
at least into the moderate range. For the few basins in 
which increased peak fl ow risk is also high, additional 
efforts may be required to reduce equivalent clearcut 
area through enhanced reforestation. Alternative 
scenarios can be screened using the IWAP to fi nd the 
most effi cient ways of achieving these goals. Had it 
been possible to follow this policy in our study area 
over the last century, both the degree and the duration of 
risk to many watersheds could have been substantially 
reduced.
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