
111

introduction

The forests of British Columbia have had, and con-
tinue to have, a powerful influence on the lives of 
the province’s residents. Most British Columbians 
live surrounded by forests. Their houses are largely 
built of wood and their employment often depends 
on some aspect of the forest industry, whether they 
live on a farm, in a logging town, or within the me-
tropolis of Vancouver. Young and old recreate in the 
forest, whether on ski runs or by lakeshores. Creative 
artists have drawn inspiration from the wild for-
est and the busy goings-on of a forest industry set 
within the stunning backdrop of ocean and moun-
tains. Children learn that many provincial emblems 
are derived from the forest, including the dogwood 
flower, the western redcedar tree, and the Steller’s 
Jay, a noisy, blue-black, forest-dwelling bird. For all 
British Columbians, their experience of the forest is 
inextricably linked with water.

From a human perspective, water supplies for 
communities of every size flow directly from for-
ested mountain slopes. Watercraft fashioned from 
trees were used by Aboriginal communities, and 
then European explorers, to traverse the lakes and 
rivers of the Interior and the inlets of the Coast. 
Early commercial use of the forest relied on water 
for power and cheap transportation both by the 
ocean and along the inland waterways. Flumes, river 
driving, paddlewheelers, and ocean tugs all played a 
major role in British Columbia’s forest history.

Past exploitation of the forest and the transition to 
forest management is also closely linked with water. 

Where there is too little water, or too much, forests 
do not grow. And within the range of adequate 
water, small changes have profound influences on 
the forest, its structure, and the constellations of 
organisms that live within its enveloping sphere of 
influence. Those same water supplies from forested 
mountain slopes support fish populations of im-
mense size. As management of forests has evolved, 
care for the water resource, and its associated fisher-
ies, has moved from a marginal issue to a touchstone 
for efforts to modify forest practices (Chapter 1, 
“Forest Hydrology in British Columbia: Context and 
History”). Public concerns about drinking water 
and fish habitat played a major role in this transfor-
mation. Contentious issues ranged from the widely 
publicized and intense battles over logging in the 
Greater Vancouver and Victoria watersheds (which 
ended in victory for the anti-logging side) to con-
frontations over logging and water quality in smaller 
communities throughout the Interior and, in par-
ticular, in the Slocan Valley where they persist. Very 
recently, the impact of the mountain pine beetle on 
forests and hydrological processes has reawakened 
concerns about the management of water through-
out the province.

This chapter shows how some forest management 
practices in British Columbia may affect hydrologi-
cal processes. Harvesting and regeneration systems 
are described followed by the transportation of wood 
from the forest to processing sites. The chapter ends 
with a brief overview of provincial forest policy.

Forest Practices
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Forest practices affect the forest’s hydrological re-
gime in three main ways (see Chapter 6, “Hydrologic 
Processes and Watershed Response,” and Chapter 
7, “The Effects of Forest Disturbance on Hydrologic 
Processes and Watershed Response”).

•	 Forest	cover	removal:	logging	(patterns	of	log-
ging), natural disturbances (fire, insects, diseases, 
windthrow, landslides / earth movements), fire 
prevention and suppression

•	 Regenerating	the	forest:	natural	regeneration,	
artificial regeneration through planting

•	 Transporting	wood:	movement	of	wood	to	mills	
and timber products to markets via water, rail, 
and road

Forest Cover Removal

Forest cover influences a number of important 
hydrologic processes, including interception of 
precipitation, snow accumulation and melt, and 
evapotranspiration (see Chapter 6, “Hydrologic 
Processes and Watershed Response”). Both natural 
and human-caused disturbances can remove forest 
cover, affecting hydrologic processes. Natural dis-
turbances include wind, landslides, insects, diseases, 
and wildfire. Human activity can initiate or modify 
all of these natural disturbances, and cause direct 
disturbance through activities such as logging, road 
building, and settlement construction. Hydrologic 
processes can influence and be influenced by all of 
these disturbances to varying degrees. For example, 
excess soil moisture can intensify the effects of wind, 
leading to increased windthrow and (or) contribute 
to landslides; insect and disease activities are fre-
quently associated with either an excess or shortage 
of precipitation and soil moisture; and fires often 
start during droughts and in certain situations may 
only be extinguished by prolonged precipitation.

Forest cover removal by logging is controlled 
through the amount of timber cut within a manage-
ment unit and through the method of harvesting. 
The amount of timber volume harvested on Crown 
land in the Provincial Forest and Tree Farm Licences 
is determined by the Chief Forester, and controlled 
by limits placed on individual licensees under Sec-
tion 8 of the Forest Act and through subsequent 
legislation, standards, and guidebooks that govern 
forest practices and planning.

The allowable annual cut (AAC), the rate at which 
timber is made available for harvesting, is deter-
mined for each provincial management unit, which 
includes 37 Timber Supply Areas (TSAs) and 34 Tree 
Farm Licences (TFLs). The actual cut calculation is 
based on analyses of timber supply and the availabil-
ity of timber over time, and is influenced by many 
social, economic, and environmental considerations. 
Some of the factors considered include: inventory 
information on the actual amount of land available; 
reductions in the timber land base owing to the 
creation of new parks or the building of transmis-
sion lines; the many types of forest stands and their 
volume and growth rates; the depletion of timber by 
agents such as fire, insects, and diseases; the timber 
utilization level (or the amount of a tree that can be 
used); and the accessibility of timber using current 
technology. The AAC has risen from approximately 
15 million m3 in the mid-1960s to its current level of 
approximately 60 million m3. The most recent AAC 
rose to a temporary level of approximately 75 million 
m3 because of the mountain pine beetle infestation.

The actual amount of timber cut depends on 
market conditions. The individual licensees have 
some flexibility over the amount actually cut in any 
given year within their periodic cut control licence 
agreement (usually 5 years). This flexibility accounts 
for the discrepancy between published allowable cut 
and actual cut figures.

The timber supply of each management unit is 
reviewed at 5-year intervals, with more frequent re-
views following large-scale disturbances such as ma-
jor wildfire events or large-scale pest outbreaks (e.g., 
mountain pine beetle infestation). In each review, 
the data and assumptions used to determine the AAC 
are made available to the public for comment before 
a final decision is made.

Once the level of cut is determined for a given 
management unit, the way in which forest cover is 
removed is determined by the choice of silvicultural 
system (Figure 5.1). A silvicultural system is defined 
as a systematic program of silvicultural treatments 
over the life of a stand. Clearcutting is the best-
known example. It involves removal of the entire 
forest stand in one operation with regeneration of 
the forest obtained artificially or from seeds ger-
minating after the harvest. Until relatively recently, 
almost all harvesting in British Columbia followed 
the clearcutting system. In the early 1900s, all forest 

forest Practices influencing water and the hydrological regime of the forest
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cover was removed from thousands of hectares of 
land over relatively short periods of time with no 
deliberate regeneration efforts. The effects of this 
“continuous” clearcutting on hydrologic processes 
was dramatic and, together with the poor aesthetics 
of hillsides laid bare from horizon to horizon, led to 
large-scale public protests and eventually limits on 
the amount of cover that could be removed within 

watersheds at any one time. Complex rules now 
govern the extent of clearcutting within a water-
shed to limit these effects. Much recent hydrological 
research has focussed on developing more effective 
and less costly restraints on logging operations.

Silvicultural systems other than clearcutting 
can be employed (Figure 5.1). Currently, the most 
common is clearcut with reserves, with the reserves 

FIGURE 5.1  Schematics of various silvicultural systems. (Adapted from B.C. Ministry of Forests and 
Range 1999)
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Regenerating Forest Cover

Some form of natural regeneration occurs on almost 
all forest lands in British Columbia (Figure 5.2). 
Natural ingress of lodgepole pine in the Interior 
is abundant and western hemlock on the Coast 
regenerates rapidly, even in large openings. Over 
the past 40 years, however, various land cultivation 
and plant propagation techniques were developed 
and applied to speed up regeneration and improve 
the quality of regeneration for future harvesting. 
Some form of site preparation followed by planting is 
common in almost all forest types. Weeding is often 
employed to ensure that the desired species are free 
to grow rapidly. Thinning or spacing is also used as 
a mechanical method to control species competition 
and growth. The effect of most of these actions is 
to reduce the amount of time required to achieve a 
forest that has hydrological characteristics similar to 
those of the forest that was harvested.

Occasionally, practices can have negative effects. 
For example, mechanical site preparation can redis-
tribute water flow and increase soil erosion. Disposal 
of logging debris by prescribed burning can nega-
tively affect infiltration rates if the temperature is too 
high, causing hydrophobic soils to develop (Chapter 
8, “Hillslope Processes”). Inappropriate tree species 
selection decisions in planting operations may lead 
to heavy mortality in young stands.

Transporting Wood

From the 1860s through the first half of the 1900s, 
the forest industry relied primarily on water, and to 
a lesser extent rail, for transport of timber products 
from the forest operation to the mills and markets. 
The transportation of wood includes three phases: 
primary, intermediate, and market transportation. 
Primary transportation (e.g., yarding or skidding) is 
the movemement of timber products (logs) a rela-
tively short distance from the “stump” to a point 
where a secondary form of transport begins. In-
termediate transportation occurs within a forestry 
operation where products are accumulated (stored) 
for more cost-efficient movement over longer dis-
tances (e.g., truck hauling). Market transportation is 
the movement of larger inventories of wood from the 
forest operations to the processing site (e.g., mill). 

covering 10% of the clearcut area. This is a minor 
modification of the clearcutting system that leaves 
some structural heterogeneity in varying amounts, 
types, and spatial patterns of living and dead trees 
to address a broad array of forest management goals. 
The retention of later seral conditions is assumed to 
sustain ecosystem functions and biological diversity 
at the stand level. Variable retention is designed to 
increase the amount of cover left on the logged area 
and the amount can range from 30 to 70% across the 
cutblock. Seed tree and shelterwood systems are used 
to increase natural regeneration on the cutblock. The 
retained cover can vary from 5 to 50%. Continuous 
cover or selection systems permanently retain a high 
level of forest cover. The amount of cover retained 
will vary between 50 and 80% depending on the 
intensity of the first and subsequent cuts.

Protection of the forest, and thus forest cover, 
from the destructive effects of fire, insects, and 
diseases has been a major preoccupation of forest 
managers and a focus for forest management since 
the early 1900s. Firefighting capabilities have devel-
oped to a high level of efficiency to protect timber 
values, communities, and lives. Ironically, this level 
of efficiency led to an accumulation of older stands 
and fine and coarse fuels, which is now thought to 
increase threats from both fire and insects; however, 
evidence for this in British Columbia is not strong 
and has been disputed. Whatever the set of causal 
factors, high fuel loads in the Okanagan and Thomp-
son drainages contributed to the large wildfires of 
2003. These fires removed well over 100 000 ha of 
forest cover in a few weeks and led to significant, 
but localized, hydrological effects (Redding 2008). 
Despite considerable wildfire–watershed research 
conducted over the past several decades, many 
unknowns still exist regarding the magnitude of wa-
tershed impacts and the factors governing watershed 
recovery (Ice and Stednick 2004; Neary et al. 2005). 
Similarly, forest ecosystem processes in the dry pine 
forests of the Interior have led to the build-up of bark 
beetle populations and the immense mountain pine 
beetle outbreak that covered 16.3 million ha in British 
Columbia, according to the 2009 survey. Significant 
hydrological effects are expected as a result of this 
unprecedented destruction of forest cover (Winkler 
et al. 2008). Future forest management in the prov-
ince will be strongly influenced by these events.
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Figure 5.2  Long-term timber harvesting (top) and regeneration (bottom) for British Columbia 
(B.C. Ministry of Forests and Range 2006).
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North America. In many regions, roads and railways 
had not yet been built to facilitate the transportation 
of materials by land, and using water was less expen-
sive than road building and maintenance (Cowell 
1981; McCaig 1989). Log-driving activities were more 
intense in the Interior of British Columbia than on 
the Coast because logs tended to be of a smaller di-
ameter. Thus, timber from the Interior was less likely 
to jam during log driving and was easier to manipu-
late. In addition, waterways in the Interior tended to 
be deeper, wider, and slower flowing with less erratic 
water levels than those on the Coast (Sedell et al. 
1991; Drushka 1992). Tributaries of the Fraser River, 
including the Thompson, Adams, Shuswap, Nadina, 
and Stellako Rivers, as well as the Bull, Slocan, and 
Kootenay Rivers, are examples of waterways that 
were driven extensively in the first half of the 1900s. 
On the Coast, log drives on the Cowichan, Tsolum, 
Somass, Puntledge, Lillooet, and Coquitlam Rivers, 
for example, met with varying degrees of success 
(Drushka 1992; Mackie 2000). Logs were floated 
down the Fraser River through Hell’s Gate to Hope 
until the 1960s and along a slow-moving stretch 
of the Fraser near Quesnel until at least the 1980s 
(Cowell 1981). Water transport continues today, but 

These modes of transportation were the only way 
that a large, heavy product could be moved effi-
ciently. Market transportation thus dictated that the 
coastal forest industry developed in proximity to the 
ocean or navigable rivers and lakes.

Within forest operations, primary transporta-
tion of logs was not an immediate concern as hand 
logging at the water’s edge was expanded upslope 
by the use of oxen or horses on the earliest form of 
road—the skid road. Skid roads were simply cleared 
earth trails, usually stabilized with log skids lying in 
the direction of travel or puncheon laid perpendicu-
lar (Figure 5.3). Animals were replaced with cable 
systems that were able to move logs more quickly 
over extreme terrain and without roads. Where 
economically suitable timber existed along major rail 
lines, a similar sequence of forest development could 
be found through other parts of British Columbia.

River transport of logs
Log driving (also known as “river driving”) is the 
process of transporting cut timber by flotation along 
creeks, streams, and rivers and across lakes (Sedell 
et al. 1991; Figure 5.4). This was a common practice 
in the late 1800s and early 1900s throughout western 

Figure 5.3  Skid road with log “skids” laid perpendicular to the direction of haul (circa 1890). (Photo: Royal BC Museum Archives, 
B-03827) 
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FIGURE 5.4   Log drives on Kootenay rivers: the Slocan River near Passmore (top) and Bull River near Cranbrook 
(bottom). (Photos: Royal BC Museum Archives, C-09790, F-09172)
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only in coastal marine waters and on major lakes in 
the Interior.

Log drives in the Interior were generally launched 
during spring breakup, as meltwater swelled the 
river, and continued until the spring freshet began 
to subside (Drushka 1998). Logs that had been cut 
during the winter and decked at the sides of creeks 
and rivers were transported downstream when water 
levels were considered sufficiently high to carry 
timber to its destination. Log drives would continue 
until the water levels in creeks and rivers had fallen 
too low to float the timber effectively (McCaig 1989; 
Sedell et al. 1991; Drushka 1998). In the early 1900s, 
for example, log drives of 37 000–43 000 m3 of wood 
were commonly moved down the Shuswap River 
in the space of 3–4 weeks (McCaig 1989; Drushka 
1998). In later years, log drives were restricted to the 
interval between the inward migration of spawning 
salmon and the outward migration of young salmon 
headed for the Pacific, in order to reduce the direct 
impact of floating logs on fish (Cowell 1981).

Damage caused by log driving
Even before a single piece of timber was floated 
downstream, significant damage to the ecology of 
waterways was caused by “river improvements” 
undertaken to prepare waterways in advance of the 
drive. “Fin booms” (long, floating chains of logs 
with one end anchored onshore) or log cribbing 
were used to block off any areas where slow-moving 
water might trap or redirect logs; this included side 
channels sloughs, swamps, sand and gravel bars, or 
low banks along wider parts of streams and riv-
ers (Cowell 1981; Sedell et al. 1991; Drushka 1998). 
Obstructions within the main stream channels, such 
as boulders, pools above rapids, abrupt changes in 
gradient, leaning trees, and sunken logs, would also 
be cleared, frequently with dynamite, and later with 
bulldozers (Cowell 1981; Sedell et al. 1991; Drushka 
1998). Occasionally, water was redirected into 
flumes, which were built along creek beds to quickly 
move timber from creeks into larger rivers. These 
flumes could extend a considerable distance; one 
flume down a tributary of the Bull River was more 
than 6 km long (Drushka 1998). Such alterations had 
enormous consequences for aquatic habitat qual-
ity. Blocking water flow to sloughs and backwaters 
severed the critical connections between the stream 
system and floodplain vegetation and caused spawn-
ing areas to dry up (Sedell et al. 1991). Simplifying 
watercourses by clearing obstructions accelerated 
the flow of water and caused enormous quantities 

of accumulated sediments to be flushed from the 
streambeds (Cowell 1981). It also dramatically re-
duced habitat complexity, and altered or eliminated 
valuable salmonid rearing areas (Sedell et al. 1991).

The construction of splash dams was a common 
technique used to temporarily prevent water from 
flowing down river. When this water was released, 
an “artificial freshet” was created, which carried 
timber rapidly downstream (Sedell et al. 1991). Splash 
dams were constructed from stacks of log cribbing 
and could be many metres high and wide (Sedell et 
al. 1991). These structures formed impenetrable bar-
riers to fish migration and their repeated use during 
spawning season decimated local salmon popula-
tions. The violent torrent of water that was released 
when splash dams were opened only intensified 
the scouring of streambeds, channel erosion, and 
displacement of gravel spawning areas that were 
already caused by floating timber; in addition, eggs 
that had been deposited in streambeds were often 
lost to scouring and silting (Sedell et al. 1991). The 
use of splash dams also intensified the deposition of 
tree bark, which was knocked off as timber moved 
downstream. This material tended to sink to the bot-
tom of watercourses, where it smothered developing 
spawn, clogged the gills of young fish, and destroyed 
shelter for salmon fry, making them more vulnerable 
to predation (Cowell 1981; Sedell et al. 1991).

Logjams were also frequent during log drives. In 
the early years, smaller jams were dislodged using 
pike poles and peaveys (McCaig 1989; Drushka 1998). 
Larger jams were released with the use of blasting 
powder or dynamite (Drushka 1998); for example, 
30 tons of dynamite was used to clear a single jam 
on the Bull River, scattering debris for hundreds of 
metres in every direction (Drushka 1998). Later, bull-
dozers were used to push logs back into waterways, 
degrading the stability of streambanks and causing 
significant erosion (Sedell et al. 1991).

Although the potential for drastic losses to fish 
habitat caused by log driving was a very early con-
cern to some people (Sedell et al. 1991), this issue was 
more widely recognized by the 1950s. During the 
second Sloan Royal Commission on Forest Resourc-
es, the Canada Department of Fisheries concluded 
that log driving in shallow rivers was a serious threat 
to the salmon fishery (Whitmore 1955, in Sedell et 
al. 1991). Nevertheless, log driving continued in 
the Shuswap and Stellako Rivers until at least the 
late 1960s (Sedell et al. 1991; McCaig 1989) and in 
the Quesnel and Cariboo Rivers until 1981 (Cowell 
1981). The ecological damage to lakes, rivers, and 
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streams that was caused by log driving is still evident 
in many aquatic systems. Numerous abandoned 
splash dams were left in place, altering water flow for 
decades after they were last used (Sedell et al. 1991; 
Committee on Protection and Management of Pa-
cific Northwest Anadromous Salmonids 1996). Har-
vesting of large, late-successional conifers in riparian 
areas also altered the size and species composition 
of new woody material entering streams and rivers, 
slowing the rate at which the quality and complexity 
of these aquatic habitats have recovered (Committee 
on Protection and Management of Pacific Northwest 
Anadromous Salmonids 1996). In northern Sweden, 
where log driving followed a similar timeline and 

used similar techniques to improve water flow for 
floating timber, a recent study concluded that log 
driving has left an indelible imprint on the Vindeläl-
ven River (Törnlund and Östlund 2002). It is virtual-
ly impossible to determine whether rivers in British 
Columbia can and will recover from the impacts of 
log driving because little baseline information exists 
about river ecology prior to log driving (Cowell 1981).

The Adams River log drives 
A classic example of the impacts of log driving on 
river ecology is that of the Adams River (Figure 5.5). 
The Adams River Lumber Company began opera-
tions in the early 1900s (Drushka 1998). Timber that 

FIGURE 5.5  River transportation of logs on the Adams River: the Adams River splash dam (top), Brennan Creek flume (bottom left), 
and Adams Lake sorting pond filled with logs to be driven down the Adams River (bottom right). (Photos: Royal BC  
Museum Archives, I-62756, F-09177, F-09179)
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Figure 5.6 “Old Curly” on Thurlow Island in 1894. (Photo: Royal BC Museum Archives, B-06967)

had been cut in the winter was skidded to the banks 
of the Upper Adams River, driven down it into 
Adams Lake, and then towed by sternwheeler to the 
mouth of the Lower Adams River (Drushka 1998). 
In 1907, the company built a splash dam at the head 
of the Lower Adams River that blocked the passage 
of spawning salmon through the lake and into the 
Upper Adams River (Hume 1994). Logs that were 
carried from higher elevations by a system of flumes 
were dumped into the Adams River below the dam. 
This dam retained spring meltwater to “flash-float” 
logs from the Lower Adams River into Shuswap Lake 
(Hume 1994; Drushka 1998). Once in Shuswap Lake, 
the logs were boomed and floated to the big mill at 
Chase. When the water was held back by the dam, 
river levels were often so low in the Lower Adams 
River that spawning beds were exposed, causing 
incubating salmon eggs to freeze in the winter or be 
suffocated because of a lack of oxygen (Hume 1994). 
When the water was released, it washed salmon 
from the river, scoured gravel beds, and destroyed 
developing eggs in surviving nests (Hume 1994). The 
use of splash dams on the Adams River lasted from 
1907 to 1922 (Hume 1994). The run was also severely  
affected by the blockage of the Fraser River at Hell’s 

Gate during construction of the second Canadian 
National Railway line in the Fraser Canyon in 1913. 
Although reduced numbers of spawning salmon 
were observed in the Upper Adams River by 1913, the 
dam was not completely removed until 1945 (Sedell 
et al. 1991; Hume 1994). By then, the massive run of 
sockeye that had spawned in the Upper Adams had 
been driven to extinction (Hume 1994; Drushka 
1998). Even though the International Pacific Salmon 
Fisheries Commission has worked since the 1950s to 
restore a run on the Upper Adams River, the unique 
genetic code of the salmon native to this run has 
been permanently lost (Hume 1994). The run on the 
Lower Adams River has rebounded, however, and is 
an important tourist draw in the area.

Rail and road transport of logs
As easily accessible timber close to mills decreased, 
transportation links became increasingly scarce. 
Thus, the forest industry needed to develop an in-
termediate means of transporting logs out of a forest 
operation. Steam-powered logging railroads (Figure 
5.6) appeared on the Coast within a decade of the 
completion of the Canadian Pacific Railroad in 1885 
and by 1917 there were 62 in operation (Gould 1975). 
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Because they were labour-intensive and expensive 
operations, railroads expanded into the most easily 
accessible areas, which usually also had the highest-
value timber. The necessity to operate at a large scale 
meant that all timber of any value within physical 
reach of the track was logged as soon as possible after 
the track was laid. Continuous clearcutting was con-
sidered the appropriate harvesting system to match 
the transportation mode and financial investment.

The use of trucks for hauling logs was well es-
tablished in the 1920s. Initially equipped with hard, 
solid rubber tires (Figure 5.7), early trucks often 
operated on plank roads, which “floated” on the 
ground surface (Bendickson 2009; Figure 5.8). Power 
limitations and a lack of good braking hindered 
the use of trucks as an intermediate transportation 
system, but trucks did complement the railroads as a 
feeder system or for the development of small areas.

The use of railroads peaked through the 1920s and 
1930s. Steel rails assisted the development of forest 
resources for almost a half-century before several 
significant developments took forest operations into 
a new era.

The earliest road and railroad construction was 
very labour-intensive. Picks, shovels, axes, and saws 
were the tools needed to excavate and reshape a 

roadbed. Animals provided extra power sources 
for transportation and grading surfaces. One of 
the earliest forms of excavating equipment was the 
steam shovel (Figure 5.9). Even with this production 
marvel, most excavated materials were placed only 
within the reach of the machine.

In the era of early road construction, roadbeds 
generally did not create a significant alteration to 
the landscape. Large excavations and fills were 
beyond the economic and physical means of most 
forest operations, so the excavations were avoided 
and the gullies and rivers were spanned with large, 
elaborately constructed trestle bridges. Low-gradient 
roads on lower slopes or valley bottoms did not tend 
to produce many conflicts in water management.

World War II was a period of significant techno-
logical development in the areas of earth-moving 
equipment and vehicle transportation. Machines 
such as bulldozers, mechanical shovels, and large-
capacity trucks—all powered by internal combustion 
engines—were capable of developing access beyond 
the physical or economic limits of the railroad. In 
addition to the new technology, equipment was sud-
denly affordable and available after the war effort 
concluded.

FIGURE 5.7  Solid-rubber-tire truck in 1924. (Photo: Royal BC Museum Archives, F-08719)
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FIGURE 5.9   Wood-burning steam shovel near Cowichan Lake in 1935. (Photo: Royal BC Museum 
Archives, H-05397)

Figure 5.8   Excavating deep organic soils and hauling ballast for roads could be prohibitively 
expensive compared to building plank roads. Some of these roads were built over  
railroad grades by replacing the steel rails with planks. (Photo: Royal BC Museum 
Archives, NA-08441)
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A primary road construction machine by the late 
1940s was the “line” shovel (Figure 5.10), a carry-over 
from the railroad era, which operated on wooden 
pads laid down by the operator. Where condi-
tions permitted, the tracked bulldozer (Figure 5.11) 
was also a popular machine for both constructing 
subgrade and for spreading the stabilizing ballast 
over the subgrade. Except for quarrying, rock was 
avoided as much as possible at this time. Rock drills 
were most often air-driven units adapted from min-
ing operations. These drills were tied to a separate 
compressor and were not suited for moving on 
subgrade.

The greatest limitation of both the front-scoop-
ing line shovel and the bulldozer was their inability 
to adequately sort materials. Given the materials of 
a 20 m right-of-way and a production budget, these 
machines constructed a road base from a mixture of 
mineral and organic soils, stumps, brush, and logs. 
The result was a road with a component of decom-
posing material and materials of mixed bearing ca-
pacity. Over time, these roads would have problems 
of settling and pothole formation, or would even 
collapse entirely.

Line shovels and bulldozers (Figure 5.11) were not 
ideal machines for grooming cut-and-fill slopes to 

a natural and stable angle. This resulted in slough-
ing of constructed slopes until stable angles were 
achieved. Through this period, road construction 
was therefore concentrated on lower hillslopes where 
earth movement was minimal. Because large excava-
tions and fills were uncommon, the machines’ defi-
ciencies were revealed only through the significant 
construction problems that appeared later.

The line shovels also created troughs with spoil 
piles on both sides of road, which changed the natu-
ral water flow. If water was present in any form, line 
shovels and bulldozers often ended up with a “soup,” 
which was shifted to the side of the intended road-
bed. Thus, these machines were the cause of many 
landslides as operators placed fill on oversteepened 
slopes. The current method involves the endhaul or 
movement of excavated material from one section of 
the road to another or to a disposal site.

In addition to the physical and economic abil-
ity to develop new territory, a significant political 
development provided a complementary incentive. 
The Royal Commission of 1943–1945 (Sloan 1945) led 
to changes in the forest tenure system, the concept 
of forest (or more accurately timber) sustainability, 
and the availability of an increased land base for 
forest operations. The new tenure system fit perfectly 

FIGURE 5.10 Road construction with a line shovel in 1936. (Photo: Royal BC Museum Archives, NA-06671) 
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with the new technology and by the early 1950s forest 
operations shifted dramatically from rail to road as 
the basis of intermediate transportation.

Although the sustainability of the timber re-
source began to be seriously addressed with the 
tenure changes of the 1950s, it was not until the 
early 1970s that foresters and other resource scien-
tists began to apply sustainability principles to the 
non-timber resources sharing the same land base. 
Government agencies responsible for wildlife and 
fisheries resources became increasingly involved in 
reviewing harvesting plans. Forest companies such 
as MacMillan Bloedel and British Columbia Forest 
Products assembled teams of specialists in fisher-
ies, wildlife, hydrology, geomorphology, terrain 
stability, and other fields to conduct inventories of 
non-timber resources and to assist planning forest-
ers by developing management guidelines for these 
resources. Several high-profile land use conflicts 
such as the “Nitinat Triangle” (west of Nitinat Lake) 
and the “Tsitika-Schoen” accelerated and increased 
the work of these professionals. The attempt to have 

some objectivity in any land use decision, whether 
single use or multiple use, required inventories and 
objectives for identified resources, plus a plan and 
assessment of impact if the timber resource was to 
be developed. By the end of the decade, development 
plans for most new areas included multiple resource 
assessments and objectives.

By the mid-1970s, forest development planning 
focussed on the rate, pattern, and sequence of forest 
harvesting to address the integration of resource sus-
tainability. A visible, immediate change was a shift 
from continuous clearcutting to patch clearcutting 
with reserves. Tied to this shift in forest operations 
was an attempt to increase the spatial dispersion of 
harvesting and rate of harvesting throughout the 
tenure. Although the tendency to harvest the closest 
and highest-quality stands first still persisted, the 
changes to harvest planning significantly increased 
road construction. The drive to penetrate deeper into 
watersheds and up into increasingly steep-sloped 
hillsides produced unprecedented problems of road 
and bridge washouts and associated terrain failures.

Figure 5.11  Bulldozers became popular in the 1940s, but their ability to sort materials on subgrade 
construction was not a strong feature. Bulldozers were one of the first road-building 
machines to add hydraulic components (the blade and winch). (Photo: Royal BC  
Museum Archives, NA-06355)
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Road construction in forest operations has never 
enjoyed the luxury of limiting all activity to dry 
weather conditions. To meet the demands of harvest 
plans, construction had to be extended for longer pe-
riods through the year. This exacerbated the conflicts 
of quantity, cost, quality, and environmental impact.

The direct costs associated with water manage-
ment problems were immediately obvious to the 
forest industry. At the same time, resource manag-
ers were becoming increasingly aware of adverse 
impacts to fish habitat (Figure 5.12). Foresters quickly 
began to respond to the increased information avail-
able to them in their planning. The industry was also 
encouraged to change practices through increasingly 
demanding legislation and regulation such as Sec-
tions 34–36 of the federal Fisheries Act. Beginning 
in the late 1970s, several legal proceedings firmly 
established the responsibility of resource profession-
als and resource companies to exercise the science 
and technology available to them in the management 
of forested lands.

A radical change in road construction techniques 
occurred in the mid-1970s with the introduction 
of the hydraulic excavator (Figure 5.13) or backhoe 
(previously used primarily as a trenching machine). 
Although initially poorly adapted in structural 

design, the excavator swiftly proved its ability to 
construct roads quickly and cost efficiently. Just as 
impressive was the quality of the work that could be 
produced using these machines. The excavator could 
effectively sort materials; place logs for optimal value 
recovery; place stumps, brush, and organic soil in 
positions where they would not degrade the quality 
of the road subgrade; and place the best available 
structural materials in the road. The addition of a 
hydraulic thumb to the excavator in the mid-1980s 
further improved the usefulness of this machine. 
The ability to precisely remove, place, and grade 
materials has made the excavator the most versatile 
piece of equipment in the forest industry. Advances 
and modifications in the design and use of support 
equipment complemented the excavator.

Excavator construction, coupled with appropriate 
maintenance, can eliminate many of the causes of 
road failures such as settling, slumps, and washouts 
because the road can be constructed without weak 
or decomposing material and can be appropriately 
secured against moving or accumulating water. The 
design of the excavator also allows the machine to 
effectively deactivate or deconstruct roads deemed 
environmentally hazardous, temporary, or otherwise 
not needed.

Figure 5.12  Moving water (in any volume) is an inconvenience to road construction because it 
requires some form of a special structure to span it. Before stream morphology was 
commonly understood, moving water was generally viewed as “self cleaning.” (Photo: 
Gould 1975, reproduced with permission of Hancock House Publishers)
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Water management and roads
Forest roads are usually constructed to develop a 
timber resource for harvesting. Since a road location 
is a long-term commitment, harvesting and silvi-
cultural systems for both the first and subsequent 
harvests will dictate that roads are placed for opti-
mal harvest utilization. Yet, construction feasibility 
and cost are obviously affected by topography and 
ground composition. Not so obvious is the influence 
of non-timber resources on road location. Among 
these values are wildlife and visual quality objec-
tives, which may influence where or how a road will 
be constructed.

The fact that the direction of a road is often per-
pendicular to the movement of water is a guarantee 
of conflict. Without due consideration, roads will 
intercept, block, restrict, or channel water. Water, 
in response, will find a way under, over, around, or 
through any obstruction. Surface water movement, 
especially over unprotected surfaces, will produce 
erosion proportional to its velocity and volume. If al-
lowed to saturate soils, any eventual movement may 
take the soils along with it in the form of slumping 
or flows (for more information see Chapters 8 and 9).

Water-related road problems generally involve 
surface erosion or cut/fill slope failures (see Chapters 
9 and 10). These effects of water on roads have been 
somewhat understood since the earliest roads were 
built but, arguably, the effects of roads on water were 
not well appreciated until the 1970s when multiple 
use resource planning was incorporated into forest 
operational planning.

Long-term water management plans consider the 
optimal accommodation of surface and subsurface 
flow. These plans include prescriptions for deactivat-
ing (or even deconstructing) inactive roads to mini-
mize risk of erosion or mass wasting. Thus, good 
engineering practices in the design and construction 
of roads are necessary.

Bridges and culverts
Logs and timbers were obvious material choices for 
any structures associated with forest transportation 
systems. Simple log-stringer/gravel-decked culverts 
have been popular since the days of early railroads 
for spans of up to 6 m. Where suitable species and 
log diameters were available, plank-decked spans of 
up to 21 m were common (Nagy et al. 1980).1

FIGURE 5.13  The hydraulic excavator brought significant change to the quality of constructed roads. 
(Photo: D. Bendickson)

1 Span lengths can vary significantly based on the design load, timber species, and size.
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Early forest roads inherited the log and timber 
truss construction of railroads, but this labour-in-
tensive structure was short-lived. The ability of log-
ging trucks and equipment to handle steeper grades 
and curves gave engineers the flexibility to locate 
crossings at sites that offered the option of shorter 
and less complex spans.

To keep spans as short as possible, it was com-
mon for crib abutments to encroach on the wetted 
perimeter of the watercourse (Figure 5.14). For wider 
rivers, piers were constructed to create multiple span 
crossings. The limited span lengths of the wood 
construction often meant that crib footings and piers 
presented an obstacle to water flow. This created 
scouring problems and the structures also tended to 
trap debris moving downstream.

In the 1960s, glue-laminated timber beams 
became a preferred girder for longer spans (Figure 
5.15). Manufactured in Vancouver, “glulam” beams 
of up to 27 m could be transported and erected with 

reasonable efficiency. Longer glulam spans were 
not common because of the excessive weight and 
handling difficulty. Where longer spans could not 
be avoided, glulam structures were reinforced from 
below with tension trusses.

Steel and concrete became financially viable alter-
natives to wood in the late 1970s. The versatility and 
durability of these materials quickly made them the 
preferred option in many applications. The ability to 
custom design major spans and to transport those 
spans in sections allowed for longer clear spans, 
which minimized structures in the streambed (Fig-
ure 5.16). Furthermore, the ease of moving a port-
able bridge to a new location once a short-term road 
was deactivated was another milestone. Additional 
refinements of steel and concrete bridge components, 
including prefabricated decks, footings, and retain-
ing walls, now allow the construction of high-quality 
temporary structures that completely span a water-
course from bank to bank.

Figure 5.14  Because of span limitations for log-stringer bridges, the footing structures often 
intruded into the wetted perimeter of the creek. Scouring associated with such  
construction was an ongoing problem. Moakwa Creek (Upper White River tributary) 
circa 1972. (Photo: D. Bendickson)
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Figure 5.15  The bridge over the lower Klinaklini River illustrates a “glulam” bridge with simple spans and a longer 
inverted truss span. (Photo: D. Bendickson)

FIGURE 5.16  The use of steel girders has allowed for longer spans without obstructions to water flow (Klanawa 
River). (Photo: D. Bendickson) 
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Forestry in British Columbia has a long and rich 
history and the strands of political, economic, 
social, and ecological change are woven together in 
complex ways that defy easy description. In recent 
years, numerous books have been written on various 
aspects of forest history, including theoretical works 
and personal memoirs. Novels and poems involv-
ing the province’s forest history also add a special 
perspective. A succinct summary of this literature 
is found in the Pearse Royal Commission on Forest 
Resources (Pearse 1976).

Although British Columbians share their forest 
heritage with other parts of Canada and northern 
European nations, the province stands out in several 
unique ways. First, experience with the primeval for-
est is very recent; consequently, substantial portions 
of the forest remain largely untouched by visible hu-
man impacts. Second, the forest estate is very large, 
very important in economic, social, and political 
terms, and makes up a considerable proportion of 
the Earth’s remaining old-growth conifer forests, 
many of which are destined for future harvest. 
Third, the forests remain in public ownership. Forest 
policy developments over the last century have been 
strongly influenced by all three.

Kimmins (1999) proposed that forestry (defined 
as “the art and science, and practice, of managing 
forested landscapes to provide a sustained produc-
tion of a variety of goods and services for society”) 
progresses through four stages.

1. The initial stage is unregulated exploitation, the 
negative effects of which lead to stage two.

2. In stage two, legal and political mechanisms are 
put in place to regulate the rate and location of 
exploitation and to determine who reaps the 
benefits and who pays the costs, usually in a very 
uneven fashion.

3. Stage three involves modification of these mecha-
nisms to improve their ecological, economic, and 
social sensitivity, but the focus of management is 
on marketable products such as timber.

4. The final stage sees the development of a forestry 
that is responsive to a much wider range of de-
mands from society, including values and goods 
having no obvious market and price. As a conse-
quence, the benefits and costs of forestry activities 

are shared more equitably among all sectors of 
society.

Forestry policies and activities in British Colum-
bia (and in the rest of Canada) have passed through 
the first two stages into the third stage, and are now 
struggling to move to the final social stage in which 
forestry activities are sanctioned by broad public 
support. Along the way, legislative tools to guide 
management have become increasingly complex, and 
sometimes bewildering.

In 1865, a Land Ordinance was passed that permit-
ted colonial governors to make timber available via 
leases, but left the land in government hands. In 1912, 
the first Forest Act was put into effect. This legisla-
tion led to the creation of the Forest Branch (later 
the Forest Service and Ministry of Forests) with a 
mandate to:

•	 administer	timber	leases,	value	timber,	and	collect	
royalties

•	 protect	forests	against	damage,	especially	fire
•	 undertake	reforestation2

The Forest Act has received a series of revisions 
and other statutes were also added to deal with vari-
ous contemporary issues. However, it took another 
60 years before water and water issues were dealt 
with specifically in forest legislation. The 1976 Report 
of the Royal Commissioner on Forest Resources 
(Pearse 1976) made recommendations for forest 
resources planning, including the need to address 
water, fisheries, recreation, wildlife, and other con-
cerns. The 1978 Ministry of Forests Act charged the 
Ministry, as the agency responsible for administer-
ing forest management activities, with planning for 
all forest resources, recognizing that the non-tim-
ber resources were usually not inventoried or well 
understood. Therefore, the 1970s became a period of 
information gathering, distilling, and dissemination.

Further reforms that drew attention to water and 
water-based resources took place in the 1980s and 
1990s. For example, the objective of “no net loss” of 
fish habitat was clearly communicated to forest plan-
ners in 1986 by Fisheries and Oceans Canada. The 
following year, in a joint provincial/federal effort, the 
British Columbia Coastal Fisheries/Forestry Guide-

a very short history of British columBia forest Policy

2 Based on the 1912 Forest Act, the Forest Branch had jurisdiction over reforestation, but none was undertaken until 1930.
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lines became one of the early publications to take a 
set of objectives and provide some communication 
of expectations in achieving those objectives. In 1995, 
the Forest Practices Code of British Columbia Act was 
supported by a series of guidebooks that provided 
forest planners and practitioners with condensed 
and practical reference material. Among these pub-
lications, the Riparian Management Area, Green-up, 
Forest Road Engineering, and Fish-stream Crossing 
guidebooks were significant aids. In addition, the 
Act created the Forest Practices Board as a “watch 
dog” agency to report on adherence to the Code and 
to provide citizens with an avenue of complaint. The 
Board has issued a number of water-related reports 
since its creation.

The Code was revised in 2002 when the Forest and 
Range Practices Act was enacted. The new govern-

ment of the day believed that the Code was too bu-
reaucratic, and representatives often made this point 
by standing beside a large stack of Code-related 
documents. It sought to reduce the hand of govern-
ment from forest management decisions and place 
more responsibility in the hands of forest profession-
als. Whether this approach is more or less effective 
than other possible approaches is open to debate, but 
since the new legislation was introduced, its relative 
importance has diminished in face of many changes 
in the forestry environment. The softwood lumber 
dispute, a crash in lumber prices, company mergers, 
mill closures, the forest fires of 2003, and the moun-
tain pine beetle outbreak have combined to change 
the political and economic landscape in a way that 
was never anticipated.

summary

Forest harvesting and the transportation of logs to 
mills has evolved from primitive manual means to 
the use of powerful, high-tech, heavy equipment. 
The physical ability to significantly modify forested 
landscapes may potentially affect other natural 
resources and systems if impacts to these resources 
are not considered. In the first half of the 1900s, Brit-
ish Columbia’s forests were considered primarily as 
a commercial timber resource, and logging activi-
ties reflected a single-use objective of the land base. 
Beginning with the recognition of timber resource 
sustainability in the mid-20th century, other forest-
based resources began to receive recognition, and 
were officially included in planning decisions by the 
early 1970s, creating a demand for new information.

Legislation has complemented the changes. Al-
though many problems emerged during its imple-
mentation, the 1995 Forest Practices Code of British 
Columbia Act provided dramatic pressures for 
change. At the same time, it defined forest resources 
and many objectives.

In the current decade, new legislation has moved 
the emphasis of forest land management to sustain-
able forest management (SFM), which sets objectives 
and measures results. The Canadian Forest Service 

has defined SFM as management that maintains and 
enhances the long-term health of forest ecosystems 
for the benefit of all living things while providing 
environmental, economic, social, and cultural op-
portunities for present and future generations. This 
places expectation and accountability directly on in-
dustry, technologists, and professionals. The process 
is reinforced with penalties for non-compliance.

Although planning and implementing forestry 
activities is maturing to current expectations, the 
interaction of forest roads with forest resources is 
dynamic and the understanding of this interaction is 
undergoing continual refinement. Perhaps the great-
est variable and the greatest challenge is the continu-
ing education of the people that do the work.

Forest policy changes are still in a state of flux; 
further changes can be expected in response to the 
current economic, social, and political realities. The 
value of the water resource has grown enormously in 
the last 50 years, and is likely to become the pre-emi-
nent resource in the future. Human health concerns 
will continue to keep water issues at the forefront of 
forest management in the 21st century. These con-
cerns will likely result in increasing restrictions of 
logging practices throughout the province.
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