
FII Forest Research Program 2003/04 Annual Progress Report 

Part A:  General Project Information 
The information provided under Part A will be available for immediate posting on the Internet in a project repository on the Natural 
Resources Information Network (NRIN) website. 
 
Project No: R04-079 
Organisation: Department of Forest Sciences 
Project Contact: Dr. Scott Hinch 
Address: University of British Columbia, 2424 Main Mall, Vancouver, BC  
Phone No. (604) 822-9377 
Email: shinch@interchange.ubc.ca 
Project Title: 
Stream temperature responses to clear-cut logging in the central interior of British Columbia: test of the predictive model 
developed by Mellina et al. (2002) 
Final Project Abstract: 
Water temperature is a key factor regulating physical and biological processes in small streams, and streamside logging often results in 
increased summer temperatures that can be detrimental to resident fish. Recently, Mellina et al. (2002) (Can. J. Fish. Aquat. Sci. 59: 1886-
1900) developed a model to predict downstream temperature trends in small headwater and lake-headed streams using easily measured 
predictors, and during this study summertime stream temperature and canopy cover data collected from 21 lake-headed and headwater streams 
in north-central B.C. were used to subject the model to an independent test to assess its predictive capabilities across space and time. The 
temperature data revealed that downstream cooling was widespread among the lake-headed streams, and downstream warming was prevalent in 
the headwater streams, regardless of whether or not the riparian zones were harvested. The data also suggested that temperature increases 
following streamside timber harvesting around lake-headed streams were more modest when compared to headwater streams, and that these 
increases were likely mitigated by a combination of warm outlet temperatures (promoted by the presence of the lakes) and cold groundwater 
inputs. Using complete summertime data, the cooling model predicted with relative accuracy the average daily downstream cooling or warming 
in the study streams (with deviations ranging from 0.01 – 2.02 °C), and it continued to be relatively accurate when using data from restricted 
summertime intervals (with deviations ranging from 0.001 – 2.82 °C). The cooling model has the potential to become a powerful and cost-
effective risk-management tool that may help managers plan appropriate timber harvesting activities that will minimize the potential impacts on 
stream-dwelling fish, and the independent testing provided by this study will likely increase confidence in its application to management issues. 
Keywords: 
Streams, temperature, predictive model, cooling, warming, streamside harvest, riparian, headwater, lake-headed, spatial and 
temporal test, case-study, comparative survey 
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Part B:  Project Impacts, Outcomes, Progress, and Extension 
Information provided in Part B is used to evaluate and assess the completion of the project in relation to the terms and workplan outlined in the 
Recipient Agreement and assess the impacts and outcomes of the project. 
 
B1:  Workplan and Annual Progress Summary: 

Using the table below, describe the extent to which the activities and objectives identified in the workplan (Schedule A Recipient Agreement) 
were achieved.  Indicate any changes from the original plan in bold, and indicate date of approval and brief rationale for the change.  Please list 
extension activities and deliverables in table B5 below(“Outputs, Deliverables, and Extension”) 
 

Project Component or 
Objective  Activities (Tasks)  

Extent to Which 
Activities have been 

Completed and 
Objective has been 

Achieved  
Quarter 1 (April 01 – 
June 30 2003):  
Organizing and initiating 
the field season 
 
 
 
 
Field work 

 
 
Activities included interviewing and hiring of field assistants, map reconnaissance and 
stream selection, and consultation with our industry partner (Canadian Forests 
Products, Ltd.) and collaborators (DFO, and the B.C. Ministry of Forests and of 
Water, Land, and Air Protection) for input on our research goals and methodology to 
ensure the usefulness and applicability of our results to industry and government 
needs. 
 
Activities focused on final stream selection and the initiation of stream temperature 
monitoring. In total, 21 streams were selected (ranging from completely clear-cut to 
unharvested), and included 2 streams monitored by our collaborator (B.C. Ministry of 
Forests), the 3 logged lake-headed streams previously monitored by our research team 
(to allow us to assess medium-term responses of these stream types to riparian 
logging), as well as 16 new streams (to allow us to subject the predictive cooling 
model to a rigorous spatial test). The 21 streams included both lake-headed and 
headwater streams to determine if stream type affected the precision of the model’s 
predictions. Automated temperature monitors were installed in May 2003 in all 19 

 
 
All activities were 
completed and all 
objectives attained. 
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streams (with each stream having an upstream and downstream sampling site), and 
these were set to record hourly temperatures. 
 

Quarter 2 (July 01 – 
Sept. 30 2003): 

Activities were focused on field work and included repeated visits to our study streams 
to ensure that all automated temperature recorders remained submerged during the 
monitoring period (the low flows anticipated during the summer months necessitated 
this additional vigilance), as well as the collection of canopy cover and discharge 
measurements from all 21 streams. These data allowed us to subject the predictive 
cooling model to a rigorous spatial and temporal test, as well as allowing us to 
determine the role of groundwater inputs in downstream temperature patterns. 
 

All activities were 
completed and all 
objectives attained. 

Quarter 3 (October 01 – 
Dec. 31 2003): 
 

Primary activities during this quarter involved data management (data entry, the 
conversion of temperature files, and the compilation of data summaries) and 
preliminary analyses. We also maintained contact with our industry partner and 
collaborators to keep them apprised of our progress, and to continue with the exchange 
of ideas and stream temperature data (for example, the temperature data collected by 
our Ministry of Forests and DFO collaborators during the course of their research will 
be included in the test of our predictive cooling model).  

All activities were 
completed and all 
objectives attained. 

Quarter 4 (Jan. 01 – 
March 31 2004): 

Primary activities during this quarter involved continued data management, final data 
analyses, and the writing of the final technical report. We also continued maintaining 
contact with our industry partner and collaborators to keep them apprised of our 
progress, and to continue with the exchange of ideas and stream temperature data. 
Extension activities are described in table B5 below. 

All activities were 
completed and all 
objectives attained. 
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B2:  Research Question:   

Restate the research question as per your original proposal and comment on the extent to which your research question has been answered 
during the current funding period. 
How accurate are the predictions of the Mellina et al. (2002) temperature model when subjected to a rigorous spatial and temporal test?  
 
Our research results have confirmed the predictive model’s accuracy over both space and time. Deviations between predicted and observed 
summertime downstream cooling in 21 lake-headed and headwater streams (with unharvested and harvested riparian zones) ranged from 0.01 
to 2.02 °C. The model remained relatively accurate when using data from restricted summertime intervals, with deviations ranging from 0.001 
to 2.82 °C. Overall, the data suggest that the cooling model can be applied successfully to streams that span the range in physical characteristics 
(e.g., bankfull width, gradient, canopy cover) encountered in the 21 streams and in the one presented in Mellina et al. (2002), but that it may be 
restricted to streams whose discharge falls below ~ 50 L•s-1 during the summer low flow period. The data also suggest that the presence of 
groundwater inflows may be a necessary condition if the model is to be used successfully for predictive purposes. The independent testing 
provided by this study will increase confidence in the model’s application to management issues. 
 
 
B3:  Impacts and Outcomes: 

Describe the impacts and outcomes of the research and how the research has benefited or improved sustainable forest management.  Where 
possible, provide quantifiable outcomes associated with this research (i.e., volume gain in terms of m3; cost savings due to improved access, 
etc.). 
The economy of BC is intimately tied to forestry and fisheries resources, yet forest harvesting practices have been shown to affect the health 
and survival of stream fish populations. As a result, there is an on-going conflict between the resource management objectives of fisheries and 
forestry planners. For example, scientific studies conducted on coastal systems have shown that streamside clear-cutting can raise summer 
stream temperatures, which can have negative effects (both direct and indirect) for resident and migratory salmonids. By contrast, fisheries 
managers wishing to protect small streams by establishing riparian buffer strips have reduced the effective land base available to forestry 
companies. Protection measures such as the B.C. Forest Practices Code and riparian management guidelines, while necessary, are based 
primarily on coastal research and may not be applicable to all streams in all regions. These measures have also resulted in increased operating 
costs for forestry companies by requiring them to inventory fish populations, and to reduce the size of individual cutblocks while at the same 
time increasing the overall number of cutblocks required to meet their Annual Allowable Cut (AAC). Our research seeks to ease the conflict 
between BC’s fisheries and forestry managers without compromising the protection each wishes to afford their respective resource. 
 
The identification of “temperature sensitive streams” is a priority under the current B.C. Forest Practices Code (FPC), but identifying which 
streams fall under this rubric has been difficult to achieve. The predictive temperature model developed by Mellina et al. (2002) is a potentially 
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powerful, simple, and cost-effective risk-management tool that would allow managers and planners to identify which streams can support a 
more aggressive level of streamside harvesting (without negatively affecting resident fish species). The model’s overall simplicity also makes it 
an attractive and potentially useful alternative to the detailed hydro-meteorological energy budgets that are typically required for predicting 
changes in stream temperature. The model has already been subjected to peer-review, but although Mellina et al. (2002) provide some measure 
of independent spatial and temporal testing, the accuracy of its predictions as it relates to streams other than those used in the model’s 
development, as well as to forecasting post-logging temperature changes, remains largely untested. The independent testing of the predictive 
temperature model (to assess its reliability and predictive capabilities across space and across time) provided by this study will increase 
confidence in the model’s application to management issues. 
 
We believe the results of our research will lead to significant enhancement of the value of the timber and forest land assets through innovative 
improvements to planning, management, and decision support tools. For example, confidence in the predictive model will allow managers and 
planners to establish criteria to identify which streams will likely benefit from careful riparian harvesting. These goals carry associated 
economic and ecological benefits: by identifying which streams will likely benefit from careful streamside harvesting, forestry companies will 
be able to maximize use of the land base and its resources, minimize their operating costs, and provide a net economic benefit to B.C. without 
compromising stream fisheries resources. On the other hand, the model will allow planners to identify which streams require greater protection, 
thereby providing a balance to address the needs and concerns of the two major partners involved in managing B.C.’s natural resources. 
Furthermore, this project can form the basis for future, integrated studies that will provide scientific evidence to ultimately allow fine-tuning of 
the B.C. Forest and Range Practices Act, tailoring its regulations to meet the unique requirements of B.C.’s varied biogeoclimatic zones. 
 
 
 
B4:  Users and Application of Results: 

List the user group and describe the realised or expected benefit of your research (eg, researchers, technical experts, planners, foresters, 
practitioners, regulators, decision makers, public). If results or information derived from the research have been used, provide the name of the 
individual and organisation and describe how the information has been applied. 
 
User/User 
Group 

Realised/Expected Benefit 

Policy and 
decision 
makers 
 

Policy and decision makers (fisheries managers and foresters alike) will be able to use the results from this study to make 
scientifically defensible management decisions. Fisheries managers will be better able to determine which streams will likely 
benefit from streamside harvesting, and which streams will require protection to safeguard potentially temperature-sensitive 
fish populations. Forestry planners, on the other hand, will have comprehensive evidence to present to regulatory agencies to 
propose changes that may be warranted to the new results-based Forest and Range Practices Act regarding harvesting 
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practices. These changes would allow the regulations of the Act to be fine-tuned to address region-specific environmental 
conditions. For example, identifying streams that can support a more aggressive level of streamside harvesting without 
compromising their integrity (i.e. harvesting commercial timber within the riparian zones of S3 streams while leaving behind 
non-commercial trees and shrubs to continue providing shade and future supplies of large organic debris) would modifying the 
need for mandated riparian leave strips around all fish-bearing streams. Without the requirement for blanket restrictions around 
small streams, the forestry resource land base would effectively increase, leading to increased, more efficient access to timber 
supplies. An increased land base would in turn lead to lower overall operating costs, as fewer cutblocks would need to be 
designed and laid out, and fewer roads would need to be built. Furthermore, because soil and moisture regimes around streams 
typically result in bigger trees, harvesting within riparian zones would provide a higher quality of timber. The anticipated 
increases in forest harvesting activities in temperate regions worldwide further make the results of this study applicable on a 
global scale. Our government collaborator (Ministry of Forests, Mr. Dave Maloney, Prince George) has already begun using 
the model to predict stream temperature responses in an operational setting in small headwater streams located around the 
Prince George region. 
 

Resource 
practitioners 
 

The results of our study can provide solutions on how non-timber resources can continue to be protected while at the same 
time lead to increased, more efficient access to timber supplies. For example, with the implementation of the new results-based 
Forest and Range Practices Act, increased confidence in the predictive cooling model developed by Mellina et al. (2002) 
resulting from the independent spatial and temporal testing provided by our research will allow forestry planners to identify 
which streams can support a more aggressive level of streamside harvesting (without negatively affecting resident fish 
species), and which streams will continue to require streamside protection. A more aggressive harvesting prescription may 
follow along the lines of that applied by our industry partner (Canfor) to the study streams monitored by Mellina et al. (2002). 
These prescriptions allowed for the removal of all large diameter, commercial timber within the riparian reserve zones of three 
small, lake-headed S3 streams while retaining non-commercial coniferous trees and deciduous vegetation. Our research 
showed that this type of logging reduced streamside canopy cover by between 25 - 50% (a level that would also likely lessen 
the severity of post-logging temperature increases), with the remaining streamside vegetation continuing to provide shade and 
future supplies of large organic debris as well as helping to maintain other riparian wildlife values (e.g., birds and mammals). 
This type of logging also resulted in a 5% gain in harvestable area and timber volume per cutblock. By extension, to achieve 
the same Annual Allowable Cut, 5% fewer cutblocks would need to be developed, with a concomitant reduction in all 
operating costs associated with cutblock development. Lastly, we believe that the project outputs can be used directly and 
almost immediately within existing systems and sustaining benefits will be realized within the next 2-3 years. For example, our 
industry partner (Canfor; Mr. Peter Baird, Prince George) has already begun considering ways to adapt their management 
practices, and we anticipate that within the next 1-3 years the results from this study will lead to improved resource 
management planning, reduced operating costs, and a greater understanding of the responses of stream temperatures to forest 
harvesting practices. 
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National and 
international 
researchers 
 

The results from this study will potentially be applicable to all temperate, sub-boreal ecosystems, both nationally and 
internationally, because the type of stream ecosystem on which this proposal is based is common throughout central and 
northern Canada, as well as in Alaska and Russia. These are regions that contain half of the world’s remaining frontier forests, 
and which will supply much of the world’s timber supply in future generations. Our results may help other provinces and 
countries maintain their harvest levels without compromising the integrity of small stream ecosystems, and promote B.C. as a 
leader in operationally, economically and ecologically sound forest management practices. The anticipated increases in forest 
harvesting activities in temperate regions worldwide therefore make the results of this study applicable on a global scale. 

 
 
B5:  Outputs, Deliverables, and Extension 

List the deliverables or extension products developed from the research during the 2003/04 funding period.  Please identify a) the type of 
deliverable (TYPE), b) the deliverable citation, and c) whether it is (Y) or is not (N) included as part of this Annual Progress Report submission 
(INCL). 
 
TYPE CITATION INCL (Y/N) 
TEC Final Technical Report that provides a description of the technical aspects and results of the research project. The 

report is in a standard scientific format (i.e., Title, Abstract, Introduction/Background, Methods/Study Area, Results, 
Discussion, Conclusion/ Management Implications, Literature Cited). 
 

Y 

ORA The project goals and anticipated results and benefits were presented to our client and partner (Canadian Forest 
Products, Ltd.) in April 2003. The target audience comprised forest industry representatives, and pending our final 
analyses and conclusions it is anticipated that our predictive cooling model results and our suggested timber 
harvesting prescriptions around S3 lake-headed streams will be used in their management practices and ultimately be 
incorporated into their harvesting plans. It is anticipated that Dr. Mellina will present the results of this research 
project at future informal government and industry meetings (dates not yet established). 
 

N 

ORA The research goals and preliminary results were presented at an informal meeting held in November 2003 at the 
offices of the Department of Fisheries and Oceans in Prince George, B.C. (Mr. Jason Hwang, area chief for the 
Habitat and Enhancement Branch of the B.C. Interior North office), where Dr. Mellina was invited to speak. The 
target audience comprised field practitioners and researchers from DFO as well as the B.C. Ministry of Forests.  
 

N 

ORA Preliminary research results were presented at an international workshop held in Umea, Sweden entitled “Sub-boreal N 
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and boreal watersheds in Canada and Sweden: ecological, physiochemical, and management aspects of forests and 
forest-dwelling organisms” (University of British Columbia – Swedish University of Agriculture Sciences workshop, 
June 4-6, 2003). The target audience included fellow researchers (both from UBC and Sweden), as well as Swedish 
fish-forestry government officials. It is anticipated that the Swedish researchers will attempt to apply our predictive 
cooling model to forecast stream temperature changes associated with timber harvesting practices in northern 
Sweden. Presentations at this workshop were also used to promote B.C. as a leader in sustainable harvesting practices 
and environmental research. A similar workshop, with Swedish scientists and graduate students coming to B.C., will 
be held at UBC in May 2004, and all three team members (Hinch, Moore, Mellina) will present research results and 
conduct field tours to acquaint international researchers with the problems and solutions facing B.C. resource 
practioners. 
 

ORA Our research results were incorporated into classroom lectures at UBC, thereby making students (from which our 
future policy makers, field practitioners, researchers, and industry members will be drawn) aware of the needs and 
problems facing B.C. forestry and fisheries managers, and the potential solutions available to them. All three key 
team members (Drs. Hinch, Moore, and Mellina) are university lecturers at UBC. 
 

N 

JOU Publication of research results in internationally recognized, peer-reviewed (such as the Canadian Journal of 
Fisheries and Aquatic Sciences) and non-peer reviewed (such as the Canadian Technical Report on Fisheries and 
Aquatic Sciences series) journals, is anticipated in the future. These publications will increase B.C.’s profile in the 
international community as a leader in fish-forestry research, as well as strengthen the credibility of B.C.’s forest 
practices. 
 

N 

ORA Dr. Mellina has been invited to present the research results to the upcoming North American Benthological Society 
conference at UBC in June 2004. 
 

N 

POS Dr. Mellina will present the research results at the upcoming Forest Land - Fish 2 Conference to be held in Edmonton 
in April 2004. Poster title: Effects of Streamside Forest Harvesting on Stream Temperatures in the Central Interior of 
British Columbia: The Moderating Influence of Groundwater and Lakes (Eric Mellina, R. Dan Moore, Scott G. 
Hinch, J. Steve Macdonald, and Greg Pearson).  
 

N 

POS Our research results will be incorporated into a second poster at the upcoming Forest Land - Fish 2 Conference to be 
held in Edmonton in April 2004. Poster title: Headwater Stream Temperature Responses to Clearcut Logging in 
North Central British Columbia (D. Maloney, E. Mellina, and L. Chamberlist). 

N 
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POS The research results will be incorporated into a poster presented by team member Dr. Moore at two upcoming 

meetings: the joint American Geophysical Union/Canadian Geophysical Union meeting in Montreal (in May 2004)  
and the American Water Resources Association Specialty Meeting on Riparian Processes and Management (in June 
2004). Poster title: Characterizing surface-subsurface hydrologic interactions in headwater streams (R.D. Moore, T. 
Gomi, E. Mellina, and A. Story). 
 

N 

OTH The continued training of a Post-Doctoral Fellow (Dr. Mellina), and the provision of technical training in aspects of 
field sampling, logging operations, and management issues relevant to the B.C. forestry sector to summer 
undergraduate assistants. This exposure will encourage assistants and the post-doctoral fellow to continue their 
professional careers within B.C. and to apply their skills and knowledge to the resolution of B.C. needs. 
 

N 

 
Deliverable Type Legend 
TYPE OUTPUT DESCRIPTION TYPE OUTPUT DESCRIPTION 
TEC Technical Report FGM Field Guide or Manual 
JOU Peer Reviewed Journal Article ORA Oral Presentation 
EXT Extension Note or Newsletter Article POS Poster Presentation 
NEW Newsletter WEB Website 
BOK Book or Book Chapter OTH Other 
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Part C:  Additional Project Information 
Information provided in Part C will be used to report out on the overall investments of the Research Program during the 2003/04 funding period. 
 
C1:  Multi-year Projects: If the project is part of a multi-year research initiative, indicate in the statement below where the current funding period 
(2003/04) lies within the longer term research program: 

The 2003/04 fiscal period represents year _one___ of a _one___ year research program/project. 
 
 
C2:  Research Focus:  Select (by placing an X in the preceding box) the primary category that would best categorize the focus of research 

 Silvicultural Systems - (harvesting systems – 
shelterwood, clear-cut, etc.) 

  Natural Disturbance Dynamics (fire, 
wind, etc.) 

  Site Rehabilitation and 
Restoration 

 Growth and Yield (modeling, site index work)   Ecosystem Dynamics (classification, 
inventory, PEM, ecosystem research) 

  Forest Genetics 

 Biodiversity/Habitat Management (SAR, 
habitat requirements, habitat supply modeling) 

  Wood Quality (assessment, wood 
properties and potential applications) 

  Other – Please specify 

 Forest health (pests and pathogens)   Soil Conservation, Health, and 
Productivity 

   

X Riparian and Aquatic Management (buffers, 
CWD) 

  Integrated Resource Management (land 
use planning) 

   

 
 
C3:  Biogeoclimatic Ecosystem Classification:  Identify (by placing an X in the preceding box) the BEC zone(s) to which the research applies. 
 
 Alpine Tundra  Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce  Interior Cedar-Hemlock  Spruce-Willow-Birch 
 Bunchgrass  Interior Douglas-Fir X Sub-Boreal Spruce 
 Coastal Douglas-Fir  Montane Spruce  Not applicable 
 Coastal Western Hemlock  Mountain Hemlock   
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C4:  FII’s Objectives and Strategies:  With respect to FII’s objectives and strategies listed below, identify (by placing an X in the preceding box) 
which of the following strategies best represents the overall objective and approach of your research project. 
 
Objectives and Strategies 
Objective:  To support more effective policies, regulations, and guidelines  

 Support policy, regulatory and guideline development, evaluation and adjustment 
X Enhance quality of decision making through improved knowledge base 
 Empowered decision makers to employ practical adaptive management approaches 
 Support greater certainty in planning and decision making for all forest resources values  

Objective:  To enhance the value of timber and forest land assets  
X More effective and efficient use of forest resources 
 Reducing costs of timber production 
 Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
 Increasing available volume and value through productivity enhancements, increased utilisation and better realisation of inherent site 

potential 
 Increasing available timber volume through management of access constraints 

Objective: To improve stewardship and market acceptability of BC forest practices and forest products 
 Promoting new or adapted forest practices which give BC an edge in the world forest product marketplace 
X Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
 Enabling and accelerating certification practices 
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