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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 ad ecosystem restoratio(ERprojects. 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 comprehendi/ddabase 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-2012 period. The
research incldes 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 equivhintsaditional ER
methods.Results from the study indite that although mastication creates ¢lemissions which cause

COZ to be higher than open burning?M 2.5, PM 10 from open burning are eliminated and the C
sequestration from releasing these stisxmay offset and overshadow the offgas effects of down and
decaying woody biomasMastication will be a cost savings in many instarscebimay reduce invasive

plants. Overalkthe cumulative noamarket values for ecosystem benefits are clearly a stiannger for
continuing the ER programAs open burning has become increasingly challenging within the Rocky
Mountain Trench, using mastication as a future treatment method may atlewexpansion oER

projects whichif implemented, could support the attainment of a higher total hectares of treatmémts
better meetER program objectives



1.0 Background

Airsheds are under increasing pressures to meet air quality standards across B.C. and the Rocky
Mountain Trench regiois an airshed that has been challedge meeting air quality target Thisstudy

tested the hypothesis that mastication (a mechanical means of sdiatheter tree removal whereby

the wood is chopped/ground into a woody mulch ground cover) can improvesionis 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 mechanicaleans) with follow up open burningave beenthe standard ER
methods used across B.Using thisstandardER approachas been anajor cause of emissions within

the Rocky Mountain Trench airshed and this applied research will guantify the emissionseqatdnjuc
mastication treatments vs. traditional ER methods

The report will is organized and presented as follows: First, we give a backgibaotl ecosystem
restoration that has been planned and followed from tlyeidanceof the EcosystenRestoration
Steehy3d [/ 2YYAGGSS | yR { KBuepdint ford28tloMeROG) (i Sechrl NWedviéwi A 2 v é
masticationtreatments currently being testeth the region anccompared with otheMNorth America
examplesas atool to remove woody biomass; thirde discusghe methods used for this research by
which to estimate emissions, develop costs and estimate market anehrasket valuesfourth, we
discuss the data collection process and issues related to collecting usefufifiataye provide results
of the ecosystem restoration blocks that were under forest ER treatment prescriptidthsassociated
calculated emissionsixth, we present results of the cosienefits of using mastication for market and
non-market valueslastly,we draw conclusions and discuss the limitations of this researctsauenth
we make recommendations for future forest management and the ongoing research.

The research teamollected data, reviewed the literature arestimated the net emissions reductions
betweentraditional ER treatment methods against mastication treatmehl¥® havedeveloped some
initial parameters for determining thmarketand nornmarket net benefits of using mastication using a
costbenefit analysis approadnd present our corlasions 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 ERpen Forest and Open Ranggeatments 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
projectoffersnew approaches for reducing emissions across tlowipce as mastication has become an

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



2.0 Ecosystem Restoration

Ecosystem restoration (ER) has been strategically planned and implemented for nearly 20 years in the
Rocky Mountain Trenchnd has been guided by thoughtful proponents who are part of the Ecosystem
Restoration Steering committee that includegveral branchesf government, First Nations, NGOs and

others This groupRS @St 2 LISR | O2 YLINB K O A@WE which prdelésNey i F 2 N
mandate goals and objectives for the ER program.

The ER Prograifiocuses ornrestoring theforest to its historic ecological condition anchimickedfire
regimefor the Rocky Mountain Trenci he fire regimesgypical for theregionhave departed from their
historical norms Theprogram is structured to restore these ecosystems to reflect their historic
variation The ER Program has been very active over the past 20 ye#rsiri mission and vision to
restore these landscapesnany of these principles havseen usedfor manyyearsthroughout North
America. Through the collective vision and effortstbése groups and individualsforest ecosystems
are being restored to provide healtlegological functioathat benefitwildlife, recreation andivestock

The basic goals of the ER program are to remove fimgsbwth (overstocked stands where trees would
have been faver and grasslands more prevalenthat primarily consists of Douglas fir and ponderosa
pine stands Theingrowth posesa threat to the ecological functiondesired and representsvery
significant fuel hazargutting theseforests at risk of catastrophic wildfires.

¢t KS O2YYAIG(S$aarplar(P0RG208G) B ba3ed omthe KootenBpundaryLanduse Plan
implementation strategy which identifie®50,000 hectares (ha) of Crown land within the Rocky
Mountain Forest District as firenaintained, oNatural Disturbanc&ype 4 (NDT4).hese250,000 ha are
further classified into four ecosyem components: shrublands, open range, open forest and managed
forest. The restoration strategyargetsthe open range and open foregbmponents By 2030 he
strategy aims to restorel18,500 ha, about 47% afie CrownNDT4 to open range or open forest
conditiors. Once restored, the committee intendsneaintain these restored areas perpetuity.

The strategic plan published ROOO identified an estimated35,000ha to be restoredThe current
figure of 118,500 ha more accurately reflsatonditions on the ground as determined by maps and
restoration plansavailable sinc000.



Figure 1 provides a map and overview of the ER Program in the Rocky Molraagth andmaps the

program goalshat are foundin the Blueprint for Action (2006yhich identifies Open Forest (OF), Open
Range (OR) and Managed ForesExM

Figurel: Ecosgtem Restoation Area of the Rocky Mountain Trench

ry Ecosystem Restoration Program

) Overview Map
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The area originally identified to be treat@d outlined in the Blueprint foiction canalso be classified as
shrublands The breakdown of these foresbmponents(Hectaresand the previoudorest state and

the preferred state by 2030 are givenTiablel.

Tablel Ecosystem Raoration Forest Targets within the Rocky Mountain Trench

1 0 sph

Shrubland T motEes 5% 1% 5,000(5%9
1 <75 sph

Open Range f target 20sph 10% 12% 43,500(17%
1 <400 sph

Open Forest f target 150sph 85965 26% 75,000(30%
1 varied

Managed Forest 859 61% 119,000048%

1 Target500-4000 sph
* Open and Managed forests were not disaggregated each of ther 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 havebeen many thousands of hectares treatedihe current distribution of thederest

types areclassified lands are shownHiror! Reference source not foundwhich nets out the lands that

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

Table2 Current State of the Blueprint for Action since 1997

Ecosystem Total Hectares 2013 Distribution

Component
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 overviewnapof the project areas have been broken down into smatepsubsets 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 wildfifé® legend indicates Open Range as OR,

! Blueprint for Action 2006
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Open Forest as OF, and Managed Forests FMER. The Afasited, logged or disturbed areas are

shown in purple.

Figure2 North Trenchg Ivermere,Columbia Lake, Fairmont H&ringsER Treatment Area

(Managed Forest, Open Range, Open Forest) |
Map 1 - Fairmont/Columbia Lake
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Figure3 Tata Creek/ Wasa/Skookumchuck ER Area

Ecosystem Restoration Program Area

(Managed Forest, Open Range, Open Forest)
Map 2 - Tata/Wasa/Skookumchuck R
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Figure4 Cranbrook/Fort Steele ER Area
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Figure5 Galbway/Grasmere ER Treatment Area

Ecosystem Restoration Program Area

(Managed Forest, Open Range, Open Forest) :
Map 4 - Galloway/Grasmere
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2.1 Mastication Treatments

The benefits omasticationaspart of fuel treatmentregimeand ecosystem restoratioprogramare
supportedby United Statediterature and studieg see Appendix 1)Thousand®f hectares treated

using this methodhs it has been tested and proven as a cost effective method that may be used under
certain forest conditios (Halbrook et. al 2006 Mastication can replace hand crews that pile forest
slash which then is burnedTheinclusion ofmastication cameduceemissions, labour costs, angany
issuesassociatedvith postslashburn environmental restoration. As mastication has not been
extensivelystudied under B.C. conditionthere hasbeen noevaluationto date of the potential for net
emissions reductions, which could have a positive effect uporRiheky Mountain Trenchirshed

A recently publishe Resource Guide for Fuels Mgament byRoyal Roads Universigjves the

following details about masticatiofiHobby 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¢arbgeneration
removed to meet prescription objectives for grassland restoration. The use of mastication is
intended to renove the overstocked stands aokange the fuelbed structure from a vertical
orientation to a horizontal orientation, to increasgef 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 aed 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 densitiesHarrod et al. 2008, Kobziar et. al 2Q0hulched shrubleds (Bradley et al. 2006),
and activity fuelg§Graham et.al 2004).

Mastication is being employed as a sta@dne strategy for fuels management, or as a-ptgn

treatment followed by prescribed fire. Used as an alternative to prescribed fire, the aedtic

15



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 80@vestigated litter/duff

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

1 decomposition rates were higher for foliage litterfall than for woody litterfall;
9 foliage loss rate was variable and was tied to site @ionk;

1 slowest decomposition rates were in low elevation, sdatiing forests with a highleaf

area index;

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

north aspects, or high elevation warm aspects; and
1 decompodgion 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 arecalcitrant 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 inténsity 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 tempaires 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 pofile.
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In summary, mastication holds promise as a tactic fasrganizing fuelbed characteristics and
affecting potential fire behaviour and effects. Managers employing mastication need to be

aware of the limitations of the practice and the ecologicalsemuences associated with it.

Theliterature outlines thatmastication has been successfully used in lieu of hand treatments, piling and
burning woody biomassMany other documerdd studieshavealsooutlinedthe positive effectof
masticationtreatmentson forest ecology andreducingfire risk. Several of thesarticleslisted in

Appendix 1 are related to masticatipacosystem restoration and éls managementthese articles

document the benefits of mastication, ecosystem restoration and fuels managemneatinents.

2.0 Methods

This studyesearched many aspects mwfastication as a tool for conducting ER treatments in the Rocky
Mountain Trench Rgion and there were many projegbals and objectivethat are referenced in the

Appendk 1. This section of the report will dline the methods for each of these goals/objectives

2.1 Ecosystem Restoration Database

After the research team had an initial planning meeting ameldetermined thework planfor
conductingthe research project, the team became awarfea 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 ERPmatabase would be an excellent fit with the mastication angEifect and

the smaller databaséhat we hadplannedto develop However, as the ERPro database was slated to be
developedin a mannethat would dlow it to be uploaded into the BC Dai#arehousethis caused the
mastication research team tvaluate the benefits of this integration amigterminewhat the best plan
would befor developinga masticationdatabasethat would be able to meet the Data Warehouse
requirements After considering the tradeffs, it was decided to integrate the ERPro database with the
ER treatments and Mastication research dafhis was done allofuture ER f@annersto make use of

the ER inventory and codfatarelated to mastication in a manner that cowdsist them witlrER

planning on a provirewide scale. As this integration was not an originally planned part of the research
proposa) and this would require more time and effort to integratbe research team felthat the
integration of the two databasewould make the mastication research available to a wider audience
and would be of greater benefit to ER planners across BC.

The main function ofhe ERPralatabasewould be to develop aatabase similar to/Prg which is
another large database faollectingecological data Ideally ERPmoould be streamlined to have

17



similar variables and use the appropriate protoantiallow the data to be structured in a manner that
would allow the database tmeet BC DatdVarehouserequirements Onerequirementfor developing
the databases to have ananagenent plan formaintaining the database once developed, and setting
up clear procedures for managiagd monitor the data Thisstrategicplanningexerciseled to the
realizaton thata specific database contractor would need to take on this part of the project and this
would take additional fundingand support by the Ministries to be able to mdaata Warehouse
requirementsand be able to reach the goals andediives of ERPro

ERPro would bstructuredto house the data forangemonitoringand would have several layers of data
that would available through a GIS approathe layout of the database would mirror how MFLNRO
sets up ER treatment3he Ministry sets up their ER Plamsl classification systeas follows: first,they
beginwith large scale restoration urst whichthen narrows down to a smalléogical burn uni (LBLS).
LBUs are based on commsanse and uses roads, ridges or other geographical landmabkesroers

that makeplanning for presribed burns effective. The dirte of how the flow of data and systems is
provided for inFigue 6.
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Figue 6 ERPro) ¢ Ecosystem Restorain Database Structure Overview
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Once d_BUis identified,it is divided into a Treatment Urlitased upon a polygompproach After the
landscapénas been classifikinto treatment units the next stage is tplantreatmentsso that real
project prescriptiorscanbe developed forestoringthe forestands toan open forest or open range
condition¢ the fundamental goal of the programiWhen atreatmentunit is developed by prescription,
the projectcanbe implemented using different ER treatment tools includintpsticationor traditional
approaches such atash, pileandburn. Simultaneouslyvith the development ofin ER treatmenteach
LBU and Treatment Unitakes use of VRI forest cover dakdnich is merged witlthe Range Vegetation
Inventory model (RVIby whicha range inventory is developed for eatbatment unit (pretreatment) ;
once a project completesa treatment is then transitioned into a range inventory and range
assessmentnonitoring phaseonducted byMFLNRO anMOE.

Once thetreatment is complete, this leads to thelfow up monitoring points, which are supported by
the latter intensive monitoring data sheetisat are outlined in figure 6 The currentnastication and
traditional ER treahent type datawould be integrated intd&ERProwhich wouldincludedata foreach
treatment unitusingthe following tablesat a minimum forestinventory,treatment cost types of
treatment methods usedadditional modules could include an E&atment method calculator, carbon
tracking and emissions monitiog, and a biomass harvesting volume calculahat could bebased on
prescriptions.In addition, thepresciptions for each treatment unit could also be integrated into the
ERPralatabasefor decision makers to have access to prescription details which would be helpful to
compare across projectsithin the province

2.2 Literature Review

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

IS I R $,DA0-&article database to search for articles related to ER and fuels treatments where
mastication has been used as a treatment methédaddition, articlesrelated to the ecology of

ecosystem restoration treatments and fuels management were also seambieding: a libraryfrom

the RockyMountain Trench Natural Resces SocietyGoogleand Melyl (the UGCaliforniasystem)

library databae were also searched. The pertinent articles relating to research quesiiansg

masticationwere reviewed along witlother artides on emissions and the BC Forest Offset Prot@ol

Gov. 2013) These sources SNBE dzA SR (2 0 I & Spprodto astiinatiSd emiSsions @i Y Q
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 witte andfuel usage data frommachinery used to
conducttwo mastication projects that were implementeatiring the 2012 season.
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