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Abstract 

 

In recent years, the Rocky Mountain Trench region has been testing mastication (a mechanical means of 

tree removal whereby the wood is chopped/ground into a woody mulch cover) as tool to implement 

fuels treatments and ecosystem restoration (ER) projects. Questions as to what the benefits and limits 

are for using mastication as a tool in the ER tool box has led the formation of the current research. The 

project has assisted with the development of a new comprehensive ER database for the Trench region, 

which will provide the baseline data from ER work done over the past 20 years. These data will be linked 

with this research project, which evaluates mastication treatments done over the 2011-2012 period. The 

research includes a cost benefit analysis and discusses the ecological effectiveness of mastication 

treatments in the Trench. The primary focus of this study evaluates whether mastication as a 

management tool leads to lower emissions of CO2 e, PM 2.5, PM 10 equivalents than traditional ER 

methods. Results from the study indicate that although mastication creates CH4  emissions which cause 

CO2e to be higher than open burning,  PM 2.5, PM 10 from open burning are eliminated and the C 

sequestration from releasing these stands may offset and overshadow the offgas effects of down and 

decaying woody biomass. Mastication will be a cost savings in many instances and may reduce invasive 

plants.  Overall, the cumulative non-market values for ecosystem benefits are clearly a strong driver for 

continuing the ER program.  As open burning has become increasingly challenging within the Rocky 

Mountain Trench,  using mastication as a future treatment method may allow  the expansion of ER 

projects which, if implemented, could support the attainment of a higher total hectares of treatments to  

better meet ER program objectives 
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1. 0 Background 

Airsheds are under increasing pressures to meet air quality standards across B.C. and the Rocky 

Mountain Trench region is an airshed that has been challenged in meeting air quality targets. This study 

tested the hypothesis that mastication (a mechanical means of small-diameter tree removal whereby 

the wood is chopped/ground into a woody mulch ground cover) can improve emissions reductions 

(greenhouses gas and particulates) at a lower cost than the predominant ecosystem restoration (ER) 

methods. Currently, mechanical and hand slashing removal of small diameter trees along with follow up 

piling (either by hand or mechanical means) with follow up open burning have been the standard ER 

methods used across B.C. Using this standard ER approach has been a major cause of emissions within 

the Rocky Mountain Trench airshed and this applied research will quantify the emissions produced by 

mastication treatments vs. traditional ER methods. 

The report will is organized and presented as follows:  First, we give a background about ecosystem 

restoration that has been planned and followed from the guidance of the Ecosystem Restoration 

SteerƛƴƎ /ƻƳƳƛǘǘŜŜ ŀƴŘ ǘƘŜ ά.ƭǳŜǇǊƛƴǘ ŦƻǊ !Ŏǘƛƻƴέ όBlueprint for Action 2006). Second, We review 

mastication treatments currently being tested in the region and compared with other North American 

examples as a tool to remove woody biomass; third we discuss the methods used for this research by 

which to estimate emissions, develop costs and estimate market and non-market values; fourth, we 

discuss the data collection process and issues related to collecting useful data; fifth, we provide results 

of the ecosystem restoration blocks that were under forest ER treatment prescriptions with associated 

calculated emissions; sixth, we present results of the cost-benefits of using mastication for market and 

non-market values; lastly, we draw conclusions and discuss the limitations of this research and seventh, 

we make recommendations for future forest management and the ongoing research. 

The research team collected data, reviewed the literature and estimated the net emissions reductions 

between traditional ER treatment methods against mastication treatments. We have developed some 

initial parameters for determining the market and non-market net benefits of using mastication using a 

cost-benefit analysis approach and present our conclusions and management recommendations.  

The results from this project will have great benefits for the development of forest management best 

practices within the Rocky Mountain Trench region of B.C. and in particular, the proposed 109,000 

hectares of ER Open Forest and Open Range treatments planned within the Trench region. As provincial 

ER treatments have increased in many forest districts and regions of B.C., the lessons learned from this 

project offers new approaches for reducing emissions across the province as mastication has become an 

ER tool that has been of increasing interest by ER planners within B.C. 
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2.0 Ecosystem Restoration 

Ecosystem restoration (ER) has been strategically planned and implemented for nearly 20 years in the 

Rocky Mountain Trench and has been guided by thoughtful proponents who are part of the Ecosystem 

Restoration Steering committee that includes  several branches of government, First Nations, NGOs and 

others. This group ŘŜǾŜƭƻǇŜŘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ά.ƭǳŜǇǊƛƴǘ ŦƻǊ !Ŏǘƛƻƴέ (2006), which provides the 

mandate, goals and objectives for the ER program. 

The ER Program focuses on restoring the forest to its historic ecological condition and mimicked fire 

regime for the Rocky Mountain Trench. The fire regimes typical for the region have departed from their 

historical norms.  The program is structured to restore these ecosystems to reflect their historic 

variation. The ER Program has been very active over the past 20 years in their mission and vision to 

restore these landscapes; many of these principles have been used for many years throughout North 

America. Through the collective vision and efforts of  these groups and individuals,  forest ecosystems 

are being restored to provide healthy ecological functions that benefit wildlife, recreation and livestock.  

The basic goals of the ER program are to remove forest ingrowth (overstocked stands where trees would 

have been fewer and grasslands more prevalent) that primarily consists of Douglas fir and ponderosa 

pine stands.  The ingrowth poses a threat to the ecological functions desired and represents very 

significant fuel hazard putting these forests at risk of catastrophic wildfires. 

¢ƘŜ ŎƻƳƳƛǘǘŜŜΩǎ ǎǘǊŀǘŜƎƛŎ ол-year plan (2000 ς2030) is based on the Kootenay/Boundary Land use Plan 

implementation strategy which identified 250,000 hectares (ha) of Crown land within the Rocky 

Mountain Forest District as fire-maintained, or Natural Disturbance Type 4 (NDT4). These 250,000 ha are 

further classified into four ecosystem components: shrublands, open range, open forest and managed 

forest.  The restoration strategy targets the open range and open forest components.  By 2030 the 

strategy aims to restore 118,500 ha, about 47% of the Crown NDT4, to open range or open forest 

conditions.  Once restored, the committee intends to maintain these restored areas in perpetuity. 

 

The strategic plan published in 2000 identified an estimated 135,000 ha to be restored. The current 

figure of 118,500 ha more accurately reflects conditions on the ground as determined by maps and 

restoration plans available since 2000.  
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Figure 1 provides a map and overview of the ER Program in the Rocky Mountain Trench and maps the 

program goals that are found in the Blueprint for Action (2006) which identifies Open Forest (OF), Open 

Range (OR) and Managed Forest (MF).  

Figure 1: Ecosystem Restoration Area of the Rocky Mountain Trench 
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The area originally identified to be treated as outlined in the Blueprint for Action can also be classified as   

shrublands.  The breakdown of these forest components (Hectares) and the previous forest state and 

the preferred state by 2030 are given in Table 1. 

  

Table 1 Ecosystem Restoration Forest Targets within the Rocky Mountain Trench1
  

Ecosystem 
Component 

Tree Stocking 
Range/Stems/ha 

1997 Distribution 2004 Distribution 2030 Target 
ha (%) 

Shrubland 
¶ 0  sph 

¶  no target  
5% 1% 5,000 (5%) 

Open Range 
¶ <75 sph  

¶ target 20 sph 
10% 12% 43,500 (17%) 

Open Forest 
¶ <400 sph  

¶ target 150 sph 
85%*  26% 75,000 (30%) 

Managed Forest 
¶ varied 

¶ Target 500-4000 sph 85%* 61% 119,000 (48%) 

* Open and Managed forests were not disaggregated into each of their individual components in 1997. 

 
The current land in the NDT 4 is slightly above 250,000 hectares and the land classified primarily as 

Managed Forest, Open Forest, and Open Range.   Since 2000 when the first Blueprint for Action was 

written, there have been many thousands of hectares treated.  The current distribution of these forest 

types are classified lands are shown in Error! Reference source not found., which nets out the lands that 

have had ER treatments, have been logged, or have had disturbance. 

 
Table 2 Current State of the Blueprint for Action since 1997 

Ecosystem 
Component 

Total Hectares 2013 Distribution  Treated/logged or 
disturbed 

Remaining 
hectares to treat 

Open Range 35,017 14% 24,490 10,527 

Open Forest 75,092 30% 55,598 19,494 

Managed forest 141,996 56% N/A  

 
The overview map of the project areas have been broken down into smaller map subsets of the Rocky 

Mountain Trench and are provided in the following figures 2, 3, 4, & 5, which show the treatments done 

to date (including logging and disturbances such as wildfires). The legend indicates Open Range as OR, 

                                                           
1
 Blueprint for Action 2006 
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Open Forest as OF, and Managed Forests FMER.  The slashed/treated, logged or disturbed areas are 

shown in purple.  

Figure 2 North Trench ς Ivermere, Columbia Lake, Fairmont Hot Springs ER Treatment Area 
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 Figure 3 Tata Creek/ Wasa/Skookumchuck ER Area 
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Figure 4 Cranbrook/Fort Steele ER Area 
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Figure 5 Galloway/Grasmere ER Treatment Area 
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2.1 Mastication Treatments 
 
The benefits of mastication as part of fuel treatment regime and ecosystem restoration program are 

supported by United States literature and studies ( see Appendix 1).  Thousands of hectares treated 

using this method as it has been tested and proven as a cost effective method that may be used under 

certain forest conditions (Halbrook et. al 2005).  Mastication can replace hand crews that pile forest 

slash which then is burned.  The inclusion of mastication can reduce emissions, labour costs, and many 

issues associated with post slash burn environmental restoration.  As mastication has not been 

extensively studied under B.C. conditions, there has been no evaluation to date of the potential for net 

emissions reductions, which could have a positive effect upon the Rocky Mountain Trench airshed. 

A recently published Resource Guide for Fuels Management by Royal Roads University gives the 

following details about mastication (Hobby, 2010) and an abridged version is provided here in context of 

mastication. 

Mastication involves reducing the size of forest vegetation and downed material by grinding, 

shredding, chunking or chopping material. Mastication in a context of ecosystem restoration in 

the Trench is intended to remove overstocked stands that are planned to have regeneration 

removed to meet prescription objectives for grassland restoration.  The use of mastication is 

intended to remove the overstocked stands and change the fuelbed structure from a vertical 

orientation to a horizontal orientation, to increase fuel particle surface area to volume ratio, to 

decrease fuelbed bulk density and increase fuel particle adsorption and desorption rate 

(gain/loss of moisture).  Research has shown that mastication can effectively chip/grind/mulch 

masticate surface fuels created from harvests, or can be used to remove standing live or dead 

trees (Graham et.al 2004). Mastication can also be used to increase the distance between the 

base of tree canopies and the soil surface (increasing Canopy Base Height), as well as increase 

wood decomposition rates by insuring wood is in contact with the soil surface (Edmonds and 

Mara 1998). Mastication equipment has been used to thin stands of trees of a variety of ages 

and densities (Harrod et al. 2008, Kobziar et. al 2007), mulched shrublands (Bradley et al. 2006), 

and activity fuels (Graham et.al 2004).   

Mastication is being employed as a stand-alone strategy for fuels management, or as a pre-burn 

treatment followed by prescribed fire. Used as an alternative to prescribed fire, the masticated 
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fuel bed presents a potential burn severity issue in ecosystems with slow decomposition rates. 

There have not been any studies to date looking specifically at masticated fuel decomposition 

rates. An appropriate surrogate is litter and duff. Keane (2008) investigated litter/duff 

decomposition rates in the northern Rocky Mountains in the U.S., and found the following: 

¶ decomposition rates were higher for foliage litterfall than for woody litterfall; 

¶ foliage loss rate was variable and was tied to site conditions; 

¶ slowest decomposition rates were in low elevation, south-facing forests with a highleaf 

area index; 

¶ highest decomposition rates were found on the most productive sites, i.e., low elevation 

north aspects, or high elevation warm aspects; and 

¶ decomposition pattern follows a temperature and moisture gradient. 

Other researchers have found the following as it relates to decomposition rates: nitrogen 

availability does not control rates of litter decomposition (Prescott 1995); decomposition rate 

decreases as recalcitrant chemical components become enriched in the litter material (Berg 

2000); the degradation rate of lignin determines the overall decomposition rate (Berg 2000); 

and, the higher the nitrogen concentration (the lower the C/N ratio) the slower the 

decomposition rate (Berg 2000). Two recent studies have investigated the impact of masticated 

fuels on burn severity. Bradley et al. (2006) found that masticated fuelbeds in mixed shrub 

woodland ecosystems resulted in a short to medium term increase in fire intensity and severity 

potential. They recommend that where utilized, mastication prescriptions should consider 

greater canopy retention in order to hold soil moisture and increase decomposition rates. Busse 

et al. (2005) investigated lethal soil temperatures during the prescribed burning of masticated 

fuels. The authors found that soil moisture, soil depth, and masticated fuelbed depth were key 

variables. Soil moisture >20%, and soil depth >2.5 cm combined had a significant impact on soil 

temperature profile. 
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In summary, mastication holds promise as a tactic for re-organizing fuelbed characteristics and 

affecting potential fire behaviour and effects. Managers employing mastication need to be 

aware of the limitations of the practice and the ecological consequences associated with it.   

The literature outlines that mastication has been successfully used in lieu of hand treatments, piling and 

burning woody biomass.  Many other documented studies have also outlined the positive effects of 

mastication treatments on forest ecology and reducing fire risk.  Several of these articles listed in 

Appendix 1 are related to mastication, ecosystem restoration and fuels management; these articles 

document the benefits of mastication, ecosystem restoration and fuels management treatments . 

 2.0 Methods 

 
This study researched many aspects of mastication as a tool for conducting ER treatments in the Rocky 

Mountain Trench Region and there were many project goals and objectives that are referenced in the 

Appendix 1. This section of the report will outline the methods for each of these goals/objectives 

 

2.1 Ecosystem Restoration Database 
 

After the research team had an initial planning meeting and  we determined the work plan for 

conducting  the research project, the team became aware of a larger ER database project that was 

slated to be developed by the Ministry of Forests, Lands, and Natural Resource Operations in 

conjunction with the Ministry of Environment.  The team met with MFLNRO and MOE and determined 

that the plan for the ERPro database would be an excellent fit with the mastication and ER project and 

the smaller database that we had planned to develop.  However, as the ERPro database was slated to be 

developed in a manner that would allow it to be uploaded into the BC Data Warehouse, this caused the 

mastication research team to evaluate the benefits of this integration and determine what the best plan 

would be for developing  a mastication database  that would be able to meet the Data Warehouse 

requirements. After considering the trade-offs, it was decided to integrate the ERPro database with the 

ER treatments and Mastication research data.  This was done allow future ER planners to make use of 

the ER inventory and cost data related to mastication in a manner that could assist them with ER 

planning on a province-wide scale.  As this integration was not an originally planned part of the research 

proposal, and this would require more time and effort to  integrate, the research team felt that the 

integration of the two databases would make the mastication research available to a wider audience 

and would be of greater benefit to ER planners across BC. 

The main function of the ERPro database would be to develop a database similar to VPro, which is 

another large database for collecting ecological data.  Ideally ERPro would be streamlined to have 



18 

 

similar variables and use the appropriate protocol and allow the data to be structured in a manner that 

would allow the database to meet BC Data Warehouse requirements. One requirement for developing 

the database is to have a management plan for maintaining the database once developed, and setting 

up clear procedures for managing and monitor the data. This strategic planning exercise led to the 

realization that a specific database contractor would need to take on this part of the project and this 

would  take additional funding  and support by the Ministries to be able to meet Data Warehouse 

requirements and be able to reach the goals and objectives of ERPro.   

ERPro would be structured to house the data for range monitoring and would have several layers of data 

that would available through a GIS approach. The layout of the database would mirror how MFLNRO 

sets up ER treatments. The Ministry sets up their ER Plans and classification system as follows: first,  they 

begin with large scale restoration units,  which then narrows down to a smaller logical burn units (LBUs).  

LBUs are based on common sense and uses roads, ridges or other geographical landmarks or barriers 

that make planning for prescribed burns effective.  The outline of how the flow of data and systems is 

provided for in Figure 6. 
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Figure 6 ER(Pro) ς Ecosystem Restoration  Database Structure Overview 
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Once a LBU is identified, it is divided into a Treatment Unit based upon a polygon approach.  After the 

landscape has been classified into treatment units, the next stage is to plan treatments so that real 

project  prescriptions can be developed for restoring the forestlands to an open forest or open range 

condition ς the fundamental goal of the program.  When a treatment unit is  developed by prescription, 

the project can be implemented using different ER treatment tools including:  mastication or traditional 

approaches such as slash, pile, and burn. Simultaneously with the development of an ER treatment, each 

LBU and Treatment Unit makes use of VRI forest cover data, which is merged with the Range Vegetation 

Inventory model (RVI) by which a range inventory is developed for each treatment unit (pre-treatment) ; 

once a project completes,   a treatment  is then transitioned into a range inventory and range 

assessment monitoring phase conducted by MFLNRO and MOE. 

Once the treatment is complete, this leads to the follow up monitoring points, which are supported by 

the latter intensive monitoring data sheets that are outlined in figure 6.  The current mastication and 

traditional ER treatment type data would be integrated into ERPro, which would include data for each 

treatment unit using the following tables at a minimum: forest inventory, treatment cost, types of  

treatment methods used; additional modules could include an ER treatment method calculator, carbon 

tracking and emissions monitoring, and a biomass harvesting volume calculator that could be based on 

prescriptions.  In addition, the prescriptions for each treatment unit could also be integrated into the 

ERPro database for decision makers to have access to prescription details which would be helpful to 

compare across projects within the province. 

2.2 Literature Review 

The research team began to review the literature at the beginning of the project and used the team 

lŜŀŘŜǊΩǎ 6,000+ article database to search for articles related to ER and fuels treatments where 

mastication has been used as a treatment method.  In addition,  articles related to the ecology of 

ecosystem restoration treatments and fuels management were also searched including:  a library from 

the Rocky Mountain Trench Natural Resources Society, Google and Melvyl (the UC California system) 

library database were also searched.  The pertinent articles relating to research questions about 

mastication were reviewed along with other articles on emissions and the BC Forest Offset Protocol (BC 

Gov. 2013).  These sources ǿŜǊŜ ǳǎŜŘ ǘƻ ōŀǎŜ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳΩs approach to estimating emissions and 

the impacts from mastication treatments. 

2.3 Data Collection  

Several datasets were  collected in the field for conducting this study including: forest inventory data,  

mulch depth data, slash pile size data, along with time and fuel usage data from machinery used to 

conduct two mastication projects that were implemented during  the 2012 season. 












































































