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Protecting our water: Provincial Forestry Funding Program supports long term hydrologic 
research and modelling in British Columbia 
 
By Susan Leech, R.P.Bio and Mark Hafer, P. Eng. 
 
Drip, drip, drip. The sound of a leaking tap often goes unnoticed in this part of the world. British 
Columbia is a water-rich province, giving us the luxury of ignoring our leaky faucets and 
flushing the toilet more often than we really need to. But water is our most precious natural 
resource. We depend on our water for the health of our population and as habitat for a host of 
plants and animals. Most people in BC live close to water and any changes in that water supply—
flooding, for example—can intimately affect our daily lives. 
 
Forest management, or any type of development in a watershed, can have a huge impact on 
streamflow. As forest cover is removed, less snow and rain is intercepted and evaporated prior to 
hitting the ground, while fewer trees means less uptake of water into the remaining forest. These 
changes can translate into increases in “peak flows” (the maximum flow rate in a stream or river), 
increased flooding downstream, and a whole host of associated changes within the hydrologic 
system—increases in sediment transport, changes in the stream channel, increases in nutrient 
flow—all of which have an impact on the surrounding ecosystem. 
 
Under provincial forestry legislation, forest companies are required to avoid deleterious impacts 
on a range of hydrologic values, usually accomplished by maintaining some portion of the 
watershed unharvested. Appropriate harvest levels are gauged from relatively conservative data 
derived from long-term hydrologic studies in a few key experimental watersheds across the 
province. But natural systems are inherently variable, so it’s not surprising that different 
watersheds respond differently to removal of forest cover. For example, streams containing 
relatively large particle sizes (large cobbles) are more resilient from the perspective of sediment 
transport than streams containing small particle sizes like sand and gravel. Add to this example 
the many other variables that can be different across watersheds (climate, channel size, below 
ground vs. above ground waterflow, watershed gradient, snowpack, etc.) and it becomes 
glaringly obvious how difficult it is to set meaningful limits on watershed development across 
the province as a whole. 
 
Forest hydrologists have brought this point home time and time again, and the provincial 
forestry funding program has responded. Over the last several years, the Forest Investment 
Account – Forest Science Program (FIA-FSP) has been providing funding for applied hydrologic 
research to help forest managers develop management plans that are appropriate across different 
watersheds. This funding has included providing continuity for monitoring in four key 
experimental watersheds in British Columbia—Carnation Creek and Russell Creek (on the west 
coast of Vancouver Island), Redfish Creek (near Nelson) and Upper Penticton Creek (in the dry 
southern Okanagan)—as well as establishing a new  experimental watershed at Cotton Creek 
(near Cranbrook) (see map, figure 1). Complementing this mosaic of experimental watersheds 
funded through FIA-FSP is another large scale watershed at Baker Creek (near Quesnel), funded 
through the Canadian Forest Service as part of the Mountain Pine Beetle Initiative. 
 
Traditionally, scientific research on hydrology has focused on a paired watershed approach, in 
which two relatively similar watersheds (in terms of size, climate and physiography) are selected 
as experimental sites. Basic processes in the two watersheds are then monitored for a number of 
years to develop a baseline calibration between them, at which point one of them is subjected to a 
treatment, with the other serving as a control. The impacts of the treatment—some percent 



removal of forest cover—on the hydrology of the system are then tracked. But there are 
limitations to this approach, including the inevitable differences between the control and 
treatment watersheds, a lack of control on climatic conditions, and the short length of pre- and 
post-treatment data collection. The unfortunate result is that information from paired watershed 
studies is extremely difficult to extrapolate to other watersheds (even those nearby). At best, 
these studies have been able to elucidate only a weak relationship between forest cover removal 
and the corresponding hydrologic impact—and in British Columbia, this lack of understanding 
about the internal processes governing the hydrologic impact of different harvesting regimes has 
resulted in an overly cautious approach to forest development. 
 
Dr.Younes Alila, Hydrologist with the UBC Faculty of Forestry, has been a prominent advocate 
of supplementing data from traditional watershed studies with hydrologic modelling. While 
numerical modelling is rife with difficulties of its own (in particular, making sure that a given 
model is an accurate representation of reality), the advantages of building a robust model of a 
watershed are significant: a well-constructed model can be used as its own control, filtering out 
climatic variability and allowing for different harvest rates and patterns to be analyzed in a 
controlled system. Together with research partners in the BC Ministry of Forests and Range and 
industry, Dr. Alila has combined detailed historic data from experimental watersheds, including 
hydrometric and meteorological data, snow course surveys, and many other measurements of 
above and below ground internal catchment processes with digital elevation maps, forest cover 
polygons and soil maps to develop and test hydrologic models at Carnation Creek, Penticton 
Creek and Redfish Creek. The work has been based on the Distributed Hydrology Soil Vegetation 
Model (DHSVM), a model developed specifically to simulate the effects of forest management on 
the hydrology of forested mountainous watersheds in the Pacific Northwest. “In this approach,” 
Dr. Alila explains, “we eliminate the need for expensive, long term data collection by focusing a 
few years of intensive hydro-climatic data collection over the short term to calibrate a model of 
the watershed. We can then use this model to do long term studies to see how different forest 
management plans impacts hydrologic responses like peak flow.” 
 
The approach has been used successfully in the two interior experimental watersheds to help 
elucidate the hydrologic characteristics of these different systems. Results from this work 
illustrate how two small, high elevation watersheds can be very differently affected by forest 
cover removal, because of two key differences between the watersheds. The relatively flat nature 
of the Penticton Creek watershed means that snowmelt is more or less synchronized throughout 
the watershed, so 100% ECA (equivalent clearcut area: a measure of the relative effects of a 
clearcut, accounting for hydrologic recovery caused by forest regeneration after harvesting) leads 
to large increases in peak flows. By contrast, Redfish Creek’s steep gradient means 
desynchronization of snowmelt across the elevation bands, so harvesting in the lower portion of 
the watershed, where snowmelt occurs first and well before the peak runoff, is not closely 
correlated with the magnitude of peak flow. In this case, a 100% ECA causes much less increase 
in peak flows. 
 
These results suggest that, while many watersheds require stringent ECA constraints, these 
constraints may be relaxed in some cases. To complement results from Redfish and Penticton 
Creeks, four UBC faculty members teamed up with researchers from the Ministry of Forests and 
Range and Tembec in 2004 to initiate a new long-term study on Cotton Creek, a 17.4 km2 
watershed located near Cranbrook with physical and climatic characteristics intermediate 
between Redfish and Penticton Creeks. Cotton Creek is particularly appealing as a long term 
study site because over 50% of the watershed is covered with lodgepole pine, making it a ripe 
candidate for mountain pine beetle infestation. As the watershed has been studied intensively 
since 2004, researchers will be able to combine hydrologic modelling of the watershed with the 
real-life incidence of mountain pine beetle to document the hydrologic impacts of widescale tree 



death and salvage logging, information that is particularly topical in light of the current 
mountain pine beetle epidemic in the interior of British Columbia. More information about this 
research can be found at www.forestry.ubc.ca/cottoncreek. . 
 
Like many issues in forestry, applying results of hydrologic studies is hindered by the problem of 
scale. To meet the requirements for similarities between control and experimental watersheds, all 
of the traditional paired watershed studies have been done on watersheds that are less than 20 
km2 in size, and forest hydrologists have very little certainty about how results can be scaled up 
to larger watersheds. Unfortunately, catastrophic events such as the mountain pine beetle 
outbreak work on much larger scales, affecting hydrologic conditions over vast areas of the 
province. In Dr. Alila’s words, “The only viable method for studying large scale hydrologic 
impacts is to supplement experimental results with hydrologic modelling, because the model can 
integrate stand-level information into a reasonable description of the basin as a whole.” To study 
the impacts of widescale tree death and salvage on peak flow and water yield at multiple scales, 
Dr. Alila has calibrated the DHSVM model to the Baker Creek drainage, a 1570 km2 watershed 
near Quesnel, the majority of which is infested with beetle. This watershed is an ideal study site 
for a number of reasons: long term hydrologic and climatic data are available for certain sites 
within the watershed, and the rolling, relatively flat topography is such that researchers would 
expect to see significant changes to peak flow and water yield with the removal of forest cover. 
Specific results from this research are not yet available, but the project underscores the 
importance of combining experimental data with modelling to help hydrologists and forest 
managers understand how tree removal within a watershed impacts hydrology on multiple 
scales. More information can be found at the project website: www.forestry.ubc.ca/bakercreek.  
 
All of this work makes it abundantly clear that the impacts of forest cover removal on peak flows 
can vary significantly across watersheds. To further complicate the issue, some watersheds may 
be more sensitive to changes in peak flows than others, and understanding how this sensitivity 
varies across watersheds is equally important to reducing the impacts of forest harvesting on 
peak flows. In another project funded by FIA-FSP, Dr. Marwan Hassan, Professor of Geography 
at UBC, has been collaborating with Dr. Alila in an effort to link indicators of stream channel 
stability to peak flow sensitivity in small watersheds. The theory is as follows: in some 
watersheds, channel forming events are rare, but in others, they occur frequently. Changes in 
forest cover are more likely to affect watersheds in which channel forming flows are frequent 
events. To predict which watersheds are more likely to experience frequent channel forming 
flows, Dr. Hassan is collecting detailed data on sediment texture and channel morphology within 
many small, gauged streams in British Columbia and relating this information to measures of 
stream channel stability. As an end product of his research, Dr. Hassan will develop a model that 
will allow forest managers to predict the relative resilience of small streams within watersheds to 
changes in peak flows, a useful tool for determining appropriate harvest levels within these 
watersheds. 
 
Providing funding for long term hydrologic research has been a strategic focus of the FIA-Forest 
Science Program, and key results are now funnelling out to forest managers and forest engineers 
working within the highly variable terrain and ecosystems in British Columbia. The results are 
particularly important given the massive hydrologic impacts of the mountain pine beetle 
outbreak, which is working across scales never before researched and in many cases causing 
impacts of up to 100% ECA across watersheds. Continuing this focus on long term research 
within experimental and gauged watersheds in British Columbia is of critical importance to 
maintaining the balance between sustainable development and the safety of both humans and 
wildlife who depend on a healthy water supply. 
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The Forest Investment Account’s Forest Science Program (FIA–FSP) funds applied research and the 
extension of forest science results to meet the information needs and priorities of those who plan and 
manage British Columbia’s public forest lands. Annual research investment priorities are guided by a 14-
member Forest Science Board and several advisory committees comprised of professionals and scientists 
from industry, government, universities, and First Nations, as well as extension professionals. For more 
information on the research program, see www.fia-fsp.ca. Completed project reports are found at 
http://www.for.gov.bc.ca/hcp/fia/searchreports.htm. 
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