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Executive Summary 

 
 
Project Purpose: 
 
The Upper Penticton Creek Watershed Experiment (UPCr) is a paired-watershed study into the effects of forest 
harvesting on water resources. The goals of this experiment are to improve our understanding of basic 
hydrologic processes and to develop effective forest practices guidelines that sustain both the timber and water 
resources of the BC interior plateau.  Building on the long-term UPCr database, the objectives of current projects 
are to quantify:  the spatial distribution of snow across two upland watersheds, road affects on the timing and 
magnitude of the spring runoff peak, the water balances of clearcut and young pine stands relative to a mature 
forest, and changes in stream temperature, soil and stream nitrogen fluxes, and water quality with logging. 
 
The UPCr experiment addresses questions fundamental to our understanding of hydrologic processes in upland 
forest environments and headwater streams of the Okanagan Plateau. Results of the research at UPCr will 
provide practical information to assist in forest development planning, water resource management, and aquatic 
habitat protection.  The streamflow field research and numerical modelling will provide information regarding 
water supply consequences associated with increasing rates of forest cover removal.  The snow and water 
balance research focus on improving operational estimates of hydrologic recovery.  The soil nitrogen flux, 
physical and chemical water quality, and aquatic invertebrate work will provide information useful to water 
purveyors and in developing indicators of sustainability.   The aquatic ecology work will provide direction to 
planners regarding ecologically sustainable opening sizes and the effectiveness of riparian buffers along small 
headwater streams. 
 
Project Start Date:  Summer 1984 
Project Duration:  Ongoing 
Former Project Numbers and Funding Sources:  Previously FIA-FSP project numbers Y051115, Y062115, 
also funded by the BC Ministry of Forests and Range, Weyerhaeuser Co. Ltd. and Gorman Bros. Lumber Ltd., 
and FRBC 
 
Overview of Methods: 
 
The UPCr research area is 26 kilometres northeast of Penticton, BC, and includes three study watersheds, 240, 
241, and Upper Dennis Creeks.  Each study watershed is approximately 5 km2 in size and ranges from 1600 to 
2100 m in elevation. Forest cover types are lodgepole pine and mixed Engelmann spruce, subalpine fir and 
lodgepole pine. Trees in the study area are over 100 years old and reach a maximum height of 20 to 26 m. Stands 
of lodgepole pine are evenly spaced, whereas spruce-fir stands generally have a more clumped distribution of 
stems. Canopy densities vary from 35 to 50%.  Soil textures over the study area are coarse sandy-loam over 
loamy-sand. All soil horizons are low in clay and high in coarse fragments with low water holding capacity and 
are well drained. The forest floor is generally less than 4 cm thick. The mean annual precipitation is 700 mm, 
about half of which falls as snow. By late winter, the snowpack is 1 to 1.5 m deep depending on forest cover, the 
year, and location in the watershed. Winter air temperatures occasionally drop to -20ºC and in summer, daytime 
high temperatures can reach the upper 20's. Annually 0.8 to 3 million cubic metres of water flow from each 
watershed. The highest daily flows occur in May during mid- to high-elevation snowmelt and may reach  
1.5 m3 s-1.  August through April flows are sustained by groundwater and are often less than 0.01 m3 s-1. 
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Water quality in all study streams is generally high though increases in concentrations of variables such as 
nitrogen and phosphorus, as well as fecal coliforms, have been observed as the logging rate has increased. The 
water in all three creeks is highly coloured, with TCU varying from 0 to 70. Elevated suspended sediment 
concentrations are observed in spring and during fall rains. At no time have sediment concentrations exceeded 
20 mg/L of water and most were lower than 5. Water temperatures in the study streams range from just above 0 
°C in late fall through spring to an hourly maximum of 25 °C in summer, and average 9 °C during the snow-free 
season. Diptera dominate the aquatic invertebrate communities of 240 and 241 Creek. 
 
The UPCr experiment follows a before-after-control-intervention, paired-watershed design to quantify changes 
in streamflow, water quality, channel morphology and aquatic habitat with logging and forest regrowth. It also 
includes short-term research projects within the broader experimental framework, with research methods specific 
to each.  These projects focus on stand-scale processes and hydrologic modelling. The UPCr experiment began 
in 1984. Based on ten years of background measurements, the 241 and Dennis Cr. watersheds were selected as 
the areas to be logged. The 240 Cr. watershed remains an unlogged control. Conventional, clearcut logging 
began in 1995 and now covers approximately 50% of the 241 and Dennis Cr. watersheds.  All logged openings 
are site prepared and replanted, and roads deactivated.  
 
Project Scope and Regional Applicability: 
 
The UPCr watershed experiment is typical of the headwaters of most watersheds on the Okanagan Plateau, small 
streams throughout the southern interior of BC, and forests typical of the temperate boreal forest. The logging 
treatments follow standard operational practice so that the results have direct operational applicability. The 
research objectives advance our understanding of hydrologic processes at stand and watershed scales, as well as 
provide information to guide forest practices and protect upland water resources. 
 
Results: 
 
Research completed at UPCr from 2004 through 2006 focused on stand-scale water balance processes, snow 
distribution, the effects of roads on runoff generation, the effects of logging on nitrogen fluxes, chemical, and 
physical water quality and aquatic habitat.  This research has shown that on average, April 1st SWE increased by 
~4 cm per 100 m of elevation in the forest.  On that date no significant gradient was observed in the clearcuts 
where some depletion of the snowpack had already occurred.  The difference between high and low elevation 
SWE appears to be most pronounced during average or above snowfall years.  Year alone accounted for 33% of 
the within-stand variability in snow accumulation, which decreased with increasing snowfall.  Canopy cover was 
found to be the forest inventory attribute which explained the largest proportion of the additional variability, 
however, together year and crown closure only explained 43% of the within-stand variability in April 1 SWE. 
Snow melt rates in 2005 were 1.5 times higher in the low, mid, and high elevation clearcuts than in the forest 
whereas in the other two years rates were similar at all sites.  On average the snowpack disappeared 10 days 
earlier in the open than in the forest, however, date on which the snowpack was depleted varied from year to 
year. 
 
Water balance research has shown that interception by a mature forest reduces the amount of water reaching the 
forest floor by 20 to 25%.  Over the summer evaporation and transpiration from a forest exceeds that from a 
recently logged clearcut by about 30%.  As a result, logging increases the water available to contribute to 
streamflow through surface or subsurface runoff by 30 to 87%, depending on the amount of precipitation. 
Evaporation and soil drying during the summer in young regenerating stands are similar to that of the forest. 
However, the lack of snow interception, the shorter length of the snowmelt season and drainage during this 
period are similar to that of the clearcut. The water balance of a 25-year-old stand was similar to that of the 
forest. 
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Application of the Distributed Hydrology Soil Vegetation Model suggests no significant effect of harvesting up 
to 30% of the 241 Cr. watershed on peak flow regimes. However, planned harvesting (50% harvest area) is 
predicted to significantly increase hourly, daily and weekly flood peaks with recurrence intervals ranging 10-100 
years (9-25% over Control). Modelling results showed that roads mitigated treatment flood peaks by 6-9% by 
transporting simulated flows directly and indirectly out of the basin through flowpaths other than the stream 
outlet. 
 
Growing season increases in soil NH4 occurred immediately after harvest; increases in post-harvest soil nitrate 
were detected during the growing season after three years, as well as over-winter, and the increases may 
continue for several more years.  Seasonal losses of N in drainage were greater in the clearcut than in the forest 
in years 1 to 3 for ammonium, in years 2 and 3 for nitrate.  A high proportion of the N was lost in drainage 
during snow melt. Stream water ammonium in all three streams, and nitrate in 240 Creek and 241 Creek 
remained at or below the detection level. In Dennis Creek, the frequency of detection and concentrations of 
nitrate peaked two to three years after approximately 30 to 50 % of the watershed was harvested. The annual 
peak in NO3-N concentrations occurred immediately before the snowmelt-driven stream flow peak. Drainage 
losses and stream N fluxes were both small, relative to the total soil N content. 
 
Although water quality in all study streams is generally high, statistically significant changes have been observed 
as the area logging has increased, particularly in Dennis Cr. where more than 50% of the watershed areas has 
been logged. Physical water quality, as described by turbidity, is high in all study watersheds. A decline in 
turbidity has been observed since the final logging pass indicating that sediment delivery to streams as observed 
during the first season following logging has decreased. Forest harvesting and the removal of riparian vegetation 
resulted in increases in mean, maximum and diel flux stream temperatures within 241 and Dennis Creeks. 
Thermal recovery of stream temperatures below the clearcut was minimal, even after 700 m, for south-facing 
241 Creek, and moderate to good for Dennis Creek, which has a south-west aspect. 
 
This research shows the large variability in stand-scale contributions to streamflow and the effects of forest 
cover removal and road construction on the hydrograph, highlighting the need for watershed scale development 
planning to minimise changes in the streamflow regime. It further illustrates the potential for changes in 
chemical and physical water quality with loss of forest cover and road construction but that these changes do not 
persist when development is carried out according to current high standards of practice. The work also suggests 
that protective riparian zones should be left around S6 streams with a southern aspect if elevated stream 
temperatures are a concern and to reduce the delivery of sediment to stream channels.  Additional information 
regarding the UPCr watershed experiment can be found at: 
http://www.for.gov.bc.ca/rsi/research/Penticton/index.htm. 
 
 
Contact Information:   
 
Researcher (Area of Expertise) Location Contact 
   
Dr. Rita Winkler (Project Lead, Forest Hydrologist) BC Ministry of Forests, Kamloops Rita.Winkler@gov.bc.ca 
   
Dr. Younes Alila (Engineering Hydrologist) University of British Columbia, Vancouver Younes.Alila@ubc.ca 
Tim Giles (Geomorphologist) BC Ministry of Forests, Kamloops Tim.Giles@gov.bc.ca 
Dr. Brian Heise (Aquatic Ecologist) Thompson Rivers University, Kamloops bheise@tru.bc.ca 
Dr. Graeme Hope (Soil Scientist) BC Ministry of Forests, Kamloops Graeme.Hope@gov.bc.ca 
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