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Purpose and Management Implications 
 
The purpose for the research was to better guide fuels management planning and operations within 
the Wildland-Urban Interface (WUI). Before the project, there lacked a complete guide that 
addressed many of the issues of complexity surrounding effective fuels hazard and wildfire risk 
planning. Forest fuel hazards have been addressed by the Filmon report (2004), the Forest 
Practices Board (Forest Practices Board [FPB] 2006) and by the Association of BC Forest 
Professionals as a problem within British Columbia and have recommended changes for 
implementing fuels reduction treatments within the province. 
 
Integration between wildfire hazard assessments and operational planning of fuels treatments in 
the WUI can be continually improved. Forest professionals have lacked the proper training, tools 
and understanding for analyzing WUI stands in a holistic manner, and the ability to accurately 
identify fuels hazards, potential wildfire threats, and other ecological and economic components. 
This project sought to link these components together by providing fuels treatment project planners 
and project managers the tools and capacity building to better understand the economic feasibility 
of WUI fuels treatments, the social constraints surrounding community acceptance and potential 
environmental concerns, which are paramount when developing fuels treatment plans and 
conducting fuels treatment operations. 
 
Using the methods and models tested through the research, managers of WUI fuels projects have 
improved their methods for assessing fuels hazards and have gained an understanding of the 
differences between “fire hazard” and “fire risk”, learned of the fundamental ecological and 
economic principles for improving the development of community wildfire protection plans and for 
developing specific fuels treatment prescriptions for implementing fuels treatment projects.  
One of the continuing challenges facing the development of WUI fuels treatment plans has been 
the low merchantability of many WUI stands, which impedes project uptake by forest companies. 
This research project has reviewed the current stumpage and tenures policies and regulations and 
synthesizes the results of a WUI stumpage and tenures forum along with a previous provincial 
report (Ministry of Forests and Range 2007). These methods were used to develop separate 
stumpage and tenures reports where recommendations have been made for procedural and 
regulatory changes for the stumpage appraisal system and for implementing tenure amendments 
and for developing regulatory procedures for a new WUI Forestry Licence to Cut tenure. The new 
WUI FLtC was passed into law in 2008 (BC Ministry of Forests and Range 2009). Together, the 
results of these reports will foster innovative stumpage and tenure solutions for fuels treatment 
projects and support for increased fuels treatment viability in the future. 
 
Project Start Date 
 
April 1, 2007 – March 31, 2009 

Executive Summary 

 

Reducing Wildfire Hazards in the Wildland Urban Interface:Impacts on Timber Yields and  
Best Practices for Stand Management 
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Introduction 
 
The BC Rocky Mountain Trench (RMT) has an estimated 250,000 hectares which is departed from 
historical fire regimes which require thinning and prescribed burning (RMT ER Steering Comm. 
2006). Thousands of hectares are in the wildland urban interface (WUI), generally described as a 2 
km buffer zone around municipalities, and pose a significant wildfire threat (Filmon 2004). Several 
municipal initiatives within the RMT region have begun fuels treatments on high hazard stands. 
 
Causes and effects of the departure from historical fire regimes are due to past range and 
silvicultural practices and fire exclusion (Filmon 2004, Forest Practices Board [FPB] 2006). 
Initiatives such as the development of Fire Safe Councils in the US, the Fire Smart program and 
WUI funding in BC, have begun to address WUI fuels problems. Many reports and initiatives 
identify the need for commercial opportunities to economically handle forest biomass to reduce 
wildfire hazards (USDA 2003a, USDA 2003b). The US has documented the billions of dollars of 
wildfire costs (above suppression costs) in terms of lost timber values, environmental restoration, 
socio-economic costs and property values (USDA 2005) and BC has experienced similar losses, 
as documented from the 2003 fire season (Filmon 2004). 
 
Silvicultural treatments, followed with prescribed burning are needed to minimize wildfire hazard 
within WUI timber stands (Gray 2005). New guidelines are needed to assess these stands to 
incorporate fuels treatments into forest management plans. The Ministry of Forest and Range 
(MOFR) Protection Branch has been addressing the recommendations of the Filmon (2004) report, 
however implementation is challenging. The MOFR and municipalities have begun treating WUI 
fuels within the region; however, the scale of treatments needs to be seriously increased to be 
effective. An increased risk of catastrophic wildfires in the RMT is probable if the scale of fuels 
treatments is not increased (Taylor et al. 1998). 
 
Historically, problems facing fuels reduction efforts in the WUI have included: lack of stand data to 
accurately model wildfire hazard under current stand conditions; lack of integration between crown 
lands, First Nations reserves and private land owners, making strategies difficult to implement on a 
landscape level; and challenges to implement fuels reduction via prescribed burning due to smoke 
related issues. Lack of training by forest managers and registered professional foresters (RPFs) in 
the available tools and methods to assess wildfire hazards has been a barrier to implementing fuels 
treatments and to meet stand restoration/forest health objectives (FPB 2006). There has also been 
a lack of knowledge about adequate tools and methods for making economic decisions related to 
prioritizing stand treatments for fuels removal in BC.  
 
For this project, the researchers reviewed the tools and models for assessing fuel hazards, and 
associated economics for developing stand level fuel treatment plans. These tools were tested and 
results are reported for improving overall community wildfire protection plans and are components 
of two journal articles; the first, an article assessing wildfire hazards in the wildland-urban interface 
incorporates these methods, tests the model and uses a case study approach for reporting the 
results; a second article on the economic assessment of WUI fuels treatment stands, provides a 
review of the model and provide the results from the case study on the St. Mary’s Reserve. The 
case study was designed for analyzing the fuel hazards on three ecosystem restoration blocks that 
covered an approximately 270 hectares. Fuel Management Analyst Plus® software (Carlton 2005) 
was used for assessing fuels hazards, and used Landscape Management System (LMS) software 
(Rural Tech Inst 2006) for determining the economic values and costs of fuels treatments. Together 
these assessments were used to determine wildfire hazard levels under various stand treatments 
and integrated economic analyses using fuels treatment parameters on stand level.  
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Figure 1. St. Mary’s Reserve, Cranbrook, BC 
 

 
 
The review of the methods and tools related to fuel hazard assessment and economic analysis 
along with the St. Mary’s fuels hazard and economic case study became the foundation for 
developing the WUI Fuels Management Guidebook and was used for the extension workshops that 
forest professionals, First Nations, government and city planners attended as part of this research 
program. 
 
This project also included an evaluation of the current stumpage appraisal system for Crown timber 
and Crown tenures available for implementing WUI fuels reduction projects. These evaluations 
were based on expert opinions, a Stumpage and Tenures Forum that was held in 2008, along with 
secondary research.  These topics are covered in detail within two separate stumpage and tenures 
reports and a short journal article extension note has been drafted that makes recommendations 
for improving the current stumpage appraisal system and for effectively working with current 
tenures, or developing new tenures, to accomplish WUI fuels treatment objectives. 
 
The stumpage and tenures reports were initiated in light of the recommendations made by the 
Forest Practices Board (FBP 2005) and Filmon report (Filmon et.al 2004) which stated that 
amendments to current tenures and stumpage calculation methods are needed to encourage the 
proper treatments of high hazard WUI stands and create incentives for industry and First Nations’ 
participation. Low value timber stands in the WUI are not a priority for licensees as fuels treatments 
are typically not economical and incentives for industry to co-operate in fuels reduction programs 
has been limited.  
 
Catastrophic wildfire has the potential to cost millions of dollars worth of damage within the WUI, 
and to affect timber production, ecosystem health, and personal property. The development of 
guidelines for wildfire hazard assessment and project implementation, and an evaluation and 
recommendations for stumpage and tenure policy changes, is critical to BC forest management.  
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Together, the outcomes of this research once implemented at the community level has the 
potential to save the BC government, First Nations and private land owners millions of dollars. This 
project has provided an excellent opportunity for engaging local communities and stakeholders in 
discussions about wildfire hazards and has built capacity within these communities that will lead to 
successful fuels reduction projects in the WUI. 
 

Methodology Overview 

Fuels Hazard Assessment Methodology 
 
The researcher’s tested the proposed hazard assessment and economic evaluation methods using 
a 270 hectare fuels treatment planning site on St. Mary’s Reserve near Cranbrook, BC, The site 
has many similarities to that of BC Interior rural communities in terms of wildfire hazard, and the 
site serves as a pilot study by which to test the research models. The development of the WUI 
guidebook for fuels reduction assessments and implementation uses the pilot case study to explain 
and present the methods and outcomes of fuels treatment planning.  
 
Fuel hazard reduction objectives in the WUI include: reducing crown fire initiation and propagation 
conditions; reducing surface fire intensity; and, creating stand-level wildfire resilience (Graham et 
al. 2004). Stand level data was collected for aerial fuel strata which was inventoried including 
density by species, diameter class, height, and crown base height (Fule et al. 2001) and plot layout 
and data collection were based on Firemon methods (Fire Effects Monitoring and Inventory System 
www.fire.org/firemon). Data was entered into Fuel Management Analyst Plus® (Carlton 2005). An 
analysis of Crowning Index (Fiedler et al. 2004), which is the minimum windspeed necessary to 
propagate crowning using CrownMass, was used in the development of an aerial fuel thinning  
regimen. Surface fire intensity and wildfire resilience are functions of pre-thinning fuel load plus 
post-thinning fuel load plus the probable fire environment (fuel moisture, windspeed, wind direction, 
etc.), typically expressed as 95th percentile conditions (Cram et al. 2006). Sensitivity analysis was 
used to determine the best post-thinning treatment (pile and burn, broadcast burn, left as is, etc.) 
relative to both a spatial and temporal measures of hazard as well as suppression success and 
stand survivability. This same stand-level sensitivity analysis can be developed at the landscape-
level but using a different suite of models, in this case FARSITE and FlamMap (Finney 2001, 
Stratton 2004, Stratton 2006). While the current year’s research did not include data collection 
outside of the stands slated for treatment on St. Mary’s Reserve, the FARSITE and FlamMap 
dynamic models have been proposed by the research team to be conducted in a future Forest 
Science Program proposal that will extend the stand level analyses to the landscape level.  This 
will require additional data in order to demonstrate the applicability of prioritizing fuel treatment at 
the landscape level. 
 

Economic Analysis Methodology 
 
An economic analysis was conducted to determine costs of fuels treatments and allowed for a cost 
effectiveness evaluation. Using stand level data from fuels inventories, this data was entered into 
LMS software which was used as a foundation for estimating associated costs and benefits for 
implementing fuels treatments (Rural Technology Institute 2006; Rogers 2003). LMS is a free 
software tool that was developed by the University of Washington with the support of the US Forest 
Service and the Yale School of Forestry. LMS uses the Forest Vegetation Simulator model as the 
base platform which drives the growth and yield model (Dixon 2003) and as the model is a US 
based tool, conversions were made to the BC Interior using the FVS Northern Idaho variant for 
growth and yield, conversions were made between BC Biogeoclimatic regions and US habitat  
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types, which are parameters within the LMS model, and an Imperial unit to metric conversion was 
made for economic calculations and reporting.  
 

Stumpage and Tenure Analysis Methodology 
 
An evaluation of current stumpage appraisal methods and tenures in the context of fuels 
treatments within the Southern Interior was made in reference to the current BC Ministry of Forests 
and Range (MFR) Interior Appraisal Manual (2009) the MFR Interior Market Pricing System (2008), 
and the Forest Act. Experts from the forest industry, government and First Nations were surveyed 
in a separate project (BC Ministry of Forests and Range unpublished 2007), which is currently 
under confidential review by the Ministry of Forests and was provided to the principle investigator 
for further research.  
 
From the first year’s research, it was determined that developing a Stumpage and Tenures Forum 
for reviewing the issues as they relate to WUI fuels treatments would be helpful for exploring the 
practical issues surrounding stumpage and tenures. In the late spring of 2008 an invitation was 
sent to key BC forest professionals, government leaders, First Nations, Ministry of Forests and 
Range, Ministry of Environment, and local community fire personnel in the BC Southern Interior.  
The purpose of the Forum was to examine tenure and stumpage issues, discuss new tenure 
developments that are impacting WUI fuels treatments and seek potential solutions for working 
together between stakeholders in order for WUI fuels hazard reduction projects to succeed.  

Project Scope 
 
The project scope focused on determining the best practices for fuels treatment planning and 
focused on the Southern Interior of British Columbia. While the ecosystem types across the 
province can vary significantly, the guidebook will provide tools that will be applicable to other 
regions of the province with appropriate modifications.   
 
The project was limited to modeling stand level static fuels hazards and will not focus on the many 
dynamic and temporal modeling methods that are available at the landscape level. These methods 
would require much more additional data that were not available for this project and a separate 
funding proposal has been made to extend the research to incorporate these components at the 
landscape as the gathering of the data and modeling would require a significant additional 
investment. 
 
The economic analyses focused on current economic alternatives for timber, pulp and biomass 
fibre and in the case study; there was not an evaluation of the many bio-fuels and bio-refining 
options that may be commercialized in the future. The economic analysis for the case study 
focused on using biomass for co-generation for electricity and heat production.  
 
The review of tenures was limited in the extent that was applicable to WUI fuels treatments, 
whereas a more in depth analysis for all fuels treatments outside the WUI were not addressed 
here. Finally, the stumpage review looked at the current stumpage for fibre in the Rocky Mountain 
Trench exclusively, which is based upon the limitations of budget and time, yet is intended to give 
impetus for other regions to pursue these types of analyses and reviews. 
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Results and Conclusions 

Developing Hazard Reduction Prescriptions in the WUI 
 

In developing a guidebook for WUI fuels hazard reduction planning and operations, we reviewed 
four currently accepted methods for developing hazard reduction prescriptions and tested each 
against the output requirements associated with the three hazard reduction objectives. We also 
reviewed each method’s ability to: a) incorporate actual field inventory of fuel strata data; b) scale 
up to landscape fire and fuels management analysis; c) link to economic analysis models to be 
used in treatment cost analysis; and, d) forecast or predict fuel succession dynamics.  The use of 
actual field inventory-derived fuel strata data provides a critical level of accuracy and precision that 
is crucial to fire behaviour and fire effects modeling, and to treatment economics.  Considering the 
values at risk in the WUI it is prudent to base decisions on the best available data.  Scaling up to 
the landscape level is critical from a strategic fire management perspective.  Large interface areas 
present the challenge of where to treat first, how much to treat with limited funds and public 
acceptance, and how intensively to treat.  Starting with an accurate stand-level analysis allows 
managers to move to the landscape-level analysis with confidence.  Solid stand-level data also 
allows for an accurate assessment of the economic condition and potential of the stand.  Treatment 
economics, cost, product recovery, etc., is critical during periods of limited government funding, 
shortages in labour, and poor forest products markets. And finally, modeling fuel succession 
dynamics – how will the fuelbed evolve over time – is based on solid fuelbed inventory coupled with 
site ecology.  Prescription developers, managers and the public all need to recognize that fuel 
treatments are forever, not simply a one-time treatment.   
 
The three prescription development methods being used in B.C. include: a) FireSmart; b) the 
Canadian Fire Behaviour Prediction System; and, c) a system based on intensive stand inventory 
and analysis using a suite of fire behaviour and fire effects models called Fuels Management 
Analyst Plus (Carlton 2004).   
 
Method C was investigated for prescription development and management involving the use of a 
suite of models from Fuels Management Analyst Plus (Carlton 2004), coupled with a number of 
ancillary models and assessment tools including the spatial fire growth and analysis models Farsite 
(Finney 1998) and FlamMap (Finney 2006), and the fuel succession dynamics model Fire and 
Fuels Extension to the Forest Vegetation Simulator (Reinhardt and Crookston 2003).  Fuel strata 
inventory for 90 plots, three stands of 30 plots each, on the St. Mary’s Indian Reserve were 
assessed for potential fire behaviour using the model CrownMass® from the FMAPlus 3.0® suite of 
fire behaviour and fire effects models.  Stand inventory variables included crown base height, and 
tree density by species, DBH, and height.  These variables are input to CrownMass®, where the 
following aerial fuel characteristics are derived: Canopy Base Height, Canopy Bulk Density, and 
Canopy Fuel Load.  These variables are combined with surface fuel characteristics from a number 
of established surface fuel models, fuel moisture, slope, and influence of tree density on wind 
movement (wind friction), to derive a wide range of fire behaviour outputs.  The list of outputs 
includes: surface fire Rate Of Spread (ROS), Flame Length (FL), Torching Index (TI), Crowning 
Index (CI), spotting distance, and fire type. Torching Index is defined as the minimum windspeed 
necessary to initiate crown fire activity.  Torching itself refers to individual tree or small groups of 
trees with crowns burning, and is often referred to as passive crown fire.  Crowning Index is defined 
as the minimum windspeed necessary to propagate a crown fire (Fiedler et al. 2004); also referred 
to as active crown fire.  The index includes three general hazard levels: low, moderate, and high, 
that conform to very high winds necessary to propagate a crown fire (low hazard), moderate 
windspeeds necessary to propagate a crown fire (moderate hazard), and low windspeeds 
necessary to propagate a crown fire (high hazard).  The  
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actual windspeed ranges are: low = >80 km/h (50 mph); moderate = 40 to 80 km/h (25 to 50 mph); 
and high = <40 km/h (<25 mph). 
 
St. Mary’s Reserve – Fuels Hazard Assessment  
 
An analysis of the St. Mary’s fuels data focused on potential crown fire behaviour by block and 
individual plot and the level of treatment necessary to reduce crown fire behaviour.  Further 
analysis of landscape-level fire and fuels planning and fuel succession dynamics are possible 
based on the type and accuracy of fuels data collected to date. Fuel strata data by block and plot 
were analyzed on 3 proposed logging blocks, which ranged from 57 to 123 hectares each.  Plots 
were established on approximately 20 hectares for each block and the results are as follows. All 
plots in Block 1 exhibited passive crown fire at very low windspeeds; an architect of low CBH and 
the tall grass surface fuel type. Torching Index was defined as high.  Twenty-seven of the 30 plots 
in Block 1 exhibited high CI, while two were moderate, and one is low.  The consistently high CI is 
mostly attributed to high Canopy Bulk Densities throughout this stand type. 
 
Block 2 exhibited more variability in CBH than Block 1; however, all plots still rate out as high TI.  
Of the 29 plots in Block 2, 25 rate as high CI, while three rate as moderate, and one rated as low.  
Torching Index in Block 3 is similar to both Block 1 and 2, with all plots rated as high.  Dissimilarly, 
all plots in Block 3 rate as high CI with some of the lowest windspeeds necessary to propagate 
active crown fire of the three blocks.  
 
Modeling in FMA was conducted with several thinning prescriptions to reduce the CI and TI to a 
low level at windspeeds >80 km/h (50 mph) to propagate a crown fire. An example of this result for 
Block 1 is given in Figure 2 and details for understanding the map in Table 1. 
 
Table 1.  Fuel Hazard Rating System 
Hazard level High Moderate Low 
Crowning Index 
Wind speed 
required to 
propagate a crown 
fire 

 
<40 km/ph 
 

 
40-80 km/ph 
 

 
>80 km/ph 
Dark brown 

Map color Yellow Light brown Dark brown 
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Figure 2.  Blocks 1 Fuels Hazard Assessment on the St. Mary’s Reserve Using FMA+ 

 
 
A key finding from this case study was the comparison of the FMA+ output against the Provincial 
Strategic Threat Analysis map which has been the key map used by fuels treatment planners to 
determine fuel hazard priorities in the province.  As figure 3 indicates, the PSTA map shows that 
the areas predicted for spotting on the St. Mary’s Reserve totalled 720 hectares (presumably high 
hazard),  and areas designated as interface (154 Ha) do not intersect with the case study area 
blocks, which resulted in most plots being classified as a high hazard. It appears that the PSTA 
map is missing critical hazard areas that should be included in the PSTA map as high hazard; 
however, as the PSTA was not derived using fuels data, these errors can be expected. This 
resulting discrepancy between the PSTA and our fuels hazard modeling is significant and supports 
the need for collecting accurate fuels data and for appropriate hazard modeling in order to develop 
effective fuels treatment plans and for prioritizing fuels treatment operations. 
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Figure 3. PSTA/FMA Comparison for St. Mary’s Reserve ER Blocks 1,2,3.  
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A thinning prescription was modeled in FMA+ for reducing the hazard level to a low state, and the 
prescription was used for setting the input parameters for the next section, which includes an 
economic analysis of the thinning prescriptions based on both a fuels hazard reduction objective 
and a silvicultural prescription that enhanced ecosystem values that are consistent with ecosystem 
restoration objectives within the Rocky Mountain Trench. 

 

Developing Economic Analyses for  WUI Fuels Treatment Projects 
 

There are many approaches to economic analyses for WUI fuels treatments that have been 
researched and tested in the U.S and Canada with many studies being done in a WUI context, 
and others from a general wildfire hazard reduction perspective. Applying one or more of these 
methods may be useful here in BC to meet the needs of WUI planners (Anderson 2004, Fried 
et. al 2000, Fried et.al 2004, Hesseln et.al 2004a, Hesseln et.al 2004b, Mason et.al 2006, 
Mason et.al 2003, Oregon DOE 2006, Rogers 2003). For this research project, several methods 
were selected for further study and evaluated in terms of costs, ease of use, and applicability for 
analyzing the economic components in a WUI context. After reviewing the economic models 
available, the LMS model was selected due to its’ applicability for use in conducting fuels 
treatment economic analyses and linkages to fuel hazards assessments using FFE. Another 
benefit of LMS was the ability to link stand level and landscape level models, and the fact that 
LMS data collection requirements were simple and one data set met the bill for both FMA+ and 
LMS; therefore, the data collection phase was multi-purposed and efficient. 
 
In theory, models and methods are only as good as the data collected and the parameters and 
assumptions made within the models. In terms of determining which model to use and the level 
of data collection WUI planners should pursue, professionals need to be aware of the limitations 
of and function of the models used. Generally, it is a good idea to begin with a stand level data 
collection for assessing fuels hazards due to the high level of heterogeneity of stand structures 
in the WUI, which causes problems with the magnitude of error that may be made when 
assessing the potential for crown fire behaviour. By beginning with stand level plot data based 
on fixed radius plots using Firemon methods, fuels treatment planners can begin the process on 
the right foot. For the LMS model, similar to the FMA+ model, tree data variables such as tree 
height, diameter breast height (DBH), canopy base height (CBH), snags, seedlings and 
saplings, and quality variables were used to determine volume of timber, pulp and biomass.  
Collecting these data allows for wildfire hazard and rate of spread analyses on a static and 
dynamic level (Carlton 2005, Finney 1998, Finney 2006 Reinhardt and Crookston 2003), and 
can produce an economic assessment that is effective and allows fuels hazards to be assessed 
simultaneously along with  other potential uses for the data (i.e. habitat modeling). 

 

St. Mary’s Reserve Case Study for Fuels Treatment Economics 
 
Three proposed fuels treatment blocks on the St. Mary’s Reserve were analyzed using Landscape 
Management System software (Rural Technology Institute 2006) and post processing analyses 
were developed in Excel to incorporate the fuels treatment scenarios within the context of 
producing differing forest products including timber, pulp and biomass. This exercise was intended 
to explore the use of innovative tools by which to model wildfire fuels hazards and estimate the 
economic potential for fuels treatments in one suite of software. The researchers used  
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the forest fuels inventory data to build a tree list within LMS and performed economic analyses for 
3 cutblocks covering 270 hectares. The LMS model was run based on 90 plots covering 60 
hectares within the 3 blocks that totalled 270 hectares. Using LMS modeling beyond the 270 
hectare case study area using nearest neighbour imputation models could be conducted and was 
considered for this case study; however, using these methodologies and expanding the  model was 
outside the scope of this project.  The research team decided that this extension warranted a 
separate proposal and the principle investigator has submitted a new FSP proposal to test these 
methods at the landscape level.  
 
The parameters used in LMS base on stand thinning prescriptions using the following metrics: 
First, due to the low merchantability of these stands, an inventory assessment of the tree 
merchantability within each plot for trees greater than 5 cm was made. Trees were determined to 
be either merchantable or unmerchantable based on visual assessment and using general 
parameters for quality measures such as percent sweep  >10 degrees, twist > 25% , broken tops or 
other notable damage. These results were included in the post processing model that estimated 
the quantities of biomass, pulp and timber volumes. In addition, it should be noted that small 
diameter ponderosa pine from 10-17.5 cm were deemed suitable for pulp chips, whereas the 
Douglas fir in the same diameter class was either categorized as a saw log (trees > 17.5 cm), or  
as biomass (trees less < 17.5 cm) as Douglas fir was undesirable as a pulp log. 
 
The bucking algorithm used in the model was set as follows: trees >17.5 cm were treated as saw 
logs unless determined unmerchantable, which then categorized them as biomass; trees from 10 
cm – 17.5 cm were treated as pulp logs excepting Douglas fir; and all trees < 10 cm were treated 
as biomass in general but with a minimum diameter of 5 cm.  Any trees below this threshold was 
estimated to be slashed, masticated or burned in follow up prescribed fire.  
 
Harvest Model Results 
The three blocks modeled within the 270 hectare site on the St. Mary’s Reserve were modelled to 
estimate saw log volume (Table 2), pulp volume (Table 3) and biomass volume (Table 4) using the 
site logging plan with two silvicultural prescriptions.  In the tables, treatment one represents an 
open range prescription that leaves a residual of 5 mature trees per hectare, and a maximum 
stocking of less than 30 stems per hectare (SPH).  Treatment two represents an open forest 
prescription with a target of 30 mature trees per hectare and a maximum stocking of 250 SPH.   
 
Table 2. Saw log Volume by Block and Treatment Type 

SAWLOG VOLUME (m3/ha)
Block Treatment Py Pl Fd As Total

1 1 14.51 1.03 12.82 0.00 28.36
1 2 12.13 0.00 18.01 0.00 30.14
2 1 55.80 0.00 15.21 0.00 71.01
2 2 83.10 0.00 17.16 0.00 100.26
3 2 52.46 0.00 110.53 0.00 162.99  
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Table 3. Pulp Volume by Block and Treatment Type 

PULP VOLUME (m3/ha)
Block Treatment Py Pl Total

1 1 1.38 0.67 2.05
1 2 0.29 0.00 0.29
2 1 2.23 0.00 2.23
2 2 3.30 0.00 3.30
3 2 5.25 0.00 5.25  

 
Table 4 – Biomass Volume by Block and Treatment Type     
  

TOTAL BIOMASS mg/ha
Block Treatment Py Pl Fd As Total

1 1 3.47 0.77 2.88 0.06 7.18
1 2 2.71 0.04 4.36 0.00 7.11
2 1 13.83 0.00 3.32 0.00 17.16
2 2 13.66 0.00 3.38 0.00 17.04
3 2 20.49 0.00 25.02 0.00 45.51  

 
The economic values for these blocks as a single fuels management project were analyzed using a 
cost benefit analysis framework. Here, the base case was evaluated using several parameters that 
included: current market prices for ponderosa pine and Douglas fir saw logs, and pulp chips. A 
proposed scenario 2 analysis was also conducted to determine the value of biomass for bioenergy 
and for developing a local ponderosa pine market as these logs are currently not desirable in the 
local mills and are either exported to the U.S. or utilized as pulp. 
 
Under the base case, current market conditions for saw logs, pulp prices and no market for 
biomass in the region led to a net negative income of (-$48,611) or a total cost/loss per hectare of 
$810 for the treatment area as shown in Table 5.  
 
Table 5. St. Mary’s Net Log Value Estimate for Blocks 1,2, and 3 
 
Log Value - estimate 

Py Pl Fd Totals

$/(m3) 40.00$             60.00$         60.00$             
Total m3 7063 33 5629 12726
Log Value 282,533$         2,006$         337,725$         622,264$       
Stumpage/Sawlogs 12.70$             12.70$         12.70$             161,613.97$  
$/(m3) Sawlog
Logging $to mill/ m3 40 40 40 40
Net  Value/ m3 12.70-$             7.30$           7.30$               
Total Gross Income 89,704.31-$      244.01$       41,089.90$      48,370.40-$     
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When evaluating the same 3 cutblocks using a second business case scenario, the following 
assumptions were made: 1) a local market for ponderosa pine logs was established; 2) there was a 
market for hog fuel that would utilize the biomass produced from the logging residues for producing 
electricity; 3) pulp chips were made from only ponderosa and lodgepole pine, as these chips are 
desirable, whereas Douglas fir chips are not in demand in the chip market. Under the second 
scenario, the total net income for saw logs, pulp chips and biomass, yielded an estimated net 
logging income of $170,234 (Table 6) from the 270 hectares modeled, representing a net income of 
$631 per hectare. When WUI fuels assessment planning, along with logging, and follow up 
slashing and prescribed burning were added, the total costs for fuels treatment was estimated for 
the case study area to cost $380 per hectare, yielding a net positive income for the entire fuels 
reduction treatment of $67,652 or $251 per hectare Table 7. 
 
Table 6.  Values for Timber, Pulp and Biomass for Blocks 1, 2 and 3. 
 
Log Value - estimate 

Py Pl Fd Totals
$/(m3) 60.00$           60.00$             60.00$           
Total m3 7063 33 5629 12726
Log Value 423,800$       2,006$             337,725$       763,531$         
Stumpage/Sawlogs 12.70$           12.70$             12.70$           161,613.97$    
$/(m3) Sawlog
Logging $to mill/ m3 40 40 40 40
Net  Value/ m3 7.30$             7.30$               7.30$             
Total Gross Income 51,562.32$    244.01$           41,089.90$    92,896.22$      

Pulp Value
Py Pl Fd Totals

Pulp Value/m3 26.00$           26.00$             0
Pulp Volume 944 22 966
Pulp Value 24,544.00$    572.00$           -$               25,116.00$      
Stumpage/pulp 0.25$             0.25$               -$                 
$/(m3)
Logging $to mill/ m3 26.00$           26.00$             
Net  Value/ m3 0.25-$             0.25-$               -$               
Total Gross Income -236 -5.5 -241.5

Biomass Value
Py Pl Fd Totals

m3 8,759.88        -                   5,884.95        14,644.83        
BDT @ 40% moisture 4,982.43          
value/m3 17.77$           17.77$           
Biomass  Gross income 155,680.92$  104,587.52$  260,268.44$    

Chipping costs @$16.67/BDT 83,040.43$      
Hauling costs @ $20/BDT 99,648.52$      

Subtotal - Gross Income 77,579.49$      

Total Project Net Income 170,234.21$    
Net Income per Ha 630.50$            
 
 
 



 16 

 
 
 
 
 

 
Table 7.  Estimated Net Fuels Treatment Cost For St, Mary’s Blocks 1, 2 and 3 
 
Income from Logging Operations 170,234.21$         

Costs for Treatments Total Costs Cost/ha

Fire Science/Economic modeling 18,000.00$            66.67$                  
Planning 5,000.00$              18.52$                  
Follow up slashing 250.00$                
Burning 44.75$                  
Sub-total Cost/ha 379.94$                
Total Project Estimated Costs 102,583$              
Total Project Net Income 67,651.71             
Net Income/ ha 250.56$                 
 
From these results, if WUI fuels treatment planners use the robust fuels data collection methods 
outlined in the hazard assessment section and learn the use of LMS and its economic applications, 
they will be able to evaluate new WUI fuels treatment proposals with a new paradigm in mind as 
they will be aware of the economic options for utilizing biomass, which is becoming more in 
demand across BC. Bioenergy facilities are starting up in BC and the pellet industry is expanding 
as well, therefore the use of these economic tools will be essential for developing cost-benefit 
analysis and financial evaluations for proposed fuels treatment projects.  
 
Future work using stand level based data to develop predictive polygon modeling at the landscape 
level has yet to be researched and tested and is the next step along the WUI fuels treatment 
modeling evolutionary path. Using the knowledge from this project to extend our current research 
to the larger landscape level would be hypothetically possible and would  allow similar  
economic estimates of net income, or costs across the landscape, which are needed to prioritize 
WUI fuels treatments. The ability to use this models to develop more comprehensive CWPPs could 
support  UBCM funding  requests and be used by the bioenergy investment community.  
 
For smaller scale, stand level analyses of less than 300 hectares, the methods used here for data 
collection and analysis may be appropriate tools to use as they are relatively accurate, would be 
cost effective and are easy to use. The ability to expand the stand level model to the landscape 
level using the same methods applied in this case study would be too costly. Therefore,  
researching cost effective landscape level approaches have been proposed for future Forest 
Science Program funding. 
 

Stumpage and Tenures Review 
 

Wildland Urban Interface (WUI) fuels treatments have been impeded by BC tenure and stumpage 
policies in the past. Two separate reports review the current tenure and stumpage options available 
within the current policy framework, and these reports are primarily based upon the key findings 
from a Tenures and Stumpage Forum held in the Rocky Mountain Trench Region during summer of 
2008.  The Forum covered questions related to the current stumpage and tenures framework in the 
context of implementing WUI operational fuels treatments, and primarily focused on understanding 
the application of current policies. New policy options were suggested to offer potential solutions to 
old problems.  
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Some Key Findings from the Stumpage Report Included: 
 
A new WUI Forestry Licence to Cut (FLtC) tenure was made into law under the Forest Act 
(section 47.6) in April, 2008. While this new tenure provides opportunities for WUI timber to be 
offered as a new license, the implementation of this tenure would require: 
 

1. Developing an interface harvesting plan to first outline what kind of timber and amounts 
are available within the WUI. 

 
2. Discussions with major licensees about the opportunity to accept WUI timber harvesting 

under their tenure. 
 

3. A procedural approach to be adopted by the MFR which allows District Managers to 
interpret how to administer the new license.  

 
4. Support for the additional administrative responsibilities that the Districts would be 

responsible for as any large volumes would require additional resources for District staffs 
to accommodate. 

 
The main issue in much of the WUI, is the low quality of the timber, as is the case in much of the 
BC Interior. Over the past century, the most valuable timber near communities has been 
harvested, and as these stands have been cherry picked with very little commercially 
marketable timber remaining. Most major forest licensees are not interested in using their 
limited cutting rights (i.e. AAC) to harvest WUI blocks as this would require them to forgo better 
quality fibre and may even have negative stumpage for many WUI stands in the BC Interior. As 
such, once the major license holders indicate that they are not interested in harvesting WUI 
timber, then other tenure options, including the new WUI FLtC would be feasible for the Ministry 
to consider for developing operational fuels treatments. 
 
The WUI Forest Licence to Cut (FLtC) if implemented by the MFR District Managers within BC, 
would allow for additional WUI fuels treatment opportunities within BC, however getting this new 
tenure operational, will take advocacy and leadership to move this option forward. 
 
Other findings and or recommendations for moving WUI fuels treatments forward included: 
 

1. Major licensees will probably not treat WUI or ER under their regular forest license, but 
would require Non-Renewable Forest Licences (NRFLs) to be offered specifically 
targeting WUI fuels treatment stands. 

 
2. The ability to treat WUI stands is determined by the economic cycle within the forest 

sector and within a WUI context, the ability for forest companies to utilize the biomass 
produced as a co-product of the logging operations.  For WUI stand treatments to 
successfully expand, the biomass component must continue to be a contributing factor 
to the bottom line and would make treating these stands more attractive for forest 
licensees that have demand for biomass. 

 
3. From the major licensees’ perspective, their strategy for marginal WUI/ER is to prepare 

applications for cutting permits and have them ready “on the shelf” so that they can be 
submitted to the Forest Districts at a later date and have a 3-6 week approval period to 
begin operations. These permits would give licensees the flexibility to cut when the 
market conditions provide the opportunity to treat these WUI stands. 
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4. The Districts along with WUI proponents should develop a prioritization map that would 
allow decision making to follow the essential components that includes stand economic 
values and the associated fuels hazard levels. 

 
5. Better information based upon a fuels treatment prioritization map should be developed 

that would allow decision making to be more strategic and avoid opportunistic “cherry 
picking” by major licensees.  The absence of such a prioritization map would likely result 
in lower valued stands that would be left behind but could consist of the highest fuels 
hazards. This prioritization information should allow for setting WUI fuels treatment 
objectives for the entire WUI area and be used for budgeting estimated costs for WUI 
fuels treatment projects. Extending this prioritization from a stand to a landscape level 
for WUI stand treatment decision making is essential 

 
6. Long-term stewardship contracting as done in the United States by the US Forest 

Service and Bureau of Land Management1

 

 should be further explored as an alternative 
form of contracting in light of the goals of fuels treatments, and would be a strategy to 
offer the new WUI FLtC tenure effectively. Typically these contracts would be held by 
community groups or NGOs with a mandate for meeting social objectives vs. profitability. 
Stewardship contracting has been successfully used as a land management tool in the 
United States; however, it has not been used as a tool in British Columbia. 

7. Offer new WUI FLtC tenures with a ‘no-bid’ provision that allows the tenure to be re-
offered at the marginal cost of administering the sale, and reduce the silvicultural 
obligations to a monitoring rate of $.25/ M3. This is being done in the Merritt TSA for low 
value stands in the WUI (pers. comm. Dave Piggen, MFR Kamloops) for volumes up to 
5,000 M3. This approach would allow the market to determine the ability to treat, or not 
treat a stand, and would provide the stumpage reduction to an acceptable level that 
would foster greater ability to conduct fuels treatments. 

 
 
There were also key findings for improving the stumpage system which has challenged the ability 
to successfully carry out WUI fuels treatments in BC in support of allowing stumpage to reflect 
the “proper pricing of timber”. The MFR should consider: 
 

1. Amending the Interior Appraisal Manual by removing the silvicultural obligations and 
levies within WUI treatment areas as has been done for the Rocky Mountain Trench 
Ecosystem Restoration Program. This should be reviewed by the MFR internal 
committee that proposes Appraisal Manual changes and there should be a follow up 
by industry and community groups to ensure that these provisions and amendments 
are considered with appropriate due diligence.  

 
2. MFR should consider an additional administrative additive within the appraisal 

system to allow for the added complexity of planning WUI blocks. An appraisal 
additive would increase the administrative allowance and therefore reduce 
stumpage. This approach would also recognize the Licensee’s additional costs 
associated with developing their harvest plans within WUI blocks.  

 
 

                                                 
US Department of Agriculture Forest Service Stewardship Contracting Website, 
http://www.fs.fed.us/forestmanagement/projects/stewardship/index.shtml 

http://www.fs.fed.us/forestmanagement/projects/stewardship/index.shtml�
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3. A special WUI Stumpage account like that which has been established for BC Parks 
should be considered by government to support WUI fuels treatment operations. 
This approach for assisting fuels treatment projects is recognized to be challenging 
and garnering the political support for this type of model may be complex and may 
not be the easiest policy and regulatory path to reach WUI fuels treatment 
objectives. However, this approach would allow for a steady flow of funds which 
could support stewardship contracts that would be beneficial for supporting fuels 
treatment operations. 

 
4. A second stumpage adjustment mechanism could be the development of a WUI 

pricing adjustment that is modeled after the ecosystem based management (EBM) 
pricing mechanism that has been established on the BC coast. In this Coastal BC 
case, a $2.75 per M3 is deducted for specific tenure holders for designated EBM 
areas. A WUI stumpage adjustment could be applied to various tenures by the 
Appraisal Manual in order to cover for the additional planning and harvest costs that 
would be associated with WUI fuels treatments. This adjustment would improve the 
financial feasibility for treating fuels hazards within the WUI. 

 
5. Stewarship contracting like that done in the US by the Forest Service may provide a 

model for blending specific harvesting licences and or contracts for WUI with 
conditions for the sale of the timber and for obtaining the license. Additional research 
and exploration into this model is warranted. 

 
6. Develop of a series of WUI fuel treatment case studies that develop the 

quantitative and qualitative metrics for fuel treatment operations which would be 
used as benchmarks for performance and for stumpage calculations to be based 
upon. 

 

Reworks Bibliography 
 
 
As there has been a growing literature for fuels management in North America, researchers at 
Natural Resources Canada have been collecting fuels management references over the years in a 
MS Word format. The principle investigator researched the ability to convert the Word format 
document into an importable form that would be uploaded into Refworks, which is an on-line 
reference software  that allows you to “cite while you write” and is supported by Royal Roads 
University. Refworks is accessible to anyone with internet connections. This first iteration of the 
fuels management bibliography is only a portion of the complete references compiled by NR 
Canada, and currently consists of 2,459 entries. The Reworks fuels management bibliography is 
available at http://library.royalroads.ca/ref-works. 
 

http://library.royalroads.ca/ref-works�
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