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Executive summary

Climate change will have significant impacts on our forests including negative impacts such as increased
frequency and severity of wildfire, pest and disease outbreaks and changes in ecosystem dynamics (tree
regeneration, growth and mortality) that lead toaladaptation of tree species. These impacts will have
economic, environmental and social consequences. Adaptation involves undertaking activities to better
prepare for those impacts such as assessing the risks of those impacts, planning for them tiyihigien

and implementing mitigative or preventive measures.

The nature of forest management in Canada, where many management decisions are delegated to the
private sector that also carries out most of the operational activities, means that the privadte selt

play a significant role in adaptation. Moving forward on adaptation requires understanding how to best
engage the private sector. Economic instruments offer an alternative to command and control
approaches; where properly designed, previous exgere has shown that they can provide more

efficient and costeffective ways of meeting environmental objectives (e.g. OECD 2008; Stavins 2001).
However, there has been little work done in this area in regards to adaptation (Braueinaie2011).

The godof this research wat® identify economic instruments that could support adaptation of

Canadian forests to climate change by drawing on the experiences and efforts taken to date in BC and
elsewhere.

We undertook three case studies oriented around specifimatechange related risks: 1) looking at
wildfire risk on the landscape; 2) fire and the wildlamtban interface; and 3) the effect of

maladaptation and less resilient future forests (as the trees being planted would not be suited for future
climate). In each of these case studies we identified potential instruments that came out of interviews
with experts and a review of instruments discussed or applied elsewiiégdound that there was
widespread recognitioby all stakeholdersn the needo reduce risk on the landscapmnd agreement

on what those risks werdHowever, issues @ierceivedequity andexistingpoliciesimpede the ability to
work collectivelyWhile some resources are required, it was not seen as the main harid case
studiesidentified ways in whiclboth planning efforts and implementation activities could be financed
from those enjoying the benefits of risk reduction. However, barriers to moving forward involved
establishing a new risk sharing framewgdikding ways to worlkoutside of the forestry sector to realize
the broader landscape benefitand overcoming jurisdictional silos within Prmial governments.

These issuegf equity and integration aralso truefor the need towork more effectiveljpetween

different scaleof government; there are actions local governments can take to better mitigate risk in
the wildland urban interface, but rather than imposing any such requirements, the role of higher levels
of government were seen isupporting local government hyisseninating information and promoting
awareness, rather than imposing mandat€&hanging risks over the longerm emerged as a

consistent theme, and highlighted in particular a clear divergence between the objectives of private
parties and the Provincial geknment emerges, due to the split incentives under the current system.
Here the need for a revaluation of the current risk sharing framework between the two parties was
seen as essential, as well as the need to start reassessing policies to recogriezaaovhe risks are now
becoming endogenous (i.e. due to existing policies and are not all exogenous).



Clear recommendations emerge for the different levels of government. For the Provincettvehileed

for integrated resource management on tReovincidland basehas been acknowledged as necessary

to reduce conflict and cumulative effecthere haseenlittle progressin this regard, inargepart

becauseof the scale and scop# the policychanges required tachieve that kind of management.
However climate change related impacts (such as wildfire) that cut across sectors and the risks that
emphasize the importance of identifying the collective benefits to different parties from collaborating to
mitigate those risks (and share cosSdwhile the provincemay rot necessarily move towards

integrated land managemerin the near futurgat the same timehese growing risks highlight
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support and visionvithin such collaboration can take placklore specifically, the wildfire case study,
underpinned by the experience of other jurisdictions dealing with wildfire risk (Western US and
Australia) jdentify fuel management and addssing increasing fuel loads critical issus that need to

be addressed. The Provincial government has to identify taeseprioity before action can take place.

Other levels of government can also contribute. The Federal government, and agencies such as the
Canadian Forest Service (CFS), have extensive research experience and capacity, which is required to
help support scienceased activities such as climate bdseed transfer (given the strong scientific
component that is necessary to support the use of such an instrument), as well as support for
knowledge, not only among Provinces but also with other jurisdictions such as thé di&jilar role

exists for theCFSn supporting research and policy development fioe risk, given itstrong historyin
reseaching fire and fire managementhere is also an important communication and information
dissemination role for the Federal government to play in promognwgreness (for example, drawing

form the development permits and wildfire case study on providing information to homeowner and

local governments on actions they can take to mitigate those risk).

Finally there are also benefits from theconomics Workingk&R dzLJ 2 F / F y I Rl Q&aon! RF LJG | @
identifyingpossible synergies between some of the instruments identified in the case studies and risks

to forest vdues that could be translated tother sectors and resource settings, such as the use of
developmentpermits and sedevel rise, and where it is important to facilitate more proactive

investment by private parties on public lands (e.g. roads, energy infrastruchar@jdition, there are

also benefits from identifying where further development of aniglyéchniques, such as Caédenefit

analsis, can be further adopted taetter illustrate the issues involved in facilitating and enhancing

adaptation (as is revealed through the Clim@ased Seed transfer case study where the principal agent
problem is gootential barrier to planned adaptation activities).



Background

Climate changés expected tdave significant impacts on | y | f@rkes® dncluding negative impacts

sueh as increased frequency and severity of wildfire, pest and disease outbreaks and changes in

ecosystem dynamics (tree regeneration, growth and mortality) that lead to maladaptation of tree

species. Thesiypes ofimpactscanhavewide-rangingeconomic, environmental and social

conseqguencedn the field of risk management, priorities are established by estimating the level of risk
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Thus, the level of risk is related to both the economic, social, cultural and legal consequences of an
impact and the likelihood of that impacdhdaptation involves undertaking activities to better prepare for
those impacts such as assessing the risks of those impacts, planning for them and identifying and
implementing mitigative or preventive measures.

The nature of forest management in Canada, where many management decisions are delegated to the
private sector hat also carries out most of the operational activities, means that the private sector will
play a significant role in adaptation. Moving forward on adaptation requires understanding how to best
engage the private sector. Economic instruments offer anr@édtidve to command and control

approaches; where properly designed, previous experience has shown that they can provide more
efficient and costeffective ways of meeting environmental objectives. However, there has been little
work done in this are#o identify how instrumentscould be appliedn regards to adaptation.
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operate on a more decentralized basis by increasing the cost of more environmentallgidgma

activities while increasing the return from more sustainable activities. More recently, these financial and
marketbased approaches have expanded through the consideration of behavioural and informational
mechanisms that can be used to improve decigiwaking.The benefits of economic instruments

relative to regulatory approaches are that they offer increased flexibility, may require less regulatory
expenditure and, in some cases, can raise revenues that can be used to achieve policy objectives.
Oftentimes, there may be regulatory changes required to support the instruments.

However, there are challenges in moving from theory to practical application of economic instruments,
including identifying the appropriate tools and ways that they can be integdratto existing regulatory
structures (UNEP 2004). Other policy constraints, such as political factions, legal gaps and institutional
weaknesses, may also affect which types of tools that can be used. Examination of economic
instruments and the benefitdat they can potentially provide therefore requires consideration of the
broader policy and institutional context in which they will be appliBae purpose of this project was to
then address this gap and identify where such instruments could be usddhdpspecifically at the

forestry sector and forest resources in BC.



Introduction

TheEconomic Instruments to Support Adaptation to Climate Change in Fquasjergt exploredhow
different types of economic instruments (e.qg. financial, behavihaadinformational)could be
adopted to forest managemertb encourage forest managers, licensees and communities to take-a pro
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wasto identify economic insuments that could support adaptation of Canadian forests to climate
change by drawing on the experiences and efforts taken to ddtsauting jurisdictions across Canada
andaround the world The research wasrganized around the following three importapolicy
objectives of the British Columbia Ministry of Forests, Lands and Natural Resource Operations
(MFLNRO):

1) Reducing both the risk of forest fire and the negative impacts that follow from forest fire,
especially around protecting communities and asfructure.

2) Ensuring forest health both in the shadrm, by protecting against foregiests and in the
longerterm, byminimizing maladaptation.

3) Promoting forest resiliency that will minimize potential vulnerability to the impact of climate
change.

We grounded our research in British Columbia because oénfyghasis thathe province haglacedon
integrating climate change into forest policy and management. From here, we expanded our geographic
scope to compare approaches to adaptation and assodiatstruments in BC to those in other

Canadian provinces (e.g. Alberta, Ontario) and other countries (e.g. USA, Australia).

The remainder of this report describes holmetresearch was carried out and the results of the research.
All reports and materialprepared as part of the project and distributed to participants and interested
parties are included as appendices to this report

The research was grounded in an applied perspective through ongoing engagement of government and
private sector practitionerfrom policy and operational backgrounds using meetings, interviews and
workshops. Monthly meetings were held for the duration of the project with a project Advisory Team
that consisted of six representatives from four Branches of the BC Ministry of §;drastds and Natural
Resource Operations (MFLNRO) and one representative from the Climate Action Secretariat of the BC
Ministry of Environment. These meetings were used to obtain feedback on an ongoing basis regarding
the research questions, research pregs, potential interviewees, relevant literature, draft documents,
workshop design and workshop participaritfieresearch was conducted in two maihgses between
October 2013 and December 2014 (Figurentlere theoutputs form phase 1 were targetdd feed

into phase 2.

Phase 1Interview summary and literature reviewfAnnex 1)October to December 20)#cluded a
review of the goals of policy makers and forest managers and the most important risks to those goals.
Potential instruments (i.e. financiddehavioural, informational and regulatory) were then identified in
the context of measures to be considered in mitigating those risks.



Phase?: Case studiefAnnex 2)January tdOctober 2014 focused on three case studies of economic
instruments to suppd adaptation to climate change in Bkita K / 2 f dzY 6 A | (Case étudgpl ®Qa 0
exploredthe use oflocal governmentevelopmentpermits (informational and regutary instrumentg

to control the extent, nature and location of new residential development in the wildlaban
interface(WUI) address the risk of loss from wildland fire and ensure that communities are safe places
to live, work and playCase study 2xaminedthe ecoromic implicationgo provincial government and
private sector actorsf using climatébased seed transfer (CBST) to implement assisted migration of
commercial tree specidsy ensuring that seedlings planted following harvest are adequately adapted to
the future climate.Case study Rlentifiedincentives to support collaborative wildfire planning and
management (informational, financial and regulatory incentjyastween different stakeholders across
the landscape including First Nations, provincial andllgovernments and forest licensees

Interviews were used to assess the current state and leading edge of instruments to support climate
change adaptation within and across jurisdictions during both Phases of the reséahecRhase 1 and 2
reports are structuredo that they may & read and distributed as staralone documents; therefore,
somecontent isre-statedin both reports.The fill Phase 1 report can be fourid Annex 1; the full Rase

2 report, consisting of all three caswidies, can be found in Ann&x

Projeci Phase | report: interview Phase Il repor Final projec
begins and literature review case studie report
10/1/2013 12/31/2013 10/27/201 12/31/2014

2/26/2014 11/19/2014
Workshop I: identify the potentie Workshop II: share case stu
role of economic instrument: research results, identit
select case studie potential applications in B

Figurel. Economic instruments project timeline.

Workshops were used to explore potentially appropriate applications of economic instruments in BC,
select case studies of interest, verify the research results from both Phases 1 anégage policy

and operational practitioners in discussions about possible frontiers in climate change adaptation.
Summaries from workshop 1 and workshop 2 can be found in Appendix 3.



Interview summary and literature review

The interviewgevealed conflicts between the major objectives of private forestry operators, who
access timber harvesting opportunities through shastmediumterm licensesand provincial forest
managers, who retain ownership and management authority for forestuness.

Forestry operatorseported an interest in maintainingccess to timber haesting opportunities,
ensuringa securdibre supply for business operatiom®d complying with government regulations (e.g.
regarding planning, harvesting and reforestinglimaterelatedwildfire risks are only considered
important where they may have a direct impact on timber harvesting opportunities; risks due to pests
and maladaptation are not viewed as a licensee responsibility.

In contrast,provincialpolicy developrs viewed all three risk areas (i.e. fire, pests and maladaptation) as
important, but tended tofocus on their own specific orgazational responsibilitie<One consequence of

this approach is a focus on individual resource values and a lack of integaatimss values and among

the different actors; there is no process (within government) by which to prioritize these different values
or systematically assess trao#'s.

Somegovernment policies were seen as directly influencing licensee decisions imcthditenure

system, which influences investment certainty; timber pricing system, which influences the economics
of timber harvesting and approach to silviculture; and stocking standards, which affect reforestation
decisions. Other government processeglhesseinfluence on decisionghese included the Timber

Supply Review (TSR) and Forest and Range Evaluation Program (FREP), which provide information to
statutory decisiormakers who can then influence policy or administrative decisions.

Interviewees aggested sveral polties and programt® address challenges that exist within the current
forest management system and future climatdated risks includingutilizing areabased rather than
volumebased tenure agreements; implementing mechanisms fordioating landscapéevel

activities; and introducing a program to provide information about selecting enhanced seed. Innovative
suggestions included developing a program fom€tdbility Reduction Creditg)corporating adaptation

into voluntary forest ertification programsand trialling stewardship contracts (as used by the US Forest
Service) to create more resilient forests through stand landscapéreatments

No instruments foconsiderationremerged out of the literature revieWikelyreflectingin part the
nascent development of these tocd&d difficulties in adapting them to the policy contesspecially
giventhe public land/private actor contextyhere many of the planning tools had a strong regulatory
component. There was some evidence ofretnunication and framing as supporting more adaptive
management actions (i.e. prescribing burning as a way to promote foredthii¢hat was seen as more
likely to elicit a favourable public response, but few other examples of any such behavioural
instruments.



The only instrument reviewed in the literatute receive consideration was the idea of stewardship
contractsa used in the US on public lan@s well there was some interest in how insurance rates could
be structured to promote adaptation by haowners, butwhile it is being trialled in the US, no
insurance companies in Canada were willing to considerdtso it was not given further consideration
(despite ongoing interest in it)

During thefirst workshop, participantexpressedgarticular concern about risks of wildfires to
communities and impacts of wildfire, pests and maladaptation on future timber values. Thbased
tenure concept was rémagined in terms of a need for broader collaborative planning and management
to support achievement of landscapevel objectives. Participants also expressed interest in managing
wildfire risksin the wildlandurban interface using fire break tenures or tiered insurance or development
charges; managing pest risks through targeted hamgaf priority areas oincreased monitoring,
supported through a trust fund; and managing maladaptation risks SlingateBased Seed Transfer
andcommunications tools to provide information about adaptation practices to practitionidrese

then formedthe basis for the instruments considered in the case studies.

Casestudies

The process by which the case study topics and instruments were refined consisted of discussions with
both sets of advisory board members, who were each asked as a separate gnawp those risks they

saw as most important and within it the sets of instruments in which they had most interest (in many
cases a specific instrument tied to a risk had emerged as a potential case study topic coming out of the
first workshop). In somefdhe case studies, it was seen that the potential instrument could have

broader application beyond mitigating the more narrowly defined risk (i.e. funding to support actions to
reduce wildfire risk on the landscape could in theory be applied to addregsstgand disease risk). This
then led to a ranking of each group that the researchers then synthesized and compared across the
groups to refine both the topic and instruments. This then led to a summary of the proposed case
studies that was presented td¢ advisory boards that agreed with the approach (see Annex 2,
Introduction to Case Studies

Each of case studies addressed a specific risk (i.e. wildfire, maladapts¢il@c}inginstruments that

were determined in consultation with both sets of adig group members as most promisir@given

the interest in fire, wo of the case studies addressed fire risk but from a different perspective: one from
a community perspective, examining efforts to address fire risk within communities as well as at the
Wildland Urban Interface (WUI) using development permits and other tools available to local
governments; and the second looking at wildfire risk operating on Provincial forestland and taking a
Provincial perspective, utilizing collaborative approaches torptanand other mechanisms to

coordinate activitiesThe third case study considerading assisted migration to addrets® risk of
maladaptation, undertaking a cobenefit analysis of £limateBased Seed Transferogram.This topic

was influenced in pa by the external funding requirements.



Wildfire Risk and Development Permits

Development Permits are planning tools that local governments can use to manage development,
protect the environment and address local health and safety issues. The casédstotifjed more than

a dozen communities in British Columbia and Alberta that had begun to use Development Permits to
control the extent, nature and location of new residential development in the wildlamhban interface
(WUI).The case study identifiedhat the use of local government planning tools to address wildfire is
likely to spread across Canada. Local government regulations from Nelson, Swan Hills and the District of
North Vancouver could provide specific examples of planning regulations foraihenunities across
CanadaDuring the workshop, participants noted that Development Permits may beprosibitive in

rural areas and that implementation of this instrument should remain voluntary for local governments.
Instead, the best opportunities Ine are to promoteawarenessand help educatéoth homeowners and
local elected officialdReduced home insurance premiums for private landowners who fireproof their
properties was also suggested to encourage adaptdiiairit was recognized that at the qant time

the insurance industry does not offer such a program

Maladaptation and Climat®8ased Seed Transfer

dimate-based seed transfer (CB$an innovative prograno implement assisted migration of
replantedcommercial tree specigéa BC by selecting neocal seed sources that are adapted to the
range of projected future climates at the planting site. Guetefitanalysisshowedthat assisted
migrationcould generate net economic benefits both the provincial economy and to gewment
revenuesdue to the potential to reducéhe longterm risk of plantation failure. Howeveaisprivate-

sector resource tenants on crown land, forest licensgege found to behighly sensitive to real or
perceived increases shortterm regeneratia risks despite these risks being eclipsed by the potential
for longer term economic gain$herefore accounting for regeneration risk will be a central challenge in
engaging licensees as partners in the implementation of CBf@Tprincipabhgent problen was

identified as an issue affecting how much adaptation might take place, given the different perspective of
private actors versus the provincial governmand the incentives they fac#lonitoring of the impacts

of assisted migration on regenerationcaessvasidentified as a fundamental requirement to managing
perceptions of risk and also to equitable righkaring between licensees and governmafforkshop
participants reiterated this concern and identified the need for a formal +g$laring framewdk

between governmehand licensees and the guidance necessary to suppofessional reliance.

Wildfire Risk and Collaborative Plaing Approaches

Collaborative approaches to wildfire planning and management are being implemented in BC, Canada,;
Victoria,Australia; and the US£&ach of these jurisdictions offers insights into ways of addressing the
dual challenges of coordinating multiple stakeholders and funding planning and actions to reduce risk
across the landscape. Funding mechanisms range fronoftgirgment support, to preferential

government support where funds are matched (e.g. at the State level), to levies on timber harvested by
private forestry operators. The case study explotteelpotential use of additional levy on stumpage in
British Columia as a way to generate funds for adaptatidvihile several challenges to implementing



such a levy were noted during the workshop, there was broad support for new pilot programs for
wildfire adaptation in highrisk areas with the intention to expand to tader landscape planning
considerations andther climaterelated risks (e.g. pests, maladaptation) in the futdree need for
broader engagement of beneficiaries beyond the forest sectorgowérnment funding to support such
pilots wasemphasized.

Severdof the criteria identified in the first workshop emerged as prominent themes in the discussions
around each case studyith two as the most importanteffectivenesgestablishing clear causal linkages
between the action anéhtended outcome) an@quityin terms of distributional impact3-hislatter
emerged ag more important issue thaoost; in other words, it was changes in who might be bearing
risks orchangesn roles andesponsibilitiesvithout commensurate recognitiorather than the costs of
those activitiedhat was seen as the more pressing issue. Beyond those, difiasilt to identify more
specificindicators thatwere common taeach case studyespecially whethey involved different actors
(localhomeownersand governmentsrersus the Provincial ministandlicensee



Conclusions

The project took the approach ahalyzingootential instruments within the existing governance and
policy frameworkin British Columbianktruments considered through the literatureview and

assessed through the case studies spanned all the different kinds of instruments, including: financial
instruments (for example, looking at issues of+gblaring and rethinking pubHarivate partnerships);
behavioural and informational instraents (communicating increasing risks to heoweners or other
stakeholders or facilitating action through lowering individual cost ofgn@ofing private property to
incorporating climate change considerations into planning processes by both licenskgewemnment

as well as forest certification bodies); and finally governmental instruments (usinpestit analysis

to analyze incentives and changing risk profiles of current policies vs. assisted migration policies).

Oneconsequenc®f examining existing systeswas that theinstruments thatwere selectedor further
investigationwerethosethat could be applied under the current system without considethmse that
might requiremore fundamental changes to the systene(changesn rights or introduction omarket
based mechanisms, such as creating markets for new types of goods related to achieving adaptation
objectives. Thisapproachalso revealed@mmon crosscuttingnstitutional elementsthat influenced

both the consideratia of a particular tool (or set of tools) to promote certain actions (such as
facilitating stand treatments or altering regeneration strategies) and the effectiveness of such actions.
Whilethese appeared in the context of the instruments evaluated, theg @flect more systemic

issues in making and developing npaliciesmore generally A fundamental issue ithe divergence
between the different management objectives of the major actors within the system, principally
government and licensees, and thefdient time frame and planning horizon under which they are
making decisions€Compounding these are wetbcognized issues under the current forest management
system (difficulties in coordinating activities, a lack of lergn incentives within Timber Sply Areas

that make up much of the Provincial land base and Huredictional silos) that have also limited the
ability to shift the current system away from its historic timimemtric focus towards management for a
broader range of forest values.



The case widies and workshop resultgevealed ways in which these issues caihit to be addressed
without necessarilyequiring a systerwide changeThis wasspeciallyclear in thatall the case studies
highlightedthe consensus thaa new risk-sharing framework betweegovernment and thdicensees
was neededhat also took into accourthe risks faced bgther stakeholders. In doing so, such a
frameworkwould allow theincorporationof the wider set ofvaluesat riskthat could help motivat
actionby identifying thebenefitsand who would benefit (andonverselythe costs fran not

undertaking those actions) his latter point waemphasizedn the case studinvestigatingwildfire,
where changing climates are alreaidgreasing firerelated risks angputting decisionmakers in

positions of having to tradeff protecting timber against communityealthand safety and
infrastructure Informationalreadydeveloped throughexistingmodelingefforts can be usetb prioritize
areas and values aisk;one outcome of this is that itlentifies the wider benefits from reducing these
risks andherebysupports broader engagement from a wider range of stakeholdactuding not only
those affected but the potentially the broader publithese sharedo-benefitscan thensupport both
collaborative planning and the introduction of tools and instruments to carry out risk reduction activities
and contribute to funding those activities where necessarkisrisk-sharing frameworkvas also seen
asessentidas it highlighted thehanging profile of riskovertime, includingthe costs andenefitsfrom
adaptation actions and the distributionabnsequencesf changing existing pol&s orintroducingnew
toolsthat would influence acceptance or uptakeorexample, the wildfire and assisted migration case
studies illustrated that differences in types of risk, time frame and action could have different
motivational effects; for example, private sector actors may be more motivated where the benefits (i.e.
reduced fire risk) are more immediate and where they may be able to enjoy some of those benefits
through reducing the risk around harvesting activities; elsewhere, the letiges frame associated
with adaptation actionsvhere the benefits accrue far in thatfire (i.e. enhanced forest resilience for
future forests) may offer less immediate benefit and government may need to assume greater
responsibility.

One other benefibf the development of a risisharing framework is that it would provide the basis for a
risk communication strategy that would help support further actions, both for policy change but also
motivating action whether bgovernment practitioner, licenseeor other stakeholder Thiscame out
strongly in the case study looking at development pigsrand community wildfire sk, where there

were both opportunities to change individual behaviour as well as to change existing development
patterns that have historically not taken firelated risks into account.

Second, this focus on the costs (andhéfits) of adaptation activities points towards another key
question of whether or not positive incentives are needed to encourage adaptati@case studies

and interviews revealed that the lack of positimeentives wasiot necessarilya key issuén limiting
adaptationaction; instead, it wasoncerns abouthe disincentives created if these increased costs were
not recognized or if thegreated inequitiegwhether or not an actor undertaking an activity may be
penalized relative to othersPpportunties exist to address these concerns; for examplities may
voluntarily undertake suchctions wherehe opportunity exists to offset those increased costen if

there is no direct immediate benefitor example, funds raised within a specific areasupport

activities designed to reduce longtarm risks that could range from stand treatments to longem



monitoring efforts), otransition plans to address incraag costsassociated wittthangesn planting
regimes(where the system is designed tecognize those costs over the letggm but not in the short

term). Another example is that for the proposed pilot around collaborative planning, where the difficulty
was not in the resources required but instead making it a priority (rather tieating it as an additional
responsibility).

At a more systematitevel the project revealethe importance of working across the jurisdictional
boundaries (both within government) and across the different groups to identify promising approaches
and tools(where this involved government, licensees, professional foresters and stifezholders
including communityepresentative® For example hte secondworkshop resultsevealed thatwhile

many of the participants recognizedaldifficultiesin introduchgthese ideas into practiceat the
resourcesexpertise and ability tatart makingsome ofthesechangesalreadyexistssuch as for the
proposed pilotaround wildfire

More specific recommendations for individual case studies inclstheding informaibn (such as case
studies of communities using development permits and providing examples of model hylesdsice

fire risk), whichwasseen as highly effectivdhese observations are consistent with other examples of
innovation where efforts to encowrge early adopters can help facilitate longerm uptakeby others

of new strategies, ideas and tookor the Assisted Migration case study, participants identified linkages
between the need for monitoring, better information and increased availabifilpformation for both
foresters and licensees to make better decisions. Operational trials are important to building this
knowledge, as is a robust monitoring scheme that currently has gaps.

We found that there was widespread recognition by all stakehsld® the need to reduce risk on the
landscape and agreement on what those risks were. However, issues of perceived equity and existing
policies impede the ability to work collectively. While some resources are required, it was not seen as
the main barrier and case studies identified ways in which both planning efforts and implementation
activities could be financed from those enjoying the benefits of risk reduction. However, barriers to
moving forward involved establishing a new risk sharing framewarltinfiy ways to work outside of the
forestry sector to realize the broader landscape benefits; and overcoming jurisdictional silos within
Provincial governments. These issues of equity and integration are also true for the need to work more
effectively betwen different scales of government; there are actions local governments can take to
better mitigate risk in the wildland urban interface, but rather than imposing any such requirements, the
role of higher levels of government were seen in supporting lowatignment by disseminating

information and promoting awareness, rather than imposing mandates. Changing risks over the longer
term emerged as a consistent theme, and highlighted in particular a clear divergence between the
objectives of private parties arttie Provincial government emerges, due to the split incentives under
the current system. Here the need for agealuation of the current risk sharing framework between

the two parties was seen as essential, as well as the need to start reassessiieg poliecognize

where some risks are now becoming endogenous (i.e. due to existing policies and are not all
exogenous).
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Next steps

Clear recommendations emerge for the different levels of government. For the Province, while the need
for integratedresource management on the Provincial land base has been acknowledged as necessary
to reduce conflict and cumulative effects, there has been little progress in this regard, in large part
because of the scale and scope of the policy changes required ®vadhiat kind of management.

However, climate change related impacts (such as wildfire) that cut across sectors and the risks that
emphasize the importance of identifying the collective benefits to different parties from collaborating to
mitigate those riks (and share costs). So while the province may not necessarily move towards
integrated land management in the near future, at the same time these growing risks highlight
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support and vision within such collaboration can take place. More specifically, the wildfire case study,
underpinned by the experience of other jurisdictions dealing with wildfire risk (Western US and
Australia), identify fuel managemeand addressing increasing fuel loads as critical issues that need to

be addressed. The Provincial government has to identify these as a priority before action can take place.

Other levels of government can also contribute. The Federal government, andegyench as the

Canadian Forest Service (CFS), have extensive research experience and capacity, which is required to
help support sciencbased activities such as climate based seed transfer (given the strong scientific
component that is necessary to suppthe use of such an instrument), as well as support for

knowledge, not only among Provinces but also with other jurisdictions such as the US). A similar role
exists for the CFS in supporting research and policy development for fire risk, given igshsstony in
researching fire and fire management. There is also an important communication and information
dissemination role for the Federal government to play in promoting awareness (for example, drawing
form the development permits and wildfire caseidy on providing information to homeowner and

local governments on actions they can take to mitigate those risk).

CAYylLftfes GKSNB NS faz2z o0SySFT¥Aada FTNRBY (GKS 902y2YA
identifying possible synergies betwesame of the instruments identified in the case studies and risks

to forest values that could be translated to other sectors and resource settings, such as the use of
development permits and selavel rise, and where it is important to facilitate more proee

investment by private parties on public lands (e.g. roads, energy infrastructure). In addition, there are

also benefits from identifying where further development of analytic techniques, such aB€aosfit

analysis, can be further adopted to bettlustrate the issues involved in facilitating and enhancing

adaptation (as is revealed through the Clim&ased Seed transfer case study where the principal agent
problem is a potential barrier to planned adaptation activities).
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From an academic perspive, the research revealedehmportance of developing tools to better allow
the assessment of the benefits of proactive adaptation around risk reduction versus the costs of not
taking action Another example (taken from the landscape wildfire studyluldde better identifying

the tradeoffs between expenditure son fire suppression versus preventing or reducing fire risk. These
tools and methodsvould strengthen policy analysis and developmént will also requirecloser policy
attention to help develoghose toolsand techniques

Finally while these case studies and project focused on specific instruments or tools that could be
applied, they also revealed that this collaborative approach to assessment of adaptation needs and
policy and management actig is a productive way to promote adaptation actions, through
strengthening theadaptive capacity of the actors and system itself, overcoming in part some of the
institutional weaknesses currently present where actors are responding to different setseotiires
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Executive summary

Climate change poses important risks to the values we derive from our forests due to increasing risks

from fire, pests and maladaptation. In order to maintain those values or reduce potential future losses,

2YyS AYLRNIFYyG g1 @& Aa. /@3 KST2ZNB NRA AIAKI LI @2 01k F QR 6:
ways to mitigate these risks.

This document provides background information about the existing management context of publicly

owned BC forests including the perspectives of the major actors (i.ey maielopers and

implementers, industry associations and forestry operators) on current forest management objectives

and perceptions of climattl B f G SR NRA &1 a® LG Ay Of dzZRSa -makihg 2 N&E Q LIS N.
processes, key decision points fatagtation and potential opportunities to appgconomic instruments

to support adaptation. These ideas are supplemented by an extensive literature review that provides

examples economic instruments (some proposed, others in place) that have the poteraiddess the

three major risks (fire, pests and maladaptation) of climate change to forests. We also outline a set of

criteria that have been proposed to evaluate different types of economic instruments when considering
implementation.

This informations drawn from a series of structured interviews with policy developers and
implementers from the provincial government, representatives from industry associations and forestry
operators (e.g. consultants, licensees) in British Columbia; conversationsxpéh®in different

domains; and a literature review.

The existing forest management system in BC relies on a model in which ownership of land and forest
NBaz2d2NOSa NBYFAya ¢6A0GK GKS t NPOAYOS O6UGKS G/ NRoyED
granted to private forestry operators through shetd mediumterm licenses, many of them renewable.
Management activities are delegated to forestry operators who work within a complex framework of
regulations set by government (e.g. legislative and adstrigtive) that are designed to maintain

environmental and social values. A notable exception are those forestry activities carried out by BC

Timber Sales, a business unit within government that develops and prepares timber harvesting

opportunities withinthe timber sale program.

Within this context, the major objectives of forestry operators are to maintain access to timber
harvesting opportunities and ensure a secure fiber supply. Climedéted risks are only considered
important where they may have drdct impact on timber harvesting opportunities and, of those, fire
risk is the most important; risks due to pests and maladaptation are not viewed as a licensee
responsibility. Policy developers viewed all three risk areas as important, although thbsspetific
responsibilities in a particular risk area tended to view that risk as most important (i.e. reflecting their
organizational priorities). In summary, there are significant differences between industry and policy
developers regarding their managemt objectives, the risks to meeting those objectives and the
assignment of responsibility for mitigating those risks.



The important decisions for forestry operators relate to planning, harvesting and reforesting. Again, the
emphasis for forestry operats is on identifying timber harvesting opportunities, securing rights to
harvest that timber and maintaining timber flows while complying with government regulations. Policy
developers focus on their own specific organizational responsibilities or, icegeof information

providers, supplying information within that organizational area to the appropriate deeisaiers.

One consequence of this approach is a focus on individual resource values and a lack of integration
across values and among the diffatectors; there is no process (within government) by which to
prioritize these different values or systematically assess tcfte

Several important government policies were seen as directly influencing licensee decisions including the
tenure systemwhich influences investment certainty; timber pricing system, which influences the
economics of timber harvesting and approach to silviculture; and stocking standards, which affect
reforestation decisions. Other government processes had lesser effect thelsided the Timber

Supply Review (TSR) and Forest and Range Evaluation Program (FREP), which provide information to
statutory decisiormakers who can then influence policy or administrative decisions.

Several policies and programs were suggested toesidchallenges that exist within the current forest
management system and future climatelated risks, which have the potential to exacerbate existing
shortcomings. Suggestions included enhancing or expanding existing approaches or implementing new
approaches that have either been utilized in other regions or have not yet been tested elsewhere.
Examples of existing programs included utilizing drased rather than volumbased tenure

agreements; implementing mechanisms for coordinating landsdeye acivities; and introducing a
program to provide information about selecting enhanced seed. Innovative suggestions included
developing a program for Vulnerability Reduction Credits and incorporating adaptation into voluntary
forest certification programs. THeerature review also provides a summary of various economic
instruments that have either been proposed or applied to manage risks in forestry, agriculture and land
use. These instruments are organized by type and risk area to facilitate comparison.

Together, these ideas, proposals and examples are provided to spur discussion and selection of
instruments to explore through case studies within each of the risk areas. Supplementing the discussion
of potential instruments is a set of criteria by which takate these instruments, drawn from the
interviews and literature review.
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Introduction
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pests and maladaptation. Forecasts of climate change indicate increasing average temperatures,

changes in precipitation patterns amtcreasing frequency of extremegeather events (Day Rérez

2013). Climate change will create changes in microclimates, local site conditions, disturbances (e.g. fire,
insects, disease, drought, extreme storms), phenology (i.e. the timing of biologiedlyantier a year in

relation to climate) and the distribution, abundance and ecosystem interactions of invasive species.

OELISNI A& YyGIAOALIGS GKS F2ff26Ay3 LINA2ZNARAGE NAR&la&

1 Forest fires are expected e more frequent and more intense in the southern half of BC and
in the Taiga Plains, but less important in other areas of the province (Houghian et al. 2012);

9 Forest insects and fungal pathogens are expected to more fully occupy the current rangi of the
host tree species and expand ranges northward and to higher elevations along with their hosts.
More frequent and more detrimental pest outbreaks are expected in some regions when several
years of favourable weather align, which is more likely underecitirand projected climate
trends (Houghian et al. 2012); and

1 Maladaptation is expected to occur where the rate and magnitude of changes in the local
environment to which species are adapted occurs at a rate exceeding that at which tree species
can naturaly adjust (i.e. acclimatize, adapt and migrate) to changing conditions (Johnston et al.
2011).

In the field of risk management, priorities are established by estimating the level of risk as a product of
GO2yasSljdzSyO0Sé¢ oA ®SP A YI(CliddtadmpaosiErougeB0d) o Af AGex | a 7
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Thus, the level of risk is related to both the economic, social, cultural and legal consequences of an
impact and the likelihood of that impact. However, duditierences in perceptions of responsibility for
the consequences of fire, pests and maladaptation between policy developers and forestry operators.
within BC, these risks are prioritized and managed differently by various actors in the forest industry.
The BC Government, as the owner of 96% of commercial forest land within the Province, has the
fiduciary responsibility to be a steward and account for the multiple values of the forest while providing
adequate longerm timber supply to sustain forest depeadt communities (Bogle and van Kooten

2012). Forestry operators focus on sustaining their commercial operations; their planning horizon may
be short or longterm, depending on the types of timber tenures under which they operate, capital
investment and sategic focus. Ultimately, the Province, as the land owner, bears thetemg
consequences for impacts under climate change.



Forestpolicy developers and implementensive the challenge of balancing environmental values with
economic ones whildevelging a framework for forest management to support various forestry

activities on thdandbasewhile ensuring thamultiple values (many of which are unpricaontinue to

be provided over timeClimate change makes tlohallengemore complex because riststhose values

are changing, there is no formal risk evaluation process, relationships between activities and
management outcomes may change and objectives are also changing. While there is no simple solution
to this challenge, a partnership approach Wween public and private sectors can be employed to assist

in understanding how to best address those risks and identify solutions to help both parties to achieve
their objectives.

This research project @arganized around the following three important policy objectives of the British
Columbia Ministry of Forests, Lands and Natural Resource Operations (FLNRO):

4) Reducing both the risk of forest fire and the negative impacts that follow from forest fire,
espeially around protecting communities and infrastructure.

5) Ensuring forest health both in the shdadrm, by protecting against foregiests and in the
longerterm, byminimizing maladaptation.

6) Promoting forest resiliency that will minimize potential vedability to the impact of climate
change.

The goal of this project is to identify economic instruments with high potential to address climate
change adaptation in the forest industry, with a focus on forestry in BC. This includes both identifying
existingand potential economic instruments that could be applied and conducting detailed case studies
of potential economic instruments with applications to fire, pests and maladaptation.

This document presents preliminary research conducted from OctDleeember2013 regarding the
potential applications of economic instruments to support adaptation to climate change in British
| 2T dzYo Al Qa 0. ®/ ®Qa0 F2NBald AYRAdZAIGNE® LYy FT2NXIFGA2Y

Part A: Interview summangynthesizes the results of 20 intéews conducted with policy developers
and implementers from the provincial government, representatives from industry associations and
forestry operators regarding current forest management objectives, existing deeisiing processes
and key decision pots for adaptation, perceptions of climatelated risks, effective policies and
programs and opportunities to appiconomic instrument$o support adaptation.

Part B: Literature reviewprovides a summary of examples where economic instruments have been
implemented to address risks not only in the forest industry, but also in agriculture and land use. The
literature included sources and examples recommended by five experts in the field of climate change
adaptation and the 20 interviewees.



The intentio of this document is to stimulate thinking about how existing or innovative economic
instruments could be applied to the three climatelated forest risk areas upon which this project is
focused: fire, pests and maladaptation. The contents of this docinvél provide a foundation for

selection and investigation of three detailed case studies of potential economic instruments for analysis
during the subsequent phase of this research project, from M&rebhember 2014. This information, as
well as informaibn from the case studies, will be made available in a final project report, to be
completed by the end of December 2014.



Background

FLNRO has undertaken some initial steps to address the challenge of climate change. First, it has

outlined several pridty areas where actions could be implemented on the timber harvesting landbase
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include the following:

9 Build fireresilient landscapes: Conduct landscape wildfire risk assessments, and implement
treatments for fire resilient landscapes on priority areas.

1 Undertake silviculturtreatments to influence stand structure and, thus, wildfire behaviour and
severity?

1 Support assisted movement of species into biogeoclimatic zones/subzones where they are not
currently considered as preferred or acceptabld @S ® S A (| o-Cof @ERY SV HY RFQ Wy 2
species).

1 Encourage increased establishment density to account for the risk of mortality ef non
conventional species or specify a reasonable reduction to the free growing stocking density if
the reduction is associated with a higher risk ofrtatity in nonconventional species.

1 Encourage conifer mixes when conifer management is the chosen strategy

1 Develop strategies at the TSA level to address climate change considerations at scales broader
than the stand. Include landscape level speciesagjias that consider both the free growing
stage and past free growing.

1 Devise an approach to free growing that ensures all harvested stands are stocked with healthy
crop trees at age 20.

1 Incorporate diversity and ecosystem resilience principles into B&Stfoarbon project
opportunities and help leverage investments into public forest lands.

91 Develop approaches for incorporating climate change into inputs for timber supply analysis.

1 Find ways to ensure adaptation is built into management of other values as riparian,
streams and water quality and practices such as road standards, slope stability, etc.

These areas encompass desired outcomes (e.g. fire resilient landscapes) and strategies (e.g. species
diversification) that are known to mitigate risks®ry K y OS | F2NBaliQa FoAfAGe (2
impacts.

1 For a complete list, visit the FLNRO Forest Policy and Guidance webpage at
http://www.for.gov.bc.ca/het/climate/knowledge/policy.htm

2 For details of silvicultural practices see: Resource Practices Branch (no date) Silvicultural Regimes for Fuel
Managemen in the Wildland Urban Interface or Adjacent to High Landscape VelGesdance.

4



The challengés toi) articulatedesired outcomege.g. maintain harvest level, age class distributem)
howthey may beassessedj) identify risks to those outcomes and/or valuéi$) determinehow to
mitigate risksand iv)identify a particular strategy and/or actioto mitigate risks. Guidance and context
specific information about potential impacts has been identified as a key issue by forestry operators
(ABCFP 2013).

Beyond having identified desired outcomes and strategies and the challenge of selecting strategies,
FLNRO now faces the challenge of working with forestry operators to implement the desired actions on
the timber harvesting landbase. There are two basi@gypf instruments that FLNRO can use to

motivate these actions: regulatory and economic.

wS3dzA F G2NE AyadNHzySyda 02N wO2 YYl-ghfercdabfeRule©yy i NB £ |
which forestry operators must abide when engaging in forest plamand management and carrying

out forest practices. These instruments establish an acceptable level of performance which all forestry
2LISNF G2NB Ydzad | OKASJS o -00KaSSERS adil vy RY ANIRKASE NI 6oNSS [ 6dish NOVKy
operators to carry out etions in a prescribed way) or performanbased (specifying a certain target

outcome that typically has to be achieved (Stavins 2001).

The United Nations (1997) describeoromic instrumentssfiscal and other economic incentives and
disincentiveglesigiedto incorporate environmental costs and benefits into the budgets of households
and enterprises.They aim to encourage environmentally sound and efficient production and
consumption through fultost pricing such as taxes or charges on pollutants aasleydeposirefund
systems and tradable pollution permitd/here properly designeagtconomic instrumentsan provide

more efficient and coseffective ways of meeting environmental objecti&avins 200%)A criticism

of regulatory approachess thatfirms are only encouraged tmeet a minimumyegulated levebf
performance Witheconomic instrumentsfirmshave the flexibility tamprove their performance as

long as they determine it to be in their best intereStich instruments may still requireegulatory
intervention; however, the regulation supports the introduction of an economic incentive or
disincentive (e.g. a tax on an input or output that creates environmental damages, such as a Carbon Tax)
that is expected to achieve a desired objectinere efficiently.

3 United Nations (1997lossary of Environment Statistics, Studies in Methods, Series F, .NNev8% ork, USA
http://stats.oecd.org/glossary/detail.asp?ID=723

4 Stavins discusses markiedsed instruments designed around achieving environmental outcomes, but notes that
there are similar instruments that can be applied to managing natural resources (i.e. sysd¢ans for fisheries,
tradable development rights). Econonbiased instruments include markbéased instruments but add behavioral
instruments, which do not necessarily involve changing the economic incentives around detadiog but

instead influenceutcomes instead around how information is presented and choices can be structured.
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Economic instruments are intended to promote autonomous adaptation on the part of individual actors
(e.g. forestry operators) and share climate related rigksgningeret al. 2011)However,in contrast to
mitigation of climate changampacts (e.g. reducing carbon emissiotisgre has been little work done

to explore potential applications of economic instrumetdslimate changedaptation(Brauningeret

al. 2011) A description of the types of economic instruments that could bdiagpan be found in Part

B of this document, each preceding a description of the instruments currently in place.



Part A: Interview summary

This section summarizes the results of 20 interviews conducted with policy developers and
implementers from the preincial government, representatives from industry associations and forestry
operators regarding current forest management objectives, existing deeisaking processes and key
decision points for adaptation, perceptions of climaiedated risks, effectivpolicies and programs and
opportunities to applyeconomic instrument$o support adaptation. Table 1 lists the affiliations of each
of the interviewees; the number of interviewees affiliated is noted in parentheses. A list of interview
guestions, by typef affiliation, is included in Appendix I.

Tablel. Affiliations of interviewees by type of affiliation.

FLNRO Industry

Resource Stewardship Division Forsite Consulting (1)
Harvesting and Silviculture Practices, Resour| Kalesnikoff Lumber (1)
Practices Branch (2) West Fraser Timber (1)
Strategidnitiatives, Forest Analysis and Western ForesProducts (1)
Inventory Branch (1)

Tree Improvement Branch (2) Associations

Association of BC Forestry Professionals (1)
Association of BC Forest Genetics Council (1
Council of Forest Industries (1)

Coast Forest Products Association (1)

Tenures, Competitiveness and Innovation
Division

Competitiveness and Innovation Branch (4)
Forest Tenures Branch (1)

Integrated Resource Operations Division
Wildfire Management Headquarters (1)

Timber Operations, Pricing & First Nations
Division
Timber Pricing Branch (1)

Information gained during the interviews is synthesizegtovide insights related to the following:

Objectives

Decisioamaking processes

Perceptions of risk

Examples of effective policies and programs
Opportunities to support adaptation
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Objectives
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complywith existing regulations and systeni®&emoval of access to timbered areas for future harvesting

and any constraints that may make it infeasible to harvest are of primary concern.

The forest managemertbjectives of policy developeee many and varied among the different
BranchesBroadly, the 20121 n Mo aAYA&aUNE {SNBAOS tfly O2YYAGAY &«
that our natural resources are managed in an environmentally sustainable wagwoagsustainable

S 02 y 2 Sp&difi€ Branch objectives are related to the following:

9 Strategic analysistatutory decision makingndpolicy development (Forest Analysis and

Inventory Branch)

Gonservation and sustainable use of forest and range I&Relsource Practices Branch);

Conservation oforest genetic resource@ree Improvement Branch);

Economic prosperity, land and resource stewardship and safety (Forest Tenures Branch);

Climate change (mitigation and adaptation), Aiimber forest products, faest carbon

opportunities and the foresbased bioeconomy (Competitiveness and Innovation); and

9 Fire hazards and risksarticularly in and arountligh-value areas (e.g. communitie@yildfire
Management Branch)

= =4 =4 =

Decision-making processes

Forestry operatok Q RS OA&AA2ya FNB LINAYIFNARf& NBEtFGISR (2 KIND
stands as quickly as practicable (e.g. within atd@5-year timeframe) as defined by theorest

Planning and Practices Regulat{®&®PPR) of thEorest and Range Ptazes Ac{FRPA), which specifies

that free-growing conditions must be achieved within 20 years. Harvesting decisions are typically guided
by what stands offer the highest return and which ones are available (i.e. in the Timber Harvesting
Landbase). ForeStewardship Plans (submitted to the government) describe in general terms the
strategies that the licensee must meet/adhere to during implementation of harvesting and forest
renewal and how strategic objectives will be met but often lack specificity awabsorable indicators. In
preparation for harvests, licensees prepare site plans (kept on file by licensees but not submitted to
government) and obtia approval for cutting permits

Legislation in BC requires registered forest professionals to prepare fiiass, and professional
reliance requires them to certify that they meet principles of good forest stewardBbigsters are
bound bycodes of conduct and standard of practice, including a Code of Hihimscordance with the
Foresters Acandbylawsof the Association of British Columbia Forestry Professionals (ABCFP). They
must not only meet regulations related to forests and forestry, but also other environmental and
planning requirements including the fede@pbecies At Risk AMigratory Birds Cavention Aciand
Fisheries Acthe provinciaWildfire Actand Regulation anBnvironmental Management Affor smoke
from burning of slash); land designations (e.g. Ungulate Winter Range); planning regimes; etc.

5 Seehttp://www.bcbudget.gov.bc.ca/Annual Reports/2012 2013/pdf/ministry/flpdf
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Approval of cutting permits rests withe District Manager but must be issued in accordance with
Provincial policy. One interviewee stated thhbst-term cutting permit authorizationand other

approvals and appraisalequire considerable time and resourcesadminister and demand a high

degree of government resourceBut there was divergence in opinions: another interviewee saw these
cutting permits as more of a formality once clearance checks and First Nations consultation have been
completed and that any additional costs were coverecdimithe appraisal process (under the tenure
obligation adjustment).

Ly ¢{!az NBLXIYGSR GAYOSNI adlyRa NBYlIAYy (GKS f A0Sy
free-growing. Forest professionals determine when fggewing conditions haveden achieved and
prepare declarations to FLNRO under the Forest Planning and Practices Regulation (FPPR).

Industry representatives and forestry operators expressed frustration about a lack of harmony among
the various requirements and the associated regoils (e.g. smoke and fire are regulated under

separate regulations and by different government agencies). They also reported working with a broad
range of stakeholders including ngovernment organizations (NGOs), communities and government
representaties to achieve multiple objectives related to visual quality, water quality, watershed
integrity and Ungulate Winter Range. Forestry operators reported working frequently with First Nations
and communities as important stakeholders.

Government direction idefined by legislation (e.g:RPAForest ActWildfire Ac) and various key

policies including the Chi€f 2 NB & (i S NXXar SepdiUseg/aRd StiBking Standgtutsth referred to

in Provincial legislation) and those related to tenure, appraisaher pricing forest licensesfree-

growing requirements andiildfire.L y i SNBa Ay 3t &3x GKS aSY2NlyRdzy a/ 2y 3
When Addressing Loag S NY C2NBad | St dK Ay {G§201Ay3 {{iFyRINRZ
influencing decisions during ¢hinterviews with eitheforestry operatorsor policy developers Of these

policies, tenure and appraisal were reportedbe the most rigid and the most significant in terms of

influencing behaviour. Forest practices policies and Stocking Standardsepereed to be more

flexible, but they are constrained by tenure and recognition of additional costs in the appraisal system.
Decisions that shape policy and standards are typically made at the executive level (e.g. Chief Forester,
Assistant Deputy Minists) using information and recommendations provided by Branch staff.

Implementation of executive policies occurs at the Branch level in accordance with Strategic and Annual

plans. There were also differences in opinion about the stringency of requirerasstsiated with

Stocking Standards, reflecting some confusion.

Several policy developers expressed that their role was focused on data analysis and delivery of
information rather than making decisions, while some reported being responsible for program
management, budgeting and communications. However, it is important to note that representatives
from operational (e.g. regional) government offices were not included in this round of interviews.



Timber Supply Review

A key analytic task undertaken by theo®incial government is the Timber Supply Review (TSR) that

provides information to the Chief Forester who then determines sustainable harvest levels for
YIyFE3aSYSyid dzyada o6¢{!Qa FtyR ¢C[Qav 2y I RSOFIRIf o
through the Forest Tenures Branch.

. SOl dza S 2 F -téri Qanning eriendiatioh, & gpPears to have the potential to be an effective

G222t G2 SEGSYR ft A OSynakighiogronlidehcygnypasy [Engerry pRojeBiGnOA & A 2 Y
020K Ay ¢H{N QS DIKES NBNE 2dziaA RS GKS LINRPOSaaoy odzi | f
Forestry operators appear reluctant to support the incorporation of climate change projections into the

TSR because of the degree of uncertainty about how-terrg timberavailability will impact shorterm

timber availability; however, improved scienbased information could alleviate some of their

concerns.

Monitoring and Evaluation: Forest and Range Evaluation Program

The Provincial government currently maintasrsgoing programs around monitoring and evaluation of

forest management outcomes (i.e. the Forest and Range Evaluation Program, FREP), along with

compliance and enforcement activities. FREP, while suffering funding challenges, and lacking key

feedback loopso decisionmaking, has been developing mechanisms by which to generate and

disseminate information and make it available to forestry operators, government and other decision

makers to inform policies and practices. As an example, FREP can providelegajiat 2 F f A OSy aSSa
performance within a Timber Supply Area and has started doing so on an individual basis (Bradford

2013).

Perceptions of risk

Interviewees were asked how important the three risk areas associated with climate change impacts
(fire, pests ad maladaptation) were to their decisions. Interviewees described experiencing a great deal
of uncertainty about how risk is assessed on the landscape and who holds the responsibility for those
risks. Under the current system, government is predominantpo@sible for risks related to fire, pests

and maladaptation, particularly in voluri®sed tenures. Forestry operators are concerned about fire
and, to a lesser degree, peaslated risks as they relate to shetdrm timber availability and feel that

their responsibility is to meet regulations, including silvicultural requirements. Thus, they do not feel
ownership of climateaelated risks beyond impacts to their operations. Forestry operators reported that,
on Crown Land, the Crown should be making thedsgmvestment in mitigating forest risks.

Forestry operatorglso expressed more concern about extreme events than changes in averages (e.g.
precipitation) due to climate change and prefer a cautious, scityased approach to adaptation that
allows roomto integrate new informationThey also reported concern about the potential for drastic
government action on climate change without adequate compensation mechanisms in place.
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Among policy developers, fire, pests and maladaptation are equally impowéhtyariations in relative
AYLERNIFYyOS RSLISYRAYy3a 2y SIOK AYGSNWBASsSSQa NBaLlSO
climaterelated risks (e.g. fire, pests, maladaptation) is perceived differently by forestry operators and

policy developers. Pigly developers are interested in creating incentives to encourage licensees to

adopt more longterm planning and decisiemaking with respect to forest management (e.g.

harvesting, reforestation) because of the effects on the kargn timber profile and isks on the

landscape.

Examples of effective policies and programs

Area-based tenures

{ SOSNIYt AyiSNWBASSsESSa SELINBaaSR GKFd tA0SyasSSaq ¥2
tenure types (e.g. volumbased versus arebased tenures). Where wohe-based tenures exist, there

are multiple licensees and other actors (e.g. agriculture, recreation) engaged in different activities on

GKS flIryRoF&AS FYyR I fA0SyasSsSqQa O2yySOiGAz2y 6AGK | L
This can also beeue for areabased tenures as well, although the problem of coordinating multiple

GAYOSNI f AOSyasSSaQ OGAQAGASE A& oaSyid olFfiK2dAK
FOUGABAGASAOD Ly ¢{! Qazx ¢A( K temd to@iddirusi nentdfitgand y SR 2 LI
make any type of long term integrated planning tremendously difficult. For this reasorbasedl

tenures are believed to offer greater opportunities for longer term, integrated planning and monitoring.

Collaborative planning

Innovative Forest Practice AgreemernitSRAswere introducedto faciitate enhanced forest

management by licensees in TSAs, while Forest Practices Code pilot projects were introduced as ways of
testing alternative approaches to meeting forestmagement outcomes rather than the prescriptive,
Codebased system in place at the time. Both programs used several different types of tools (e.qg.
agreements and pilots) and were introduced with mixed results; not all have been sustained. However,
two ongong examples of forest management stemming from those programs (i.e. an IFPA in Merritt and

a pilot project in Fort St. John) introduced new approaches that some interviewees suggested warranted
further investigation, as both were based on collaborativenpiag.

The Provincial government also introduced Defined Forest Area Management (DFAM), which was
intended to offer more general tool for licensees a way to move forward on collaborative planning.
However, DFAM encountered resistance, in part becauserafezas that licensees would be taking on
additional obligations without a clear description of what those obligations could entail and how these
additional obligations would be funded.
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Professional reliance

Both forestry operators and policy developersted that the professional reliance model undeRPA

has demonstrated successes. Professional reliance is believed to offer the flexibility necessary to keep
up with changing conditions because changes to legislation occur slowly; interviewees alsedeport

high rates of compliance with existing standards and regulations (e.g. Standards for Seed Use, Stocking
Standards).

However, other interviewees also noted that a goaF&PAad been to facilitate innovation in forest
practices but that these types pfactices or ideas have failed to materialize, suggesting that pressures
exist on professionals, as employees, to minimize silviculture and reforestation costs to licensees.

Responsibility for regeneration

Several people commented that the shift towaitkhsee obligation for regeneration has been largely
successful (e.g. increased licensee investment in seed orchards) but that there have been unintended
outcomes (e.g. overeliance on pine as a reforestation species). Interviewees reported that, over tim
ratcheting down of allowed costs through the appraisal system has reinforced a focus on minimizing
costs. Therefore, identifying ways in which these types of policies can be adjusted to account for
unintended outcomes could increase their effectiveness.

Climate -Based Seed Transfer

Several interviewees reported the success of the ClilBateed Seed Transfer (CBST) program. Success
is believed to be due, in part, to the partnership approach used to develop and refine the program. The
Tree Improvement Braoh works closely with the Forest Genetics Council (FGC) of B.C., which provides
oversight to the CBST program through strategic and business planning processes. The FGC includes
technical advisory committees from the Coast and Interior regions for cgstaigram areas (e.g. seed
transfer and genecology, communication, genetic conservation) and offers a strong community of
practice. The Tree Improvement Branch also has strong ties to the Chief Forester because the Chief
C2NBadSNRa { il y Rdgalgeaforceabldl) { SSR ' aS | NB

Thus, the Tree Improvement Branch receives direction from the ADM and Chief Forester but also has a
parallel process that helps with strategic planning and investment. Both forestry operators and policy
developers have been suppomtiof this process, to the degree that government is having difficulty
keeping up with the demand for information. Forestry operators report altering their planting decisions
based on information delivered through the CBST program; however, the degreddo adctisions are
changing is not currently being monitored by government. A need for tracking in order to evaluate
program success was identified.

12



Opportunities to support adaptation

Integrated resource management

Several interviewees were stronglyfavour of a collaborative, landscafevel planning process that
includes multiple actors and operations on the landbase. Some policy developers did report that they
are currently working with other Branches to develop landselgpel objectives and targstbecause
existing targets identify stankbvel standards that tie to provincial objectives and do not address other
scales (e.g. genetic diversity at the landscape level or management unit). Policy developers expressed
optimism that a new policy framewomkill focus more on the landscape level and will provide flexibility
as needed.

A shift toward integrated management was proposed help to share and mitigate risks among actors on
the landbase. It was noted that incidence mapping (e.g. where fire hasred3wan help to identify

where problems occur but does not mitigate risk; however, these types of maps could be used to
identify what species could be planted where and at what density to mitigate risks.

Type 4 Silviculture Strategies were noted as xangple of a mechanism to bring all actors together to
develop spatiallyexplicit forest management plans; however, these were reported to be happening only
on a portion of the landbase (e.g. areas affected by Mountain Pine Beetle) and include a weak climat
change focus.

Interviewees noted the need for policy developers to develop and implement a tool to identify how
short-term actions on the landbase can and are changing the risk profile; otherwise, forestry operators
will continue to operate within the @gting system.

There is clearly interest on the part of forestry operators and policy developers in developing planning
processes to manage for multiple foreslated objectives and risks, such as managing buffers for fire

risk. These processes could identify ways arshieforestation or silviculture costs with municipalities

and other organizations. The West Arm Interface Steering Team (WIST), which is mateeupityf of

Nelson, RgionalDistrict of Central Kootenay, local fire departments, forest companies, Minysof

Forests Lands and Natural Resources Operations, Wildfire Management Branch, Ministry of Environment
and BC Parks and other local organizatiaves offered as an example of a collaborative approach to

risk (i.e. fire) management. This type of prajean help to manage wildfire fuel sources on the

landscape while reducing carbon emissions associated with burning slash.

Another example of an innovative project in integrated management of multiple values, including
timber, was reported to be ongoing &tella Lake. Here, forestry operators have begun to explore and
model possibilities for managing multiple values (e.g. wildlife, water) effectively at the landscape if
regulated setasides are relaxed. This work is ongoing; however, one interviewaadgipreliminary
results are encouraging.
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Two interviewees noted the use of this type of an outcabased approach (i.e. regulating for desired
forest management outcomes, rather than practices) in Alberta and Saskatchewan. Further investigation
of thistype of approach may yield specific ideas for future analysis.

Potential applications: Firpestsand maladaptation

Public -Private Partnerships

One interviewee described a forest carbon partnership program with private sector actors that was
launched inMarch 2013. The Provincial government is responsible for approximately 17 million hectares
of forests that were damaged by Mountain Pine Beetle (MPB). The program is focusedstabieshing

and restoring these damaged forests by targeting stands ttetiher at high risk of wildfire or in

urgent need of silviculture. It focuses on managing net carbon over the landscape; not carbon
sequestered in trees. Private partnership with the Carbon Offset Aggregator Corporation helps the
government to achieve manting and silviculture by providing connections with businesses looking to
invest in Corporate Social Responsibility. In essence, the Crown benefits from having trees planted while
retaining ownership of the land, but the company retains the carbon benéis type of partnership

can help to fill the funding gap that currently exists within government for managing forests with

respect to climaterelated risks (e.qg. fire risk or pest and disease treatment).

One interviewee described a proposed ldpasel silvicultural organizationlhis concept is modelled

after the Stewardship Contract approach in use in the National Forests of the westerm tHs model,
government would provide a multiear contract to a company that would confer rights to timbed

an obligation to restore the forest to a specified condition. The contract bidding process could result in
either a positive sale balance or a negative contract cost for a defined contract area in the range of
hundreds to thousands of hectares. Thigpagmach was noted to be particularly useful for forests

affected by Mountain Pine Beetle, levalue species assortments or higansity stands of low quality

and poor growth. The contractor and the industry were reported to benefit from the sale efddume

or low-value fibre that is recovered through the restoration work, while government benefits by the
restoration of degraded or lowuality stands.

Potential applications: Fir@estsand maladaptation

5 Seehttp://www.fs.fed.us/restoration/Stewardship_Contracting/
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Vulnerability Reduction Credits

One interviewee dscribed this relatively new type of instrument. Vulnerability Reduction Credits offer
another type of financing mechanism for forest management by considering how different actions

reduce risk on the landscape (e.g. replanting with a few different treeiepao reduce vulnerability to

a particular disease agent). While concept is in a nascent stage, the interviewee was interested in how to
integrate this type of thinking into other programs; for example, by using vulnerability assessment to
examine risk$o social and ecosystem components and potential impacts of climate change. It was felt
that a precursor would be to establish high, medium and low risk ratings and then figure out what is
required to move from a higher risk rating to a lower rating.

Potential applicationsMaladaptation

Forest Health -National Forest Pest Strategy

One interviewee noted the need for a coordinated, inpgovincial and territorial strategy for managing

LISaid AaddzSa & ' KAIK LINA2NAGEdo6RBAza$20ISRGGKE & dS
required to establish cost sharing agreements to manage pests occurring in one jurisdiction that may be
threatening several jurisdictions. The Mountain Pine Beetle outbreak in Alberta was offered as an

example: it is driveiby climate change and threatens all provinces to the North and East. The

interviewee also noted that nonative invasive species are becoming established in one province and
spreading to others.

From a national perspective, it was noted that there no lEmexists a natiotwide pest survey or

monitoring program that can detect changes in pest behaviour related to climate change. Provinces like
Quebec, Ontario and New Brunswick, which have a monitoring plot network and budget for an annual

ground based sury (designed primarily to monitor for eastern spruce budworm), are able to capture
OKIFIy3aSa Ay @FNA2dza G(GelLlSa 2F LISad RFEYF3IS 20SNJ GAYS
monitoring and the province has no funding for such an intensive platort It was suggested that

such a pest monitoring program could make use of the permanent sample plots operated by the Forest
Analysis and Inventory Branch, which already collects forest health information. The Forest and Range
Evaluation Program (FRER)ludes a program on Stand Development Monitoring that is similar to a

silviculture survey and may be able to detect gross changes over time.

The National Forest Pest Strategy (NFPS) was initiated in 2008 by the Canadian Council of Forest
Ministers (CCFMY.0 date, it has produced a national risk response framework, an inventory of
monitoring efforts and methods across Canada, case studies for natev@hlpests (i.e. MPB , spruce
budworm, brown spruce longhorned beetle, emerald ash borer, sudden oak)daad identified

science and technology investment priorities to deal with national level issues. Future projects look to
improve the linkages between the NFPS initiative and the CCFM climate change task force.

Potential applicationsPests
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Climate -Based Seed Transfer

Interviewees felt that the policy components that deal with tree species and migration have the

potential to facilitate adaptation. It was noted that forestry operators are pushing for more information
and direction related to CBST and tipaticy developers are having difficulty managing expectations
because redesigning the existing system involves significant business transformation; policy developers
stressed the need to approach this in a stepwise way. It was suggested that implemematyooccur
incrementally, in a phased pilot approach (e.g. with early adopters), but that the information and
approach is transformative.

It was noted that the original seed trading policy used when interior spruce orchards were coming
online to encouragéorestry operators to trade in natural stand seed for orchard improved seed was
successful. Less improved (e.g. natural, not collected from a seed orchard) seed was tradEthks A
inventory, which created a shift toward improved seed and reduced imessts necessary for forestry
operators to collect natural seed. Recently, it was noted that interest in seed sharing cooperatives has
been growing. At present, all actors own seed individually (e.g. buy seed or own orchards) and manage
their own seed prdfes. Sometimes government must purchase seed from licensee orchards when
demand for certain seed is high. The impacts of future CBST program expansion on government seed
inventories is not known, but government may need to revisit the issue of develagihigatebased

seed cooperative because inventories originally developed for specific areas may be more appropriate
for other areas. This was noted as a possible option to explore.

One interviewee reported that the Standards for Seed Use can be inflexidladd costs. Also, there

was concern that the government both makes the rules regarding seed use and sells the seed, which
could present a conflict of interest. Some interviewees suggested that stumpage and appraisals could
provide avenues to promote aghtation by offering cost relief to licensees since some of the barriers to
adaptation are related to costs (e.g. of planting new species or finding new seed). Another interviewee
suggested that government could pay for additional silviculture costs ieddor adaptation by

describing specified actions (e.g. planting species to increase diversity within an area). By counteracting
perceptions or recognizing costs through appraisal, it may be possible to create incentives for
adaptation.

Potential applicatins:Maladaptation

Operational and risk information

Forestry operators identified a need for more specific information regarding management guidance and
operational decisiommaking related to reforestation and harvesting, including how to address potential
future climate change impacts through current management practices. For example, shifting the range
of current planting can have negative consequences (e.g. snow or frost damage), even though climate
projections suggest that planting may be appropriatéhi@ future. Forestry operators are eager for

better information to reduce uncertainty regarding the impacts of management decisions. One
interviewee noted that they are working to develop a Species Selection Tool, which would provide
information on specis with multiple objectives and help foresters to make decisions that address other
objectives.
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Information could also be made available to forestry operators to encourage them to identify and
prioritize more vulnerable stands. This information could bavjated in the form of a forest risk rating,
which would enable forestry operators to determine what actions they can take now to reduce future
risks.

Further, interviewees suggested that there is a need for a risk framework that outlines obligations of
forestry operators and government and provides a failsafe. At present, there is no overall assessment of
risk or process for managing and mitigating risks to forests. One interviewee suggested either placing
greater responsibility on the current owner (itee public and government) or transferring more
responsibility and security to the tenant (i.e. licensees) by clearly assigning responsibility for risk. What
this type of risksharing or risk framework would look like remains to be identified; howeves, on
interviewee proposed that framework development should be undertaken jointly by licensees,
government and other actors as partners rather than using a legislative apprdacRkorfest

Stewardship Plannin@-SPprocess wagrovided as an example: FBRially focused on innovation and
adaptation, but when changes were presented, impacts on the landbase and unknown outcomes
became barriers to cooperation due to potential impacts on timber supply

As mentioned earlier, FREP has started providing dmmesees with customized reports on aspects of
their performance. This kind of reporting can be useful in changing behaviour first by alerting licensees
to how they are performing (where they may lack that information) and also for more public disclosure.

Potential applications: Fir@estsand maladaptation

Legislative changes

Interviewees recommended amendments to promote fire prevention at the wildlaén interface
through theLocal Government Adeunding from the Provincial government to local gomeents to
conduct fire preparedness has already been increased to 95% of the total cost.

It was noted that a section of theorest Actmay be reviewed to include landscape fire management
planning as a requirement under FRPA. This change would redumesat companies to consider a fire
management objective when undertaking land management activities.

Amendments to thd.and Acimay also be considered to designate a special management zone around
communities to specify that twkilometer buffer must e managed specifically for firelated

objectives. This would prioritize fire management over timber supply or other aspects within those
areas.

Potential applications: Fire

Financial incentives: Insurance

It was reported insurers may consider raisingpirance rates for high fire risk areas to create private
incentives for individuals to reduce risks through FireSmart activities or public incentives for local
I320SNYYSyGa (2 oNAY3I AYRAGARIZI £4Q NI GSa R26y o8

Potentialapplications Fire
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Stocking Standards

Approval of Stocking Standards and the release of free growing liability are important decision points for
forestry operators. Stocking Standards also have a direct impact on silviculture costs; consequently, they
canKl @S | &aiGNBy3a AyTFidzSyOS 2y FT2NBaGNE 2LISNIi2NERQ F
offers one uniform rate for each given area (e.g. ecological classification, management unit) for

replanting for a given set of conditions based on a histawv&rage cost generated from industry cost

surveys. One interviewee suggested the possibility of offering a tiered rate to reduce the disincentive for

doing something different.

Forestry operators also expressed that the existing regulatory framework soeestifles the

opportunity to be creative. For example, if forestry operators decided not to follow Stocking Standards

in order to adapt to expected, localized changes in future conditions, their Forest Stewardship Plans
would not be approved. Forestryperators did express that the existing, resthi@sed system offers

more opportunities to be flexible than the previous Forest Practices Code; however, objectives are fixed.
Insufficient flexibility exists to experiment with various potential outcomes umtimate change (e.g.

using growth and yield plots, fertilization) under the current rules. Forestry operators felt that different
approaches to stocking standards, harvesting regimes and other practices should be encouraged
through a more incentivasedapproach rather than a regulatory framework.

Another interviewee described a need for independent, professiowtibigned, regionatcale Stocking
Standards that are based on local factors and local experience. The interviewee felt that the current
Standards are fettered by too many individual biases and agendas to truly achieve effective outcomes.

{SOSNIf AYyGSNBASESSa y20SR GKS AYLI OG0 2F LINBJIAfA
willingness to incur costs associated with adaptation (e.gd seiviculture). These interviewees
acknowledged that existing approval processes offer some flexibility, but that because financial
resources are limited, forestry operators are seeking ways to minimize costs; these lowered costs are
then reflected in laver silviculture appraisal cost estimates in subsequent years, which reinforces
disincentives to incur additional costs. One interviewee reported that the current timber appraisal
system effectively ratchets down silviculture costs, but that there is nohaeism to allow costs to

increase other than through a general agreement among licensees to increase costs, thereby having
these reflected in future industry cost surveys. They noted that licensees would be willing to spend more
money on replanting andlgiculture, but only if the benefits will be returned to them in the long term

or if shortterm monetary incentives are provided.

Potential applicationsPestsand maladaptation
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Timber Supply Review

The TSR, which is designed to project future tindeilability, utilizes existing and historical knowledge

of productivity, practices, disturbances/risks and management decisions (i.e. current practice).
Alternative future management projections or changes to growth and disturbance rates over time are
typically not addressed. Adapting TSR to incorporate exploration of alternative future conditions and
management practices could highlight vulnerabilities and make a strong case for adaptation strategies in
the short term.

Potential applications: Firpestsand maladaptation

Timber pricing

The current stumpage system was reported to incentivize harvestingnfigurations that maximize
cost recognition and log values/volumeot necessarily where forest management intervention is most
needed It was recommeded that changes to the appraisal system could create incentives for
harvesting for other objectives, such as forest health, possibly by linking stumpage to the
aforementioned forest risk rating. Tiered silvicultural costs were also proposed as a veayite the
disincentive for licensees to invest in additional or more costly silvicultural treatments.

Potential applications: Fir@estsand maladaptation

Long-Term Forest Health Test

One interviewee noted that this test could be used to ensure that toyesperators consider climate
change; however, forestry operators did not report that this test was applied for this purpose. The test
was reported to suggest that forestry operators should consider forest health beyond the first 20 years
after reforestaton. TheLongTerm Forest Health Tesould be reviewed through a climate change lens

to present opportunities for adaptatian

Potential applicationsPests

Forest Resilience: Forest certification

Both forestry operators and policy developers expressedemlknterest in addressing maladaptation by
incorporating targeted considerations into existing forest certification protocols. Intervieweabhdelt
certification could create markets for desired outcomes and appropriate baselines and measures.

Potentialapplications Maladaptation
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Support existing policy and guidance

Interviewees reported that FLNRO is entering a new policy cycle. FRPA has been in force for 10 years,
which means that the provincial government is due teergage on the policy front. Was noted that

all policies are being examined in terms of professional reliance and ability to address uncertainty.
Changes in policy offer new opportunities to address adaptation and mitigate unintended outcomes of
original policies.

FLNRO has develop#tk following policy and guidance documents to support adaptation:

Climatebased Seed Transfer Interim Policy Measures

Mixed Species Options for Forests for Tomorrow

FFT Assisted Species Migration Guidance

Consideration of Climate Change Wherdfssing Lond erm Forest Health in Stocking
Standards

Silvicultural Regimes for Fuel Management in the \AfildIUrban Interface or Adjacent to High
Landscape ValuesGuidance

Tree Species Selection Tool

Guidance for assessing FSP stocking standards

Flexibility options in FSP results or strategies

Guidance for the implementation of western larch into FSP and $¢dRing standards in areas
of assisted range and population expansion

FRPA General Bulletin (Number 228n Overview of FSP Extensions

1 Guidance to Tree Species Composition at the Stand and Landscape Level
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These represent the best information currently available to FLNRO regarding toliagtad may
provide a starting point for developing economic instruments.

Potential applications: Fir@estsand maladaptation
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http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/index.htm
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/Mixed%20Spp_%20FFT%20Guidance%20(May%2027%202013).pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20ASSISTED%20SPECIES%20MIGRATION%20Guidance__June25_2009.pdf
http://www.for.gov.bc.ca/het/climate/knowledge/memo-consideration-of-climate-change_april2013.pdf
http://www.for.gov.bc.ca/het/climate/knowledge/memo-consideration-of-climate-change_april2013.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20guidance%20-Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Interface_V2.3.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20guidance%20-Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Interface_V2.3.pdf
http://www.for.gov.bc.ca/hfp/silviculture/TSS/tss.htm
http://www.for.gov.bc.ca/hfp/silviculture/Guidance%20for%20assessing%20FSP%20stocking%20standards%20June%2021%202012.pdf
http://www.for.gov.bc.ca/ftp/HTH/external/!publish/web/frpa-admin/frpa-implementation/bulletins/frpa-general-no-25-comparison-of-fsp-results-or-strategies-flexibility-options-jul-21-2011.pdf
http://www.for.gov.bc.ca/hfp/silviculture/Signed%20125986%20Guidance%20memo.pdf
http://www.for.gov.bc.ca/hfp/silviculture/Signed%20125986%20Guidance%20memo.pdf
http://www.for.gov.bc.ca/hfp/silviculture/Memo%20123796.pdf
http://www.for.gov.bc.ca/hfp/silviculture/TreeSpeciesSelection/Chief%20Forester%20Guidance%20on%20Tree%20Species%20Composition.pdf

Key characteristics of economic instruments

Interviewees were asked to identify important characteristics of potential esoodnstruments for
adaptation. Their responses were supplemented with a review of existing literature (see Stavins 1997,
Brauningeret al. 2011, UNFCCC 2011) on economic instruments to develop the following list of criteria
for economic instruments for aptation to climate change.

Economic instruments must be:

Adaptive Incorporate planned and periodic evaluation and changes

Equitable Consider and mitigate distributional impacts

Effective Be able to meet objectives

Efficient Achieve outputs optimallyelative to resources allocated

Flexible Address both incremental and transformative changes

Gradual Include a transition period

Harmonized Be consistent with other legislation, standards, policies and reporting
requirements

Legitimate Be politicallyculturally and socially acceptable

Practical Be plausible given technological, social and economic constraints and rele
timescales

Robust Be applicable under a range of future climate projections

Riskbased Beable to address uncertainty

Resultshased Have measurable outcomes, based on professional reliance

Sciencéased Be based on highuality scientific knowledge

Synergistic Offer cobenefits, considers and addresses unintended consequences

Scalable Operate at local, regional @rovincial scales

Transformative Forward lookinganticipates changes and scenarios

Transparent Offer a clear set of rules and processes

There are several different types of economic instruments:
1 Financial (e.g. price signals, tax credits/allowanbesds, risk sharing, publrivate
partnerships, R&D incentives);
1 Behavioral (e.g. nudging through default rules, or communications techniques);
Informational (e.g. reporting requirements, disclosure initiatives); and
1 Regulatory (e.g. instruments usetdthe development and appraisal of policies).

=

Thesefour types ofinstrumentsare neither necessarily independent nor exclusive; indeed, a particular
instrument may be part of a broader policy designed to promote a particular activity or outcome or to
reduce risk or the negative consequences of different events (i.e. floods, fire, drought).

It is important to note that financial instruments encompass a wide range of instruments. These can be sub
divided into two very different kinds of instruments when examining their application in terms of mitigating
risk: market based instruments (MBI), iwh are organized around the financing and financial incentives
around decisions (e.g. taxes, subsidies), and risk financing instruments (RFI), which are organized around
sharing and transferring risks and losses prior to catastrophes.
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These MBI are sitair to those discussed in Stavins (2001), who examines them from an environmental
focus and groups them into four categories: pollution charges; tradable permits; market friction reductions;
and government subsidy reductions. Finally, one other importasa @ that involving changes in rights,

which can encompass the creation of rights and markets (i.e. around tradable permits, or the development
of rights to manage natural resources) but can also involve changes in liability rules.
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Part B: Literature review

This section provides a summary of examples (see Table 3) where economic instruments have been
implemented to address risks from natural hazards. While many of these examples were not developed
or implemented explicitly for the purpose of climateartye adaptation, they either target a climate

related risk (e.g. flooding, wildfire) or have potential applications to such risks. These examples are
drawn not only from applications to forestry, but also from the areas of agriculture and land use. While
many examples have been drawn from Canada and the USA, examples from other global jurisdictions
are also included. Existing instruments provide valuable information about goals, stakeholders, design
characteristics, implementation, successes, challenggsacdis and outcomes and can help to identify

what types of instruments are more likely to produce successful results.

This literature review encompassed published pemriewed and grey literature as well as articles and
examples that were provided duringterviews with Canadian climate change adaptation experts as well
as policy developers and implementers from the provincial government, representatives from industry
associations and forestry operators with extensive knowledge of forestry practices arafjaraent.
Additional examples will be incorporated into this document as they are discovered throughout the
course of this project.
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Existing instruments
Table2. Summary of existing economic tools with potential applications tosgdation in forestry

Risk Type of tool | Tool (specific) | Examples
Fire Financial MBI (Tax Mitigation Tax Credits, Colorado (proposed fall
incentive) 2013)
Riskfinancing | Insurance Premiums recommended after 2003
(insurance) Okanagan Fires
| 2 YS 2 g yisinde&Reform Act (Colorado,
20132014)
PPPs Canadian Interagency MutuAid and Resource
Sharing (MAR®)greement 1982
LiDAR Information Sharing (Alberta, 2005)
MPP Community Forest Management Pla2013
proposal (Cranbrook, East Kootenagts, )
Behavioural | ? ?
Informational | Educational FireSmart Prograpgarted in 1990
Awareness Wildfire Ready (Colorado, 20PD13)
campaign
CostBenefit | Investment in fuel reductionand benefits of
Analysis avoiding fires (Washington/Oregon Case 2003
Study, Summary by Patrick Daigle)
Regulatory | Building code | NFPA wildfire building codes
California Building Code Chapter: ¥#ildland
Urban Interface Code
Pests Financial MBI (Tax Tree Maintenance Incentive City of Toron@idan
incentive) Air Partnership research paper 2007) and Ontari
Ministry of Natural Resources (2012 update to
Ontario Managed Forest Tax Incentive)
Behavioural | ? ?
Informational | Training/ Provincial Forest Health Strategy 26416
extension (MFLNRO WorkshopsrfForest Health Specialists
other methods of training/education)
Regulatory | ? ?
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https://www.firesmartcanada.ca/about
http://www.fire.ca.gov/fire_prevention/downloads/ICC_2009_Ch7A_2007_rev_1Jan09_Supplement.pdf

Table2. Summary of existing economic tools with potential applications to adaptation in forestry

(continued)

Risk Type of tool | Tool (specific) | Examples
Maladaptation | Financial PPPs Forest Carbon Offsets Investment Program,
MNFLRO and COAC, 2010
Bonds Forestrydo  O1 SR 02y R& 0S®qd
proof of concept study completed by Forum for t
Future and EnviroMarket Ltd.

Behavioural | Nudging Behaviounnsights Teang potentially wide ranging
applications (British Government 20:pdesent)

Informational | Performance | TheUSForest Service Climate Change Performal

rating Scorecard, 2011
Awareness Neighbourhood Awareness Programs (Various
campaign locaions, projects, and years)

Regulatory | Legislation The Act on the Financing of Sustainable
Forestry(1996)andthe Act on energy support for
low-grade timber(2011)

Subsidy Rural Development Regulation (EUWatvcates

reform 10% of directaid into Fund for Adaptation
Measures in Agriculture and Forestry (2009
Amendment)

Regulatory Innovative Forest Practices Agreements BC, 199

incentives

R&D ClimateBased Seed Transfer Program BC, startg

incentives in 2008

Voluntary Adaptation in Voluntary Certification Standards

certification

(e.g. FSC or SFI) 2010 and 2012 Proposals/
Recanmendations
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http://www.finlex.fi/fi/laki/kaannokset/1996/en19961094.pdf
http://www.finlex.fi/fi/laki/kaannokset/1996/en19961094.pdf
http://www.finlex.fi/fi/laki/alkup/2011/20110101
http://www.finlex.fi/fi/laki/alkup/2011/20110101

Financial instruments

Market-Based mstruments(MBIs) promote proactive adaptation through monetary incentives and by
altering price signaldBfauningeret al. 2011, Stavins 1997). This is a broad category that includes

subsidies (e.g. grants, tax reductions, price supports), taxes and fees (e.g. carbon, land use), licenses and
permits (e.g. projecbased offsets) and other measures (e.g. payments fosystem services)

(Brauningeret al. 2011).

Loans offer increased accessibility of loans for adaptation activities in the private and public sectors,
including the use of green bondBréuningeret al. 2011).

Risk-Fnancinglnstruments(RFIs)e.g. insurance): compensate losses throughgmanged risk sharing
and pooling mechanisms, may help with coping with the additional burdens imposed by climate change
and may incentivise proactive adaptatidBréuningeret al. 2011).

PublicPrivate Partnerships (PPPsEover contracts between public and private entities to finance
adaptive activities or cover lossédruningeret al. 2011).

Municipal-Provincial PartnershipgMPPs) similar to publieprivate partnerships, these streamline
government proesses and utilize government resources more efficiently.
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Market -Based Instruments

Tax incentives

Mitigation Tax Credits

Colorado

Goal: Encourage homeowners to protect their own property from forest fire through
mitigation activities

Date Proposed fall 2013

implemented:

Implementer(s):

Colorado government

Key stakeholders:

Colorado property owners

Description: Colorado municipalities have been working on mitigation activities to protect th
homes and properties, and are hesitant about a chandeuittling code. Instead,
the Colorado Legislative Committee proposed an income based mitigation tax
cover half of mitigation costs, up to $2,500.

Impacts: Protect private property from fire damage.

Outcomes: Encourage homeowners to conduct mitigatioctiaities:

1 Creating and maintaining a defensible space around structures;

1 Establishing fuel breaks;

1 Thinning of woody vegetation for the primary purpose of reducing risk to
structures from wildland fire;

1 Secondary treatment of woody fuels by lopping awdttering, piling, chipping,
removing from the site or prescribed burning.

Challenges: Half of mitigation costs covered, but will homeowners cover the rest?

Lessons learned: | n/a

Unknowns:

References: CO Lawmakers won't pursue building code for firgdvan Moreno

Colorado Department of Revenue Rttp://www.colorado.gov/cms/forms/dok
tax/Income65.pdf
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http://www.colorado.gov/cms/forms/dor-tax/Income65.pdf
http://www.colorado.gov/cms/forms/dor-tax/Income65.pdf

Tree Maintenance Tax Incentive

Ontario and Toronto

Goal:

Encourageé RI LI GA 2y 2LJ0A2ya Ay C¢2NRYyG2Qi
drought already stress Toronto trees and under climate change these condition
expected to get worse. Planting trees more tolerant of heat and drought conditi
watering programs, pinting methods that reduce soil compaction and public
incentives to encourage tree planting and maintenance are various ways in wh
the City can and has begun to adapt.

Date
implemented:

I £SEY TAN tFNIYSNBRBKALI wSaS| NomManaetdS
Forest Plan Guide was updated in 2012

Implementer(s):

Clean Air Partnership Researchers (Toronto Research Paper 2007), Ontario M
of Natural Resources

Key stakeholders

Urban forest managers in Toronto, private forest owners in Qatar

Description: Because tree maintenance can be a financial burden for private landowners, a
incentive for property owners to maintain the urban forest could encourage mo
participation from community members. For example, there is a tax incentive tg
rural land ownes with four hectares or more of forest, and who agree to follow &
Managed Forest Plan for their property. Participating landowners pay only 25%
the municipal tax rate for residential proper ties.

Impacts:

Outcomes:

Challenges:

Lessons learned:

Smilar incentives:

1 A similar incentive for the management of urban trees could be a very
effective way to engage private property owners in the City. This may b
best suited for home owners on ravine lots, or large institutions such as
universities.

1 In Sn Francisco, the City grants sidewalk (boulevard) landscaping perr
to property owners, which allows them to convert a portion of sidewalk i
front of their property into a landscaped area (City and County of San
Francisco 2006). Trees, plants with fesater needs and those appropriate
to the climate are encouraged. Granting ownership over the area create
greater likelihood that the property owners will also maintain the
landscaping. This option may be most viable in neighbourhoods that ha
strip of land between the sidewalk and the street (Climate Change Optiq
F2NJ ¢2NRPYyG2Qa ! NDlFy C2NBad wnnty

Unknowns:

References:

I £SEFEY TANI tFNIYSNBEBKALD / EAYFOGS [/ KIYy]
Researchers and authors: Ireen Wieditz, MES, Researcher, Clean Air Partners
Jennifer Penney, ScD, Director of Research, Clean Air Partnership.

Ontario Ministry of NaturaResources (2000ntario Managed Forest Tax Incentiy
ProgramGuide

City andCounty of San Francisco (2006) Department of Public Works

28


http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@forests/documents/document/mnr_e000245.pdf
http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@forests/documents/document/mnr_e000245.pdf
http://www.sfdpw.org/index.aspx?page=1532

Public-Private Partnerships

Canadian Interagency Mutual Aid and Resource Sharing (MARS) Agreement

Canada, based in Winnipeg

Goal: Mandate of CIFFCts provide operational forest firenanagement services to
Member Agencies that will, by agreement, gather, analyse and disseminate
management information to ensure a cost effective sharing of resources; an
actively promote, develop, refine, standardise and provide services to Meml
Agencies that will improve forest fire management in Canada.

Date CIFFC started in 1982

implemented:

Implementer(s):

Canadian Interagency Forest Fire Centre Inc. (CIFFC)

Key stakeholders:

1 The Board of Trusteesissistant DeputMinisters responsible fdiorestry
representing each of the Provinces, Territories and Federal Government

1 The Countiof DirectorsDirectors responsible for forest fire management
for each of the Provinces, Territories and a representative of the Federal
government

9 Fire Centre @&ff

Description: Resources in Canada are shared on a formal basis under the Canadian
Interagency Mutual Aid Resources Sharing (MARS) Agreement which outlin
three categories of resources: equipment, personnel and aircraft. In addition
this intraCanalian ceoperative agreement, a Diplomatic Note signed with the
United States authorises the sharing of resources for fire suppression across
international boundary.

Impacts: Equipment, personnel and aircraft sharing between Provinces and the USA
times of need.

Outcomes: CIFFC has attracted international attention and delegations from various
developing nations regularly visit the Centre to review its operations. Throug
Canada's Department of External Affairs, CIFFC has coordinated Canadian
response to international requests for assistance. Such requests for internat
assistance will continue and the Fire Centre, along with member agencies a
Canadian corporations will be organized to address these requests.

Challenges:

Lessons learre

Unknowns:

References: Canadian Wildfire Strategy 2006
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http://www.ciffc.ca/index.php?option=com_content&task=view&id=30&Itemid=32

LiDAR Information Sharing

Alberta

Goal: Seek excellence in information: Government of Albeffeciency, industry
competiveness, stewardship and planning, innovation, enterprise risk

Date 2005?

implemented:

Implementer(s):

Alberta Government

Key stakeholders:

Research partners (20e013): Sustainable Forest Management Network,
Alberta ParksAlberta ESRD, Forest Resource Improvement Association, Mill
Western, DMI, JD Irving Ltd., Statoil, Devon, New Brunswick, University of N
Brunswick, NSERC CRSNG

Description:

LiDAR uses optical remote sensing to measure properties of scattered light 1
determine range of and other information about a distant target.

Current Government of Albert a Inventory: 28 million hectares
Investment: > $20 million

Site license restrictions in place

Accuracy: 30cm horizontal, 45cm vertical (medium to high quaditg)
Primary innovation activity has been around moisture and water mapping
and forest fibre inventories.

=A =4 =4 =8 =4

Impacts:

Outcomes:

Challenges:

Policy linkages

BuyAy G2 &a. A3 5 aLF ¢

All LIDAR not created the same

Standards for data acquisition

Innovation capcity

Staff capabilities and workload

Software and infrastructure challenges
Inter-departmental or cros®rganization support
Ownership versus site license

Cost is no longer an issue

=ES|\|EEEEEEE

Lessons learned:

Unknowns:

References:

March 2013 Government of Alberta ESRD PresentétjoBarry White
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http://cif-ifc.org/uploads/Website_Assets/BWhite_-_Kamloopsv2.pdf

Community Forest Management Plans

BC forest municipalities

Goal: Local governments generate money to gaywildfire hazard reduction with the
products of thinning in local buffer zones.

Date Proposed summer 2013 by forest fire ecologist Robert Gray

implemented:

Implementer(s):

)

Key stakeholders:

BC forest municipalities

Description:

There are 1.Tnillion hectares of forest close to communities in B.C. that need
be thinned for wildfire protection, Gray said. In 2005, a UBCM program set a
$85 million for that treatment. Since then, just three per cent of those hectarg
have been treated, usingp $80 million. "We are running out of money, and
we've got very little done," said Gray. The cost is so massive that treatment
happening very slowlg slow enough that trees are growing back in on proper
treated last decade. The proposed soluti@ummunity Forest Management
Plans. The policies boil down to a simple concept: municipalities should be &
to decide how wide an area around each community should be kept as a firg
buffer. Then, Crown land inside that buffer should be under the confrtie
local government. The community could then thin out the forest in the buffer
and sell the forest products for bienergy.

"If we take all the revenues from within that zone and keep it in a local accol
we'll have program dollars versus projectldos. Right now, we go from year tg
year and we apply for single postagemp size treatments. We need program
dollars where we can set a fiyear development plan to treat hazardous fuelg

Impacts:

"If we do local heating projects, Cranbrook has skt converting 10 of the
largest heat producers to wood waste. That's about 2,000 tonnes agyaawut
50 hectares. There are about 50,000 hectares that need treatment,"” said Gr{
What's more, a collaboration of the Cities of Cranbrook and Kimbereyarn
(St. Mary's Band), the Ktunaxa Nation and the Rocky Mountain Trench Natu
Resources Society has signed a memorandum of understanding with U.S. F
500 company SAIC to explore establishing aebiergy industry in the East
Kootenay. "Local conguption is not going to be able to deal with the significar
amount of volume that would be available with this type of approach,"” said K
Weaver, the City of Cranbrook's economic development officer. "The bulk of
volume is going to have to be dealith essentially as an export product.”

Outcomes:

Gray's concept has been presented to the B.C. Minister of Forests, Lands af
Natural Resource Operations. "Minister (Steve) Thomson reviewed it. He
requested clarification and direction from the directdrtbe Wildfire
Management Branch, he got it, so the minister is in favour of what we're tryir
do here," said Gray. Cranbrook has already voted in support of the concept;
Friday, August 2, the Regional District of East Kootenay board did the same

Challenges:

Lessons learned:

Unknowns:

References:

http://www.dailytownsman.com/breaking news/218996151.htmI?mobile=trug

http://www.columbiavalleypioneer.com/?p=10687
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http://www.dailytownsman.com/breaking_news/218996151.html?mobile=true
http://www.columbiavalleypioneer.com/?p=10687

Forest Carbon Offset Investment Program, MFLNRO Public Private Partnership

British Columbia

Goal:

The goal is to return forests to their naturale of net carbon sinks (recent
wildfire and mountain pine beetle devastation have damaged millions of
hectares of our forests).

Date
implemented:

2010 (In 2010 the Pacific Carbon Trust purchased 730,000 tonnes of CO2e
on behalf of the provincialovernment, which, by law, must achieve annual
carbon neutrality.)

Implementer(s):

MFLNRO initiated, but Carbon Offset Aggregation Cooperative (COAC), an
independent organization was selected to manage both the investments and
subsequent carbon creditsh& cooperative, which will use the carbon offset
credits for longterm replanting and forest management activities, was selectg
through a competitive bid process, posted in fall 2012.

Key stakeholders:

Publieprivate partnership; COAC, investors aidFLRO

Description:

The BC Forest Carbon Offset Investment Program offers investment in
reforestation, rehabilitation, and better forest management to increase carbo
ai2N)r3S Ay ./ Qa F2NBalaod LyodSailz2NH
ofcaNb 2y 2FFasSi ONBRAGaAZ odzi Ffaz2 ai
your corporate carbon footprint, provides significant additional environmental
benefits and can provide loAg SNY FAY | yOA L £ NB G dzNJ/ ¢
crown corporation purchased carbon credits to meet carboeutral
government goals in the initial offering of this program.

Impacts:

See above investment benefits, but also a number of environmental benefitg
including carbon storage

Outcomes:

In partnership with the Rwince of British Columbia, Carbon Offset Aggregatiq
Cooperative has signed an agreement to reforest crown land that has been
affected by Mt. Pine Beetle and Wildfires by the end of 2018. Organizations
participate in the TreeGen Project by invest#igfor every tree they want to
plant. The trees planted will be labelled, and as they grow they will sequeste
carbon dioxide from the atmosphere. This carbon dioxide removed from the
atmosphere can be sold as Carbon Offsets to organizations who warduoae
their own carbon footprint. In June 2013 news release, it stated more than
20,000 trees had been planted with this program.

Challenges:

Carbon offset project investments are protected by legislation that guaranteg
organized enforcement, regular maaiing, and public reporting. Investment is
heavily protected from illegal logging.

Lessons learned:

Unknowns:

References:

BC Forest Carbon Offsets Investment Opportunities, MFLNRO
COAC website.
Forest carbon program means more trees for BKewsrelease, Province of B(
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EcoSecuritization

Tropical forests

Goal:

Apply conventional structured finance methods to natural tropfoagststo give
forest managers greater ability to access ldagn financefor Sustainable Fores

Management (SFM)
Date 2006- Chile
implemented: 2008- Guyana

Implementer(s):

Government, private sector

Key stakeholders:

Bonds have been purchased by institutional investors (e.g. pension funds, |
insurance agencies)

Description:

GThe proposed mechanism utilispertfolio diversification; recent developments
in forestry insurance and risk mitigatiee@chniques; and the emergence of
markets for ecosystem services in order to attract a diveasge of capital
market investors

¢KS [ A3ydzy Ly @S anih¥dSn/2006 endzg &$38.4nillon I
| KAt SFYy FdzyR FyR GKS FANBG [FGAYy !
by a guarantee from the CORFO (Corporacion de Fomento) and gsecite.

These bonds have been purchased by institutional investars as pension

funds, banks and insurance agencies. The funds raised from the bond sale |
been used to purchase immature planted forests {20 years old) and pay for
forest management and reforestation costs. In return, bond holders and fore
ownersg Aff &AKIFINBE GKS LINRFAGA FTNBY KI)

GLY HnnyX [ ly2LR [/ FTLAGEE |yy2dzyOSR
in Guyana that involves guaranteed payments over afear period in return
for rights to market the ecgystem services produced by a rainforest reserve.
These services are defined as rainfall, cooling of the atmosphere, carbon an
biodiversity storage, and weather moderation. The funds are expected to prq
livelihoods to 7,000 indigenous people who dedemm the reserve and to
support conservation of the rainforest. The rights will in turn be packaged an
sold to investors as forestacked bonds that are expected to acquire value ov|
time. Up to 90% of the profits will be shared with the Iwokrama comiyuni

the longi S NI @ ¢

Impacts:

oGuyana is still struggling to get the projects off the gradntas yet to receive
any substantial financing from a climate fund createdNmywaybecaug Guyana
has largely been unable to win approval for its proposals to spend the mone
separate agreement meant to preserve forests while providing returns to pri\
AYyO@SaiG2NR YySOSNI (1221 2F7F d¢

Outcomes:

¢ KS Ddz2 | yI daNReRINIailed tdddr@ss the structural problems
underlying the forest sector in Guyatha&

Challenges:

1 Underlying cash flows necessary to repay bond holders. Need to con
a broad range of revenue streams from which to pay back bond hold

1 Establishing a price for ¢hvalue of forest assets

1 Lack of large scale funds for demand that can commit for the long ter
Also needed to develop absorptive capacity.

Lessons learned:
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http://www.reuters.com/places/norway?lc=int_mb_1001

Unknowns:

References:

Ellsworth, B. (2011}puyana forest carbon plan struggle to get off paper

FAO (no datefforestry Policy Brief Financing Sustainable Forddanagement

Forum for the Future and EnviroMarket L{@007)ForestBacked Bonds Proof g
Concept Study

Henderson, I. (201Brom Forest Bonds to the Forest Finance Fa(WiywF)

Lang, C. (201Brotest at appointment of eRresident Bharrat Jagdeo of Guyat
as IUCN high level envoy for sustainable development in forest countries

WWF (2009 uide b Conservation Finance
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http://www.reuters.com/article/2011/12/19/us-guyana-forest-idUSTRE7BI1GF20111219
http://www.fao.org/forestry/16559-0325ac13168b9c3d84d0279e2f8adc798.pdf
https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDQQFjAB&url=http%3A%2F%2Fwww.ifc.org%2Fwps%2Fwcm%2Fconnect%2F4957218048855503b524f76a6515bb18%2FIFC_Breif_Forest_web.pdf%3FMOD%3DAJPERES%26CACHEID%3D4957218048855503b524f76a6515bb
https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDQQFjAB&url=http%3A%2F%2Fwww.ifc.org%2Fwps%2Fwcm%2Fconnect%2F4957218048855503b524f76a6515bb18%2FIFC_Breif_Forest_web.pdf%3FMOD%3DAJPERES%26CACHEID%3D4957218048855503b524f76a6515bb
http://reddcommunity.org/sites/default/files/FFF%2019%20March%202012%20Learning%20Webinar.pdf
http://www.redd-monitor.org/2012/03/22/protest-at-appointment-of-ex-president-bharrat-jagdeo-of-guyana-as-iucn-high-level-envoy-for-sustainable-development-in-forest-countries/
http://www.redd-monitor.org/2012/03/22/protest-at-appointment-of-ex-president-bharrat-jagdeo-of-guyana-as-iucn-high-level-envoy-for-sustainable-development-in-forest-countries/
http://awsassets.panda.org/downloads/wwf_guide_to_conservation_finance.pdf

Risk-Financing | nstruments

Insurance

Insurance Premiums & P€é&onditions

Okanagan/British Columbia

Goal: The 2003 Okanagan Mountain Park Fire, which spread to the outskirts of the
of Kelowna, resulted in payouts fropmivate insurers totalling more than $200
million. In the future, insurers may use preconditions for insurance as a way|
direct homeowners to address certain risk factors in order to minimize their
losses.

Date Recommendations made aftef@3 Okanagan fires

implemented:

Implementer(s):

Key stakeholders:

Description: Within Canada, insurance companies have not yet placed conditions of
construction or reconstruction of buildings to obtain insurance ifpfiome
areas. State Farimsurance, the largest insurance company in the United Sta
is starting to address this situation.

Impacts:

Outcomes:

Challenges: 1 The most important role for private insurers is to develop premiums that
reflect the true level of risk for the insudeproperty. If premiums do not
reflect the true risk, inefficient decisions about fire protection may
result (Hesseln 2001).

1 A moral hazard exists when the act of insuring creates an incentiv
the insured party to use lessah optimal inputs for safeguarding the
insured property or to underemploy levels of a precautionary activity|
(Turvey et al. 2002).

Lessons learned:

Unknowns:

References: 1 Canadian Wildland Fire Strategy 2006.

1 Hesseln, H. 2001. Refinancing aestructuring federal fire management. J
For. 99:48.

1 Turvey, C.G.; Hoy, M.; Islam, Z. 2002. The roleawitexegulations in
addressing problems of moral hazard in agricultural insurance. Agric. Fin
Review 62:108116.

i Firestorm 2003 Provincial Review.
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Colorado

Goal: The Act delineates new rights, duties, and obligations of insurers, insurance
producers, and consumessA G K NB3IF NR (G2 GKS LizNG
insurance.

Date May 2013 brought into law, most provisions go into effect January 1, 2014

implemented:

Implementer(s):

Colorado Government

Key stakeholders:

Colorado Homeowners, Insurers, Colorado {naakers

Description: This law stems from property insurance issues raised by some homeowners
state legislators following the Four mile Canyon, High Park and Waldo Cany
Wildfires.

Impacts: The key statutory changes for all homeowners insurance policiesigicl
mandatory replacement coverage offers, provisions regarding policy deadlin
extensions, requirements for simplified policy language and for increased
agent/company education and policyholder communication, and provisions
clarifying the terms for docusmting contents in the event of total loss. In
addition, the new law requires that at least 3 of the 24 hours of continuing
education for producers authorized to sell property or personal lines must be
O2dz2NES& Ay K2YS26y SN thdse/piodichsyill o
into effect on January 1, 2014.

Outcomes: See above.

Challenges: Too early to determine.

Lessons learned:| Too early to determine.

Unknowns:

References: l 2YS26y SNRA Ly a duthnd/wiv@ SniianofFE@vladsICO (HB

1225 Fact Sheet.pdf
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Behavioral instruments

Arising from the field of behavioural economics, these instruments use subtle shifts in the way

information is presented to create changes in behaviour. Richard Thaler and Cass Sunstein, in their
NBEOSyil 6221 bdzZRIS 6HAMHOE RSAONROGS (G(KS LINY OGAOS 2
and presentation of choices, and the default optiomhind these choices, can be altered to encourage

individuals to choose the optimal choice, regardless of individual biases and bounded rationality. These
GellSa 2F af AIKG G2dz0KE LREAOASAE Oy 2FFSNI GKS RO

Nudgng

Behaviour Insights Team

Britain

Goal: 9y IAAYSSNI avylft G6StkH1a Ay GKS Sy@iN
Gt SAFffe NBIdANBE LIS2LXS G2 YI 1S o
5SOAaA2y&a lFoz2dzi 1 SFHEGUKEZ 2SFHfGK | YR
Sunstein)

Date HAMAYE 5F@AR /I YISINEZA A NRFYF AlyRUIEAR SIND Sy

implemerted: Ayarakida GSFYéE o6.L¢ 2NJ bdzZR3IS ! yAdGo

Implementer(s):

Key stakeholders]

Description: G¢KS 3TFdARAY3IA GSySG 2F ydzRIAYy3I Aa |
or intentionsc but that can be ever so gently steered in the right direction by
a1Aftf SR WOK2A0S I NOKAGSOGlaQwé 069y 1T
Gt AOSINILG SINYy yE AaYé yR GF1Sa OdsSa ¥
example, text message reminders to pay a fine, or a letter to late tax payers
informing them that most people in their town had already paid (repayment

rates rose by 15 percent).

Impacts: The 14person BIT team claims to have saved Britain hundreds of millions,
perhaps with billions more to come.

Outcomes:

Challenges: /' P YSNRYyQa .L¢ KlFa ONARGAOaAD® 90T 4]
A0FdAaYeéd hiKSN 62 NNE séhvedndrmpetearog A J
malevolent? Also, resistance from the inside: 2011 National Audit Office rep
Y20SR Ylyeé 2SadGdYAyadaSNI RSLINIYSyGa
NEO2YYSYyRIGA2yadad ! faz2zxy ySSR G2 Syd
occur (abelling food as healthy can lead to oxaamsumption).

Lessons learned:

Unknowns:

References: Nudge Economics by Katie Engelhart.
Hany . 221 WbdzRAISY LYLINRBGAYy3I 5SOAaA
Richard Thaler and Cass Sunstein
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Informational instruments

Informational instruments can be applied where actors fail to adapt due to uncertainty -tdrort

thinking or a lack of information about the physical and economic risks of climate change impacts or a
poor understanding of adaptimn options. In these situations, providing information can help

individuals or businesses to make more informed decisions.

We identified the following five types of informational instruments during the literature review:

CostBenefit Analysispresentanformation about the costs (e.g. planning, preparing for, facilitating,
and implementing adaptation measures, including transition costs) compared to the benefits (e.qg.
avoided damages or accrued benefits) of adopting and implementing adaptation mefdNeEECC
2011).

Awareness campaigngocus the attention of a wider group of peop@d increase knowledge or
understanding of a subject, issue or situation

Education provides targeted educationataterialsto groups or individuals in appropriate languaayed
using relevant media.

Training/extension appliesscientific research and new knowledgeskill development for groups or
individuals to influence specific practices and decisions.

Performance ratingsreport accomplishments and plans for improverhém measure performance
over time (internal), enable comparison (external) and provide accountability.
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CostBenefit Analysis

CostBenefit Analysis Forest Fuel Reductions

Okanogan National Forest in Oregon and Washington (similar to seutnal BC)

Goal: Costbenefit analysis of forest fuel reductions

Date 2003 Study. Several papers published (Mason, L. et al. 2003, 2004, 2006; L
implemented: et al. 2007).

Implementer(s): | Mason et al.

Key stakeholders:

Local employment for forest thinningews, public and private
infrastructure/property owners (at risk of fire damage), and general public

Description: 1 Six management treatments were examined: four included-fadlction
treatments, whereas no action resulted in increased high risk stasumls.
1 Using 2002 log markets, the economic analysis examined costs for loggi
pre-commercial thinning, regeneration, and pd#e rehabilitation
Impacts: Local employment for forest thinning crews, firefighting costs, timber losses,
facility lossestehabilitation and regeneration costs, regional economic benefi
smoke and forest and atmospheric carbon, energy, water quality and quantit
erosion, community value of fire risk reduction
Outcomes: 1 Failure to remove small logs (cost of thinning, lalue) may result in
retention of ladder fuels for crown fires with destructive impacts
T a¢KS ySaAFGiABS AYLI OGaA 2F ONRgyYy 7
0SySFAlGAa 2F I2@SNYYSyil Ay@dSadySy
Challenges: Mason noteshat forsomenorY  N) SG oSy STAGAZ A0GQ3

value, such as habitat value (timber value used as surrogate).

Lessons learned:

The study provides a credible analysis framework and figures that are reaso
low-bound estimates (e.glogging or regeneration costs and time until fire
consumes a highisk stand).

Unknowns:

References:

Mason, L. et al. 2003. Investigation of alternative strategies for design, layol
administration of fuel removal projects. University of WashingtCollege of
Forest Resources, Rural Technology Initiative. 78 pages plus 115 pages of
Appendices.
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Awareness campaigns

Wildfire Ready Campaign

Colorado

Goal: 2 A0K GKS 2FfR2 /Fye2y FyR | A3IK tF N
2013 strategy has been to leverage the three main Wildfire Ready action
messages:
1. Creating a home inventory
2. Taking steps to protect property
3. Reviewing insurae coverage

Date 2012-2013 Campaign

implemented:

Implementer(s): | Rocky Mountain Insurance Information Association (RMIIA) and insurance
partners

Key stakeholders] Public

Description: The Rocky Mountain Insurance Information Association (RMIIAhaodcance
partners developed a public awareness campaign in the spring of 2012 to
promote property and insurance preparedness. The campaign continued in
with insurer partners contributing over $78,000 and media partners contribut
$165,000 in adveising value and video/ad/digital production.

Impacts:

Outcomes: ¢tKS OSYUGSNLIASOS 2F (KS 2AftRFTFANB wS§
2 Af RFANBS wSIFIReKé¢ gSo0aridsS IyR NBaz2d
driving traffic to the site. The aapaign kicked off the 2013 year on May 5 with
primetime 30second education spot on 60 Minutes featuring Governor
Hickenlooper. When the massive Black Forest Fire erupted in early
June, Wildfire Ready was already positioned with pgifile outreach,
especially in southern Colorado and El Paso County.

Challenges:

Lessons learned:

Unknowns:

References: Wildfire Insurance and Forest Health Task Force Report, by Kapplan Kirsch

Rockewell
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Neighbourhood Awareness Programs: Watering and Vi@atenances

Winnipeg, Toronto, Chicago

Goal:

Neighbourhood watering awareness programs can lessen the watering burd
on the City and increase the survival rate of trees.

Date
implemented:

GreenHere Campaign started 2005, Winnipeg Adeptee 2006, Gbago

Implementer(s):

City of Winnipeg, Green Streets Canada, GreenHere, Nichols Park Advisory,
Council

Key stakeholders:

Public

Description:

T

In Winnipeg, the Adopa-Tree program funded by Green Streets Canada,
aims to reverse the decline of elm trealng a major road way. Activities
include tree inventories, education, and maintenance. Community memh
can adopt a tree and help pay for these activities by pledging $1,000 per
for five years (City of Winnipeg).

In Toronto, both the Harbord Villdg wSAA RSy GaQ ! aaz2dQ
GreenHere have undertaken initiatives to involve the community in tree
stewardship, tree pruning and watering (GreenHere).

In Chicago, a community organization called the Nichols Park Advisory
Council runs a publicity ogpaign to recruit volunteers during periods of
drought to water trees in parks and neighbourhoods

In Chicago, community members are being engaged in tree maintenancg
through a certification process. An organization called Open Lands traing
certifies @mmunity volunteers to be TreeKeepers. A course is held twice
year to teach skills such as planting, pruning and mulching. After comple
seven classes, the students must pass a final exam andHoansidlls tests.
The students then become part ofvalunteer corps that convenes for
regular work bees to care for city trees in public parks, on city streets, an
other public spaces (Open Lands 2007).

Impacts:

Outcomes:

Challenges:

Lessons learned:

Unknowns:

References:

=a =

= =

Green Here Campaign. 2018tp://www.greenhere.ca/

I £SFEFY TANI tFNIYSNEKALID [/ fEAYFGS /
2007. Researchers and authors: Ireen Wieditz, MES, Researcher, Clean
Partnership Jemfer Penney, ScD, Director of Research, Clean Air Partne
Nichols Park Advisory Counittp://www.hydepark.org/parks/nichols.htm
City ofWinnipeg Adopé-Tree.
http://winnipeg.ca/publicworks/Forestry/adoptatree.asp

Open Landshttp://www.openlands.org/
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Education

FireSmart Program

Across Canada, based in Alberta

Goal: a ¢facilitate interagency cooperation in the promotion of awareness and
education aimed at reducing risk of loss of life and property from fire in the
wildland/urban interfacé

Date Partners in Protection started in 1990, FireSmart label andrieal manual 1999

implemented:

Implementer(s):

Partners in Protection (PiP) is an Alberta based multidisciplinarprait
association, made up of members representing national, provincial and mun
associations, government departments responsible for emergeanyices,
forest and parks management, land use planning and private business and
industry

Key stakeholders]

Various

Description: FireSmart Communities Recognition program based on the model develope
Firewise Communities/ USA®. The program prowigesriteria, training and
education necessary for a community to become certified as Firelnd€99
publishedtheD2 YLINBKSYy aA @S GSOKYyAOFf YL yd;
CorYdzyAlle FTNRY 2AfRFTANBEY gAGK GKS

Impacts: This program has nearly 700 recognized communities in 41 states throughol
United States.

Outcomes: The program encouragdmmeowners to assess riskstteir own property,
local planners to consider FireSmart design principles fomaoaities, and
land managers to consider mitigating strategies in landscapes surround
interface communities.

Challenges: Voluntary basis, so lack of regulatory tools or capacity

Lessons learned:

Unknowns:

References: https://www.firesmartcanada.ca/about

Canadian Wildland Fire Strategy 2006, Hirsch and Fuglem (page 17)
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Training/extension

Provincial Forest Health Strategy 2€A(R1 6

British Columbia

Goal:

Mission: Provideciencebased, economically rationalized best management
practices and implement treatment programs that prevent or mitigate the

impacts of forest health agents.

Date
implemented:

March 2013

Implementer(s):

Forest Health Program, BC Government ResoRraetices Branch

Key stakeholders:

Forest health specialists (who recommend adaptations to management prac

that account for pest responses to a changing climate)

Description: 1 Improve the knowledge and skills of field staff in pest identification and
management through delivery of timely and accessible training and
extension.

T t I NHDAOALI OGS AYy AYAGAFOGAGSa 2dzif A
Plan for Climate Change Adaptation.

Impacts: See above.

Outcomes:

Challenges:

Lessons learned:

Unknowns:

References: Provincial Forest Health Strategy 2€AX16
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Performance reporting

The Forest Service Climate Change Performance Scorecard, 2011

USA

Goal: The goal is to create a balanced approach to climate change that includes
managing forests and grasslands to adapt to changing conditions, mitigating
climate change, building partnerships across boundaged,preparing US Fore
employees to understandnal apply emerging science

Date 2011

implemented:

Implementer(s):

US Forest Service

Key stakeholders:

National Forests and Grasslands

Description: Since 2011, each National Forest and Grassland has useplant@corecard to
report accomplishments ahplans for improvement on ten questions in four
dimensiong; organizational capacity, engagement, adaptation, and mitigatior
By 2015, each is expected to answer yes to at least seven of the scorecard
guestions, with at least one yes in each dimension.

The scorecard appears to be a way to encourage behavioural change and a
within the National Forest and Grasslands.

Impacts: See above

Outcomes:

Challenges:

Lessons learned:

GCdzNI KSNY2NBX (GKS w2FRYIFIL FyR { O2N
innovation, experimentation, and adaptive management and improve our
capabilities based on realistic assessments of our strengths and weaknesse
already have many of the tools we need to respond to climate change, but w
may need to develop new apprdaes to deal with new challenges by
experimenting with our tried and true techniques. The Scorecard provides a

02 aKIFINB tSaazya fSINYSR a2 0GKFG 4
£t NBIF Ré 2dzi GKSNBPE 0O0¢K2YIl dine¢)A Rg St
Unknowns:
References: Website:http://www.fs.fed.us/climatechange/advisor/products.html

Scorecard Guideline:
http://www.fs.fed.us/climatechange/advisor/scorecard/scorecagdidance08-

2011.pdf
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Regulatory instruments

wS3dzA | G2NBE AyaiNHzySyidas 2N a02YYFYR yR O2yGNRf ¢

standard to directly manage the activities of firms and individuals (Stavins 1997). These can influence
either technology (e.g. equipment, processes, procedures) or performance (e.g. oubased).

We identified the following six types of regulatory instrumedtsing the literature review:

Building codesprovidea set of rules that specify the minimum acceptable level of safety for
constructed objects such &slildingsandaccessorgtructures Building codes arentendedto protect
public health, safety and general welfaagd are enshrined inttaw when formallyenactedby a
governmentor other authority.

Legislation enacts a law or body of laws to mandate or prohibit activities.

Subsidy reform alters the ways in whichenefits areallocated by the government to groups or
individuals, often in the form of cash payments or tax reductions.

Regulatory incentivesuse rewards and penalties to encouradgsiredperformance where the
regulated body is afforded some discretion in achigujoals (Lewis and Garmon 1997).

Research & Development (R&D) incentiv@slicy instruments offered by governments, often in the
form of tax credits, to encourage firms to invest in R&D.

Voluntary certification establishes a set of standards for pracsieghich are adopted by groups or
individuals and are not mandated by government.
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Building codes

NFPA wildland fire building codes

USA

Goal: NFPA 1143he goal is to reduce wildland fire loss through the establishment,
maintenance and coordination obficies and programs addressing fire
prevention, risk assessment and mitigation, planning, incident management,
personnel, infrastructure, training, communications and safety.
NFPA 1144: the purpose is to assess fuel sources in the structure ignitiofozg
their potential to ignite structures and to identify possible mitigation measure
reduce the possibility of structure ignition.

Date NFPA 1143e-written in 2003 and amended in 2009 and 2013.

implemented: NFPA 114: re-written in 2002 and amendeith 2008 and 2012.

Implementer(s):

Developed by the American National Standards Institute

Key stakeholders]

Governments, fire departments, private property owners

Description:

NFPA 1143, Standard for Wildland Fire Managemaatvides minimum
requiremens to fire protection organizations on the management of wildland
fire, including prevention, mitigation, preparation and suppression.
Requirements include developing a written risk and hazard assessment and
mitigation plan, evaluating the capabilities alimlitations of existing firdighting
resources, establishing contractual agreements to provide for all required
services, establishing roles and responsibilities of responders, etc.

NFPA 1144, Standard for Reducing Structure Ignition Hazards from WHillang
provides a methodology for assessing wildland fire ignition hazards around
existing structures, residential developments and subdivisions and improved
property or planned property improvement that will be located in a wildland
urban interface areara provides minimum requirements for new constructior|
to reduce the potential for structure ignition from wildfires.

NFPA also produces tip sheets to help homeowners take steps to reduce fug
hazards around their homes.

Impacts:

Outcomes:

Challenges:

Lessons learned:

A 2002report from the B.C. Auditor éheralcalledfor wildland/urban interface
standards such as thoggoduced bythe NFPA.

Unknowns:

References:

NFPA Codes and Standards, Wildfire Technical Committee

Managing Interface Fire Risk3ffice of theAuditor General of BC (2002)
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CaliforniaBuilding Code Chapter 7Wjldland-Urban Interface Code

CAL FIRE

Goal: GXi2 Sail o ktandakds fgrihg Arofedtdn of life and property by
increasing the ability of a building located in any Fire Hazard Severity Zone
State Responsibility Areas or any Wildldsban Interface Fire Area to resist th
intrusion of flames or burning embe projected by a vegetation fire and
O2yUNROGdzlSEa (2 || aéadSYlLdAO NBRdAzOU

Date 2007

implemented:

Implementer(s):

State of California

Key stakeholders:

Private property owners

Description:

oProtecting a building from wildfireakes a twepronged approach:
1 Remove flammable materials from around the building
1 Construct the building of fire resistant material

The law requires that homeowners do fuel modification to 100 feet (or the
property line) around their buildings to createdefensible space for firefighters
and to protect their homes from wildfire®lew building codes will protect
buildings from being ignited by flying embers which can travel as much as a
away from the wildfireg

The Office of the State Fire MarsisalSFM) Building Materials Listing Program
(BML) mandatsthat all fire alarm systemdire alarm devicegoof coverings,
fire resistive wall and ceilirfloor assemblies, wall finish materials, fire and no
fire related hardware, insulating products,didoors, fire dampers, electrical
appliances and devicd® approved and listed by the State Fire Marshal prior
sale or marketing within the state.

New buildings located in any Fire Hazard Severity Zone within State
Responsibility Areas, any Local AgeVeryHigh Fire Hazard Severity Zone, or
any WildlandUrban Interface Fire Area designated by the enforcing agency f
which an application for a building permit is submitted on or after January 1,
2008, shall comply with all sections of this chapter.

The code is supported by a hazard assessment and rating syste. The CAL H
Resource Assessment Program (FRAP) Fire Hazard Severity Zone is used 1
determine fire hazard on a 9 m (30 ft) grid. This information is applied in areq
under state jurisdidgon. FRAP is one of the few programs in the United Stateg
that links fire severity (exposure) and building codes (construction attributes

Impacts:

Outcomes:
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CAL FIRE (continued)

Challenges:

While FRAP links expected exposure to specific buitdidg requirements, its
classification system focuses primarily on proximity to wildland fuels and doe
not address the likelihood that buildings could be destroyed due to other sou
of fire and ember exposures, such as from an adjacent burning steucdiher
similar programs with less complex WUI hazard rating systems exist and are
implemented across the United States.

The Home Ignition Zone (HIZ) concept represents another WUI hazard seve
assessment framework designed to be implemented at agdancstructure
level. HIZ includes the home and surrounding area within 30 to 60 m (100 to
feet). The method has been successfully used to educate homeowners on th
different parameters that affect structure survivability.

Lessons learned:

Topographyshould be considered in conjunction with weather, specifically log
wind.

Unknowns:

References:

California's WildlandUrban Interface Code Information

CA Building Code Chapter 7A (January 2009 Supplement)

Framework forAddressing the National Wildland Urban Interface Fire Propler
by Alexander Maranghides and William Mell
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Legislation

Supporting sustainable forest management

Finland

Goal: a X¥o safeguard the continuity and profitability of wood production while takin
into account the biological diversity of forests as well as other forest producty
and services

Date 1 The Act on the Financing of Sustainable Forg4@96)

implemented: f The Act on energy support for legrade timber(2011)

Implementer(s):

Ministry of Agriculture and Forestry

Key stakeholders:

Description: Private forest owners are gible for public funding for some silvicultural and
forest improvement measureé\ new Act on energy support for legrade
timber offers support for harvesting energy wood from seedling stands, youn
stands or first thinning sites. Forest owners pay taxeshe basis of their
stumpage revenues. Taxation is calculated on the basis of real income and
expenses. The difference between earnings and expenses is treated as cap
income, and is taxed at the general rate for capital income, 29% (2012).

Impacts: Typical measures supported within the framework of the Act include
supplementary regeneration after different types of forest damages or
reforestation, prescribed burnings and road improvements. Forest owners m
be supported in measures that are finangialnprofitable but important from
wood production or nature management point of view, like juvenile forest
management or habitat protection measures.

Outcomes:

Challenges:

Lessons learned:

Unknowns:

References: State of Finland's Forests 2012: Criterion 3 Productive functions

Comparison repa on the changes in the revised PEFC Fl 1002 Standard anq
impact on forest management, 2010

49


http://www.finlex.fi/fi/laki/kaannokset/1996/en19961094.pdf
http://www.finlex.fi/fi/laki/alkup/2011/20110101
http://www.metla.fi/metinfo/sustainability/c3.htm
http://www.pefc.fi/media/Standardit%202008_09/PEFC_FI%20Comparison%20of%20report_03062010.pdf
http://www.pefc.fi/media/Standardit%202008_09/PEFC_FI%20Comparison%20of%20report_03062010.pdf

Subsidy reform

Rural Development Regulatiohmendment 2009

European Union

Goal:

The Rural Development mechanism provides a framework to deldegptation
measures in agriculture and forestry.

Date
implemented:

Hnny WKSHfaK OKSO1Q 2y L2t AOe AYLX

Implementer(s):

EU Agriculture Ministers

Key stakeholders:

EU States

Description:

There is a limited budget available for this mechangama recent policy
change, all farmers that had been receiving direct aid will now have their
payments reduced by 5 percent, with that money being shifted into the Rura
Development budget. By 201that rate goes up to 10 percent, while payments
Ay SEOS&aa 2F econnInnn | &@SENI gAf
obtained through this shift may be used by Member States towards program
addressing climate change, renewable energy, watanagement, biodiversity
and innovation linked to these areas (EC 2009).

Impacts:

In the text of the regulation, types of operational activities to be funded by th
mechanism are detailed. For example, 1) Training and use of farm advisory
services inelation to climate change; 2)o@version to more resistant forest
stand types 3)Prevention actions against forest fires and clirratated natural
disasters.

Outcomes:

Potential effects of operation activities listed above include: 1)Provision of
training and advice to farmers to reduce greenhouse gases and to adapt to
climate change; 2) Reduction of negative effects of climate change on forest
Carbon sequestration in forests and avoidance of carbon dioxide (CO2)
emissions, reduction of negative effts of climate change on forests

Challenges:

Lessons learned:

Unknowns:

References:

European Commission (2008)] S| £ G K / KSO1 ¢ 2F GKS

COUNCIL REGULATIONNIBGY/2009 of 19 January 2009 amending Regulal
(EC) No 1698/2005 on support for rural development by the European
Agricultural Fund for Rural Development (EAFRIED://eur -
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:2009:030:0100:0111:EN:

Review oKey National and Regional R@s and Incentives to Support
Adaptation and Adaptive Capacity in the Agricultural Seaydrivia Bizikova and
EricaCrawford Boettcher
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Regulatory incentives

Innovative Forest Practices Agreements

British Columbia

Goal:

Through IFPAs the Ministry of Forests, Lands and Natural Resource Operat
will conduct several pilots to test new and innovative forestrycpices.
Designated licensees will be given an opportunity to increase their allocated
harvest levels and maintain and enhance employment.

Date
implemented:

The IFPA initiative is governed by Section 59.1 of the Forest Act, introduced
1996, whichcontains the provisions under which the Minister of Forests will
enter into an IFPA, the length of the agreement, the contents of the forestry
plan, and other key requirements.

Implementer(s):

Province of British Columbia, Forest Renewal BC
(Note:From 194 to 2002 the Crown corporation, Forest Renewal BC, delivel
variety of programsincluding IFPAsjmed at supporting the forests and forest
industry of British Columbia. From 2002 Victeri&aC. Forests Minister Mike de
Jong says Forest Renewal Bvill.be replaced by a forest investment account,
with most of the work done by private contractoys.

Key stakeholders]

Forest licensees

Description:

IFPAs are one of the initiatives identified in the Jobs and Timber Accord. Thg
Accord stated:

G ¢ KS nmen@v@liNdter into innovative forest practices agreements and
other enhanced forestry practices agreements to test new and innovative
forestry practices. The Government will, as a matter of policy, and subject to
evaluation of pilot projects now ureat way, make available such agreements 4
expand such programs on a broad and fair basis. Participating licensees will
the opportunity to increase their allocated harvest levels and to enhance ang
YEAYOGFEAY SYLX 28YSyid Ay GKS F2NBad

Althoudh no innovative practices to date have been directly linked to climate
change adaptation, perhaps they could be? As well, many practices have beg
related to forest health, growth and yield, and Ietegm resilienceg which have
strong ties to climate chage adaptation practices.

Impacts:

GCAGS O2YLIYASEA Ay |y Ayy20F0A0S 7
combined increase of 373,000 cubic metres per year for their allowable anng
Odziiz SFFSOUGADBS FNRBY WHYyd mI Halease}

Outcomes:

Six IFPA Pilot projects were conducted in the interior of British Columbia, wil
millions of dollars spent by Forest Renewal BC

Challenges:

Criticism includes disagreement that innovative forest practices should lead
increased AAC because improvements are-emm and overharvesting is
occurring.

Lessons learned:

Unknowns:

References:

Innovative Forest Practices Agreements Handbook
IFPA websitéttp://www.for.gov.bc.ca/hth/timber-tenures/ifpa.htm
Merritt innovative forestry harvest levels increased. 2013. InfoTel News releg
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http://www.for.gov.bc.ca/hth/timber-tenures/ifpa.htm

R&D incentives

Climate Based Seedansfer Program

British Columbia

Goal:

The aim of this climate change adaptation initiative and project is to transitio

NAGAAK / 2fdzYoAl Qa aSSR (i MasgdsdieBod,) &
policy and decision support framework to one thatlisnate-based. In the
interim, steps to support this transition over the next five to ten years are
dzy RSN¥ & & LI NI 2F ./ Qa aAyAaidNe
Operations Forest Stewardship Action Plan for Climate Change Adaptation
2017).

Date
implemented:

Since 2008 to present (interim measures and policy amendments)

Implementer(s):

./ Q& aAyA&UGNE 2F C2NBada=0I)l yrRaz |

Key stakeholders]

MFLNRO, people involved in forest reforestation (forest companiesdiot
owners, treeplanting businesses, silviculture specialists, greenhouse operati
etc)

Description:

6Since 2008, a number of interim measures directly related to seed transfer
statutory requirements and policy have been put in place to gpidetitioners
in adapting their seed use practices for climate charggecifically, transfer limi
standards have been amended to encourage the movement (transfer) of seg
the direction of a warming climate (e.g. upward in elevation) and, a provision
limited movement of seed beyond its contemporary (current) range (e.g. treq
species range and population expansiomhe intent is to implement a new
policy framework to support CBST over the next five to ten years.

In the meantime, interim measures @amendments to the transfer limits
RSAONAOSR Ay GKS / KAST @E&Re&fcan@iD a

Impacts:

Outcomes:

The purpose of the 2010 Amendments to the Chief Forester's Standards for
Useare to expand the seed transfer limits\Western larch (Lw) to increase
species diversity, and address the potential forest health and productivity
impacts associated with a changing climate. Specifically, this amendment
provides for the range and population expansion of Lw beyond its conteampo
range (historical and current climate envelope) in areas projected to be
climatically suitable in the year 2030.

Challenges:

Uptake unknown

Lessons learned:

Unknowns:

References:

MFLNRO 201EBST Programebsite

Assisted Range and Population Expansion of Western Larch for Use as a C
Change AdaptatioBtrategy in British Columbialune 2010

ClimateBased Upward Elevation Chandéovember 2008
Announcement August 2008

Maps and Spatial Data2010supports the June 2010 amendment

Maps and Spatial Data2008supports the November 2008 amendmént

(MFLNRO 2013)
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http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/3cbst_project.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/announcement-jun10.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/announcement-jun10.htm
http://www.for.gov.bc.ca/code/cfstandards/amendmentNov08.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/announcement-aug08.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/jun10-maps.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/nov08-maps.htm

Voluntary certification

Adaptation in Voluntary Certification Standards (e.g. SFI or FSC)

Various

Goal: G2 KAtS OSNIATAOI gustainabledfardstynRrladedReit, it igNIBCM
to what extent they support or help develop adaptive capacity for climate chang
In general they assume a relatively unchanging forest, and they tend to supporf
protection and maintenance of existing spexend habitats. The stdards indicate
little about how forests may change or how practices may need to adapt to ney
O2yRAGAZ2Yyadé 6t IS HTX W2Kyaidzy Si

Date Proposals/Recommendations in 2010 and 2012 reports (see references)

implemented:

Implementer(s):

Key stakeholders]

Description:

G6¢KSNB A& y2 SELXAOAG OtAYIFIGS OKIFy3
KFa AYAGAFGSR I OfAYIFGS OKIFy3aS YAGA
the majority of the criteria in theuwrrent FSC Maritimes Standard support a

Resistance and/or Resilience approach to climate change in sustainable forest
YIEylF3SYSyiaé o

Some steps have already been taken to include adaptation in forest certificatio
For instance the new version of the CSansliard for SFM (Z86@8, Sustainable
Forest Management) has provision for exploring climate change impacts and
adaptation (CSA 2008).

Impacts:

Outcomes:

Challenges:

It appears that some of the ecological ideas structuring the FSC Maritimes Sta
(both the Maritimes and generic Standard) such as the emulation of natural
disturbance, relying of historic ecological benchmarks and favoring natural
regeneration may require some thought in the context of climate change.

Lessons learned:

Unknowns:

References:

Climate change and forest management in Canada: impacts, adaptive capacity

adaptation options. A State of Knowledge repd@ustainable Forest Management

Network, Johnston, M., Williamson, T., Munson, A., Ogden, A., Moroni, M., Pa
R., Price, D. and Stadt, J. 20{fiage 27)

Climate change and the FSC Canadian Maritimes Standard
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http://www.sfmn.ales.ualberta.ca/en/Publications/~/media/sfmn/Publications/StateofKnowledgeReports/Documents/SOK2010ClimateChangeJohnstonetalEn.ashx
http://www.sfmn.ales.ualberta.ca/en/Publications/~/media/sfmn/Publications/StateofKnowledgeReports/Documents/SOK2010ClimateChangeJohnstonetalEn.ashx
http://www.unb.ca/fredericton/forestry/forestcura/_resources/pdf/climatestandards.pdf

PEFC FI forest certification scheme

Finland

Goal:

Update forest certification scheme requirements and standards every five
years inaccordance with the requirements of the international PEFC forest
certification system

Date
implemented:

The Standard Setting Working Group approved the updated standards in April
2009.

Implementer(s):

Ministry of Agriculture and Forestry

Key stakeholdrs:

The forest certification standard update was composed by a Standard Setting
Working Group comprising of 40 different stakeholders. Draft standards were
published for public comments.

Description:

The requirements outline 29 criteria that define foregrtification requirements
for ecologically, socially, culturally and economically sustainable forest
management and forest use. Legal compliance is the basic requirement; thus,
compliance with the certification requirements automatically means thatllega
compliance is achieved. The state also gives financial support to certain meas
promoting forest growth and forest biodiversity within the framework of #he on
the Financing of Sustainable Forestry

The 2009 Standards address seven then@titps. Climateelated criteria are
AyOf dzZRSR dzy RSNJ G KS GKSYS 2F at NBY2(
2. Forest stand shall be preserved as a healthy carbon sink

3. Health of the stand shall be attended

4. Finnish native tree species shall be usefiast regeneration

6. Forest management planning shall promote sustainable use and managems
forests

7. Seedling stands shall be tended to safeguard wood production

8. First commercial thinnings and delivery sales shall be promoted in order to
improve the growing conditions of forest stands in private forests

14 Gene modified seed and plant material shall not be used

Impacts:

G¢KS adlyRIFINR RSTAYySa NBIAZ2yIlFE (F NH
tending (at least 60 % of the saplirtgrsds needing tending shall be managed).
The updated Criterion 14 concerning the use of gene modified seed and plant
material is stricter than in the previous standard. The updated criterion strictly
prohibits the use of such material in forest regenergti® ¢

Outcomes:

Challenges:

G SAAaflGA2Yy 3FdZARAY3IA GKS | RIFELIGFGAZ2Y,
and the existing regulations do not impose direct requirements on forestry. The
monitoring methods of greenhouse gas dynamics and related aptans are not
yet applicable to practical forestry. This currently limits the possibilities to elabg
normative regulations for climate change adapted forest management. The
Government, however, intends to subsidize energy wood growing and harvesti

I gl & G2 YSSG GKS adrasS aGrNBSGa F2N
Lessons learned:
Unknowns:
References: Comparison report on the changes in the revigg-C Fl 1002 Standard and thei

impact on forest managemenf010.
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http://www.pefc.fi/media/Standardit%202008_09/PEFC_FI%20Comparison%20of%20report_03062010.pdf
http://www.pefc.fi/media/Standardit%202008_09/PEFC_FI%20Comparison%20of%20report_03062010.pdf

Appendix I: Interview questions

(Policy Developers and Implementers)
I. Objectives and Values

Interviewee name:

Interviewee position and affiliation:

1. What is the role of your department™d, what are its goals and objectives?

2. What are your current forest management objectives in your own role? And, how are these
prioritized (e.g. criteria)?

3. What decisions do you make with respect to these objectives?

4. How do you influence the decisionsaihers?

5. How do your own obijectives relate to those of i) your department? ii) other departments?

6. Who are the other actors, both major and minor, that interact with your department with

respect to your objectives?
[I. Climate Change and Risks

7. Are the follawing issues seen as risks for your department/organization? And if so, how and to
what degree?

M Fire risk?
9 Forest health?
9 Forest resilience?
8. How are these risks mitigated, addressed or shared?

[ll. Policy and instruments

9. What policies and instruments (emggulations, standards, approval processes, fees) do you
currently use to manage for your objectives and how do they influence the behaviours of other
direct actors (e.g. industry, private landowners, municipalities)?
10.2 K4 R2 @2dz 4SS KYRIISKWA yII NRydAIK S2 ANRBKSES L2 A
11. Where do you feel that these instruments fall short (i.e., fail to adequately achieve your
objectives) or generate unintended consequences? And, how could they be improved?
12. What do you think are importargqualities and characteristics of instruments for managing i)
fire, ii) forest health and iii) forest resilience)?
13. Are you aware of any innovative instruments or ideas that may have potential applications to
better achieving your objectives or addressingigating risks?
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(Associations)
I. Objectives and Values

Interviewee name:
Interviewee position and affiliation:

14. What do you understand to be the current objectives of licensees? And, how are these
prioritized (e.g. criteria)?

15. What decisions do licenseasake with respect to these objectives? And, how do they influence
the decisions of others?

16. Who are the actors, both major and minor, that interact with respect to forest management
objectives?

lI. Climate Change and Risks

17. Are the following issues seen asks for licensees? And if so, how and to what deg&e®@
else might bear the risk? (i.e. community watershed; local economic activity and impacts on
community; impact on FN etc.)
9 Fire risk?
1 Forest health?
9 Forest resilience?
18. How are these risks mitigatedddressed or shared?

[ll. Policy and instruments

19. What policies and instruments (e.g. regulations, standards, approval processes, fees) affect the
decisions licensees make with respect to their objectives?

20. How much discretion or flexibility exists withinetinstruments and policies in how they
influence decisionmaking?

21.2 K G R2 @&2dz 4SS KFLIWISyAy3a a2y (GKS 3INRdzyReé | a |

22. How do these instruments influence the behaviours of other direct actors (e.g. industry, private
landowners, municipalities)?

23. Where do you feel that these instruments fall short (i.e., fail to influence decisions) or generate
unintended consequences? And, how could they be improved?

24. What do you think are important qualities and characteristics ofruments for managing for
these objectives (i.e., fire, forest health, forest resilience)?

25. Are you aware of any innovative instruments or ideas that may have potential applications to
better achieving your objectives or addressing/mitigating risks?
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(Forestry Operators)
I. Objectives and Values

Interviewee name:
Interviewee position and affiliation:

26. What are your current forest management objectives in your role? And, how are these
prioritized (e.g. criteria)?

27. What decisions do you make with respectthese objectives? And, how do you influence the
decisions of others?

28. How do these objectives relate to the forest management objectives of your company?

29. Who are the other actors, both major and minor, that interact with your company with respect
to yourobjectives?

[I. Climate Change and Risks

30. Are the following issues seen as risks for your company? And if so, how and to what degree?
9 Fire risk?
9 Forest health?
1 Forest resilience?

31. How are these risks mitigated, addressed or shared?

[ll. Policy and instrumerd

32. What policies and instruments (e.g. regulations, standards, approval processes, fees) affect the
decisions you make with respect to your forest management objectives?

33. How much discretion or flexibility exists within the instruments and policies in hew th
influence decisiommaking?

34.2 KI'dG R2 @2dz aSS KIFLIWSyYyAy3a a2y GKS 3INRdzyRe | & I

35. How do these instruments influence the behaviours of other direct actors (e.g. industry, private
landowners, municipalities)?

36. Where do ya feel that these instruments fall short (i.e., fail to influence decisions) or generate
unintended consequences? And, how could they be improved?

37. What do you think are important qualities and characteristics of instruments for managing for
theseobijectives (i.e., fire, forest health, forest resilience)?

38. Are you aware of any innovative instruments or ideas that may have potential applications to
better achieving your objectives or addressing/mitigating risks?
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Executive summary

Climate change will have significant impacts on our forests including negative impacts such as increased
frequency and severity of wildfire, pest and disease outbreaks and changes in ecosystem dynamics (tree
regeneration, growth and mortality) thé¢ad to maladaptation of tree species. These impacts will have
economic, environmental and social consequences. Adaptation involves undertaking activities to better
prepare for those impacts such as assessing the risks of those impacts, planning fanth&fantifying

and implementing mitigative or preventive measures.

The nature of forest management in Canada, where many management decisions are delegated to the
private sector that also carries out most of the operational activities, means that thatprsector will

play a significant role in adaptation. Moving forward on adaptation requires understanding how to best
engage the private sector. Economic instruments offer an alternative to command and control
approaches; where properly designed, prexdaxperience has shown that they can provide more

efficient and costeffective ways of meeting environmental objectives (e.g. OECD 2008; Stavins 2001).
However, there has been little work done in this area in regards to adaptation (Braueinaie2011).

The goal of this research is to identify economic instruments that could support adaptation of Canadian
forests to climate change by drawing on the experiences and efforts taken to date in BC and elsewhere.

¢CKS GSNY aSO02y2YAO Al @ity tSefangedof tddls and apidachdsihat2 v I €
operate on a more decentralized basis by increasing the cost of more environmentally damaging
activities while increasing the return from more sustainable activities (UNEP 2004). More recently, these
financial and markebased approaches have expanded through the consideration of behavioural and
informational mechanisms that can be used to improve decigiaking (Ferraro et aP013; Shogren

2010; Wilson et aR012).The benefits of economic instrumentelative to regulatory approaches are

that they offer increased flexibility, may require less regulatory expenditure and, in some cases, can
raise revenues that can be used to achieve policy objectives. However, there are challenges in moving
from theoryto practical application of economic instruments, including identifying the appropriate tools
and ways that they can be integrated into existing regulatory structures (UNEP 2004). Other policy
constraints, such as political factions, legal gaps and uistital weaknesses, may also affect which

types of tools that can be used. Examination of economic instruments and the benefits that they can
potentially provide therefore requires consideration of the broader policy and institutional context in
which theywill be applied.

TheEconomic Instruments to Support Adaptation to Climate Change in Fqyesgegt is exploring how
different types of economic instruments (e.g. financial, behavioural, informational and regulatory) could
be adopted to forest management and encourage forest managers, licensees and communities to take a
pro-active approachto d@NBS daAy3 GKS NR&ala 2F OfAYIGS OKIy3aSs
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Phase Jof the project, undertaken from October to December 2013, included a review of the goals of
policy makers and forest managers and the most important risks to those goals. Potentiahgrstsu

(i.e. financial, behavioural, informational and regulatory) were then identified in the context of
measures to be considered in mitigating those risks.

This document presents the resultsRiiase 2f the project, conducted from January @ctober D14,
which focused on three case studies of economic instruments to support adaptation to climate change
AY . NRGAAK [/ 2fdzYoAl Qa 6. &/ ®Qav F2NBaday

Case study &xplores wildfire risks in the context of communities and the use of munidgadlopment
permits (informational and regutary instruments). Developmentgsmits are planning tools that local
governments can use to manage development, protect the environment and address local health and
safety issues. The system can be used to combine managemeninfjzsite planning and minor

variants into a single process. More than a dozen communities in British Columbia and Alberta have
begun to use development permits to control the extent, nature and location of new residential
development in the wildlandirban interface(WUI) establishing an emerging policy instrument for local
governments to address the risk of loss from wildland fire and ensure that communities are safe places
to live, work and play.

Case study 2xamines the economic implications of usglignate-based seed transfer (CBST) to

implement assisted migration of commercial tree species. One of the potentially mostftedtive

approaches to climate change adaptation in forestry is ensuring that seedlings planted following harvest
are adequatéy adapted to the future climate. CBST is the process of allocating seedlings to planting sites
oFraSR 2y OfAYIFIGAO FdGNROdzIiSasx Ay O2yiN}ad G2 . NR
based on seed planning zones, latitude, longitude, @leglation. CBST provides the mechanism for
FAaAa0SR YAIANIGAZ2YZI APSd (12 Y2@0S o0Se246ciseedat 201l €
sources that are adapted to the range of projected future climates at the planting site. The economic
analysis in this case study indicates that assisted migration is potentially very beneficial to both the
provincial economy and to government revenues, even if an increase intehortrisk of regeneration

failure is required to achieve a reduction in the letegm risk of plantation failure. However, as private

sector resource tenants on crown land, forest licensees are highly sensitive to real or perceived

increases in regeneration risks. In the context of the nascent scientific basis for CBST, a conservative
approach to assisted migration is warranted. Nevertheless, whether government pursues a conservative

or aggressive assisted migration strategy, accounting for regeneration risk will be a central challenge in
engaging licensees as partners in the impleraéioh of CBST policy. Monitoring of the impacts of

assisted migration on regeneration success is identified as a fundamental requirement to managing
perceptions of risk and also to equitable rikaring between licensees and government. This case study

also investigates opportunities and challenges to risk accounting and risk sharing within the appraisal
system, the timber supply review, and the professional reliance framework.



Case study &lentifies incentives to support collaborative wildfire plannamgd management

(informational, financial and regulatory incentiveshis case study focuses on wildfire risk across the
forested landscape (i.e. was not limited to the WUI zone). A common issue across jurisdictions,
regardless of whether they specifigafbcus on the WUI, is identifying wildfire risks and coordinating
planning and funding suppression and mitigation activities. Allocating financial resources to support
planning or to implement activities identified through the planning process is a corahmadlenge. The

case study describes different programs and approaches to coordinating and planning among different
stakeholders by drawing on examples from British Columbia, Canada; Victoria, Australia; and the USA.

It also describes different financimgechanisms to support different adaptation activities (e.g. to

support coordination or fund wildfire treatments where the costs might exceed the timber values) and
explores the use of an additional levy on stumpage in British Columbia as a way to gémedatéor
adaptation. While this case study focuses specifically on identifying key characteristics of instruments to
support adaptation and reduce the risk of wildfires through collaborative planning and management, it
is expected that such processes tsnamended to address other climatelated risks (e.g. pests,
maladaptation) in the future, including finding ways to finance associated activities.



List of acronyms

ABCFP Association of BritisEolumbia Forestry Professionals
ACE Allowable Cut Effect

AMAT Assisted Mitigation Adaptation Trial

AAC Annual Allowable Cut

BCTS BC Timber Sales

BEC Biogeoclimatic Ecosystem Classification

BLM Bureau of Land Management

CBA Costbenefit analysis

CBST ClimateBased Seed Transfer

DEPI Department of Environment and Primary Industries
DFAM Defined Forest Area Management

DSE Department of Sustainability and Environment
ESRD Environment and Sustainable Resource Development
FEMA Federal Emergendyanagement Agency

FFEI Future Forests Ecosystem Initiative

FFT Forests for Tomorrow; also Forestry Futures Trust
FGC Forest Genetics Council

FNFC First Nations Forestry Council

FPPR Forest Planning and Practices Regulation

FRBC Forest Renewal BC

FREP Forest and Range Evaluation Program

FRIAA Forest Resources Improvement Association of Alberta
FRIP Forest Resources Improvement Program

FRPA Forest and Range Practices Act

FRT Forest Renewal Trust

IFPA Innovative Forest Practice Agreement

LBIP LandBase Investment Program

LBIS LandBase Investment System

MAI Mean annual increment

MFLNRO BC Ministry of Forests, Lands and Natural Resource Operations
MPB Mountain Pine Beetle

MPBI Mountain Pine Beetle Initiative

NFP National Fire Plan

NFPA National Fire Protection Association

NPV Net present value

ROCE Return on capital employed

RPF Registered Professional Forester

TFL Tree Farm License

THP Tree Improvement Investment Priorities

TIPSY Table Interpolation for Stand Yields

TSA TimberSupply Area

TSR Timber Supply Review

USDA US Department of Agriculture

USFS US Forest Service

WMB Wildfire Management Branch

WUI Wildlandurban interface



Project b ackground

TheEconomidnstrumentsto Support Adaptation to Climate Change in Forgstoject is supportedy
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representing forestry stakeholder§he goal of the project is tdéntify promising economic
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1. Reduce risks of wildfire and impacts on commities and infrastructure.
2. Ensure forest health (e.g. minimize forest pests and disease) and reduce maladaptation
3. Promote forest resiliency to impacts of climate change.

Phase Jof the project(OctoberDecember 2013ncluded a review of existing econarrinstruments in
Canada, the US and Scandinavia and a series of interviews with forest industry experts, the BC
government, First Nations and industry. The research team then hosted a workshop with 25 experts to
identify critical climatechange related rlss to forests and economic instruments that may be of

greatest interest in the context of BC. The results from the workshop, in consultation wifitlthsory
Teamandwith input from the expert advisors, were used to identify three specific case staflies
potential instruments that could be used to encourage adaptatiathin those risk areas

Phase 2f the project (JanuaryOctober 2014)focused on these three case studies of economic
instruments (Table 1). A second workshop will be hosted in November 20&4i¢éwv the case stud
results with 40 expertand evaluate the feasibility of the proposed instruments, including identifying
any irformation gaps, what concerns might arise and how those can be addressed, and possible
implementation requirements.

Economic instruments

Economic instruments refer to the range of tools and approaches that operate on a more decentralized
basis by increasg the cost of more environmentally damaging activities while increasing the return

from more sustainable activities (UNEP 2004). Such approaches have been employed to address
environmental issues, including the use of pollution taxes, emissions chaagesnd trade systems,

and depositrefund systems (among others) as ways to address pollution. More recently, these financial
and marketbased approaches have expanded through the consideration of behavioural and
informational mechanisms that can be usedrtgprove decisiormaking around achieving better

outcomes. Examples of such approaches include presenting information in a particular context, allowing
decisionmakers to evaluate their choices in the context of social norms, or addressingneelh

cogntive biases that can distort outcomes (i.e. underestimating the consequences of low probability but
highimpact events, how people evaluate gains relative to losses and commitment issues) (Ferraro et al
2013; Shogren 2010; Wilson et al 20Mhile econont instruments are often contrasted with more
traditional command and control (or regulatory approaches), commonly the two work together and can
support one another.



The benefits of economic instruments relative to regulatory approaches are that theyidfeased

flexibility, may require less regulatory expenditures, and in some cases can raise revenues that can be
used to achieve policy objectives. However there are challenges in moving from theory to practical
application, including identifying the pppriate tools and how they can be integrated into festing
regulatory structures (UNEP 2004). As well, other policy constraints, such as political factions, legal gaps,
and institutional weakness may also affect which types of tools that can be EHzadhination of

economic instruments and the benefits they can potentially provide therefore requires a consideration

of the broader policy and institutional context in which they will be used.

While in theory there is a broad range of economic instrumémischieve environmental objectives,

their applicationremains relatively limited with regulatory approaches predominating for the reasons
previouslyidentified (Stavins 2001). This same issue, moving from theory to practice, also affects the
adoption ofeconomic instruments for adaptatioparticularlywhere there are a limited number of
practical examples from which we can draw. Proposals for instruments to be used in adaptation range
from the use of tools already being employed to address existingamental issues to more

theoretical constructs such as markets for adaptation credits (Brauninger et al Ztijral studies

have been conducted to examit®w economic instrumentsould be used (among other tools) to
addressadaptation forsea level se (Agrawala et al 2008; Gramis 2011); agriculture (Agrawala et al
2008); and water supply (Brauninger et al 2011).

Some of the difficulties in developing instruments for adaptation, beyond translating the environmental
objective into a related adaptatioobjectives, include barriers around adopting policies specifically
associated with climate change including: the uncertainty and ambiguity around climate change
impacts; differences between the time frame of those impacts and deeisigking; and models tt

can be used to identify and understand climate change impacts and evaluate solutions. Other issues
reflect more generally the issues related to institutional or policy change, including the distribution of
costs and benefits; financial resources; knaige and the availability of information; social acceptance
and technical capability among other factors (Biesbrock et al 2013).



Introduction

Climate change will have significant impacts on our forests, where those negative impacts, including
increased fire, pest and disease outbreaks and changes in ecosystem dynamics (tree regeneration,
growth and mortality) that lead to maladaptation of trepexies, will have economic, environmental

and social consequences. Adaptation involves undertaking activities to better prepare for those impacts
such as assessing the risks of those impacts, planning for them and identifying and implementing
mitigative orpreventive measures.

TheEconomic Instruments to Support Adaptation to Climate Change in Fqresgegt is exploring how
different types of economic instruments (e.g. financial, behavioural, informational and regulatory) can
encourage forest managengensees and communities to take a fotive approach to addressing the
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Phase Jof the project included a review of the goals of policy makers and forest managers and the most
important risks to those goal®otential instruments, including regulatory ones, were then identified in
the context of measures to be considered in mitigating those risks.

This document presents the resultsiifiase 2f the project, conducted from Janua@ctober 2014
which focusedn three case studies of economic instruments to support adaptation to climate change
AY . NRGAAK [/ 2fdzYoAxlQa o. ®/ ®Qauv F2NBald AyRdzdNE

Case study &xploreswildfire risks in the context of communities and the use of municipal
DevelopmentPermit Systemginformationaland regulatory instruments).

Case study 2xaminesa specific practice for climate change adaptation, called CliBated Seed
Transfer, usingconomic analysis to identify where and how information and incentives can play a role
in enhanciry forest resiliencéinformational instrument)

Case study &lentifiesincentivesto support collaborativavildfire planning and management
(informational, financial and regulatory incentives).

Table 1 provides a brief overview of the case studies, dioduthe objectives and instruments assessed
within each study.



Table 1. Summary of Phase 2 case studies.

Case study 1: Development Permit System

Risk Category

Wildland Urban Interface Fire

Objectives

1

)l

Identify an emerging regulatory tool available to local and regional
governments to manage the risk of loss from wildland urban interface fi
Identify mechanisms for local governments to control the extent and na
of residential development in zones$ high fire risk.

Potential
Instruments

Incorporae development permit approvals within a comprehensive

strategy for communities to manage the risk of loss in the interface.
Local planning authority can be used to influence the extent and locatio
new residential development in the community.
Permits can be used to require fire resilience construction and landscay
for new homes built in the interface.

Generalization

T

Case study showcases an emerging planning tool introduced in severa
communities in British Columbia to manage the largely uncontrolled an
rapid growth of unprotected residences in the wildland urban interface.
Focus is on the BC context, but appliesterface fire management acros
Canada.

Case study 2:

Climaf#ased Seed Transfer

Risk Category

Maladaptation

Objectives

T

1

Identify the economic incentives and disincentives for clirtzdsed seed
transfer, from the perspectives of government and licensees.

Identify mechanisms to encourage licensees to be actively involved in
research and implementation of climatmsed seedransfer.

Potential
Instruments

= =

Incorporat climate maladaptation into TSR to facilitate allowable cut
effects

Prioritizz CBST research to minimize shtmtm economic risks to licensee
Stumpage transfers (e.g. FIA).

Generalization

Case study exemplifies the divergent perspectives of government and
licensees on silviculture investments in general, particularly in climate
change adaptation.

Focus is on the BC context, but applies to crown forest land across Cal




Table 1:Summary of Phase 2 case studiesntinued)

Case study 3: Collaborative Planning and Management

Risk Category| Landscape wildfe, with extension to pests and maladaptation

Objectives 1 Encourage longerm, multi-stakeholder planning
9 Offer managemenstructure to coordinate and guide actions using
incentives for collaborative planning/ardemsed planning and funding for
adaptation actions
Potential 1 Type 4 Silviculture Strategies (integrate cumulative effects and fire
instruments planning)

Landscapéire Management Planning

Innovative Forest Practices Agreements

Forest Renewal BC and Sustumpage

US Forest Service programs

Victoria (Australia) Government Bushfire Management Program

=A|=2 =2 =4 =4 =9

Generalization Case study focuses on key features of indiviidunal integrated tools to
support areabased planning for wildfire; with broader applications to oth
risks (i.e. pests, maladaptation) once the program is established and
additional information about these risks is available.

9 Focus is on the BC, Westddi$ and Australian context, but applies to fire

management across Canada.

The multidimensional nature of these risks and interrelated nature of forest ecosystems leads to natural
overlaps between many of the case studies and possible interadtetween different instruments. For
example, given thatildfire can occuiacross the landscape, tools to address fire risk on the public land
basecan addresshe wildland urban interface (Case Stugjywhile efforts to mitigate risk on private

lands withn communities (Case Study 1) can be strengthened through outside efforts. Elsewhere,
efforts to provide incentives for efforts to address fire risk on the forest landscape (Case3ptaaty

also be adapted to address other riskech as maladaptatiofCae Study?2). There may also be cases
where cabenefitsexist for example, efforts to reduce fire risk may enhance forest resiiéyc

reducing susceptibility to pests and pathogens. Finally, the integrated nature of these objectives in
conjunction with the forest management system means that these instruments do not exist in isolation;
in many caseghey are used in conjunction with eting policy mechanisms or used to support other
efforts, including planning, the adoption of complementary economic instruments and even regulatory
measures. Therefore, policy coherence is important in evaluating instruments, including consistency
with existing policies, and any possible synergies along with potential incompatibility or conflicts.



The intention of this document is to stimulate thinking about how existing or innovative economic
instruments could be applied to the three climatelated brest risk areas upon which this project is
focused: fire, pests and maladaptation. The contents of this document will provide a foundation for
selection and investigation of three detailed case studies of potential economic instruments for analysis
duringthe subsequent phase of this research project, from Mabgtember 2014. This information, as
well as information from the case studies, will be made available in a final project report, to be
completed by the end of December 2014.
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Executive summary

Developmentpermits ae planning toos thatlocal governments can use to manage development,
protect the environment and addres$scalhealth and safety issues. Thgstem can be used to combine
management okoning, siteplanning and minor varianisto a single process. More than a dozen
communitesin British Columbia and Albertave begun to use development permits to control the
extent, nature and location of new residential development inwiklland-urban interface, establishing
an emergingpolicy instrumentor local government$o addresghe risk of loss from Wdland fire and
ensure thatcommunities are safe places to live, work and play.

Severalocal governments now include covenants in the development permit systeguinng fire
resilient building materialfor new homes. Conditions for approving a dieygnent permit may include
fire-retardant roofing, eterior walls sheathed with firgesistive materials, windows witlempered or
doubleglazed glasslecks built with fire resistant materials, screens orealles, attics andoof vents
andchimneyspark arrestors The provincial and territorial governmesdo not presently include
provisions addressing the risik damage from wildlandires through their building codes; fortunately,
these public safety meases are now emerging ilocal government development permit requirements.

The development permit system can also addiassiscaping andite considerations to reduce the risk

that wildland fire will enter and spread through a community. This may includgurement for

defensible space of at least 10 metres around each home free of combustible materials, thinned
plantings and reduced combustibles in a zone extending at least 30 metres around each home,
underground servicing for hydro, consideratsoio aldressthe additional risk to structures on a slope,

fire breaks and other community safety measures. The overall objective is to ensure that new residential
developments are designed with measures to defend agjahe risk of wildland fire blowing or boing

into the community.

Most significantly, development permits provitlical governments wittthe authority to control and

even prohibitresidential development in zones of high fire risk. There has been rapid growth in the
number of people that live inr near the wildlands across Canada. This includes more permanent
residences and seasonal homes. Evidence from the United States, Australia and emerging in Canada
showsthat growth in the number of people livirig areasat risk is a critical factohat has been
increasindoss and damage in theildland-urban interface. Development permits gilozal

governments the authority and responsibility to contrekidentialdevelopment in interface zones with
high risk of fire.

Land use planning is a tool tHatal governments around the worigeto reduce the risk of flood
damage. In Canagdaeveral communities have begtmuse planning tools, like development permits,
within a comprehensive communityildland fire mangement strategy. The growing population living in
the interface and projections of an increasing area burned by wildfire due to climate change suggests
that these tools are likely tepread in the years ahead to be used by local governsmaatoss the

country. Local planning decisions can provide an important contribuiithin a comprehensive
communitywildland-urban interface fire management strategy.
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Introduction

Fire is an essential agent fecologicaNB y S g f | YR K ®restséanil grdssfandsHoweleR | Q a
fire also has the potential to destroy homes, disrupt communities and threaten the health and safety of
Canadians. Loss and damage fromifirthe wildlandurban interface has been growing and is expected

to increase sigficantly over the coming decades unless current practices adapt. In particular, the rising
number of people that live in the interface and the impact of climate change to increase the expected
area burned are two factors that will drive fire losses higl@ess action is taken.

For almost one hundred yeaifire specialists have managed the risk of loss and damage from wildfire in
Canada with little involvement from individual prapeowners and communities located in or near the
wildlands Most fires wee identified soon after they began and suppressed quickly. For many decades
there were few wildfire fatalities ancelativelylittle damage to property.

Since the 199Qshowever there has been a trend of rising cesif fighting wildland fire andire

damage. Theecosts have been growing in Canadal have increased at an unsustainata&e in some

other countries, like the United States and Australia. The most damaging wildfires in Canadian history, in
terms of the value of property destroyedere relatively recent eventg 2003 and2011. There is

widespread agreement that the current approa¢h fire management neesto evolve(Canadian

Council of Forest Ministers 2005; Hirsch and Fuglem 2006)

Emergindire management best practices are complexiaeek to involve many stakeholders. Fire
specialists continue to address fires when they ignite. There are also efforts to reduce the risk of large,
uncontrolled fire through prescribed burning, timing of forestsand creation of fire breaks. Beyond the
forests efforts are underway to involve property owneirsmanaginghe risk of fire damage. National
programs like FireSmart seek to educate property owners and community leaders aboaletioé fire

in the ecosystem and actions Canadiaan take tareduce the risk that fire enters a community.

New wildfire managent tools are frequently identifie@nd tested in this changing environment. Of
interestin this report is theemergingrole of local government planninofficials Over many decades
planneas have provided important tools to address other hazards, like the risk of loss from flooding.
Someprogressiveeommunities have begun using established tools, like development permits, to
address the risk of damage from wildfire.

The development permitystem is a planning tool that local governments can use to manage
development, protect the environment and address health and safety issuesy3teenscan be used to
combine management afoning, siteplanning and minor variastinto a single process. Sem

communities have begun to use development permits to control the extent, nature and location of new
residential development in theildlandurbaninterface, establishing a new policy instrument to

address the risk of loss from wildland fire and ensueg thur communities are safe places to live, work
and play. These tools may spread in the years ahead to be used by local governments across the
country, recognizing the important contribution that local planning decisions can make within a
comprehensive vidland-urban interface fire management strategy.



Background
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management has traditionally been viewed as the responsibility of the provincial, téatismd federal

governments (Canadian Wildland Fire Strategy Vision 2005). Other stakeholders, like forestry

companies, are aware of the importance of fire for their business operations. Communities located in

the wildlands may have experienced multiplaeuation orders due to wildfire and are aware of the

risks to health and property. Nevertheless, it is widely held that that the provincial, territorial and

federal governments have lead responsibility for wildland fire management in Canada.

Provincial ad territorial governmentslsohave legislation in plachat setsout the powers and
authorities of local governments to address community issues. In British Columbie theLocal
Governments Acin Alberta, it is théMunicipal Governments ActheGovernment of Canada has
legislation in place setting out the powers and authorities for a specified group of First Nations to
manage their lands through theirst Nations Land Management Athe purpose of th@rovincial,
territorial and federalegisldion is to provide the legdtamework for locahction by establishing the
powers, duties and functions necess#oy local decision makets respond to the needs of their
communities.

Some of the functions assigned to local governments include poacidgublic safety, planning and

land use management, enforcement of building regulatieambanfire protection, public health, storm

and waste water management, waste and recycling management, heritage conservation and animal
control (Tindall et al 2012)here is some variation across the country in the specific policy areas
assigned to local governments. There is also variation in the role for local and regional governments.
Neverthelessthe specific functions and authority of local governments are deieed by the provincial
and territorial governments and have considerable similarity across the coumgparticular, &nd use
development and community planning is a function provided by local governments across the country.
The development permit sysinis one dimensiowf the planning authority assigned to local
governments.

Building codes and the regulation of construction is also an essential element of managing the risk of
loss and damage as a result of hazards. The provincial and territoriahgaosets have primary

responsibility for regulating construction practices in Canada, but aspects are shared with the federal
and local governments. The Government of Canada produces a model building code in partnership with
the provincial and territorial ggernments. The model code applies to federal lands and is a guide that
provincial and territorial governments use to create their building code legislation. The provincial and
territorial governments, in turn, assign responsibility for enforcing compliavitethe codes to local

and regional governments. The City of Vancouver has authority to manage a building code for the city.
Other local governments across Canada can use land use planning powers to introduce requirements for
their communities to addressnvironmental or health and safety issues.

Partners in Protection and NFPA Canada made a joint submission requesting that the Canadian model
building code introduce requirements to address the risk of loss and damage from wildland fire. The
Canadian Comission of Building and Fire Codes, noting that there was not a consensus to go forward at
the time, rejected this request in 2012 (Canadian Press 2012). Code officials indicated that local land use
planning bylaws might be a better mechanism than buildiodes to address the hazard of wildland fire.



A brief history of wildland fire management

Fire has been present on the North American landscape for thousands of years. Wildfire is a natural
phenomenon that is essential for the health of forests and grasislaMany ecosystems have evolved to
depend on fire to bring renewal and regrowth. This includes prairie, savanna and coniferous forests.
Many plants and trees require fire to germinate and reproduce, while animals, in turn, are dependent
on these grasslais and forests.

Fire is also a longstanding thredites have been lost and property destroyed by firbis hazardhas
increased with more people living the wildlandurban interface and active ithe wildlands. Change in
the climate is expected to sificantly increase the area burned by wildfire and the risk of loss unless
currentfire practices adpt and evolve.

Prior to European settlement

Aboriginal groups across North America actively managed wildland fire for many generations prior to
European sttlement, resulting in profound changes tbe landscape. Lightning brought natural fires

that occasionally burned grasslands and forgstsile intentional burning was conducted with greater
frequency over smaller areas. Depending on need and circunesanontrolled burns may take place
every one to three years. Moreover, intentional fires were at a different time of the season than natural
fires that typically peak during the summer. In moist climate®ntionalfire was used in the spring to
control new growth, while in dry regions it was meocommonto set firesin the fall. The cycle of burning
would be suspended during periods of prolonged drought due to the increased risk of fires burning out
of control(Lewis 1982)

There were many reasons whiaiginal peoples actively managed finecluding hunting and

protection of settlements. Fire could be used to divert deer, elk and bison into specific locations for
easier hunting. Fire also increased the grasslands available to support larger hemdrg gnimals

and the food available to support the communiegular burning near settlements reduced the threat
to lives and property from catastrophimcontrolledfire. Fire could also increase berry yields, reduce
the cover that predators like wolh&and bearsnay use to hide in, and ease movement through the
wildlands.

Despite ative efforts to manage the hazard, filigely resulted in occasional periods of catastnaploss

of life and property. Naturalgriods of extended drought would leave gsénds and forests vulnerable

to lightning or accidental igtion from a cooking fire, a petleyond the capacity for management. Fire
could destroy property accumulated over a lifetime, ruin crops and scare away prey. The largest loss of
life may come fom starvation and illness following the fire.

The wildlands in North America prior to European setiat had been shaped byany generations of
natural and managed fire. In particular, fire management by aboriginal peoples had traesfsome
forests inb grasslands and savanna, and where forests reffisnwas used to increase the open space
between treesand remove underbrush.



European settlement

Fire management changed with European settlement. Available documentation indicates that settlers
were lrgely unaware that the aboriginal community had actively managed the landsdédggeobjective

in villages and towns was to suppressuallanfires. Lightning, campfires, sparks from a locomotive an
other sources lead to an increased frequengyires in the wildland. During very dry summeéasge

fire eventsdestroyed settlementsicrossNorth America. Hundreds of people were killed in emerging
towns and villages, while the fate is unknown for thousands of men working in the foRysie 182).

Large fires sometimes burned through villages and towns across the continent. There was a tragic loss of
life and distressing destruction of property. Some of largest fire losses ever experienced in Canada
include theMiramichi Fire in 1828%he Sagueay Fire in 1870, Cochrane FirelB11, Matheson Fires in

1916, he Great Saskatchewan Fire in 1919, and the Haileybury Fire in(@2gyre 2003) Hundreds

of people lost their lives, and many villages and towns were destroyed.

Several communities ifhé United States were destroyed by the Great Fire of 1pddimpting the U.S.
Forest Service to commit to a strategy of suppressing all forest and grass fires in the wildland.
Governments across Canada soon adopted a suppression strategy for much afrlry.cBuccesof
firefighterswas measured in how soanfire wasdentified andput out.

European settlement brougla new era for fire management, with a focus on fire exclusion in the
wildlands The result, at considerable cost, wasignificant reduction of fatalities and property damage
across Canada and the United States ttuwildfire. This approach was sustained for sevdealades.

Toward a modern approach

In the 1980s and 1990s, a number of large loss events begaretneegein Canada and on a larger

scale in the United States. Decadefdief exclusiorhad transformed the wildland. There was a
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Moreover, the extended perib of safety was one of the factors that encouraged more people to pursue
recreation activities in the wildland and to live in tivéldland-urbaninterface.

There has been a remarkable increase in the number of people in the UnaesS$tho live in the
wildland-urbaninterface,with the largest increases over the last few ye&sta are not available for

Canada but there is clear evidence that more Canadians are spending time in the wildlands and living in
the interface, and these totals are expected toy.

TheForestSrvice in the United States hasthdrawn its commitment to suppress all fires in the
wildland; neverthelessfirefighting efforts in Canada and the United States continue to focus on the
early identification and suppression of fires iretwildland. The cost of fire exclusidras increased
significantly over the past few decadesiven by the growing number of homes located in areas of risk
and increased area burned. Some are questioning if this rising public cost can be sustained.

In 20@, a joint federal, provincial and territorial vision statement was released setting out a plan for
managing fire risks through th@anadian Wildland Fire Strateghis nationalvision seeks to establish a
balance between actions to respond to wildfirepmote healthy forestsand build resilient

communities. The vision statement has enjoyed strong support over the past decade from a broad range
of stakeholders, although lack fainding continues to delaynplementation.



One of the three core elements tdfe Canadian Wildland Fire Stratemyolves the establishment of
resilient communities and an empowered publkireSmart Canada is the leading organization
supporting community action in Canada to address wildfire

In the 1990sPartners in Protectionreated FireSmart with support from the Alberta Forest Services and
a number of other partners. FireSmart @aia providesnformation about actions that should be taken
by communities and individuals to protect themselves from the risk lofiavid fire.

Patners in Protection continues to operatdreSmart as the national program seeking to protect lives
and property across the country from wildfire damadgspite the meagre financial support from the
federal, provincial and territorial government®ne otthe firstdocuments produced blfireSmarivas
Protecting Your Community from WildfifEhis reporsets out specific actions that can be takat the
community level byocal governmergand other stakeholders. This includes advice on planning tools
availale to local governments.

In the United States, there are many organizations pressing for greater local participation in wildfire
management. For example, the American Planning Association has been providing wildfire advice to
local planning officials siec2004, with reports lik®lanning for WildfirdSchwab, Meck and Simone
2004). In Canada FireSmart has virtually been alone in the provision of local advice and support.

Development of a national vision for wikthd fire managemenfrovincial and territoial governments
spending billions of dollars on fire suppressiand the welcome leadership by FireSmart Canada to
promote community preparedness, N ¢St 02YS | Ry O0Sa Ay /Iyl RIQaA
Neverthelesswildland fire loss and damagerising In particular, Canada experienced its largest

wildland fire damage events in 2003 and 2011, including hundreds of homes destroyed in Kelowna and
Slave Lake. Moreover, the number of Canadians living in the interface and visiting the wildland

continues to grow and evidence is mounting that change in the climate will significantly increase the
expected area burned. Increased loss and damage is expected unless further change occurs.

As a result of recent major wildfire events in Canada, property osvard their communities are taking

on more significant roles in protecting themselves. In addition to the FireSmart initiative, community
planning and development permits, many communities have also begun to expand their abilities a deal
with wildfires. Ths includes crossaining community firefighters in wildfire control techniques and
coordination with wildland fire firefighters. Some communities have purchased wildland compatible fire
engines and wildfire sprinkler systems for local deployment.
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Drive rs increasing the risk of loss and damage

Many factors affecthe risk of wildland fireTwo drivers that are expected to push the risk higher over
the coming decades are the numbef people living in the urbawildland interface and climate change.

A growing population living at risk

Since 198(there have been millions of acres burned across Canada with little loss and damage. Fire
management anduppression has beeuccessful in preventing loss lide, injuries and damage to
property. Beverly an®othwell 2011found thatonly one Canadian askilled by wildland fire in the

period between 1980 and 2007, while three others died as a result of the stress associated with
evacuations.

The number of Canadiativing in the interface is unknown. On avegad,500 Canadians are ordered to
evacuate each year because of the risk of wildfiBeverly and Bothwell 2011jundreds of homes were
destroyed by fire in Slave Lake, Kelowna and a number of other communities. The population at risk
indudes people livig in the urbarwildland interface and people that visit the wildlands. There is
widespread agreement that the number of Canadians that live, work and play in the wildlands is
growing.

The number of peopléving in the interfacen the United Statescreased from 25 million in 1960 to
now exceed 140 millio(Bailey 2007)The number of homes in the interface has grown rapidly over
several decades, including permanent residences and seasonal dwellings. The number of homes
destroyedeach yeaby wildfire inthe United States itreased tedold from 400in the 1970s to more
than 4,000 recentlyBailey 2007). A larger population at risk contributedhe increase in fire loss and
damage.

Available data for Canada shows that the four provinces with the maaelalestroyed by wildfire over
the period since 1980 are Alberta, British Columbia, Manitoba and SaskatckBesserly and Bothwell
2011) The largest loss of homes from wildland fire has been concentrated in Alberta and British
Columbia, including severalindred homes lost in Slave Lake and Kelowna in fires during 2011 and
2003.More than 95percent of the homes destroyed lyildfire in Alberta and British Columbia since
1980 were permanent homes while less than fparcent were seasonal dwellingehe experienceof
permanent homes destroyed in Alberta and British Columbia has sttapddcus ofpublic and policy
maler attention

In contrast, ery few homes were destroyed by fire in the other provinces and territ@iiese 1980and
more than half of hese were cabins, cottages and other seasonal honié®re have been evacuations
in commurities at risk across Canadaut in most of the country the experience with buildings
destroyed by fire has largely involvadelatively small number gleasonal dwllings.



Less than foupercent ofCanadians selflentify as aboriginals yet one thiaf the people evacuated

since 1980 lived in First Nation communities (Beverly and Bothwell 2011). Most of these (88 percent)
were located in Ontario, Manitoba, Sas&la¢wan, or QuebecThere are more than 750 aboriginal
communities across Canada and mostlacated in zones of highildland fire risk Aborignal

communities are mucmore vunerable to wildlandire than other communities across Canada, largely
due tolocation. These communities face a wide range of secmnomic issues, including concerns
about access to quality housinghe risk of loss from wildland fire is onglod many issues that need to
be addressed.

Change in the climate

Fire frequency and tensity has long been highly correlated with climate conditions. Indeed, three
critical factors that determine the area burned by wildfire include the frequency of ignitions, fire control
activities and weather. Some weather factors that affect wildfidlide temperature, precipitation,
humidity, wind speed and the frequency of lightning (Flannigan 1990).

Evidence over several decades shows a high correlation between area burned and temperature (Gillett
et al 2004). Projections of rising summemperatures warn that the area burned each year in Canada is
expected to double by the end of this century with warming of the climate (Flannigan et al 2009).
Summer temperature is the most important lotgym weather variable that predicts the expectecka
burned by wildfire.

Area burned is also highly correlated with periods of drought and long sequences without rainfall. A
sequence of rain events, for example, makes a greater contribution to reduce the risk of wildfire than
the same volume of precipitimn falling in a single large rain event. Climate change is projected to
increase the frequency of summer days with no rainfall across Canada.

Fire data also shows correlation between relative humidity and area burned. The impact of climate
change on relévely humidity is projected to further affect the area burned by wildfire. Wind conditions
are important determinants of the speed that fire spreads in the wildland. At this point, it is unclear
from the climate research what the impact of climate chamgiéebe on wind speeds.

Forest and climate researcwnsistently finds that much of the recent fluctuation in area burned is a
result of variation in the climate. While the relationships are complere iswidespread agreement

that temperature is the most important predictor of area burned, with the expected warming associated
with climate change expected ®gnificantlyincrease the area burneid Canada unless actions are

taken to reduce ignitions and irease suppression

Climate models have been used to anticipate the change in the climate and expected area burned across
Canada. These studies consistently show large increases in the area ovevitimane recent study

projecting that the area burned hwildfire willincrease by 74 to 118 percent by the end of the century
(Flannigan et al 20094l studies project a significant increase in wildlanel &is a result ofiotter, drier
summers across most @fanada



Studies anticipate agearlier start tothe fire season and the length of the fireason is expected to

increase A much larger areis expected to experience high to extreme fire risk with change in the

climate Indeed, fire may move beyond our forests and grasslands to include peathenistheless,
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Taiga and Montane Cordillera

Elements of a comprehensive fire management strategy

In 2005, the Canadian Council of Forest Ministers issue@#amadian Wildland Fire Strateggtting out

a shared national vision for managing the risk of fire. The elements of the desired future state set out in
the vision included resilient communities and an empowered public, healthy and productive forest
ecosytems and modern business practices for responding to wildfires. These critical elements would
provide the foundation for a modern, national fire management strategy.

As Canada continues to work toward implementing a national strategy, several local gewsrhave
begun providing leadership at the community level. For example, a comprehensive community fire
management plan is essential to build resilient and empowered communities. The national vision has
strong support from a broad range of stakeholdensd awaits a clear commitment to ensure
implementation. The vision can provide a guide for stakeholders, including local governments, to take
action now even if it is unclear when the federal, provincial and territorial governments will fully commit
to implement the agreed upon national wildland fire strategy.

Healthy forests and grassland ecosystems

Our forests and grasslands are not in the best health. Decades of population growth, urbanization, fire
exclusion, infestations and poor forest management ficas have disrupted our wildlands. A

sustainable and vibrant future for Canadians should include-lerrg actions to establish and maintain

healthy forests and grasslands. Fire should be embraced as essential for healthy and diverse ecosystems.
Fire exalsion policies in the wildlands must give way for most of our forests. There is a national
consensus that policy emphasis in the wildlands should shift to increasingly protect point values like
homes, key watersheds and critical stands of lumber rathen #veclusion (Canadian Wildland Fire

Strategy Vision 2005).

Adaptive forest management should maintain or enhance the ecological integrity and productivity of the
forest ecosystems while protecting the material values of society. Fire suppression is feotivef

when it is used in combination with prescribed burns, thinning and other proactive fuels management
strategies. Aggressive, national efforts to confront infestations, like the Mountain and Western Pine
Beetles, are also essential to ensure heaftngsts.

Landscape fire planning and management is an important approach to reduce the risk of loss from
interface fire. Fuel reduction, modified response fires, modified stocking standards and other harvest
treatments can be used to create a more fireiliest landscape in the wildlands and the interface
(Osbourne et al 2013). Qualified professionals can best plan for where fire is beneficial or detrimental,
and critical areas can be targeted for ecological restoration or prescribed burns to create &mmore
resilient landscape.



Capacity to fight wildland fires

Wildland fire management professionals have successfully defended Canadians from loss of life and
destruction of property for many decades. These brave individuals and their successors acelgeriti

of a modern wildland fire strategy. They need and deserve the appropriate training, equipment and
other resources to continue to succeed in protecting Canadians at risk.

Climate change is expected to significantly increase the area burned, Whif@pulation living in the
wildland-urban interface continues to grow. Provincial and territorial governments should plan for a
material increase in the cost of fire monitoring and suppression. Increased costs will likely be sustained
over several decades

Canadians who choose to spend time in the wildlands and live in the wildidnah interface need to
increasingly accept responsibility for their safety and that of others. More aggressive actions should be
taken to confront the increase in accidentakB and arson. Moreover, there should be greater clarity
about the importance of firefighter safety and the circumstances when it is acceptable to permit
structures to be lost to fire.

Resilient and empowered communities

Perhaps the greatest scope to-egtablish control over the risk of loss from wildland fire involves the
opportunity to educate and involve Canadians in fire management. The public needs to learn about the
importance of fire for the health of ecosystems. Moreover, Canadians need to undénta actions

they can and should take to minimize the risk that they create when they choose to live near wildland
areas.

An empowered public can strengthen the fire resilience of communities through investments in fire
resistant homes and participatidan actions to make their community FireSmart. Through the informed
actions of many people, Canadians can pursue a comprehensive set of risk management actions that
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All three elements are essential to a national wildland fire strategy. A particular challenge involves
securing participation of the public in recognizing and addressing this hazard. Exclusion of fire from
urban areas is an approach that should nontinue throughout the wildlands, despite several decades
with few fatalities and relatively little property damage. For several generations, success in wildland fire
management has been measured in the speed of detection of ignitions and minimizinm#he ti

required to suppress the fire. Public understanding and expectations need to change in the coming
decades, ideas that may be difficult to explain to an increasingly urban population.



The emerging role of Development Permits

A growing number of commurdts located in the wildland or at the wildlanatban interface have
developed a community wildland fire management plan. Most communities in Canada with a wildfire
management plan identify the FireSmart Canada repoatecting Your Community from Wildfae the
template used to develop a plaiheplanning guide was published in the 1990s and revised in 2003.

FireSmart Canada has also launched a community recognition program. They provide local training and a
manual for homeowners. FireSmart is the natibprogram championing actions by property owners

and communities to address wildland fire. Importantly, the program was founded through a partnership
model that enhances the capacity of the effort to serve the interests of a broad range of public and

private sector stakeholders despite a very modest budget. The federal, provincial and territorial
governments should provide increased funds to FireSmart Canada to support this important work.

Many community management plans in Canada also reference docurinentghe National Fire
Protection Association (NFPA) in the United States. This includes NFPA 1Btanterd for Reducing
Structure Ignitions Hazards from Wildland Faelocument thahas evolved over the past §@ars from
the 1935 NFPA 224 standafere Protection and Prevention for Summer Homes in Forest Aii€84 is
recognied as the international leadén wildland fire management best practices.

Some community plans make direct or indirect referenceRlieWise program in the United States,
state actiongn California and Coloradéite management practices in Austradiad other international
efforts. The forest management practices in Canada, the United States and Australia have many
similarities and pvide useful opportunitiegor shared learning aboyiractices that can be applied in
Canada.

The insurance industry is an emerging stakeholder supporting community actions to address wildland
fire risk. The Institute for Catastrophic Loss Reduction hppated FireSmart for more than a decade,
including and annual workshop to inform the insurance industry about wildfire, has conducted a
showcase home retrofit with FireSmart, and published several research papers on aspects of wildfire risk
reduction.

Canmunities that have developed a comprehensive wildland fire management plan consistently identify
opportunities for many stakeholders to contribute, includengple for planning actions by local
governments. The plans often include specific recommendationlocal bylaws to control the nature,
location and site features of meconstruction. Severaommunities in Canada have enacted or modified
land use planning bylaws, while changes are under consideration in other communities.

The preparation of a commphensive community wildland fire plan can provide a foundation for enacting
local wildland fire management bylaws. Communities that have completed wildfire plans acknowledge
the importance of financial support to complete this work. In British Coluptbe&Community Wildfire
Protection Programvas launched in 2004 aratiministered by the Union of British Columbia
Municipalities with funding fromre Ministry of Forests, Land and Natural Resourthis popular

program helps local governments to prep@@nmunity wildfire protection plans, develop fuel
managemenprescriptions, implemenfuel management demonstration projects and operate fuel
management activities.
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Local government Development Permits

Several communities have enacted wildfire bylaws rengdaconstruction of new residential

development. Some of these include Swan Hills, Alberta and Campbell River, Nelson, the District of
North Vancouver, Prince George, Radium Hot Springs, Rural Saanich, Summerland, Rural Vernon and
Williams Lake in BritisBolumbia. A number of other communities have developed detailed regulations
and are moving toward implementation including Greater Bragg Creek and Hinton in Alberta; and
Kamloops, Kelowna, Langford and Maple Ridge in British Columbia.

Development permitegulations must be specified in the Official Community Plan, and as such require
public consultation before they are enacted. There is often resistance to proposals to change
development permit requirements owing to concern about increased cost imposeléweglopers and
property owners.

There is large variation in the specific wording of the wildfire bylaws and the regulatory expectations
across these communities. Moreover, bylaw requirements are one element of a range of wildfire safety
activities pursuedy these governments such as outreach programs using FireSmart, and operational
activities by local governments to remove fuel and reduce the risk of wildland fire in the community.

The local wildfire bylaws consistently address three issueeptable hilding materials, landscape

and site considerations, and the identification of zones where the high risk of wildland fire will result in
the prohibition of new residential development unless construction and site considerations are met.
Community planningegulations from more than a dozen communities in British Columbia and Alberta
dealing with acceptable building materials are summarized in Appendix I, and landscape considerations
in Appendix .

Regulating the design and construction of homes

wind can bow embers from a wildfire forward and they may land in the community. This risk is greatest
for the homes located near the wildland, but embers can land on homes some distance into the
community. If an ember lands on a structure with a roof that is metrsilient, then the building may
ignite and threaten to spread to neighboring homes. The risk of fire entering a community from embers
carried in the wind can be addressed through the installation of fire resistant roofing, and wire screens
on eaves andoof vents.

Wildfires can also burn into a community, initially threatening buildings on the immediate witdland
urban interface, but ultimately spreading through the community. This risk can be reduced through the
installation of fireresistive exterior walls, decks coated with fireesistive materials, and windows fitted
with tempered glass or doublglazed windows to protect against windblown debris that can break
windows and allow fire to enter the home.

All of the communities identified in Appendintiude or are planning for a bylaw requiring fiesistive
roofing for new residential development in zones of high wildland fire risk. FireSmart, the Institute for
Catastrophic Loss Reduction and others, consistently report that the single greatesthisiging fire

into the community comes from homes with a untreated wood shake roof or other roofing not classified
as fire resilient. The details of acceptable roofing materials vary across the communities, but consistent
and appropriate attention is fmused on the importance of firgesilient roofing.
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There is considerable variation with respect to additional regulation of the building materials that are
required for new residential development in areas with a high risk of wildland fire. Some cori@aunit
have no building materials requirements beyond roofing, like Swan Hills, while many have a
comprehensive list of requirements, such as Nelson, North Vancouver, and Williams Lake. Some
communities, like Nelson, are very specific in the identificatiomcokptable and unacceptable building
materials, while others identify the public safety objective but are unclear about the specific building
materials required. Swan Hills and Greater Bragg Creek seek to regulate roofing for all structures
throughout thetown, while the remaining communities focus on new home construction in zones with
high fire risk.

Landscape regulations to keep fire out of the community

FireSmart has identified three zones of protection for structures in the wildlahdn interface They

advise the elimination of fuels to provide a defensible space of at least 10 metres around a home. For
homes on a slope, this zone should be larger. The zone extending up to 30 metres around a home
should have reduced fuels and the zone beyond 30 eseshould be managed, where possible, to

provide fire breaks and other protective actions for the community. All of the communities identified in
Appendix Il have embraced the concepts of defensible space around the home and have enacted or are
working onimplementing bylaws to achieve these objectives. Some communities, like North Vancouver
and Campbell River focus primarily on the first 10 metres around the home. Others, like Swan Hills, use
the three zones as identified by FireSmart.

Many communities spafically recognize FireSmart in the wildfire landscape regulations and bylaws

they have enacted or are developing, and all have adopted actions that are consistent with the practices
set out by FireSmart. The bylaws across the various communities areconmistent for landscape
considerations than for building materials.

Some communities, like North Vancouver, introduced additional elements to reduce the risk that new
developments would increase the risk of fire spreading from buildings into the fdtesth Vancouver

also can demand a retention/restoration plan from a professional arborist and replanting of trees lost

during development. Summerland requires, and Kelowna encourages, lawns irrigated by an

underground sprinkler system as a means of supgingsthe risk of wildfire destroying the home.
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within 10 metres of their homes.

Prohibiting new residential development

All of the communities in BritisBolumbia and Alberta identified in the Appendices have established or

are establishing the authority through their land use planning regulations to prohibit new residential
development in zones with high risk of wildland fire unless specific covenantsedré&or many

decades, local governments have been using land use planning as a critical tool for managing the risk of
flood damage by prohibiting development in areas where there is a known risk of flooding. These
communities are now also using their ptang authority to manage the risk of wildland fire.
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Regulations to require that property owners establish and maintain a defensible zone surrounding
buildings are not consistent with provincial and territorial building codes and can best be implemented
through local government bylaws, as has begun to emerge in some communities in British Columbia and
Alberta. Swan Hills and Greater Bragg Creel are seeking to regulate the establishment and maintenance
of defensible space around all structures in the comityu not just homes in new developments.

Regulation to require firgesilient building materials for new homes could be enacted through

provincial and territorial building codes, or through local bylaws. Provincial and territorial governments
have chose not to address this issue yet so local government action is required. A result to date is
inconsistent action across British Columbia and Alberta. Important differences between communities in
terms of building regulations introduces additional cost fonte builders, insurance companies and

some other stakeholders that operate on a regional or national level but now need to ensure
compliance with local requirements.

There are hundreds of communities across Canada located in the widtaad interface. Aleast 10
communities in British Columbia and Alberta have established bylaws to regulate new residential
development to take into account the risks of wildland fire. Half a dozen other communities are
advanced in their efforts to revise their bylaws ardctices. Most communities, however, have yet to
take action and can learn from these leaders. The growing number of Canadians that spend time in the
wildlands and live in the wildlandrban interface, combined with growth in the expected area burned

by wildfire due to change in the climate is expected to increase the risk of loss and damage from
wildland fire over the next few decades. Nevertheless, most fire losses are preventable. Several
communities are showing that local government planning actidkes development permits, can be part

of a comprehensive community plan to manage the risk of wildland fire.
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Three communities taking action

Several conmunities have chosen to ug#anning tools within their local bylaw to address the risk of
wildfire inthe wildlandurban interface. There are large variations in the specific actidogted but

the commonoverall objective is to ensure that new development brings homes designed for the risk of
fire and that development does not increase the hazard forrdst of the community. The actions

taken in Nelson, British Columbigwan HillsAlbertaand the District of North VancouveByitish

Columbia provide an overview of the rangeptdnning actions that have beeaken by local

governments.

Nelson, British Columbia

Nelson is a community of 10,000 people living in the Southern Interior of British Columbia. Known as the
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and is located in a region that reguladyperiences wildfire.

The official community plan bylaw for Nelson includes four pages of wildfire interface design guidelines

in its development permit area regulations. The first page is a map of the community identifying the

specific locations in the Ndland-urban interface on the southern side of Nelson where the wildfire

development regulations apply. A subdivision application and building permits within the designated
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The second page setstahe landscaping requirements for site approvals. Referencing the three priority
zones identified by FireSmart, Nelson requires no combustible material within 10 metres of a new home,
reduced combustible materials within 10 to 30 metres with trees spaté=ast 3 to 6 metres apart and

no evergreens, and specific requirements for reduced combustibles 30 to 100 metres from each new
home.

The third page identifies allowed, encouraged and not permitted building materials for new homes.
Nelson requires a roand siding that is fire resilient, and requires screened soffits. The use of double
paned or tempered glass windows is encouraged. The bylaw identifies the specific building materials
that satisfy or would fail to satisfy these requirements. Allowed gidior example, identified in the

bylaw includes stone, brick, stucco, fisrement boards, concrete block and gieished metal

sheeting. Siding that is not permitted includes wood siding, shingles or shakes. Allowed roof materials
include metal, asphalfire retardant wood shingles and shakes, fire rated recycled composite shingles,
concrete tiles, ceramic tiles, and flat bitumen based roofing. Not permitted roofing is untreated wood
shingles or shakes.

The fourth page reprints a graphic from the Firg@nhomeowners manual describing 18 actions
homeowners should take to protect their property from wildland fire.

Communities across Canada could readily adopt the approach used by Nelson in seeking to apply local
planning authority to address the hazardfiwé for new homes in the wildlandrban interface. The

items addressed represent the major risks of damage from wildfire. Nelson is specific in the building
materials required to secure approval, in contrast to the ambiguity found in some other juasdict

14



Swan Hills, Alberta

Swan Hills is a town with about 1,500 citizens in Northern Alberta. In 1967, Swan Hills was incorporated
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Hills supported grath in the oil and gas industry in the 1950s and 1960s, and is a local hub supporting
hunting, fishing and a broad range of other recreation activities that take place in the surrounding

wildlands. The town is located in the Northern Boreal forest in @regubject to recurring wildfires.
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Regulations for Dwellings and Structures and a thpage appendix identifying fireesistant plants.

G 9 @SNE NRJuiked ® Viadits house number clearly displayed near the front door
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of a building. This is intended to creatéusl modified area in which flammable vegetation

surrounding a building is eliminated or converted to less flammable species. THeefiegbne

is immediately adjacent to a given building and extends outwards in all directions for a minimum

of 10 metresand includes the following practices: Flammable forest vegetation shall be

removed,; all conifer limbs shall be removed to a minimum height of 2 m from the ground on

residual overstory trees; annual grasses shall be mowed to 10 cm or less; and, no cambustib
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Swan Hills chose to include these regulations in the Part 6 General Regulations&€eEtionii KS ¢ 2 gy Qa
land use bylaw rather than Part 3 dealing with development permits. Accordingly, the bylaw for Swan
Hills appears to apply to new and existing homes in the town. Most other communities assessed in this
study chose to focus on regulating negsidential development, often combined with public outreach

to existing homeowners. Swan Hills has used its planning bylaws to address the risk for all properties.
Installation of firerated roofing and vegetation removal adjacent to all structures vghificantly

reduce the risk of fire entering Swan Hills. Moreover, the wording of the bylaw implies that the
regulations apply to permanent homes and also to commercial buildings, seasonal dwellings and all
other structures in the town, perhaps includiggrages and sheds. Dealing with all structures in a
general regulation bylaw is a powerful way to use planning tools to contribute to a comprehensive
community wildland fire plan.

A further research opportunity would involve assessing the powers and ¢tapéthe town of Swan

Hills for enforcement of these FireSmart regulations on existing homes. Also, has the town considered
allowances, if any, for compliance by existing homeowners with low incomes or other special
circumstances? A lesson from Swan lifilthat local regulations can be used to address the risk of
wildland fire in the community not only for new residential development but also for existing buildings
and structures.
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District of North Vancouver, British Columbia

The District of North Vanewer is a community of about 85,000 people surrounding the 50,000 people
living in the City of North Vancouver. It is located on the slopes of the Coast Mountains across the
Burrard Inlet from Vancouver. Most of the growth in the community has taken giace 1950.

The District won the Sasakawa Award from the United Nations for leadership in disaster risk reduction,
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particular, the community is pioneeringatefforts by local governments to apply risk management best
practices to the risk of loss from natural hazards including landslides, debris flow, earthquake and

wildfire.

The District issued a Ziage document setting out requirements for new developmpeimits in

natural hazards zones. One section sets out the objectives of the District when it considers an
application. Another section identifies the firesistive materials and construction practices required.
Another section sets out landscaping re@uirents. And there are requirements that vegetation and
construction debris should be removed within three months of permit issuance, or immediately during
high fire seasons. And the District may require that a tree assessment and restoration plan be
compleed by a professional arborist.

North Vancouver requires that new homes in wildfire areas usedit@dant roofing, and asphalt or

metal roofing should be given a preference. Decks, porches and balconies should be sheathed-with fire
resistive materialsall eaves, attics, roof vents and openings under floors should be screened to prevent
the accumulation of combustible material, using 3 mm, «combustible wire mesh, and vent

assemblies should use fire shutters or baffles; exterior walls should be sldeattiefire-resistive

materials; fireresistive decking materials, such as solid composite decking materials-adiséve

treated wood; all windows should be tempered or douglazed to reduce heat and protect against

wind and debris that can breakimdows and allow fire to enter the home; all chimneys and wood

burning appliances should have approved spark arrestors; and building design and construction should
be consistent with NFPA 299.

A number of regulations have also been set out concerningitimg ©f new development if it is to be

allowed in wildfire hazard zones. New building construction should include the use of firebreaks, which
may be in the form of cleared parkland, roads, or utility right of ways; all new hydro servicing should be
underground; wildfire mitigation and landscaping techniques should ensure that natural features of the
site and adjacent ecosystems are protected, preserved and enhanced in accordance with District bylaws;
if removal of trees or vegetation is deemed necessargeduce risk, District approval is required and
replacement trees or vegetation may be required by the District; and a defensible space of at least 10
metres should be managed around structures with the goal of eliminating fuel and debris, reducing risks
from approaching wildfire and reducing the potential for building fires to spread to the forest, and the
required defensible space may be larger over sloping ground where fire behaviour creates greater risk.

The commitment throughout the hazard work of tBestrict of North Vancouver is to proactively

manage the risk of loss and damage from landslide, debris flow, earthquake and wildfire for the benefit
of present and future generations. The Hséised natural hazard development permit regulations in the
District of North Vancouver provide a model that local governments across Canada should consider for
the regulation of wildland fire and other natural hazards.

16



Conclusions

Fire has been present in our forests and grasslands for thousands of yearseaseisal for the health

of our ecosystems. Fire is also a threat to the life and safety of Canadians, with a risk of loss and damage
that is projected to increase over the next few decades due to growth of the number of people who live

in the wildlandurban interface and to change in the climate. For the past century, we sought to exclude
fire from urban centres and the wildlands. The policy of exclusion is now evolving into a more complex,
multi-stakeholder approach to fire management in the wildland.

In 2005, the Canadian Council of Forest Ministsstablished a shared national vision for managing
wildland fire. The federal, provincial and territorial governments have yet to implement that national
strategy,neverthelesseverallocal governmenttave bgunto take action to addreswildfire risk in

their communitiesLocal action includes developingammunity wildland fire managemempian.

Within these plans, more than a dozktal governmentén British Columbia and Albertae usingor
preparing tousetheir land use planninguhority to increasesafety in their communities through
bylawsand regulationglealing withwildland fire.

Development permits are bbcal planning tool that somiecal governmentfiave begun usintp require

that new homesare built using materials that reduce the risk of fire enitgy the community, and that
residentialdevelopment includes defensive space surrounding new structures with rdduets. Most
importantly, local governments are using their planning authorityptohibit and control new

development in areas ith high risk of wildland fire unless specific actions are taken to mitigate the risk.

The use of local government planning tools to address wildfire emerging in British Columbia and Alberta

is likely to spred across Canada. For example, in June 2014, a revised Provincial Policy Statement by the
Government of Ontario introduced new requirements for local governments undePldmening Act

Local governments in Ontario are now required to use their planningepote address flood and

At RTANB® a5S8@0St2LSyid akKlrftf 3ASySNrffte o6S RANBOGS
development use due to presence of hazardous forest types for wildland fire. Development may

however be permitted in lands with haz&dlza F2NBad GeLlSa FT2N) gAf RElyR TA
(Ontario 2014).

Local governments have been leaders in reducing the risk of flood loss and damage through land use
planning and are emengg as leaders inommunity wildland fire managemenf\elson, Swan Hills and

the District of North Vancouver are three communities that provdgecific examples of planning
regulationsthat can and should bllowed byother communities across Canaitteseeking to address

the public safety concerns from thlyggowing risk of losfom wildlandurban interface fire.
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The focus of this paper has been on the leadership that is being provided by local governments.
Provincial and territorial governments could also seek to encourage or compel local action. One optio
could be to circulate to local governments draft development permit regulations, perhaps using the
District of North Vancouver or Nelson as models. Alternatively, draft development permit regulations
could focus on site and landscaping issues, as séhdhé FireSmart community planning guide, and

the province or territory could modify its building code to addressHteslient construction, perhaps as
set out in NFPA 1144. Finally, local governments could be encouraged to address the risk ofavildfire
all buildings, new and existing, through draft general bylaws. Swan Hills and Greater Bragg Creek are
communities seeking to use planning regulations to reduce the wildfire risk for all structures. Additional
research into actions underway in Coloradalifornia and Victoria, Australia, may provide additional
guidance.

Unless current approaches change, loss and damage from wildland fire is expected to increase in Canada
over the next several decades due to factors that include growth in the numligezogie living in the
wildland-urban interface and change in the climate. Change is needed from many stakeholders. Local
governments are emerging as important participants in wildland fire management. Development

permits and other local government plannitapls should be elements of a comprehensive community
wildland fire strategy in a changing climate.
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Appendix I: Local building design and construction regulations

Roofing Exterior Walls Other
See "Other" See "Other" For new development in high risk interface fire
Campbell o :
River hazarq areas, applications mu_st be accompanie
B.C. by a wildfire assessmer_lt_ and mterfape mitigatior
Bylaw No. plgr) pr_epared by a quallf!ed professmnal that
3475 2012 minimizes the r|§k_assouated with the proposed
’ development/building concept
See "Other" See "Other" Establish and implement FireSmart standards fg
Greater exterior buildingmaterials for all new
Bragg Creek developments and retrofits of existing structures
Alberta Establish a powerline trefeeeing program with
Propogd: the distribution power provider to reduce the
Jan 2012 threat of wildfire ignition from downed
powerlines.
See "Other" See "Other" Where appropriate, new subdivision and
development applications deemed to be in High
Extreme FireSmart hazard areas, as per Map 3,
shall submit a Wildfire Risk Assessment, prepar
Hinton by a qualified FireSmart professional, in
Alberta accordance with the requirements of the Town @
Propogd: Hinton. Wildfire Risk Assessments will be the
Jan 2011 flYyR26YSNRA NBalLR2yaio]
evaluation of current and proposed FireSmart
hazard and recommended FireSmart mitigative
measures to be completedylthe developer in
conjunction with subdivision construction.
All roofing See "Other" All eaves, attics, decks and openings under floo
materials and are screened to prevent the accumulation of
installation flammable materia{currently enforced)
requirements
meet the Class All wood burning appliances are to be installed
Kamloops | “B" fire rating with approved spark arrestors. (currently
B.C. requirements enforced)
F\)]Z)npgggé fﬁ;ﬁ?&?}:"ggﬁ Asa minimum, be consistent with the current

Building Code
(currently
enforced)

FireSmart guidelines.

Be based on a completed site specific wildfire
hazard assessment.

Address building construction standards




Kelowna
B.C.
Propogd:
May 2011

Roofing Exterior Walls Other
Use only fire Siding should bg Wood Chimneys
retardant predominantly | q All chimneys should have approved spark

material (Chss A
materials) on
roofs.

fire-resistant
material

Siding should
extend from the
ground level to
the roofline.

arrestors (securely attacheahd made of 12
gauge welded or woven wire mess screen with
mesh opening of less than 12 mm);

9 Chimney outlets should have at least 3 meters
clearance from all vegetation and obstructions
and

1 Chimney outlets should be 0.6 m higher than g
part of the roofwithin 3 meters.

Windows and Door Glazing; Eaves, Vents and

Openings

1 Remove vegetation from within 10 meters of
glazed openings unless there are solid shutter
to cover the glazing;

1 All eaves, attics, and underfloor openings nee(
solid, nonflammable potective covers; and

9 Laminated glass and 20 minute rated door
assembles should be used on building surface
facing the forest interface.

Balcony, Decks and Porches

9 Deck surface material should be made of
predominantly norcombustible or fireresistant
materials such as wood compaosite products;

9 Slotted deck surface allow needle litter to
accumulate beneath the deck. Provide access
this space to allow for removaf this debris.

Guidelines during Construction

9 During construction of houses, all waste
construction materials including brush and lan
clearing debris needs to be cleaned up on a
regular basis to minimize the potential risk. no
combustible materials shdd be left at the
completion of construction;

1 Prior to construction of any wood frame
buildings, there must be fire hydrants within
operating range.

When planning new developments, undergroung
power linesystems should be consideredh@re
such asystem is not feasible, overhead utility ling
should have a clearance of at least 3m from
vegetation.




Roofing

Exterior Walls

Other

Langford
B.C.
Propod:
2002

All roofing
material and
insulation
requirements
meet the Class
"B" fire rating
requirements
contained within
the current B.C.
Building Code.

May include
recommendations|
for relaxations to
restrictions on
exterior building
materials and
roof sprinklers if
resulting
development
changes the
actual level of the
risk from extreme
or highto
moderate or low.
All buildings
within 30m of a
high or extreme
wildfire risk area
as identified by
the Registered
Professional
Engineer must
include fire
resistant
construction
materials for
exterior siding

and roofing

All eaves, attics, decks, andenings under
floors are screened to prevent the accumulatio
of combustible material

All wood burning appliances are to be installed
with spark arresters

For developments that only have one access
route, exterior sprinkler systems on dwellings f
protection against exposure fires are
encouraged.

Because of the potential for interface wildfires
interfere with hydro service to developments,
and thus interfere with residential sprinkler
systems, all hydro servicing in new developme
within high andextreme interface fire hazard
areas is encouraged to be underground and is
required for developments of four (4) or more
lots of urban density (i.e., lots less than 1,000
m.).

Building design and construction shall generall
be consistent with the stadards in the National
Fire Protection Association Standard 299
(Standard for Protection of Life and Property
from Wildfire).




Maple
Ridge
B.C.
Propod:
July 2007

In new
subdivisions
within identified
high risk areas
of the District,
roofing
materials hat
are fire
retardant with a
Class A and Cla
B rating should
be a
requirement of
the
development
permit. It is
recognized that
wholesale
changes to
existing roofing
materials within
high risk areas
of the District
are not
practical,
therefore a
longterm
replacement
standard that is
phased in over
the roof rotation
period would
significantly
reduce the
vulnerability of
the community.

See "Other"

The District should begin a process to review g
revise existing bylaws and building codes to be
consistent vith the development of a FireSmart
Community. For areas that have been identifie
as high risk, consideration should be given to t
creation of a Wildfire Bylaw that mandates fire
resistant building materials, provides for good
access for emergency resp® and specifies
fuel management on both public and private
property in areas of identified high wildfire risk.




Roofing

Exterior Walls

Other

Nelson
B.C.
Bylaw No.
4247, 2013

ALLOWED

1 Metal Roofing

9 Asphalt
Shingles

9 Fire Retardant
Wood Shingleg
& Shakes

1 Fire Rated Re
Cycled
Composite
Shingles

q Concrete or
Ceramic Roof
Tiles

9 Flat Bitumen
Based Roofing
w/ Aggregate
Finish

9 Screened
Soffits

NOT PERMITEL

1 Untreated
Wood Shingleg
or Shakes

9 Open Soffits

ALLOWED

9 Masonry: Stone
& Brick

9 Stucco

9 FibreCement
Boards (Hardi
Plank\) -
Concrete Block

1 Prefinished
Metal sheeting

NOT PERMITED

1 Wood Siding

9 Shingles or
Shakes

WINDOWS
ENCOURAGED
9 Double Pane Glass & Tempered Glass

DISCOURAGED
1 Single Pane Glass




Roofing

Exterior Walls

Other

North
Vancouver
B.C.
Bylaw No.
6300, 2011

Fire retardant
roofing materials
should be used, and
asphalt or metal
roofing should be
given preference

Exterior walls
should be
sheathed with fire
resistive materials

Decks, porches and balconies should be
sheathed with fire resistey materials.

All eaves, attics, roof vents and openings
under floors should be screened to preve
the accumulation of combustible material,
using 3mm, non combustible wire mesh,
and vent assemblies should use fire
shutters or baffles.

Fireresistivedecking materials, such as
solid composite decking materials or fire
resistive treated wood, should be used.

All windows should be tempered or doubl
glazed to reduce heat and protect against
wind and debris that can break windows

All chimneys and wocdurning appliances
should have approved spark arrestors.

Building design and construction should
generally be consistent with the highest
current wildfire protection standards
published by the National Fire Protection
Association or any similar, successor
replacement body that may exist from tim
to time.

All new hydro servicing that is in, or withir
10 metres of, a wildfire risk area should b
underground, or where this is not feasible
poles of norcombustible materials should
be used.




Roofing

Exterior Walls

Other

Fire resistant roofing
materials (Class A or
B) such as metal, clal
tile, asphalt shingles

Fire resistant
exterior wals
materials such as
stucco, metal,

Roof vents should be closed in and
screened.

Decks, porches and balcesshould be
sheathed with fireresistant materials.

Prince and treated wooden | brick, rock, and
George | shingles shoul_d pe concrete should Chimneys should have approved spark
B.C. used on all buildings | be used on all
- arrestors.
Bylaw No. | and structures. buildings and
7850, 2007 structures. Logs
and heavy
timbers, although
less effective, are
also permitted.
Radium Hot Prohibit the use of | See "Other" Use re(:,ognizevd standa[ds in thq asses§rrj
Springs woo_d shakes_ asa 2F¥ oAt RTFANL KIFIT I NJ_? 3
B.C roofing maerial and standards based on NFPA documentation
g limit the use of fire
Bylaw No.
396 2013 retardanf[ treated
’ wood shingles.
All roofing material | See "Other" Building design and construction shall
and insulation generally be consistent with the standardg
requirements must in the National Fire Protection Associatior
Rural meet the Class Bre (NFPA) Standard 114&tandard for
Saanich | rating requirements Protection of Life and Property from
B.C. contained within the Wildfire.
Bylaw No. ng(err_]t B.C. Bullding All eaves and attic vents shall be screene
8940, 2008 using 3 mm noftombustible wire mesh at
a minimum to prevent the entry and
accumulation of combustible materials an
windblown embers.
Roof coverings on | Absent Each development permit issued to
every building must authorize the construction of a building in
Rural have a Class C fire the developmenipermit area shall bear a
Vernon resistance notation indicating that additional
B.C. classification, information on the protection of
Bylaw No. | determined in development from wildfire hazard
3387, 2007 | accordance with the conditions is available in the "Home Owne

B.C. Building Code.

Fire Smart Manual” provided by the Fores
Protection Branch of the BC Forest Serviq
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Roofing

Exterior Walls

Other

All exterior rofs
must be constructed
of fire-resistant
materials that meet
aClass A, B, or C
rating, excluding
wood, wooden
shake and shingle
products, as defineg
in the BRiildingCode
and FireSmart.

All exposed,
combustible
structural elements
on the exterior of
any building must
be of a heavy
timber construction
as cefined by the
Building Code.

Any exposed
surfaces, including
walls and decks,

All soffits must be bnon-combustible
materials.

Window panes shouldébof thermal,
tempered glass.

All chimney outlets shall be 0.6 meters
higher than any part ahe roof that is
within 3.0 meters.

All woodburning appliances shall requirg
the instalation of a spark arrestor.

All screening for attic and basement ven
for all buildings must be metal and of

Summerland .
B.C. that are not of small enoggh.openlngs_ tq prevent spark

Bylaw No. heavy t|mber from passing ird the building.

2000310 constriction or Shutters, awnings and exterior walls mu
which are not of be made or constructed frorfire resistant
non-combustible materials.
materials must use
fire resistant All crawl spaces, the underside of porch
materials. and decks, ad any sheds must be sealeq

Balconies, patios and decks must be
constructed from fie resistantor non
combustive materials.
All buildings must contain an automatic
fire-sprinkling system that is approved by
a registered professional with a specialty
in fire suppression design.

The Town requires | Absent Every residence is required to have its

Swan Hills | that roofing on all house number clearly displayed near the

Alberta structures be ULC front door entrance and easily visible fro

Bylaw No. | (Underwriter the street.

15,2012 | Laboratory of

Canada) fireated
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Roofing

Exterior Walls

Other

Williams
Lake
B.C.

Bylaw No.
2140, 2011

The roof covering
shall conform to
Class A, B or C fire
resistance as
defined in the BC.
Building Code.

Any material used
for exterior wall
finishes should be
fire resistant such
as stucco, metal
siding, brik,
cement shingles,
concrete block,
poured concrete,
rock and logs or
heavy timbers as
defined in the BC
Building Code.

Chimneys should have spark arrestors ma
of 12 gauge (or better) welded or woven
wire mesh with mesh openings of less thg
12 millimdres.

All eaves, attic and under floor openings
should be screened with corrosion
resistant, minimum 3nillimetre non
combustible wire mesh.

All windows must be double paned or
tempered.

Decks should be constructed of heavy
timber as defined in th®.C Building Code,
or, with 1-hour fire resistant rated
assemblies or noaombustible
construction as defined by the® Building
Code.

Manufactured homes should be skirted
with a fire resistant material as outlined in
the previous guideline for exten wall
finishes.
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Appendix II: Local building siting and landscape regulations

Priority Zones

Other

A report, prepared by a Registered
Professional Biologist is required with

The development of &ail system is
encouraged around developments that

Campbell | recommendations for minimizinigterface | can accommodate fire vehicle access fg
River fire hazard in a manner that seeks to fighting wildfire in interface areas
B.C. preserve, where possible, sensitive _ _
Bylaw No. | ecosystems that may occur in close Development shall incorporate fire breal
3475, 2012 | proximity to development. Registration of § adjacent to residential areas. These maj
restrictive covenant that prohibits any be in the form of cleared parkland, road:
outdoor burning may be required. or trails.
Zone 12 vegetation management is Ensure that all fuel modification project
necessary for a large proportion of the are inspected on a regular basis and
structures in the project area and is the maintained as necessary.
responsibility of residents, business owne _ o o
and facility operators. Vegetation Detailed fuel modification prescriptions
management required includes: must bg developed for each _propo_sed
1 Removal of flammable forest vegetation| Ye9€tation management project prior to
within 10 metres of structures. implementation.
1 R_emoval of aI_I goniferou_s ladder fuels Rocky View County, along with other
(limbs) to a minimum height of 2 metres | 1, hicinal governmentsand Sustainable
from ground level on residual overstory Resource Development should investige
trees. the possibility of amending Section
T Removal of all dead and dovforest 664(3)(b) of theMunicipal Government
Greater | g :/egetatlon from the forest floor. Actto permit fire hazard reduction on
ncreased maintenance to ensure that al onyvironmental reserve lands.
Bragg CreeK combustible needles, leaves, and native
Alberta grass are removed from on and around | Establish and legislate FireSmart acces
Propogd: structures. road standardgor all new developments
Jan 2012

1 Establishment and maintenance of a Rol
combustible surface cover around the
structureincluding the use of FireSmart
landscaping species.

1 Removal of all combustible material pile
(firewood, lumber, etc.) within 10 metres
of the structure.

Zone 23 vegetation management is the
responsibility of municipal and provincial
governments, residats and landowners,
and business owners/facility operators. All
stakeholders should implement fuels
reduction based on the priorities identified
in this plan.

to ensure safe ingress and egress route
for residents/public and emergency
responders.

Ensure that adequate fire suppression
water supply is provided for the Hamlet
Bragg Creek and all new developments
within Rocky View Countygonsideration
should be given by RVC to the integratig
of the existing Elkana Ranch Elbow Rivg
water gallery and pumphouse as a wate
tender fill station.




Zone 3 containment areas should be
planned with collaboration of all parties in
the West Bragg1@ek Land Users Group.
The responsibility for approval lies with
Sustainable Resource Development and t
strategy will be implemented jointly by
Sustainable Resource Development and
Spray Lake Sawmills (1980) Ltd.




Priority Zones

Other

Hinton
Alberta
Propoed:
Jan 201

FireSmart Zone 1 vegetationanagement options

include:

1 Removal of flammable forest vegetation within 1
metres of structures.

9 Removal of all coniferous ladder fuels (limbs) to
minimum height of 2 metres from ground level o
residual overstory trees.

9 Removal of all dead and down forest vegetation
from the forest floor.

1 Increased maintenance to ensuidat all
combustible needles, leaves, and native grass 4
removed from on and around structures.

9 Establishment and maintenance of a Ron
combustible sudice cover around the structure
including the use of FireSmart landscaping speg

9 Removal of all combustible material piles
(firewood, lumber, etc) within 10 metres of the
structure.

Zone 23 vegetation management is the
responsibility of the Town of Htion on MR and ER
lands, the Provincial Government (SRD) on Crowr,
lands, and landowners and developers on deeded
lands. The goal is to reduce the wildfire intensity g
rate of spread as it approaches developed areas.

FireSmart Zone-3 fuel modificatiormethods can
vary from hanecrew to full mechanical operations
or prescribed burning and may include a
combination of complete fuel removal or fuel
reduction including spacing of overstory and/or
understory, removal of dead standing and/or layin
material,and/or removal of ladder fuels (limbs).
Debris disposal methods may include mechanical
hand piling and burning onsite, hauling and dispog
offsite, chipping and spreading onsite, chipping an
hauling offsite, or mechanical mulching onsite.
Although thee are presently no studies to indicate
the acceptable depth of chips onsite, it is
recommended that if this method of debris disposi
is used the chips are spread sufficiently to avoid &
continuous layer of chip material that may support
surface fire or sioldering grounefire during dry

periods.

absent
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Priority Zones

Other

Kamloops
B.C.
Propogd:
Jan 2008

Address building construction standards al

vegetation management in Priority Zones
2, and 3 where these areas fall within the
ownershipboundaries.

Fuel reduced buffers around individual
homes from the house to the property
boundary, or 10 m in distance, whichever

the lesser, are maintained. In this respect,

fuel reduced shall mean the area may
contain natural tree cover in locations

approved by the City of Kamloops, but the

owner must landscape and maintain the
area with the intent of eliminating the
accumulation of combustible debris
(currently enforcedl

Be based on a completed site specific
wildfire hazard assessment.

Achieve theobjective of reducing the
Wildland Head Fire Intensity to Intensity|
Class 3 or less.

Incorporate emergency vehicle wildfire
access and egress into the lot or
community design; in the case of
communities, a minimum of two egress
and access routes per comimity.

Compliment vegetation management
efforts on adjacent public or private land
wherever possible.

Include risk reduction mitigations for fire
risk to adjacent lands.

Maximize healthy tree retention or
replacement, while meeting the fire
hazard redution objective.

Homeowners will continue to maintain
FireSmart standards on their individual
lots.
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Priority Zones

Other

Kelowna
B.C.
Propogd:
May 2011

Priority Zone Fuel Free Zone (10 m from

buildings)

A fuel free zone should be created analu

all homes and outbuildingsh& fuel free

zone should extend 10 m from the
structure, or further if the terrain is sloped
the following guidelines should be
considered:

9 There should be enough defensible spa
to protect buildings from approaching
wildfire and to reduce the potential for a
building fire spreading to the wildland.

9 Annual grasses within 10 m of buildings
should be mowed to a height of 10 cm o
less and watered regularly during the
summer months.

1 Surface litter and downed trees shouié
removed regularly.

9 Dead, and dying trees should be removze
1 Structures at the top of a slope will need
minimum of 30 m of defensible space.

1 Vegetation within this zone should be of
fire-resistant species

1 Trees within this zone should be pruned
to a height of 2 to 3 m and not overhang
the house or porch.

1 Remove all piled debris (firewood,
building materials, and other combustibl
material) outside of the fuel free zone.

9 Defensible space should be provided by
the developer and maintained by the
property owner.

9 Community Strata rules should enforce
the maintenance of this zone.

Priority Zone Zuel Reduction Zone (10 to
30 m from buildings)

Fuel modification in this zone should
include thinning and pruning to create an
environment that will notsupport a high
intensity crown fire. A surface fire may
occur in this zone but it will be of low
intensity and easily suppresse@uidelines
for this zone are as follows:

Keep roofs clean of all combustible

material.

All flammable trees and shrubs growing

within 20 meters of any straares should

be removed and replaced with fire

resistant species. the most flammable

species include those that accumulate

dead folage and branches and have a

high content of oils and resin.

Characteristics of fire resistant species t

be replanted include the following:

1 Deciduous species;

1 Low growing plants;

1 Plants with thick woody stems;

9 Plants that accumulate low amounts o
dead \egetation;

1 Plants with low resin content
(deciduous species);

1 Plants that retain high moisture
content.

Propane tanks surrounded by vegetatior
are potential hazards. Combiien
adjacent to these tanks could increase tl
internal pressure causing the tatk vent
through a relief valveThe resuling fire
can be one of a higntensity and with
the potential to destroy adjacent
buildings. Hence, when positioning tank:
the relief valves should point away from
buildings. Faulty relief valves will not
allow pressure to discharge resulting in g
boiling liquid explosion dangerous to
those within 300 m.

When designing new developments,
particularly those in remote locations
some distance from emergency services
some consideration should be @in to the
installation ofunderground sprinkler
systems. fiese systems can serve as bo
a method of irrigation as well &
interface suppression toolp8nklers can
be located on the rooftops of homes ang
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1 Actions in this zone should be oriented
towards fuel reduction rather than
removal.

9 Deciduous composition in the overstory
should be promoted (i.e. Deciduous
species should not be thinned out).

1 This zone should be extended as slope
increases. The 20 m concentric distance
from the boundary with priority zone 1
should be corrected for slap

9 Thin trees for two tree lengths from
buildings.

9 Treatments within this zone will include
thinning of the canopy, thinning the
understory and pruning lower branches

1 Leave trees should be the largest on site
and canopy heights should be pruned tg
height of 2 to 3 m.

9 Remove all dead and dying trees.

1 Dispose of all slash created by treatmen
through pile and burning or removal fron
the site.

1 This zone should be constructed by the
developer and maintained by the
property owner.

9 Community strata rules should enforce
the maintenance of this zone.

Priority Zone 3-uel Reduction and
Conversion (30 to 100 m from buildings)
The strategies for this zone are similar to
those of priority zone 2 with the distance
being slope dependenthis environment
should be one that does not support a hig
intensity crown fire. A surface fire may
occur, but it will be of low intensity and
easily extinguished. vegetation
management should concentrate on
vegetation conversion and reduction rathe
thanremoval. the following are guidelines
for this zone:

9 Fuel management in this zone should ot
be undertaken if there are high hazard
levels from heavy continuous fuels and
steep topography.

9 Deciduous species should be promoted

1 On sloped terrain, the width of this zone

outbuildings. In the event of a wildfire,
the grinklers would be engaged and
would increasehe relative humidity
around the house as well as increase th
fuel moisture content of any fuel adjacer
to the home resulting in lower
flammability and fire behawur potential.
Rooftop sprinklers are also cemmended
for homes in thenterface that do not
have fireresistant roofing or siding.

Xiv



will need to be corrected for slope
distance.

1 Thinning and pruning

1 This zone should be constructed by the
developer and maintained by the
property owner.

9 Community Strata rules should enforce
the maintenance ofhis zone.
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Priority Zones

Other

Langford
B.C.
Propogd:
2002

Fuel reduced buffers around individual
homes from the house to the property
boundary or 10m in distancghichever is
lesser. The area may contain natural tree

cover in locations approved by the District
of Langford, but the owner must landscap

and maintain the area with intent of
eliminating the accumulation of
combustible debris.

For new developments in g or extreme
interface fire hazard areas, council and
the approving officer may consider
requiring the development of a trail
system around developments, which
would accommodate fire vehicle access
for fighting wildfire in interface areas.

In order to ersure the ongoing restriction
on wood fuel adjacent to residences
(excluding enclosed, covered firewood
piles) the approving officer may require
Section 219 covenant requiring property
owners to ensure the 10m fuel restrictiol
zone around houses and hdiihgs is
maintained and that if they are not
maintained, they may be required to pay
a rent charge of $1,000 per year.

In designing new subdivisions and
neighbourhoods within the high to
extreme fire hazard development permit
areas, proponents shall codsir the
incorporation of fire breaks adjacent to
residential areas. These may be in the
form of cleared parkland, roads, or trails

Maple Ridge
B.C.
Propogd:
July 2007

Many homes and businesses are built

immediately adjacent to the forest edge. I
theseneighbourhoods, trees and vegetatig
are often in direct contact with homes. Th¢

District should create building set backs
with a minimum distance of 10 m when
buildings border the forest interface.

Given the wildfire risk profile of the
community, an emegency sprinkler kit
capable of protecting 30 to 50 homes
should be purchased and maintained in
the community. Fire rescue personnel, @
a designate of the department, should b
trained to mobilize and set up the
equipment efficiently and effectively
during a fire event.
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Priority Zones

Other

Rural
Vernon
B.C.
Bylaw No.
3387, 2007

The area of the development parcel within
10 metres of any building under constructig
should be kept free of flammable
construction materials and debris.

The area of the development parcel within
10 metres of any building should be cleare
and kept free of all fallen timber and other

dead vegetation, and dead standing timbel
should be removed from that area.

Trees on the development parcel within 10
metres of any building should be limbed to
height of 2 metres above ground level.

Vegetation on the development parcel
within 30 metres of any building should be
thinned to reduce the overall tree crown
cover to approximately 3 to 6 metres
between crowns ithe existing crown cover
exceeds that amount.

absent
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Priority Zones

Other

Summerland
B.C.
Bylaw No.
2000310

Buffers shall be established in the
Wildland/ Urban Interface Zone. Buffer

requirements for wildfire hazard mitigatior]

will be determined byPriority Zone, as
identified by theWildfire Hazard
Assessment.

Fuel loads shall be managed in each Prio
Zone as prescribed by thWildfire Hazard
Assessment.

Branches of coniferous trees shall be
pruned to remove ladder fuels.

The Wildfire Hazardssessment and
associated mitigation requirements shall
extend to a minimum of 50.0 meters
beyond the boundary of the proposed
phase of development under consideratio

Only fireresistant plants (including broad
leaf deciduous trees, low shrubs, ground

covers and annuals) shall be planted with|

5 meters of a building.

All development areas shall have at leas
two access routes, one that may include
dedicated emergency route, ensuring
access for fire and other emergency
equipment, as welhs evacuation of
residents.

All nondecayed tree trunks and branche
with a diameter greater than ten
centimeters that originated from
coniferous trees shalle removed from
the ground.

Accumulation®n the groundof small
branchesandpine needles from
coniferous trees shall be removed to
prevent the spreading of fire on the
ground or up trees. Where retained tree
downslope from a building may pose a
fire hazard, an increased buffer size or
other mitigation measure is required.

Where retained trees denslope from a
building may pose a fire hazard, an
increased buffer size or other mititjan
measures are required.

Landscape rock, top soil and other such
non-flammable material shall be require
in place of flammable woctased chip or
mulch for grounccover in flower beds,
borders, decorative areas and such othg
areas that are not lawn, shrub covered
by a hard surface.

All lawns shall be irrigated by an
underground sprinkling system whose
operation is controlled by a timer.

Areas that are not lawor covered by a
hard surface shall be predominantly
xeriscaped gardens.

The ground elevation in the immediate
proximity of existing coniferous trees or
deciduous trees shall not be altered.
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Priority Zones

Other

Swan Hills
Alberta
Bylaw No.
15, 2012

The Town requires all property owners to
undertake vegetation management within 10
metres of a building. This is intended to create
fuel modified area in which flammable
vegetation surrounding a building is eliminate
or converted to less flammable spes. The
fuel-free zone is immediately adjacent to a
given building and extends outwards in all
directions for a minimum of 10 metres, and
includes the following practices: Flammable
forest vegetation shall be removed; all conifer
limbs shall be removed ta minimum height of
2 m from the ground on residual overstory
trees; annual grasses shall be mowed to 10 c
or less; and, no combustible material piles
(firewood, lumber, etc.) shall be allowed.

absent

Williams
Lake
B.C.
Bylaw No.
2140, 2012

Landscaping on the property within 10 metres
(Priority 1 zone) of a building shall not include
coniferous evergreen shrubs such as junipers
mugo pines, or coniferous evergreen hedges.
No additional or new coniferous evergreen
trees are to be planted wiih 10 metres of the
building.

It is not advisable to retain previously existing
mature coniferous evergreen trees within 10
metres (Priority 1 zone) of the building. Any
coniferous evergreen trees that are to be
retained on the property that lie within 10
metres (Priority 1 zone) of thieuilding must:

9 Have limbs pruned such that they are at lea
2 metres above the ground.

1 Be spaced so that they have 3 metres
between crowns. (In other words, the tips of
the branches of a tree are no closer than 3
metres to the tips of the branches of
another).

1 No limbs should be within 3 metres of the
building or attachments such as balcesi

Landscaping on the property within 10 metres
of a building (Priority 1 zone) shall use only fi¢

combustible landscape mulches.

absent
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Executive summary

One of the potentially most cosffective approaches to climate change adaptation in forestry is
ensuring that seedlings planted following harvest are genetically adapted to the future climate. To
pursue this objective, the BC MFLNRO Tree ImprovementBiarin the process of transitioning from

the currentgeographicallbased seed transfer systetm a climatebased seed transfer (CBST) system.
This new system will attempt to match locadlgdapted seed to new locations with appropriate future
climateg aprocess called assisted migration. The purpose of this study is to investigate the economic
benefits and risks of assisted migration from the different perspectives of government and forest
licensees, and to evaluate economic instruments for engagingsiigenas partners in implementation.

The costbenefit analyses in this study indicate that assisted migration using CBST could provide very
large returns to the provincial economy and stumpage revenues. These returns are robust to
uncertainties in marketssite productivity and regeneration risks. The analysis suggests that even a large
increase in regeneration risk is strongly preferred from the government perspective if it can reduce risks
of mid-rotation plantation failure. Assisted migration via CBSEs&ntially cosheutral for licensees if it

is not associated with increased regeneration risk. However, an increase in regeneration risk is strongly
economically unviable for licensees, in part because of higher discount rates and low exposure to
harveg benefits, but in particular because licensees are liable for regeneration risk under the current
policy framework.

Whether government pursues a conservative or aggressive assisted migration strategy, addressing
regeneration risk will be a central chalige in engaging licensees as partners in the implementation of
CBST policy. Ecosystdrased data on regeneration risks of assisted migration is fundamental to
managing perceptions of risk and also to equitable-sisiring between licenseesd governmentThe
stumpage appraisal system presents opportunities for risk sharing, but also has some important
limitations. Tolerance of sheterm risks may also be improved by creating awareness of climate
change impacts on the forest resource, particularly tlglothe Timber Supply Review and through
supporting forest professionals in their role as mediators between the public and industry perspectives.

Assisted migration is one of several regeneration practices for climate change adaption, including higher
planting densities, composite provenancing, and mixed species planting. All of these practices involve a
trade-off between shoriterm costs and longerm benefits. Consequently, many aspects of this case

study apply to this broader group of reforestatidacisons currently implemented by licensees.
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Introduction

One of the potentially most cosffective approaches to climate change adaptation in forestry is

ensuring that seedlings planted following harvest are genetically adapted to the fritorate. The

process of allocating seedlings to planting sites based on climatic attributes is called -tlasateseed
transfer (CBST), in contrast to the current geographical seed transfer system based on fixed boundaries,
latitude, longitude, and elexn. CBST provides the mechanism for assisted migration, i.e. to move
0Se2yR | aft20Fltf A&a o0Saidée¢ aSSR GUNIyaFSNI LRftAOE | yR
that they are best adapted to. Given that there is already an extensive refoi@stadustry in BC
representing hundreds of millions of dollars of economic actauityually, the operational

implementation of assisted migration using CBST is likely to carry few additional direct costs. However,
the science foundation, policy and deois supportknowledge base for assisted migration is

incomplete, and this is a primary barrier to its adoption by policy makers and practitioners. It is possible
that developing the necessary genecological knowledge could facilitatedstvadjustmentsd seed

transfer practices with large impacts on forest productivity and climate change impact mitigation.
Assisted migration appears to be an exceptional case study for the utility of information as an economic
instrument for climate change adaptation.

The purpose of this case study is to investigate the potential for assisted migration to mitigate climate
OKIFy3S AYLI Ola 2y (GKS F2NBald aSCGuadheFLAROCBSTNE SO02y 2
progrant are already conducting extensive research onligubpinion and the policy environment

associated with this topic. This case study aims to complement these efforts with a quantitative cost

benefit analysis. The analysis assesses the economic return etlomgenecology research (including

both genonics and traditional field trials) required to support both CBST and assisted migration. Given
substantial uncertainties about timber markets, timber supply, climate change impacts, and the ability

of assisted migration to mitigate these impacts, this assent focuses on sensitivity analysis and

threshold analysis.

” http://adaptree.sites.olt.ubc.ca/
8 http:// www.for.gov.bc.ca/hti/climate based seed transfer/2cbst project.htm
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CBST and assisted migration

CBST and assisted migration are related but distinct concepts. Seed transfer refers to the process of
defining locations in which a specific seed source of a gipenies can be planted. The leestablished
premise of seed transfer is that populations are locally adapted to some degree and that moving seed to
I RAFFSNByG OtAYFGS GKFy AdGa 3I3S23INILKAO 2NARAIAAY o
result in maladaptation and thus reduced productivity. Since their inception, seed transfer policies in BC
have been geographicalhased, i.e. they have limited seed transfer to mapped zones or to specified
distances (latitude/longitude and elevationpf the seed sourc€Ying and Yanchuk 200&) contrast,
climatebased seed transfer systems use climatic information to define acceptable seed transfer limits
for any given seed source. This climatic information can be qualitative, e.g. a sged san be limited

to specified biogeoclimatic subzowariants). It can also be quantitative; the seed transfer limits can be
mapped using thresholds in a set of climate variables such as mean annual temperature and mean
annual precipitation.

Climatebased seed transfer would be a viable alternative to geographic seed transfer even in the
absence of climate change, because it more directly and precisely identifies the climatic limits of for safe
seed transfer. However, climatgased seed transfer is esgally useful when climate change is

expected to result in populations being maladapted to their own local environments. In this case,
climatebased seed transfer can be used to match seed sources with potentially distant locations that

are forecasted to Ave favourable climates in the future, a process called assisted mig(atiixen et

al. 2008) Hence CBST is a system by which assisted migration can be accomplished. In this report, some
amount of assisted migration is implicit in the use of the term CBST. Nevertheless, the concept of CBST
should not be coflated with specific assisted migration strategies.

Approaches to CBST in BC

The BC MFLNRO Tree Improvement Branch is currently in the process of transitioning from the current
geographicallbased seed transfer systetm a CBST system (BCMFLNRO 20TB&) process is guided

by the Forest Genetics Council of BC, and is scheduled for the period e2@022The Ministry has
implemented CBST interim policy that notably includes an assisted range expansion strategy for western
larch. However, the form dhe CBST policy being developed by the Ministry has not yet been released.



The elements of a viable approach to assisted migration via CBST for British Columbia are described in
Ukrainetz et al. (2011). A key premise of this approach is that tree panees are already somewhat
maladapted to their local climates due to climate change over the past century; climate normals (30
year averages) of mean annual temperature have increased by approxim3@egite 1900. Assisted
migration can compensate fohis shift, likely resulting in increased productivity. In addition,

provenances could be matched to projected climates aboutthirel of a rotation (2625 years) into the
future, which roughly corresponds to anothéiClof climate change. In other wor@out half of the

assisted migration contemplated by this approach would be catching up to climate changes that have
already occurred. The other half would target the anticipated climate at just beyond theyfoe¢ng

age, when licensees transfer stansks to the government. This conservative approach can be expected

G2 NBadzZ 0 Ay AYLNRPOSR LINRPRdAzOGAGAGE 6AGK2dzi Ay ONBL!

communication, July 28, 2014).

A conservative approach to assisted migration is currentiyr@riate, given the incomplete state of
genecological knowledge and the large uncertainties with future climatic conditions. However, the
conservative approach described above may fall short of the degree of assisted migration required to
adequately mitigite the risks of climate change. As sufficient information becomes available, it may be
preferable to accept an increase in regeneration failures to achieve an equal or greater decrease in mid
rotation stand failures and productivity declines. In additiorexploring the economic implications of a
conservative assisted migration approach that will likely be applied in the near future, this study aims to
explore the economic tradeffs between the shorterm and longterm risks ofclimaterelated genetic
maladaptationassociated with a more aggressive assisted migration policy. This can help inform policy
as the information base for CBST becomes available. It can also point to economic and policy
instruments for engaging licensees as partners in CBST impiatios.

Research requirements of assisted migration via CBST

The core information for CBST is an understanding of how populations across the range of any given
species respond to a broad range of specific climatic conditions. The most direct sourice of th
information is provenance trials, in which seedlings from a climatically diverse sample of seed source
locations (provenances) are planted together in several common gardens that collectively represent a
broad range of climatic conditions. Over a peraidiecades, the data from these trials can be used to
understand the optimal climates for tree populations in terms of measured traits such as height or
volume growth. Importantly, provenance trials also indicate the range of climatic conditions to which
populations can be transferred without unduly compromising productivity. With the exception of
lodgepole pine, sufficient provenance trial data foost speciedn BC is not yet availabld=or example,

the best provenance trials of interior spruce, thecend most economically important species in BC, are
only ten years oldeven thdllingworth lodgepole me trial, an extensive installation established in

1974 hasa limited temperature range relative to forecasted climate changes over the next ceahdy
therefore is not sufficient for some assisted migration applicatidie Assisted Migration Adaptation
Trial (AMAT), installed by the MFLNRO Tree Improvement Bleataleen 2009 and 201%s designed

to provide the necessary data for BC tree spebigtswill take many more years to yield sufficient data

to inform CBST polidyDNBE 3 h Qb SAf X LISNEZ2YIf O2YYdzyAOF(iAz2yZ
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Other research approaches are necessary to complement the provenance trials and to provide
genecological information on a shorter time scale. For example, the Adaptree Project at the UBC Faculty
of Forestry is using shetérm seedling trials involving labatory, nursery, and field experiments to

study climaterelated traits such as hardiness to cold and drought, and timing of growth and dormancy.
Genomic tools are then used to investigate the genetic basis for the wihthbetweenpopulation

variationin these traits. Although the use of genomics to understand populdéwal adaptation to

climate is in its infancy, it may become an important source of guidance for assisted mig&atilyn

Aitken, personal communicatiomay 8, 2014).

CBST also reqges accurate information on the climate at any given seed source or planting site. To
meet this need, ClimateWNA has been developed by the UBC Centre for Forest Conservation Genetics
over the past 10 years in partnership with the BCMFLNRO, BC Forest&&uetncil, and Pacific

Climate Impacts Consortiu@Vang et al. 2012)This program uses weather station data to estimate
historical values of biologically relevant climate variables at any specified locati@siarn North

America. It also provides downscaled climate change projections produced by all major global and
regional climate models. Validating, maintaining, and updating ClimateWNA is an ongoing effort that
requires stable funding.

Climate change impacts on forest productivity

Climate change puts both upward and downward pressures on forest productivity. There is evidence
that CO2 fertilization, longer growing seasons, and higher temperatures could support increases in tree
productivity: for examp, Boisvenue and Runnirfg006)estimated that climate change over the past 50
years resulted in increases in forest productivity at a global scale in areas wateneis not limiting. At

the scale of British Columbi#/ang et al(2006, 2010used provenance trial data to project that-¥®

height of local lodgepole pine seed sources would increase in large areas of the province by 2050, while
decreasing in moisturémited areasof the southern interior. However, a crucial qualification on this
LIN22SOGA2Y Aa GKIFIG LINPGSYylFryOS GNARLFfA FNB t20F0GSR
being simulated. Since many insect and disease outbreaks, as well as fire,tdheuaadscape level

(Raffa et al. 2008 projections based on provenantréals do not account for the effects of climate

change on landscagevel biotic and abiotic disturbance regimes. As suggested by the recent mountain
pine beetle andothistromaoutbreaks, increases in productive potential in warmer and wetter climates
are likely to be substantially counteracted, perhaps many times over, by increased disturfiaakest

al. 2001, Woods 2011)For this reason, it is reasonable to assume that climate change will reault in

net reduction in forest productivity (NRTEE 2011).



There are many different ways in which genetic maladaptation due to climate change can impact the
productivity of the forest land base, each with distinct implications for-bestefit analysis. It is
essential to consider the costs and timing associated with each of these types of impacts.

1 Growth reduction: as demonstrated by provenance trials, climatic maladaptation can directly
affect the growth rates and/or mortality rates of individual trees. st&sl migration attempts to
directly mitigate these stand level productivity losses by matching future climates with
appropriate seed sources. Growth reductions are not associated with additional silvicultural
costs.

1 Regeneration failure: climateelated regeneration failures can occur due to frost, drought, snow
press, and disease. Regeneration failures induce a delay in subsequent harvest, and also
introduce incremental costs associated with replanting and brushing (in the range of $500
$1500/hd). Asssted migration can reduce regeneration failures if local seed is substantially
maladapted to the climate due to historical climate change. Conversely, there is a risk that an
aggressive assisted migration approach could increase regeneration failueesiéel is suitable
for the projected future climate but maladapted to the present climate.

1 Mid-rotation plantation failure: if the majority of an immature stand {80 years old) is killed by
insects, disease, or drought, the productive potential of ttesnd may be reduced to the point
where it is unlikely that the stand can be profitably harvested at any point in the future. In this
case, it may be necessary to conduct a wholesale stand rehabilitation, involving knocking the
stand down (at a cost of $10a.500/ha) and replanting (at a cost of $50000/ha}.

9 Catastrophic losses: catastrophic disturbances such as fire and insect outbreaks are influenced
by the collective condition of forest stands at the landscape lg@atroll 2012)If deployed at
the landscape level, assisted migration has somemt! to partially and indirectly mitigate
catastrophic disturbances by fostering healthier, more resilient stands. Nevertheless, all stands
are susceptible to catastrophic disturbance to some degree, no matter how well they are
climatically adapteqHaughian et al. 2012)

Sources of uncertainty

Beyond the reasonable assumption that climate change will negatively impact forest productivity, the
magnitude of these impacts is extremely uncertain. Even if the magnitudes of climate change were
known, the complexity of ecosystem responsesho altered climate confounds prediction, especially
over the length of a forest rotation in BC. However, the trajectories of climate change are not known,
because the international success at mitigating emissions is unknown and because the climasesitself
complex system for which prediction can only be very approximate. Given these compounding
uncertainties, assumptions made in this study about the magnitude of climate change reductions to
forest productivity should be understood to be essentiallyitadoy. The purpose of this study is to
examine the economic implications of a range of climate change impacts, rather than provide an
estimate of the impacts themselves.

9 These bailpark silviculture cost estimates are based on a compilation of activity costs by region provided by Nigel
Fletcher, MFLNRBorest Investments Analysis Specialistly 18, 2014.
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Despite the uncertainties in climate change impacts on forest productivity, iagoreble to assume

that a conservative and adequately researched assisted migration strategy will have a mitigating effect.
The rationale for this assumption is that the conservative approach to assisted migration can operate on
known climate changes ovére past century, and on projected climate changes for the near future for
which there are fewer uncertainties. Although the degree of mitigation is limited by the conservative

F LILINBF OKZ GKS LRGSYGALFf F2N dzy Ay GnaldinSiicalienyJahs Ij dzSy O
28, 2014). Of course, a poorly researched and/or implemented CBST regime could negatively impact
productivity through maladaptation, regeneration delays, and plantation failures. It is assumed
throughout this analysis that CBST ppuopriately implemented. Indeed, the purpose of a ledagnm

sustained CBST research program is to ensure that seed transfer policy and practices are adequately
supported by evidence.

Economic perspectives of Government vs. Licensees

When evaluating thenicentives to implement assisted migration, it is essential to recognize the
fundamentally different economic perspectives of government and licensees. There are three key
factors that differentiate the perspectives of these two parties on silviculturesimrents and risk:

1. Harvest benefits: In addition to direct harvest revenues via stumpage and taxes, the
government will generally consider increased economic activity associated with improved
timber supply as a benefit of public silviculture investmemtdntrast, the benefits of a
silviculture investment to the licensee are restricted to profits over and above conversion costs
and stumpage. Further, volurdgased licenses carry no mechanisms to ensure that licensees
will harvest the stands on which th@gay the costs of regeneration. These factors mean that the
benefits of a silviculture investment are larger and more certain for the government than for
licensees.

2. Discount rate: social discount rates used by government for public forestry investmer2&wmar
in BC. In contrast, silviculture investments must compete for licensee capital with other
opportunities such as equipment upgrades, and thus are evaluated at private sector discount
rates of greater than 6% his difference in the time value of mongiyves the government a
much longerterm outlook on the realization of benefits.

3. Liability: Under the current regulatory framework, licensees carry the liability for stand
establishment. The liability for stand maintenance is returned to the government wigen
stand reaches a frem-grow state, which occurs at stand ages betweer20@/ears. Therefore,
licensees are incented to minimize establishment risk, an objective that only indirectly and
incompletely achieves the government objective of maximiziagaiproductivity.

It is well known that, as a tenant to the forest resource, licensees have little incentive to invest in
silviculture at the regeneration stage. However, the different economic perspectives of government and
licensees also affect how these two parties bakanisk in both the short and long term. A major theme

of this case study is how these two perspectives influence the willingness of the parties to participate in
assisted migration under various risk scenarios.



Methods

Cost-benefit analysis framework

Cos-benefit analysis (CBA) evaluates a project, decision, or policy in terms of the present value of its

total costs and benefits. CBA has emerged as a prominent tool for assessing the benefits of investing in
adaptation to climate change (UNFCC 2011). mergal CBA evaluates a project against skegus quo

i.e. the costs and benefits expected to occur if the project was not undertaken. In this case, the costs

and benefits of assisted migration are evaluated in comparison to the assumed costs and lodledits
OdzNNBy G af20Ff Aa 0Saité aASSR GNI yaTSNI LkstausOA Sa Ay
quoare counted as benefits of the project. Any forgone benefits obthtus qua- NB & 2 LILI2 NIi dzy A { &
O02a0a¢ 2F (KS hiNRaR& @rd dportey as liekultsiof the inda®n@rEal CBA: the net

present return (NPV), the difference between the present value of benefitxasid; and the benefit

cost ratio (BCR), the ratio of benefits arwbts.

Assessment of climate change adaia projects requires a modification of standard CBA conventions.
Typically, CBA assesses a project against an established anhaertoodstatus quo However, the
impacts of climate change are not incorporated into forest growth estimates in widadprse

throughout British Columbia and Canada. The analysis of climate change adaptation therefore first
requires establishing estimates of climate change impacts associatedtaitls quomanagement, and

then estimating the degree to which the projeatder evaluation will mitigate those impacts. In this

case study, project benefits must be understood to be a mitigation of expected losses. This approach to
CBA is common in economic analyses of climate change adaptation (e.g. NRTEE 2011).

This analysisgrforms costbenefit analysis from two alternative perspectives that could be held by the
provincial government. The first is a narrower financial perspective that only considers stumpage and
other direct revenues as benefits of harvest. The second isader economiperspective that also
considers increases in economic activity as a benefit of improved timber supply. The methods in this
study use conversion costs of additional harvestable volume as a proxy for the contribution of assisted
migration to ®P. While this approach provides only a coarse approximation of economic impact, it is
sufficient for the purpose of identifying the broad economic implications of assisted migration and its
associated risks and uncertainties.



Stand-level economic modeling
The detailed method for economic modeling is provided in Appendix A. The following is a brief
summary:

1 Standlevel modeling was performed in an MS Excel spreadsheet referencing TIPSY v4.3 (BC
MFLNRO 2013) yield tables for lodgepole pine at agafigite index from 1% 23m. Climate
change impacts on productivity were modeled in the spreadsheet by netting down
merchantable volume.

9 Harvestis assumed to occur at the culmination of the mean annual increment of the stand, i.e.
GLIKEAAOI y ®d®dzf YAY !l (GA2

1 Net revenues were calculated using the FANSIER (Enfor 2013) default conversion costs and
wood product prices.

9 Licensee profit was assumed to be 6% of conversion costs. Stumpage was calculated as a
residual of licensee profit and conversion costs.

1 Analysis was based on NPV insteadivé value, i.e. only one rotation was considered.

1 CBST costs were assumed to be $10/ha for research and $5/ha for implementation.

Stand-level Scenarios

There are three scenarios in the staleyel analysisTable3). These scenarios reflect different ways in

which climate change could impact forest productivity. Scenario 1 reflects the simplest understanding of
climate change impactsd mitigation by assisted migration. Climate change impacts are modeled as a
20% reduction in growth rate. Mitigation by assisted migration is a proportional reduction in the climate
change impacts. To be clear, a 40% mitigation rate means that the clahatge impacts are reduced

from 20% to 12%. There are no costs associated with this scenario except for the $15/ha CBST research
and implementation costs.

Scenario 2 is designed to investigate the tradfiebetween longterm risk associated with statusuq
management and shoiterm risk associated with assisted migration. Instead of causing a reduction in
growth, thestatus quo(local)seed source is assumed to undergo plantation failure at 25 years,
requiring a $2000 stand rehabilitation treatment. Atsismigration is assumed to prevent this event,
but induce a regeneration failure at 5 years, requiring a $1000 fill plant. This of course is an idealized
scenario, but it is intended to illustrate the dynamics of the tradiis associated with allocatirsged
sources in a dynamic climate. They&#ar regeneration delay associated with the plantation failure is
equivalent to a 26% reduction in mean annual increment at culmination age (MAIc)-yEae 5
regeneration delay associated with the regeneratioiufa is a substantial mitigation of this impact,

and amounts to a 7% reduction in (MAIc).

Scenario 3 is a hybrid of the previous two scenarios: productivity reductions and stand failure risks are
applied in approximately equal proportions. Productivitgdes and mitigation rates are half of those
applied in Scenario 1. Status quo plantation failures and assisted migration regeneration failures are
both modeled as a 25% risk, and their associated rehabilitation costs are prorated according to this risk
level. The overall climate change impacts on productivity (MAIc) are approximately the same as for
Scenario 1.



Table3: Summary of assumptions for scenarios of the staledel analysis. Assisted migration
mitigation rates are a percetage of the assumed productivity losses.

Scenario base assumptions
S1: Productivity S2: Stand risk S3: Hybrid

Assumptions losses only trade-offs impacts
Climate change impacts on stand growth
Productivity losses 20% 0% 10%
CBST mitigation (% of losses) 40% 0% 20%
Regeneration failure at year 5 caused by assisted migration
Probability of occurrence 0% 100% 25%
Brushing & fill plant cost ($/ha) n/a $1,000 $1,000
Plantation failure at year 25 averted by assisted migration
Probability of occurrence 0% 100% 25%
Stand rehabilitation cost ($/ha) n/a $2,000 $2,000
Equivalent effects on productivity (% reduction in MAlc under base assumptions)
Unmitigated climate change impacts 20% 26% 19%
AM-Mitigated climate change impacts 12% 7% 10%

The ownership of risks, costs, and benefits under currenttioegrow legislation predetermines

Scenarios 2 and 3 to be highly unfavourable to licensees, who carry many of the costs of regeneration
failure but would not benefit directly from the avertedidarotation plantation failure assumed in these
scenarios. For the purposes of these scenarios it is assumed that any substantial increase in
regeneration risk associated with government CBST policy would be accompanieddharisl

measures to absorthis increase in risk. As a result, regeneration costs associated with assisted
migration are assumed to be paid the government in this scenario.

Scenarios 2 and 3 assume that the stand established following regeneration/plantation failure grows at
full productivity, with no climate change impacts. This is a simplification of the risks posed by a
progressively changing climate. The risks to the rehabilitated stands would be the same or greater than
to the original stand, and would therefore compound otiere. An investigation of these compounding
risks is left for future studies.



Province -level analysis

The standevel costbenefit analysis is rolled up to the province as a whole to obtain estimates of the
total return on CBST investments. Spedpsacific rotation age, total volume increment, lumber value,
and seedling deployment assumptions were obtained directly from the Tree Improvement Investment
Priorities (TIIP) spreadsheet maintained by the Forest Genetics CouB&iTable4). Other

assumptions are consistent with the stand level analysis.

Table4: speciesspecific assumptions for the provinciddével costbenefit analysist®

Average Total potential Species-specific Annual planting Annual
rotation age  volume growth Lumber research costs (millions of planting
Spp. (years) (million m3/yr)  value $/m?3 ($lyn* seedlings) (ha)**
Pli 60 20.6 $100 $100,000 100 90,731
Sx 75 14.7 $105 $100,000 62 56,427
Fdi 70 3 $105 $100,000 12 10,856
Lw 70 12 $105 $100,000 4 4,061
Pwi 70 0.2 $100 $100,000 1 482
Fdc 55 6.9 $110 $100,000 15 13,300
Cw 60 3.7 $115 $100,000 8 7,585
Hw 60 0.8 $100 $100,000 1 1,300
Ss 55 0.6 $100 $100,000 1 618
Pwc 50 0.1 $100 $100,000 0 118
Total 51.7 $1,000,000 204 185,478
*Research costs are applied to each species because genecology research is species-specific for the most

part.
**Annual area planted is derived from annual seedlings planted, assuming a planting density of 1100 sph.

10 Unless noted otherwise, assumptions are consistent with the Tree Improvement Investment Priorities (TIIP)
spreadsheet maintained by the Forest Genetics Council of BC. Note that the TIIP analysis only includes planting for
species and areas whetee improvement investments are considered worthwhile and is, therefore, a subset of
areas where CBST is considered.



Results

Stand-level scenario analysis
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In this scenario, the base assumption is that volume production iistiditels quoseed transfer stand is
reduced by 20% due to climate change, asdisted migration provides a 40% mitigation of this impact.
This produces a modest (15ma) gain in harvest volume relative status quoseed transfer.

From the broader economic perspective of government, the benefits to the provincial economy far
exceed the initial research and implementation co3tal]e5). Since assisted migration is assumed to
cost only $15 per hectare, the financial return of the increna¢rblume gain is very large: $418/ha in

net present value, or a benefitost ratio of 29:1. This result is robust to the assumptions of the analysis,
in that the breakeven assumptions are individually outside of a reasonable range. The-dreak

discourt rate indicates that the internal rate of return of the implementation of assisted migration is 7%.
It is also worth noting that the breadwven cost of assisted migration is $433/ha, which indicates
considerable room to incorporate risk associated wiiated migration (e.g. elevated regeneration
risks).

In this scenario, assisted migration is also economically viable from the narrower perspective of
government revenues alone, though this viability is somewhat less robust to some variedidesy.

The breakeven discount rate is 4.5%, which is at the upper range of social discount rates applied to
public projects in Canad8oardman et al. 2010).ow productivity sites (site index <13m) do not carry
sufficient volume to provide positive returns in stumpage. Despite these sensitivities, the government
revenue perspective is robust to climate chamgg@acts/mitigation and product value assumptions.

In contrast to the government perspectives, assisted migration is ansagtal activity for licensees
under the assumptions of this scenario. Sigogernment carries all research and implementation sost
the NPV is inevitably positive from the licensee perspective. However, even if the licensees were
guaranteed a stake in the harvest of the reforested stand, which is not the case in current vudsete
licenses, discounting at private sector discowuates would reduce the harvest profit on incremental
volume ($6/n? in this scenario) to a negligible NPV. Hence any incremental costs to licensees would
make this scenario economically unviable from the licensee perspective.
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Table5: Summary of the cosbenefit analysis of Scenario #1 from the perspective of the provincial
economy.

Assumption Base Break-even* 250 -
Site Index (SI50) 17 13 Status quo ="
Discount rate 2.0% 7.0% B 200 = Assisted migration <
CBST Costs ($/ha) $15 $433 € y
Economic benefits of harvest g 150 -
Gross product value ($/?‘m $ 119 $ 93 %
>
Conversion cost ($/f) $ 93 -$ 93|/ 100-
Licensee profit ($/rf) $ 6 $ 0 g
Stumpage ($/r) $ 21 $ 0 50 1
Climate-change impacts
0 UL LI L LI L LI L T 1711
Productivity losses 20% 1% OO0OO0OO0OO0O0OO0OO0O0O0 9O O0O
AN M T WO OMN~NOWOO O N
CBST mitigation (% of losses) 40% 2% S AR
i i Years Following First Planting
Induced regeneration failure
Probability of occurrence 0% n/a $6,000 -
Brushing & fill plant cost $0 n/a
Avoided plantation failure ) $5,000 7
Probability of occurrence 0% n/a & $4,000 -
Stand rehabilitation cost $0 n/a S
< $3,000 -
Results Status quc AM =
Harvest year 70 70 § $2,000
Harvest Volume 152 167 a
, < $1,000 -
Harvest Benefit ($/f) $114 $114 =
NPV at Harvest ($/ha) $4,325 $4,743 0 +———""""""""""""""""""""
O O OO OO0 0O OoOOo o oo
Incremental Net Present Value ($/ha) $418 SN ®mT0LoOoN~®o 9 dd
Incremental Benefit/Cost Ratio 28.8 Years Following First Planting

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.
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Table6: Summary of the cosbenefit analysis of Scenario #1 from the perspective of government
revenue only.

Assumption Base Break-even* 250 -

Site Index (SI50) 17 13 Status quo ="

Discount rate 2.0% 4.5% 8 200 —~ = Assisted Migration <

CBST Costs ($/ha) $15 $79 € y

Economic benefits of harvest g 150 -

Gross product value ($/?‘m $ 119 $ 102 %
>

Conversion cost ($/f) $ 93 -% 93|/ g 1001

Licensee profit ($/rf) $ 6 $ 6 g

Stumpage ($/r) $ 21 $ 4 207

Climate-change impacts

0 UL LI L LI L LI L T 1711

Productivity losses 20% 3% OO0 0000000 O O0O0

A N M T WO ON~OWOO O N
CBST mitigation (% of losses) 40% 8% S AR
i i Years Following First Planting

Induced regeneration failure

Probability of occurrence 0% n/a $1,500 -

Brushing & fill plant cost $0 n/a $1.000 - -

Av0|deo.l Plantatlon failure g $500 -

Probability of occurrence 0% n/a @

Stand rehabilitation cost $0 n/a g $0 oo ooofoooooooo
8 ¢$500 — N Lo~ 9 oA
>

Results Status quc AM =

Harvest year 70 70 g-$1,000 1
©.$1,500 -

Harvest Volume 152 167 a v

Harvest Benefit ($/rf) $21 $21 2-$2,000 -

NPV at Harvest ($/ha) $786 $849 -$2,500 - v Eollowing Eirst Planti

ears Following First Plantin
Incremental Net Present Value ($/ha) $64 wing g
Incremental Benefit/Cost Ratio 5.2

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.
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This scenario investigates the trad& between adaptation to the current vs. the future climaiethe
planting site. Thatatus quoseed source is assumed to undergo plantation failure at 25 years, requiring
a $2000 sind rehabilitation treatment. Assisted migration is assumed to induce a regeneration failure
at 5 years, requiring a $1000 fill plant. From the broader economic perspective of government, a
regeneration failure is strongly preferred over a midation plantation failure, even in the absence of
any other productivity losses (Table 5). The primary reason for this preference is that the delayed costs
of the plantation failure remain higher than the more immediate costs of regeneration failure at the
discountrate of 2%. The longer regeneration delay induced by plantation failure is also an important
factor, but its effect is underestimated because future rotations are not incorporated into the analysis.
The preference for a regeneration failure is highly rallaghe assumptions of the analysis.
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Table7: Summary of the cosbenefit analysis of Scenario #2 from the perspective of the provincial
economy.

Assumption Base Break-even* 300 -
Site Index (SI50) 17 all Status quo _
Discount rate 2.0% 55% |/ @ 2507 === Assistedmigration <"
CBST Costs ($/ha) $15 $1945 || E ..
Economic benefits of harvest g
Gross productvalue (3 $ 120 $ 93 % 150 -
Conversion cost ($/f) $ 93 -$ 93 i
Licensee profit ($/rf) -$ 6 $ 0 é 1001
Stumpage ($/r) $ 21 $ 0 50 -
Climate-change impacts
Productivity losses 0% n/a 0
CBST mitigation (% of losses) 0% n/a
Regeneration failure at year 5 caused by AM
Probability of occurrence 100% all $5,000 -
Brushing & fill plant cost $1,000 $3,100

$4,000 - Pl XS
Plantation failure at year 25 averted by AM < ,f ‘s\
Probability of occurrence  100% 35% & $3,000 - / <
Stand rehabilitation cost  $2,000 All % $2,000 - l/ ..
Results Status quc  AM 2 $1,000 - /
Harvest year 95 75 % $0 ......,’.................
Harvest Volume 188 190 a °C3Z23BIYIILL888ER.
Harvest Benefit ($/rf) $114 $114 §'$1’000 1 -
NPV at Harvest ($/ha) $2,034 $3,964 -$2,000 - ) ) )
Incremental Net Present Value ($/ha) $1,930 vears Following First Planting
Incremental Benefit/Cost Ratio 3.1

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.

A regeneration failure is also strongly preferred from the narrower perspective of stumpage revenues
alone (Table 6). However, the absolute NPV of both treatments is negative because the stumpage
revenue is not sufficient by itself to cover the rehabilibat costs of the either type of stand failure

under the base assumptions. This suggests that stand rehabilitation could be economically unviable at
the stand level, though at the forest level it may be an important measure in maintaining timber supply.
However, the brealeven assumptions are very close to the base assumptions. This indicates that
rehabilitation would be viable on some portions of the land base with higher productivity, higher
product value, lower regeneration failure risks, and/or lowehabilitation costs.
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Table8: Summary of the cosbenefit analysis of Scenario #2 from the perspective of government
revenue only.

Assumption Base Break-even* 300 -
Site Index (SI50) 17 all Status quo _
Discount rate 2.0% 40% || 2501 === Assisted migration .=~
CBST Costs ($/ha) $15 $104 || E 200 -
Economic benefits of harvest g
Gross productvalue ($/f $ 120 $ 99 ||3 150
Conversion cost ($/f) $ 93 -% 93 g
Licensee profit ($/rf) $ 6 -$ 6 g 1001
Stumpage ($/rf) $ 21 $ 0 50 -
Climate-change impacts
Productivity losses 0% n/a 0
CBST mitigation (% of losses) 0% n/a
Regeneration failure at year 5 caused by AM
Probability of occurrence 100% All $500 -
Brushing & fill plant cost $1,000 $1,600 $0 -
Plantation failure at year 25 averted by AM E $500 -
Probability of occurrence 100% 65% @
Stand rehabilitation cost ~ $2,000  $1,000 §_$1’000 |
$-$1,500 -
Results Status quc AM ‘E_$2 000 -
Harvest year 95 75 § ’
Harvest Volume 188 190 & ~$2,500 1
Harvest Benefit ($/rf) $21 $21 §-$3,000 1
NPV at Harvest ($/ha) -$628 -$34 -$3,500 - ) _ )
Incremental Net Present Value ($/ha) $595 vears Following First Planting
Incremental Benefit/Cost Ratio 1.6

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.
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Scenario 3 integrates productivity impacts (Scenario 1) and stsk&l(Scenario 2). Similar to Scenario

2, regeneration risk is strongly preferred over longgm risk to plantations from the perspective of
provincial economic activity. For example, the risk (probability of occurrence) of regeneration failure can
be three to five times the risk of plantation failures, and the costs of rehabilitation are essentially
irrelevant to this preference for short term risk (Table 5). This preference is less robust from the
perspective of government revenues alone, but is mthedess evident across all assumption thresholds
(Table 6). It is notable that even though the volume impacts of productivity losses and regeneration
delays are weighted equally, the assumptions for productivity losses and mitigation rates do not affect
the economic preference for short term risk. This insensitivity is due to the overwhelming role of the
stand rehabilitation costs in the cebenefit analysis.
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Table9: Summary of the cosbenefit analysis of Scenario #3 from thperspective of the provincial
economy.

Assumption Base Break-even* 300 -
Site Index (SI50) 17 all Status quo
Discount rate 2.0% 65% || 2507 === Assisted migration -z
CBST Costs ($/ha) $15 $811 || E 200 -
Economic benefits of harvest g
Gross productvalue ($/f $ 119 $ 93||3 150
Conversion cost ($/f) $ 93 -% 93 g
Licensee profit ($/rf) $ 6 $ 0 g 1001
Stumpage ($/r) $ 20 $ 0 50 -
Climate-change impacts 0
Productivity losses 10% all OO0OO0OO0OO0O0OO0OO0O0O0 9O O0O
CBST mitigation (% of losses) 20% all Taeyeer®e3ay
Years Following First Planting
Regeneration failure at year 5 caused by AM
Probability of occurrence 25% 80% $5,000 -
Brushing & fill plant cost $1,000 all
Plantation failure at year 25 averted by AM § $4,000 1
Probability of occurrence 25% 5% £ $3.000 -
Stand rehabilitation cost  $2,000 all S
< $2,000 -
Results Status quc AM =
Harvest year 80 70 § $1,000
Harvest Volume 176 172 f;: N
Harvest Benefit ($/rf) $114 $114 2 OCO0OO0OO0OO0O0O0OO0O0OO0O O OO0
NPV at Harvest ($/ha) $3,835 $4,631 -$1,000 - meeTe _© '\_ © o 8_ =
Incremental Net Present Value ($/ha) $796 vears Following First Planting
Incremental Benefit/Cost Ratio 4.3

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.
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Table10: Summary of the cosbenefit analysis of Scenario #3 from the perspective of government
revenue only.

Assumption Base Break-even* 300 -

Site Index (SI50) 17 all Status quo

Discount rate 2.0% 45% || ® 2507 === Assisted migration -2
CBST Costs ($/ha) $15 $120 ||E 200 -

Economic benefits of harvest g

Gross productvalue ($/f $ 119 $ 102|/2 150 -

Conversion cost ($/f) $ 93 -% 93 g

Licensee profit ($/rf) $ 6 $ 6 g 1001

Stumpage ($/r) $ 20 $ 3 50 -

Climate-change impacts 0

Productivity losses 10% all OO0OO0OO0OO0O0OO0OO0O0O0 9O O0O
CBST mitigation (% of losses) 20% all TeeNymer®ogda

i ) Years Following First Planting
Regeneration failure at year 5 caused by AM

Probability of occurrence 25% 35% $1,000 -

Brushing & fill plant cost $1,000 $1,500 $500 -
Plantation failure at year 25 averted by AM §
Probability of occurrence 25% 15% & 30
Stand rehabilitation cost $2,000 $1,300 3 -$500 -
3
Results Status quc AM §-$1,ooo .
(]
Harvest year 80 70 §_$11500 i
Harvest Volume 176 172 a
3 @-$2,000 -
Harvest Benefit ($/f) $22 $20 >
NPV at Harvest ($/ha) $516 $621 -$2,500 - v Eollowing Eirst Planti
Incremental Net Present Value ($/ha) $105 ears Following First Flanting
Incremental Benefit/Cost Ratio 1.4

*The "Break-even" value is the value of the assumption that will provide a posititcremental NPV for CBST. Br
even values are determined individually as a threshold analysis; all other assumptions are held constant
values listed in the "Base" column. The value "None" indicates there are no available values of the assumg
that create a break-even NPV. "All" indicates that all possible values provide a break-even condition.
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Province -level analysis

Table 9 provides a summary of the provideeelcostbenefit sensitivity analysis from the government
perspectives of the whole economy and stumpage revenues alone. This analysis assumes a range of 5
20% productivity losses due to climate change and that assisted migration will be able to mitigate 20
60% of these losses. CBST research is assumed to cost $1 million/year for 3dgeahinistrative
implementation is modeled as a ostiene cost of $15 million at year zero, for a total present value of

$37 million for research and implementation. Resudte presented for various traesfs between risk

of regeneration failures induced by AM and risk of plantation failures that would occur in the absence of
AM. These tradeffs include boletext threshold risk levels for one risk type, holding the otbenstant.

For example, the second row of results indicates thattange NPV is negative for regeneration risks
greater than 3%, if the risk of plantation failure is held constant at zero.

Under the simplified assumptions of this analysis, the preselnevaf assisted migration to the

provincial economy as a whole is between $0.4 billion and $5 billion, which represents a range of
benefit/cost ratios of 10 to 130. At a basic stumpage rate of $£9this translates to $43 million to $1

billion present value of stumpage (BCR of 2 to 25). These returns on investment are somewhat robust to
trade-offs between regeneration failure and midtation plantation failure. Assisted migration remains
economicdly beneficial to the provincial economy under the assumptions of the analysis even if
regeneration failures are approximately 10% more frequent than avoided plantation failures. However,

if no plantation failures would occur under the status quo, the exoit viability of assisted migration is

not robust to induced regeneration failures. The larger costs associated with rehabilitating regeneration
and plantation failures reduce the benefibst ratios to a range of 2 to 10.

This provincdevel analysis isxtremely simplified, and should not be interpreted as anything more than

a firstpass estimation of the general scale of the potential economic returns of assisted migration. Since
assisted migration leverages existing reforestation expenditures to @elti@nate change impact

mitigation, it has potential to provide very large returns on the incremental investment in research and
policy development, as demonstrated in this analysis. The scale of beasfitatios returned from this

study is consistentith the results of a previous cosffectiveness analysis of adaptation policies in the
forest sector measured through their impacts on timber supply (NRTEE 2011).
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Tablell: Province level sensitivity analysis of a CBST redeareestment of $1 million/year for 30
years, plus a ondime policy implementation cost of $15 milliof!

Productivity loss due to climate change 5% 20%
Assisted migration mitigation rate 20% 60%
Induced | Avoided Low High
Harvest | Regen | Plantation Range Range
Discount | Benefit | Failure Failure NPV NPV
Perspective rate ($/m?3) Risk Risk (million $) | (million $)
0% 0% $365 $4,791
Government 3% 0% $11 $4,437
(whole 2% $114 10% 10% $501 $4,927
economy) 23% 10% -$10 $4,416
10% 1% $25 $4,451
0% 0% $43 $919
Government 1% 0% $4 $1,278
(stumpage 2% $19 10% 10% $179 $1,055
only) 14% 10% $21 $897
10% 7% $20 $896

Timber supply impacts

The range of unmitigated climate change impacts used in the forest level analysis translate&%todd
provincial timber supply and the range of mitigated impacts1<€%. Because impacts on existing
stands are not modeled in this analysis, the modehepgacts would not take place until the first cohort
of stands planted today reach harvestable age, which is approximately 55 years on the coast and 65
years in the interior. As a point of reference, the current 4tgidn timber supply level is 15% lower tha
the longterm harvest level, which is attained at in the year 2070 (see Appenéigérel0). Hence the
climate change impacts modeled in this analysis correspomdongterm harvest level as low as the
current TSR miterm harvest level.

The degree to which nederm timber supply would be affected by can only be explicitly assessed with a
timber supply analysis, which is not within the scope of this studyeflesless, the most recent timber
supply reviews for 14 of the 37 timber supply areas included a sensitivity analysis that reduce managed
stand yields by 10%-igure2), which can be used as a proxy sensitivity analysis for the mitigated climate
change impacts of-44%. Collectively, these sensitivity analyses suggest that short term harvest levels
are not highly sensitive to simple productivity reductions in regeneratands. Presumably this lack of
sensitivity idue to midterm timber supply shortages and falldown effects.

11 The timber supply horizon for realization of benefits is 100 years. Risk thresholds are shown in bold text.
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As a result of these considerations, this preliminary analysis suggests that reductions in future managed
stand productivity could begin to ipact harvests levels in the early part of the rédm (year 2030+), if

they were to be recognized in the timber supply review. However, there appears to be little opportunity
for climate change mitigation to translate into shaéerm harvest levels as allowable cut effect,

primarily because this mitigation would occur in the context of a declining timber supply.
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Compiled Base Cases (14 of 37 TSAs)

Harvest volume forecast (million Afyr)

2 .
- ===Managed Stand Yields -10%
O T T T T T T T T T T T T T T 1
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211021202130 2140 2150 2160
Forecast Year

Figure2: Compiled sensitivity analysis testing the timber supply impact of a 10% reduction in
managed stand/ields!?

12Harvest flows were compiled from the 14 of 37 timber supply &fg@4% of BC timber supply) for which this sensitivity
analysis was performed in the most recent timber supply review (20TR1.4).

21



Discussion: Instruments for adaptation

This analysis suggests that assisted migration using CBST is a robust public investment. A conservative
approach to assisted migration is likely to be eostitral to licensees because it is not expected

increase regeneration risks. However, as more information on climate change and biotic responses
becomes available, a more aggressive assisted migration strategy could be deemed necessary to
adequately account for the magnitude of climate change expkate the next rotation of planted

seedlings. If this were to be the case, this analysis has shown that even a large increase in regeneration
risk is strongly preferred from the government perspective if it can reduce risks efoaition

plantation failue. In contrast, an increase in regeneration risk is strongly economically unviable for
licensees, in part because of higher discount rates and lower harvest benefits, but in particular because
licensees carry all regeneration risk under the current pdlidy Y S é 2 NJ @ l'a | NBadz Gz
to real or perceived regeneration risks could be an important limitation on the feasibility of assisted
migration. This section considers some economic instruments for engaging the support of licensees.

Thereare several potential mechanisms for engaging the support of licensees in trading off increases in
short term risk to achieve substantial long term benefits to the economy. The first is as simple as

providing adequate information on regeneration risks tioa licensees to make informed decisions

about their economic interests. Second, the ritlaring within the appraisal system is briefly discussed

Fa | gle& 2F ottlyOAay3a tA0SyasSsSaqQ SELR&dINBE (2 (KS
instruments related to timber supply are evaluated; specifically, allowable cut effects and the timber

supply review. Finally, the role of forest professionals in mediating public and private interests is briefly
discussed.

Several of the options consideredthis section are informational instruments, so the concept deserves
some explanation. Information plays an essential role in behaviour change. Beyond pointing to the best
available option, information is the basis on which people can justify their actiotige absence of
informationon the risks, costs, and benefits of a course of acfimtividuals and organizatiomaill
typicallydefault toaccepted norms (Sunstein 2002 the BC forestry context, this behaviour is evident

in the frequency of adopdn of default practice requirements in Forest Stewardship Plans and Site
Plans. With respect to climate change adaptation, government is in a position to provide otherwise
unavailable information on risks, costs, and bendfits practitioners and licerees require to act in

their own professional and economic interests. Information therefore is potentially an efficient
economic instrument.
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Quantifying regeneration risk

This study has identified that the impacts of real or perceived regeneratiorxigks f A OSy aSSQa SOz
interests are likely a substantial limitation on implementation of assisted migration. The political

feasibility of implementing optimal assisted migration strategies can be improved by providing licensees

with information on theseisks, and any benefits that offset them.

Provenance trials are the most direct source of information on regeneration risk. In addition to

measurement of tree and stand growth attributes such as height and volume, survival data can be
collectedtogenerda S & & dzZNIDA @ f NBaLRyaS FdzyOliAz2yatédod ¢KSasS 7T
range of tree provenances in a range of climatic conditions. Useful survival data from the assisted

migration adaptation trial will soon be available. However, provemstrials, including AMAT, are

almost exclusively established on zonal or otherwise favourable sites, while regeneration risks are most

likely to be manifested on unfavourable (dry or wet) sites. As a result, provenance trials will not provide

all of theinformation required to assess regeneration risks of assisted migration.

Operational controls could be a complementary source of information on regeneration risks. This
approach would involve establishing a control unit composed of a local seed sowcectmpany

treatment units planted with nodocal seed. While this would not necessarily establish causality of
regeneration problems on individual openings, a large number of such operational trials could be used
to determine whether assisted migration wareasing regeneration risks in a larger aggregate of
species, site, or biogeoclimatic unit. The incremental cost of these controls could be minimal, since they
would be established to satisfy fragrowing obligations, monitored through standard silviacg

surveys, and compiled in the RESULTS database. The RESULTS database itself is a potentially useful
means of monitoring regeneration risks. Given the vast scale of seed transfer in British Columbia, a data
mining approach could be used in conjunctigith provenance trials and operational controls to

establish a sitespecific survival response curve for major commercial tree species.

The sources of information on regeneration risk mentioned above all involve leveraging of existing
initiatives at low ost. However, given the potential economic benefits of assisted migration suggested
in this study, it may be worthwhile for the provincial government to evaluate the returns on investing in
a dedicated research program around regeneration risk. In theradgsef reliable information on
regeneration risks, it will likely be difficult to achieve equitable-sisiring mechanisms required to gain
the support and participation of licensees.
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Risk-sharing via the appraisal system

The current regulatory framewk gives licensees responsibility for regeneration to a-fysmving

condition. Although licensees bear the risk of regeneration on each harvest opening, the average costs

of regeneration are returned to licensees via the stumpage appraisal system. Invaggyhis is an

efficient way of achieving basic regeneration results, since regeneration is directly incorporated into

harvest planning and licensees have a strong incentive to achieve regeneration with minimum cost and

delay. However, collective compeiin for regeneration costs via the stumpage appraisal system is

gARSt & NBO23IyAT SR +Fa ONBFGAYy3 | aNXOS (G2 (GKS o620

regeneration costs below the average regeneration costs used to determine stumpage rates.

Gonversely, licensees are not compensated for activities that result in atoege regeneration costs.

Under this framework, licensee practitioners are under intense pressure to avoid any costs and risks

over those that are essential to achieving firg®wing condition. Since climate change adaptation

intrinsically requires taking on shetérm risks to mitigate largerlongd SN NA a1 43X GKS a NI OS
02002Y¢é Aa | Yl 22N AYLISRAY SffsiiRisksBaring betwkeyi FcengesS a S y SO
andgovernment is an important component of adaptation measures such as assisted migration.

In theory, the appraisal system is a rikaring instrument since it will compensate licensees collectively
for an increase in average regeneration costs. Howevergtare two problems with riskharing via the
a0dzyLJ 3S FLIINF A&t aeadsSys 20SNI YR F6208S GKS aNI
many years between when the risk associated with a new practice is taken, when the associated costs
are incurrel, and when the appraisal system accounts for these additional costs. Second, there may be
substantial variability in risk exposure amongst licensees depending on the ecological attributes of their
chart or license areand the current BEC variahtised dviculture costs may not sufficiently capture

this variation. Due to the current scarcity of sifgecific data on regeneration risks of assisted

migration, an equitable appraisal of incremental regeneration costs is unlikely. These problems do not
disqualify the appraisal system as a rsaring mechanism, but they would need to be addressed if
licensees are to willingly participate in climate change adaptation measures.

Timber supply

Timber supply affects the business viability of licensees becaaffedts their access to timber via the
allowable annual cut (AAC). It also affects their medium ter20(§ear) infrastructure investment
decisions. Timber supply therefore is an important context for developing economic instruments for
adaptation. Two ptential instruments are considered here with respect to timber supply: (1) allowable
cut effects and (2) information on mitgrm timber supply impacts of climate change and assisted
migration.
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Current integration of climate change into timber supply

There is clear highevel direction to incorporate climate change impacts into TSR. Specificalotast

Stewardship Action Plan for Climate Change AdaptdB@a C[ bwh HamMH OO0 fAad0Ga a5S@S
for incorporating climate change into inputs fovtd SNJ & dzLJLX & |yl feaAraé a Ly |
2015 to 2017. Based on this direction, MFLNRO is considering how to incorporate climate change into

the timber supply review. MFLNRO commissioned a report on this topic ifBéd&n et al. 2013)

which recommended (1) narrative discussion in AAC rationales, (2) development of relevant expertise

and information within MFLNRO, (3) review of TSR assangpin light of climate change, and (4)

expansion of TSR beyond AAC determinations to inform forest policy in general. Consistent with the first
recommendation, recent allowable cut determinations (e.g. Bulkley TSA: Peterson 2014) include a

gualitative dscussion of climate change as an area of general uncertainty. These discussions conclude

that the information available on future climate change is insufficient to affect the AAC determination:

GAG Aa y2i Of SFNJ AF SA( Kafésl levelsOvbiaiilbeiappiopriatdin RS ONB | 4 S a
FRRNBaaAy3d LRISYGAFt FdzidzNBE AYyONBlFasSa Ay vy (dzNI €
specific timber supply implications of climate change impacts are accounted for as they occur, as has

been the case wl the mountain pine beetle epidemic ambthistromaneedle blight.

Timber supply review

There currently are very few quantitative assessments of the timber supply impacts of climate change in

British Columbia. The current TSR methodology accounts for the massive timber supply perturbation
associated with the mountain pine beetle, but assumessimilar stochastic events for the future.

Similarly, it includes genetic gain associated WO A 84 &SSRX odzi Ad R2SayQid I
effects strongly suggested by provenance trials. As noted in recent AAC rationales, this approach is

justified within the narrow objective of making an AAC determination because it is unclear whether an

increase or decrease in the cut would be appropriate in anticipation of unknown future disturbances

(Peterson 2014). Nevertheless, the TSR and related a&sdfy/e an important broader role in the

economic outlook of licensees, polinyakers, and communities.

Regardless of the shetérm AAC response, there is no dispute that landsdapel disturbances reduce

the overall timber supply. It is reasonabledonclude that the assumption of zero climate change within
TSR almost certainly overestimates timber supply in the medium and long term. This absence of climate
change impacts in TSR likely reduces political will within government and industry to makieeadap
changes to forest management practices. Timber supply analysis, either TSR or a distinct process, is a
potentially powerful informational instrument for adaptation to climate change that is underutilized at
present.
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Allowable cut effects

The produtvity of stands planted in the short term can indirectly influence short term harvest levels
(allowable annual cuts) by affecting the period over which existing growing stock must be rationed. This
Ad GKS ol aira T2 Nbchweitzér 8t all 167R)Swhictdgiivats ifv@sSrenisanépublic
forests are rewarded with increased harvest volume rights. The use of allowable cut effects as an
economic instrument to incentivize private silviculture inwesnts is controversiglLuckert and Haley

1995) Nevertheless, allowable cut eftschave been applied across British Columbia during the past

two decades to incentivize private investments in inventories and genetically improved planting stock
(Weetman 2002)Allowable cut effects have incented very little invastt in landbased investments

aimed at increasing productivity.

Assisted migration via CBST is expected to increase stand productivity relative to the status quo, and
therefore allowable cut effects superficially could be considered as an economic iesttutdowever,
there are several important barriers to the potential for achievement of allowable cut effects related to
assisted migration:

9 Assisted migration produces a mitigation of productivity losses that are not currently
incorporated into allowableut determinations. In order for an ACE to apply, the TSR base case
would first have to include reduced productivity due to climate change. This would require a
fundamental rethinking of the TSR base case, which at present is based on current management
and historical productivity/disturbance levels.

1 Allowable cut effects are typically granted only in cases where the supporting evidence is of high
precision and low uncertaintfWeetman 2002)Given the large level of uncertaintysasiated
with timber supply impacts, it is unlikely that mitigation by assisted migration could meet the
informational requirements for an ACE.

1 Most timber supply units (TSAs and TFLs) currently have a declining harvest forecast in the short
term, due tofalldown effects or the mountain pine beetle epidemic. An ACE is very difficult to
achieve when gaps in timber supply (aka pinch points) are expected to occur before the benefit
of the silviculture investment is realized. This is often the case with Mp&cted units and
other timber supply units with declining timber flows.

For these reasons, allowable cut effects appear to have limited potential as an economic instrument for
implementation of assisted migration at the provincial scale in the neardutu
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Professional reliance

In addition to their responsibilities towards the management prerogative of their employers, forest
professionals have a legislated responsibility to uphold the public interest in their practices. These dual
responsibilities psition forest professionals as mediators between the public and private interests in

the forest resource. Forest professionals have an exclusive right to practice in the realm of forest

regeneration decisions, and therefore they clearly have a uniquemdtee implementation of assisted

YAINI GA2Yyd t NEPFSaarzylt NBfAFIYyOS t2yS tA1Ste Aay
management prerogative to keep regeneration costs down and minimize short term risk. However,

LINE FS&daA2yl f difdy tdvarésihd public iN&estuddgudtadly puts some amount of

pressure to consider long term regeneration success and risk tolerance.

The degree to which professional ethics affect reforestation decisions is influenced by (1) technical
informationava f F 6f S (G2 (GKS LINRPFSadaAz2ylfs o0H0 LlzofAO LINB3
operate, and (3) professional accountability, both formal and informal. The information necessary to

support professional reliance includestter awareness of theationale forassisted migration, clear

guidance on howio effectively implement assisted migration at the prescription level, and giada on

the risks ofspecific assisted migration prescriptions. Providing clear, balanced information to the

interested members of the public will help to support professionals in balancing their ethical and

management prerogatives. Finally, development of a professional culture supporting adaptation

measures will modify norms of practice and generate informal accountasitigngst practitioners.
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Conclusion

The costbenefit analyses in this study indicate that assisted migration using CBST could provide very
large returns to the provincial economy and stumpage revenues if climate change causes reductions in
tree growth bu does not cause widespread plantation failure. If assisted migration is able to avert even
a small percentage of plantation failures to due maladaptation of local seed, then returns would be even
greater because stand rehabilitation costs and harvestydateould be avoided. Even if the benefits of
assisted migration come at the cost of a substantially increased risk of regeneration failure, thisffrade
is desirable from the perspective of government because regeneration failures are generally cloeaper t
rehabilitate than mierotation failures, and result in shorter harvest delays. The key factors that shape
this perspective on risk are (1) that the large majority of benefits of harvest go to the provincial
economy as costs of conversion (harvestingimill and stumpage, and (2) a low social discount rate of
2% conserves the importance of lotarm benefits over shorterm costs. Despite the current political
barriers to an increase in regeneration risk that necessitate a conservative assisted migaditgnn

the short term, a more aggressive assisted migration policy appears to be an economically viable and
robust strategy from the perspective of government.

From the perspective of licensees, a conservative assisted migration strategy-iectst because

there are no ugront research and implementation costs and because no plantation failures are
modeled. However, the benefits of climate change mitigation on licensee profit are rendered miniscule
by private discount rates. As a result, any sahgtl costs (>$2/ha NPV) cannot be supported by the
harvest benefits. Adding stand rehabilitation costs associated with regeneration failure would result in
an economic loss for the licensee at the stand level, despite partial and indirect compensatiba
appraisal system. These factors suggest that licensees will be amenable to a conservative approach to
assisted migration that minimizes regeneration risks, but likely would be opposed to the introduction of
regeneration risks without a mechanisnr toansferring these liabilities to the government.

Ly fA3IKG 2F tA0SyasSSaQ NIGAz2ylf | @SNBA2Y (2 AYyONB
migration would be pragmatic under the current regulatory framework. However, this anagsis h

shown that, as more information on climate change and biotic responses becomes available, a more
aggressive assisted migration strategy could be deemed to be highly beneficial for the provincial
economy, even though it may cause an increase in regeioerasks. In that case, the licensee

perspective on regeneration risk would need to be accommodated through policy, informational, and
economic instruments. Better sitand provenancespecific information on regeneration risks of

assisted migration, thagh not currently available, is fundamental to management of perceptions of risk
and also to equitable risgkharing between government and licensees. The stumpage appraisal system is
the most likely instrument for riskharing, but several difficult problesmeed to be addressed: the lag

time between the incurring of and compensation for regeneration costs would need to be reduced, and
variations in regeneration risk would need to be equitably accounted for between licensees.
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More fundamentally, the curg & I LILINF A alf &dA2aGSY ONBIFGSa + aN) OS
addressed before licensees can be incented to take on additional regeneration risk. The timber supply
review represents a powerful but &t unused informational instrument for emphasizirge tbenefits

of climate change mitigation to the public, practitioners, and licensees. However, allowable cut effects

do not appear to be a promising instrument for incenting licensee participation in assisted migration.
Finally, forest professionals cleaHave an important role as mediators between the public and private
perspectives on climate change adaptation. Government can support leadership amongst forest
professionals by providing information on the necessity and mechanisms for assisted migsatipn u

CBST.

This economic analysis is focused specifically on assisted migration as a tool for climate change
adaptation. However, assisted migration is only one of many regeneration practices that can be used for
climate change adaption. These practiaedude higher planting densities, planting robust species

rather than those that are fast to greanp, composite provenancing, and mixed species planting. All of
these practices involve a trad®f between shoriterm regeneration cost and loAgrm econome

benefits of a more robust and resilient forest. Consequently, many of the results and recommendations
of this case study apply more generally to this broader group of reforestdgoisions currently under

the responsibility of licensees.

29

‘.j



References

Aitken, S.N., S. Yeaman, J.A. Holliday, T. Wahé. CurtisicLane(2008 Adaptation, migration or
extirpation: climate change outcomes for tree populatioEsolutionary Applicationk 95¢111.

Bank of Canad@014) Inflation Calculator. Available from
http://www.bankofcanada.ca/rates/related/inflatiorcalculator/[Accessed August 11, 2014].

Barnes, A. and T. Niema(®2014) 2012 Economic State of the B.C. Forest Sector.alaifrom
http://www.for.gov.bc.ca/ftp/het/external/!publish/web/economiestate/EconomieState of-BGForest
Sector2012.pdffAccessed August 11, 2014].

Boardman, A.E., M. Mooreand A.R. VininP010 Social discount rate for Canada based on future
growth in consumptionCanadian Public Poli®g: 325¢343.

Boisvenue, C. and S. W. Runr(@@06) Impacts of climate change on na&l forest productivity-
evidence since the middle of the 20th centu@lobal Change Biolody: 862¢882.

B.C. Ministry of Forests, Lands and Natural Resource Oper@iotd TIPSY (Version 4.3) [Software].
Available fromhttp://www.for.gov.bc.ca/hts/growth/download/download.htm[Accessed August 11,
2014].

B.C. Ministry of Forests, Landsid Natural Resource Operatiof®013 TIPSY (Version 4.3) [Software].
Available from http/www.for.gov.bc.ca/hts/growth/download/download.html [Accessed August 11,
2014].

B.C. Ministry of Forests, Lands, and Natural Resource Operé&iats Interior Appraisal Manual.
Province of British Columbia. Victoria.

B.C. Ministry of Forests, Landad Natural Resource Operatio(012g Climate Change Adaptation:
Transitioning to a ClimatBased (Forest Tree) Genetic Resource Conservation and Management System
in British Columbia. Climat®éased Seed Transfer (CBST) Project Charter. Province of Goitisnbia.

Victoria.

B.C. Ministry of Forests, LandadaNatural Resource Operatior0@2h. Mid-Term Timber Supply
Project. Report for the Minister and Deputy Minister of Forests, Lands and Natural Resource Operations.
Province of British Columbia.ctria.

B.C. Ministry of Forests, Landsd Natural Resource Operatiof20129 Forest Stewardship Action
PlanFor Climate Change Adaptation 2@0DA7. February 27, 2012. Province of British Columbia.
Victoria.

Brown, C., B. Bancroft, H. Nelson and hifsmon(2013) Integrating Climate Change Considerations Into
AAC Determinations in British Columbia.

Carroll, A.L(2012 Predicting Forest Insect Disturbance Under Climate Change. Page 20.

Council of Forest Industri¢200dwS | f AT Ay3 GKS xAaizy wHnmn YR .Séz2y
Industry of the Future. Available frohttp://www.cofi.org/wp-content/uploads/2011/12/COFI
RealizingVision.pdf[Accessed August 11, 2014].

30


http://www.bankofcanada.ca/rates/related/inflation-calculator/
http://www.for.gov.bc.ca/ftp/het/external/!publish/web/economic-state/Economic-State-of-BC-Forest-Sector-2012.pdf
http://www.for.gov.bc.ca/ftp/het/external/!publish/web/economic-state/Economic-State-of-BC-Forest-Sector-2012.pdf
http://www.for.gov.bc.ca/hts/growth/download/download.html
http://www.cofi.org/wp-content/uploads/2011/12/COFI-Realizing-Vision.pdf
http://www.cofi.org/wp-content/uploads/2011/12/COFI-Realizing-Vision.pdf

Council of Forest Industri€2013 B.C. Forest Products Industry at a Glance. Available from
http://www.cofi.org/wp -content/uploads/2011/12/COFBCInd-At-A-Glance2012.pdf[Accessed August
11, 2014].

Dale, V.H., L.A. Joyce, S. Mcnulty, R.P. Neilson, M.P. Ayres, M.D. Flannigan, P.J. Hanson, L.C. Irland, A.E.
Lugo, C.J. Peterson, D. Simberloff, F.J. Swanson, B.J agtbBk#iclael Wotton 001 Climate
Change and Forest DisturbancBsSciencél: 723.

Enfor Consultants Ltd2013 FANSIER (Version 1.00) [Software]. Available from
http://www.for. gov.bc.ca/hts/growth/download/download.htnfAccessed August 11, 2014].

Haughian, S.R., P.J. Burton, S.W. Taylor and C.L(ZDAr2yExpected Effects of Climate Change on
Forest Disturbance Regimes in British Colun®@.Journal of Ecosystems and Mamaget 13.

Heaps, T., and B. Prdtt989 The Social Discount Rate for Silvicultural Investments. Page 37.

Leech, S.M., P.L. Aimuedo an®@@\eill(201)! 8 aA&a0GSR aA3aNr dAz2y Y ! RILIGAY3
changing climateBC Journal of Ecosystems and Egamentl12: 18¢34.

Luckert, M.Kand D. Haleyl©95 The allowable cut effect as a policy instrument in Canadian forestry.
Canadian Journal of Forest Rese&6h1821¢1995.

Manning, GH.(1977) Evaluating public forestry investments in British Columbia: the choice of discount
rates.The Forestry Chronick3; 155¢158.

Moore, MA, A.E. Boardman and A.R. Vinj2g13 More appropriate discounting: the rate of social
time preference and the valuef the social discount ratelournal of BenefiCost Analysid: 1¢16.

National Round Table on the Environment and the Econ@®y1) Paying the Price: The Economic
Impacts of Climate Change for Canada. Government of Canada, Ottawa. 162 pp.

Nitschke, C(2010) Regeneration vulnerability assessment for dominant tree species in the central
interior of British Columbia. Page 82.

Peterson, D(2014) Bulkely Timber Supply Area; Rationale for Allowable Annual Cut (AAC)
Determination. BC Ministry of Forests, Larahd Natural Resource Operations. Victodaailable from
http://www.for.gov.bc.ca/hts/tsa/tsa03/tsr3/03tsral4.pdfAccessed August 11, 2014].

Rehfeldt, GE.and B.C. JaquigB010 Ecological impacts and management strategies for western larch
in the face of climateehange Mitigation and Adaptation Strategies for Global Chaige283¢306.

Roberts, D., H. Carreamd J. Lethbridg€005 Changes in the Global Forest Products Indudefining
the Environment for British Columbia. CIBC World Markets. Availablehfitprywww.conservation
economics.com/pdf_pubs/synth_papei?8401 ChangesGlobalForestProd|[pdicessed August 11,
2014].

Rothery, J.§1945 Some aspects of appraising standing timdeurnal of Forestr§3: 490;498.

Rustad, J., N. Macdonald, H. BainB&nett, E. Foster, B. Routley and B. Ste\izfy12 Growing Fibre,
Growing Value. Special Committee on Timber Supply. Province of British Columbia. Victoria.

31


http://www.cofi.org/wp-content/uploads/2011/12/COFI-BC-Ind-At-A-Glance-2012.pdf
http://www.for.gov.bc.ca/hts/growth/download/download.html
http://www.for.gov.bc.ca/hts/tsa/tsa03/tsr3/03tsra14.pdf
http://www.conservation-economics.com/pdf_pubs/synth_paper/SP0401_ChangesGlobalForestProd.pdf
http://www.conservation-economics.com/pdf_pubs/synth_paper/SP0401_ChangesGlobalForestProd.pdf

Shweitzer, D.L., R.W. Sassaman atl Schalla1972) Allowable cut effect: some physical and
economic implicationslournal of Forestry0: 415¢418.

Sunstein, C.R2002 Risk and Reason: Safety, Law, and the Environment. Cambridge University Press,
New York.

Toppinen, A., Y. Zhang, W. Geng, S. Laakd0rag, K. Lalmien, N. Li, C. Liu, I. Majumdard Y. Shen
(2010 Changes in Global Marketr frorest Products and Timberlands. Pages;186 in G. Mry, P.
Katila, G. Galloway, IRAlfaro, M. Kanninen, M. Lobovikaud J. Varjo (edsHorests and Society
Responding to Global Drivers of Change. IUFRO World Series Volume 25. Vienna.

Ukrainetzb @ Y®X hQbSAffSX Db ! & 3 WIHIdAEAKE . d® GHAMMO ®
systems for reforestation and assisted migration: a case study for interior spruce in British Columbia.
Canadian Journal of Forest Research, 41, 4&24.

United Nations Framework Conviion on Climate Change (UNFC(0)1) Assessing the costs and
benefits of adaptation options: an overview of approaches. United Nations Climate Change Secretariat.

47 pp.

2 y3s ¢ Fd I FYFYYIZ | dAitkeh(Q006KUEA of respobse Fudetionsb SA f = I
selecting lodgepole pine populations for future climatésobal Change Biolody: 2404;2416.

2 y3s ¢d> DO | hERUGIAdglathg dnwidhménidl arn genetid aifdctS i predict
responses ofree populations to climateEcological Applicatior20: 153¢163.

Wang, T., A. Hamann, D.L. Spittlehouse, a@d Murdock(2012 ClimateWNA HighResolution Spatial
Climate Data for Western North Americmurnal of Applied Meteorology and Climatol&agdy 16¢29.

Weetman, G(2002 Intensive forest management: Its relationship to AAC and Ad=Forestry
Chronicler8: 255¢259.

Woods, A(201D)L & GKS KSIFIfGK 2F . NAGAAK /2fdzyYoAl Qa F2NBad
was this predictable€anadian Journal of Plant Pathol®f 117¢126.

Ying, C.C. and.Yanchuk00§¢ KS RS @St 2 LIYSy (i s&ée seedNansfergidelihed f dzY o A |
Purpose, concept, methodology, and implementatiBorest Ecology and Managemett7: 1¢13.

32



Personal communications

Name Title Affiliation Relevant Expertise
Sally Aitken Professor UBC Department of Forest | Genomics of assisted migratior
and Conservation Sciences
Greg O'Neill Adaptation and Kalamalka Forestry Centre,| Scientific basis for CBST policy
Climate Change FLNRO
Scientist
Barry Jaquish Research Scientist| Kalamalka Forestry Centre, | Interim CBST policy farestern

FLNRO

larch

Sinclair Tedder

Senior Economist

Competitiveness and
Innovation, FLNRO

Harvestbilling systemdata

Nigel Fletcher,
MFLNRO

Forest Investments
Analysis Specialist

Harvesting and Silviculture

Practices , FLNRO

Silviculture cost estimates

Christine Fletchel

Team Lead,

Forest Analysis and

Timbersupplyreview

Strategic Initiatives| Inventory, FLNRO
Guy Burdikin Silviculture West Fraser Timber Co. Ltd| Interior licensee perspective
Supervisor

Casey Macaulay

Associate Registral

Association of British
Columbia Professional
Foresters (ABCPF)

Professional reliance

Cam Brown

Manager

Forsite Consulting, Salmon
Arm, BC

Timber supply

Annette van
Niejenhuis

Tree Improvement
Forester

Western Forest Products Lt

Coastal licensee perspective

Leslie McCauley

Decision Support
Officer

Tree Improvement Branch,
FLNRO

BC Government CBST policy

Lee Charleson

Seed Policpfficer

Tree Improvement Branch,
FLNRO

BC Government CBST policy

33



Acknowledgements
We wish to thank the following individuals for offering their invaluable expert input for this case study:

Sally AitkenProfessorUBC Department of Forest a@bnservation Sciences

Cam BrownManager Forsite Consulting

Guy BurdikinSilviculture Supervisowest Fraser Timber Co. Ltd

Lee Charlesorgeed Policy Officefree Improvement Branch, FLNRO

Christine FletchefTeam Lead, Strategic Initiatiyé®rest Aalysis and Inventory, FLNRO
Nigel Fletcher, Forest Investments Analysis Specidbstvesting ad Silviculture Practices, FLNRO
Barry JaquistResearch Scientidtalamalka Forestry Centre, FLNRO

Casey Macaulayyssociate RegistrafAssociation of BrittsColumbia Professional Foresters
Leslie McCaulgyecision Support Officefree Improvement Branch, FLNRO

Harry Nelson, AssistafrofessoyUBC Department of ForeResource Management
Annette van NiejenhujSree Improvement ForesteWestern Forest Products Ltd.

Greg O'NeillAdaptation and Climate Change Scientiglamalka Forestry Centre, FLNRO
Sinclair TeddeiSenior Economis€Compettiveness and Innovation, FLNRO

Jack Woods, Program Manager, Forest Genetics Council of BC

34



Appendix A: Economic modeling methods

Growth and yield (TIPSY)

The standevel analysis is based on yield tables produced by TIPSY v4.3 (BC MFLNRO 2013) using the
assumptions listed iffablel2. There is one yield table for a range of site indices fror@3rh at 2m

intervals. Net revenues are calculated using the FANSIER (Enfor 2013) default conversion costs and
wood product revenues. The yield tables are incorporated nspreadsheet model for scenario and
sensitivity analysis.

Table12: Assumptions of the basic TIPSY vyield tables.

Forest District Okanagan-Shuswap
BEC zone IDF
Slope 10%
Species Pli
Regen delay 1
Regen method Planted
Target density 1400
OAF1 15%
OAF2 5%

Cash flow assumptions

Harvest assumptions (financial vs physical rotations)

Il FNSad Aa FaadzySR G2 200dz2NJ i GKS Odz YAYLGA2Yy 27
Odzf YAYIF A2y dé ¢KA&A A& ASYSNrftesxs (GK2dAK y20 Ftgl &
Odzf YAYFGA2Yy dé ¢ KSNB arkiedt assumptitn td_ddriio8nd CBAIbY undeedtitnaling A &4 K
incremental NPV, or even reversing the desirability of CBST \&tatiis quo To provide an opportunity

to evaluate these effects, graphs of NPV across all potential harvest ages are shown.

NPV vs site value

This methodology compares cash flows of CBST anstdhés quoover a single rotation. However, the
modeling methodology allows for the CBST atadus quocash flows to have different harvest ages. In
such cases, it is theoretically preferableinolude all future rotations in the comparison of cash flows,
i.e. to calculate site value instead of NPV. For simplicity, future rotations are not considered in this
analysis. This introduces a bias against cash flows that have a relatively early agevésbwever, this
bias is not expected to be substantial enough to confound the exploratory objectives of the study.

Calculation of harvest revenues

Net revenues are calculated using the FANSIER default conversion costs and wood product revenues.
Howeve, the spreadsheet model operates by netting down merchantable volume to simulate the effect
of productivity losses due to climate change. FANS$IER harvest revenues are first converted o a $/m
value, then multiplied by the netted down merchantable volutaealculate gross harvest revenue. The
FANSIER ag&pecific conversion cost is subtracted from gross revenue to calculate net harvest revenue.
This net revenue is assumed to collectively account for crown stumpage and licensee profit.
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Discount rate

The dscount rate, the interest rate used to calculate the present value of future cash flows, is of central
importance in CBA. Consistent with standard CBA methods, the asabpposed to nominaldiscount

rate is used in this study. This convention is adofitedause all costs and benefits in this study are
expressed in real 2006 dollars, and thus are adjusted for inflation. 2006 is used as a reference year for
calculation of real dollar value in this analysis because this is the reference year for FANSUER outp

Private discount rates (licensee perspective)

From the financial perspective of private interests, the discount rate for investments is generally the
opportunity cost of capital. The weighted average cost of capital for Canfor and West Frasen the
largest licensees in the BC Interior, is 9%, implying an indwstiey average capital cost of >10% (Jon
Muller, CIBC World Markets, personal communication, Juhe2814). This information is consistent

with a longterm capital cost of 1413% frequently cited for the BC forest industry (e.g. Roberts et al.
2005, Woodbridge Associates 2009). Over the past 20 years, the return on capital employed (ROCE) in
the BC forst industry has averaged 3.5% (COFI 2004, 2013), i.e. much lower than the cost of capital. In
this context, licensees must accept lower returns on investment in the short term in order to sustain
their core operations. In contrast, losigrm incremental dviculture investments beyond legislated
silviculture obligations are discretionary spending, and therefore would be expected to be evaluated
against the licensee cost of capital. In this analysis, an intermediate discount rate of 6% is assumed for
the pumposes of modeling the economic perspective of Licensees. However, this should be considered a
lower limit of private discount rates for silviculture investments.

Social discount rates (government perspective)

It has long been recognized that the opporifyrcost of capital is not an appropriate basis for

discounting public sector investments, particularly in the case of silviculture where the costs and

benefits are shared intergenerationally (eManning 1977Heaps and Pratt 19881oore et al. 2013)
Boardman et al(2010)estimated the social discount rate for Canada at 3.5%, and argued that this rate
should be timedeclining for projects with intergenerational impacts beyond 50 years. Publicikilvéc
investments in British Columbia are evaluated against a default social discount rate of 2%, as a matter of
official policy. To reflect this precedent, the discount rate is set at 2% for the purposes of modeling the
economic perspective of the BC gonment.

36



Incremental CBST costs

Research

The current investment in CBST research in British Columbia is approximately $700,000/year, and it is
anticipated that an ongoing research programme of $1 million/year is required to develop the
knowledge baséor successful implementation of assisted migration using CBST (Jack Woods, forest
genetics council of BC, personal communication, Mdy 2014). For the purposes of statelel CBA,

this program cost is prorated to planted seedlings. Assuming that 2B0mseedlings are planted on

crown land in BC every year, and that 66% of these seedlings are allocated within an assisted migration
strategy, the research programme would cost 0.6 cents per seedling. Assuming a planting density of
1400 stems per hectar this cost equates to $9/ha. This research cost is rounded up to $10/ha for the
purposes of the base assumptions of this analysis.

Implementation

The incremental costs of CBST implementation are limited, since adequate systems for tree breeding,
seed anl seedling production, genetic resource management and tree planting are already in place.

| 26 SOSNE | RYAYAAUGNI GAGS O2aGa 2F GNIYaAAGAZ2YAYy3
incorporated into the analysis. CBST interim standards ce8Mpaver four years and program
development for CBST is expected to cost $2M/year over 5 years (Lee Charleson, personal
communication, July 25 2014). While most of the administrative costs will be incurred in the next 10
years, an average incremental ca$t$500k/year over the next 30 years is assumed for simplicity.

Product value partitioning

Value partitioning is the process of dividing total product value (lumber and chips) into costs of
conversion (logging and manufacturing), licensee profit, and paga. TIPSY provides a detailed and
well-documented accounting of wood product values and conversion costs, via the economic extension
FANSIER (Enfor Consultants Ltd. 2013). For this reason, FANSIER is a good basis for this economic
analysis. However, saradjustments to FANSIER defaults are warranted. First, the 42606

reference period for lumber values is not justified, given fundamental restructuring of the global fibre
markets since 1980; instead, lumber values are adjusted to ad.2902 referece period for this

analysis. Second, conversion costs are specific to each district, so a representative district was selected.

Finally, estimates of licensee profit and stumpage have been developed independently, since these
assumptions are not providday FANSIER. Further rationale for the product value, conversion cost,
profit, and stumpage assumptions are provided belBigure3 shows the outcome of these
assumppions on product value partitioning.
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Figure3: Assumed relationship between site index and value partitioning, showing the derivation of
stumpage as a residual of product value minus conversion costs and profit.

Product values
FANSIER product values include lumber, chips, and residues. Within the range of conditions modeled in

this analysis, these products account for approximately 85%, 13% and 2% of the total harvested product
value. FANSIER default lumber values are strondliyeinced by very strong markets of the 1970s

(Figured). Given the restructuring of global wood product markets since the 1970s, it is doubtful that
these product vales will be replicated in the futur@oppinen et al. 20101990¢ 2012 provides a more
conservative reference period for lumber valu€gg(re5). The average value during this period is 84%

of the 1960¢ 2006 period ($396 vs. $470/Mfbm). To reflect this difference, default FANS$IER product
values are muiplied by 85% for the base assumptions of this analysis.
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Figure4: Trends in lumber prices in constant 2006 dollars (Western SPF Standard & Better 2x4
Random Length). Reproduced from the TIPSY v4.3 Help file (BC MFLNRO 2008).
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=== Source: TIPSY v4.3 (MFLNRO 2008)

- Source: COFI 2012
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Figure5: lumber prices for the 199@ 2012 period, using supplemental prices for the 2002012
provided by COFI (2013).

Conversion costs
Default FANSIER conversion costs are used in this analysis. The Okanagan ShuswagtFRotéstDi

average costs for the BC Interior and was selected as the basis for all TIP&igunes)( Conversion
costs decline with increasing harvest volume, amuge from $104/mat site index 11m to $85/fat
site index 23m.
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Figure6: FANSIER default conversion costs specific to each Forest District, showing the selection of the
Okanagan Shuswap Forest District as the averagst district for the BC interior. TIPSY stand
assumptions are Pl planted at 1400 sph on a site index of 2@ith a groundbased harvest at MAI
culmination.
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Licensee profit

Estimation of licensee profit is not straightforward, particularly as a function of deared growth and
yield. Traditionally, licensee profit was incorporated into stand appraisal egpafion of conversion
costs or total stand value. However, under the current market pricing system operator profit is implicit
in bid prices and is not specifically accounted for.

Return on capital employed (ROCE) is a widely published metric of pngustitability and provides a

reasonable basis for estimating licensee profit. ROCE is also useful in that it is the benchmark for

sustained investment in the industry over the long term. Over the 198@12 reference period, the BC

forest sector had aaverage ROCE of 3.5%, compared to the Canadian Forest Sector average of 5.0%
(Figure70 ® ¢ KA a wh/ 9 A& ¢Stf 0Sft@a%)Rsdertsky oz} anld Qa 02 a
widely considered to be poor financial performance and insufficient to attract sufficient investment to

sustain the industry over the long term (Woodbridge Associates 2009). As a result, the reference period
ROCE is too low to be usedaasassumption for longerm economic projections. Arguably, the

minimum standlevel profitability assumption for lontgrm analysis should be the cost of capital.

| 26 SOGSNE 3AAQPSYy GKIFG GKAa fS@St 27F LINE pekiadoranA £ A G & K
any of the major regions of the global forest sector (Roberts et al. 2005), an intermediate assumption of

6% profit on conversion costs is more justifiable.
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Figure7: Return on Capital Employed of the BC and Canadian forest sectors over the2(30
reference period.
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Stumpage

As a form of resource rent, stumpage should in theory equal the total value of products derived from
the stand, minus the costs of convensiand industry profit (Rothery 1945). The actual derivation of
stumpage is of course much more complex than this simple equation. Nevertheless, this assumption of
stumpage as residual standing value is a useful simplification for the generalized econalysisa

being performed here.

Provincial forest revenues include several componefitgife 8), primarily stumpage on crown timber,
BCTS timber sale revenues, aridde 2006) the softwood lumber export tax (Barnes and Niemann
2014). Since stumpage is essentially a residual of product values and conversion costs, it is highly
sensitive to market fluctuations. Since 1995, annual average stumpage rates for interepdtelgine
have varied from $5 to $35/&(Figure9). Combined with the complexities of stumpage appraisal

relative to conversion costs, this marketr 8 SR @2f | GAt A G &

Aa

LINEOGESYIFGAO T

stumpage rates. Nevertheless, thenge of historical stumpage rates suggests that the base case
assumptions of stumpage rates evidenfigure3 (e.g. $18/ni at site index 17m) are reasonable.
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Figure8: components of provincial government revenues from the forest sector over the 20032
period. Adapted from Barnes and Niemann (2014).
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Figure9: Average stumpage rates for Interior lodgepole pir9952014. Compiled from table-@
(pre-2003) and table 6L (post2003) of the Interior Appraisal Manuals for the 192914 period (BC
MFLNRO 2014).

Verification of province -level assumptions

A compilation of the timber supply reviews for all BC crowna Igrigurel10) indicates that alIP

& LINB | R éstatBdiptddincial productivity of 52 million®fyear (Tabled) is only 80% of the TSR

longterm harvest level of 65 million thyear. The primary reason for this difference in total

productivity is thatthe TIIPspreadsheebnly includes species and areas where tree improvement

investments are considered worthwhile adldK SNEF2 NBE R2Say Qi OF LIidzZNBE G KS
0KS LINP@ZAYOSQa (GAYOSNI KINPBSadAy3a tFyR ol aSo ¢ KS
corresponds to an assisted migration implementation rate of 67% of seedlings, and thus the assumed
productivity of 52 million rffyear appears to be a reasonable, conservative estimate.
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FigurelO: Compilation of TSR Base Case timbepply forecasts for all 37 timber supply areas and 34
tree farm licenses in British Columbia. Data includes the most recent data available for each unit to
2014 (provided by Atmo Prasad, BC MFLNRO).

The speciespecific volume growth and harvest agewasgtions stated inrable4 were verified against

TIPSY yield tables (Table 11). All of the implied site indices are reasonable averages for the province, and
these die indices provided very close matches to harvest volume and harvest MAI. The only exception is
coastal western white pine (Pwc), which constitutes only 0.2% of modelled provincial productivity.
However, Pwc is modelled using an interior BC yield curV&Ag8Y, and hence the TIPSY yield table is not

a reliable benchmark for verification. These results indicate that the species specific growth assumptions
reasonably reflect managed stand growth and yield assumptions used in TSR.
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Table13: verification of speciespecific growth assumptions for the provindevel analysis-

Analysis Assumptions

Verification in TIPSY

Harvest

Assumed Implied Implied TIPSY | TIPSY | TIPSY| TIPSY| MAI as
Harves| planting| harvest| Implied| approx. | harvest| MAlat| MA} culm. | % of
Spp.| Age density | volume| MA¢ site index volume | harvest| age | volume| MA{

(yrs) sph nme/ha | méhalyr m nméha | mf/halyr| yrs mé/ha

Pli 60 1400 289 4.8 20.5 287 4.8 55 264 100%
Sx 75 1100 260 3.5 175 270 3.6 95 379 90%
Fdc 55 900 423 7.7 29.0 416 7.6 75 599 95%
Fdi 70 1100 276 3.9 23.0 272 3.9 100 453 86%
Cw 60 1000 439 7.3 23.0 424 7.1 85 683 88%
Lw 70 1100 303 4.3 24.0 307 4.4 100 487 90%
Hw 60 1000 546 9.1 26.5 544 9.1 85 860 90%
Ss 55 900 756 13.7 31.0 765 13.9 75 1119 | 93%
Pwi 70 1000 305 4.4 23.5 309 4.4 100 508 87%
Pwc| 50 900 567 11.3 | 35 (max) 412 8.2 70 642 90%

13 Implied harvest volume was calculated from total potahtolume growth and annual number of seedlings planted from

Table4. This and other derived information was used to derive a matching site indéR®YV¥4.3, from which summary
statistics were derived for comparison with the original assumptions.
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Introduction

Across NorttrAmerica and around the worldecent wildfire trends haveesulted in risingosts and
damages associated with wildfir@IFLNRO 2014%uppressin costs were approximately $500 million

in 2003, $400 million in 2009 and over $200 million in 201@cArdwas set in 200%r the most

wildland urban interface fes (213 fires) and in 20X0r the most area burneth one fire season

(330,000 ha(WMB 2013)In addition to expenditures for suppression, wildfire costs also include
economic losses associatedvdamaged or destroyed buildings and infrastructure; commercial timber
losses; and indirect impacts through either increased costs or disruptions on associated economic
activity. This does not include other losses associated withmarket values of forgts, including

impacts on habitat, recreation, carbon sequestration and other forest values.

A recent study published jointly by the Nature Conservancy, Sierra Nevada Conservancy and US Forest
Service (Buckley et al. 2013) found that the economic bengfitsvesting in fuel treatments to prevent
wildfire yielded benefitdhree or more times the cost3 hese benefits are distributed broadly among



landowners, public and private entities, taxpayers and utility ratepayers, with federal and
state/provincial ggernments collectively gaining at least half of the total benefits.

In western Canada, fire activity is already increasing and across Ctmadega burned each yeaould
double by the end of theentury(NRCan 2014a). The BC Ministry of Forests, lamdblatural
Resource Operations (MFLNRO 2014) estimates iea2®03 wildfire season cost $1.3 billion in direct
fire suppression costs and indirect economic losses to affected infrastructure and business in the
southern interiorof British Columbialone Despite having @vorld class wildfire response agescthe
provincial Wildfire Branch recognizes that continuing to focus resourcéiseosuppressiorand
response is no longer an opticlue to the increased risk efktreme wildfire events. Extremesents,or
GYS3AF FANBAZE | NBsthedNiBdeiangSsRusdip@esstopvid Mabe suBiciento
protect communities or natural resource valu€onsequently, mactive infrastructure, land and
resource managemerare now being investigatl to meet the challenges of climate changed the
threats of wildfireto communities, critical infrastructure and numal values in BC.
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Ay C2 NBEB pioneia goveinthenttepresentatives and licensees report that lack of coordinated
planning and management across the landscape and insufficient funds to develop and implement plans
continue to present barriers to effective adaptation. At present, licessgarry out their activities
independently, without coordinated planning with respect to wildfire or other climate change impacts,
particularly in management units where multiple licensees are accessing a common landbase.
Government representatives aregponsible for interacting with licensees and issuing approvals at the
operational level and planning for and managing wildfire at the policy level. The provincial government
is currently working toward increasing coordination and cooperation between gmemhand

licensees around wildfire on the landbase. Reductions in timber supply and overlapping tenures are
diminishing any incentives for cooperation as licensees compete for timber, even as concerns about the
impacts of climate change continue to grow.

Based on these concerns, government representatives and licensees identified the need for economic
instruments to not only encourage collaborative planning and management among multiple
stakeholders, but also to generate and allocate funding to supporinitg and adaptation projects on

the landbase. Specifically, workshop participants wanted researchers to explore ways in which funding
could be levied using an additional fee that licensees pay per cubic metre of timber harvested (i.e.
stumpage).

To meet hese research needs, this case study draws from examples of previous and existing
instruments to encourage and fund collaborative planning and management within three jurisdictions
that are pursuing collaborative planning and management approaches tdreilBfitish Columbia,

Canada; Victoria, Australia and the USA. These three jurisdictions share similarities including
commercially and socially valuable forest resources, a mix of public and private ownership of forest
lands, a history of largscale wildire events that have threatened human life and public infrastructure

and resources, projected increases in the frequency and intensity of wildfires under climate change and
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growing risks to communities in the wildlawban interface (WUI). As a resubgly are testing

innovative approaches to wildfire planning and management. These jurisdictions are also areas where

public ownership of forestlands dominates although the level of government differs between countries.

For example, in Canada, 90% of follesids are controlled by the provinces (e.g. BC) and territories and

only 2% are controlled by the federal government (NRCan 2014b). In Australia, states are responsible for
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coordinate a national approach (McKinnell 1994). By comparison, 28% of all lands in the USA are owned

and managed by federal agencies (Gorte et al. 2012).

This case study focuses on fire risk on the forested landscape. As such, it does nicfipdoifus on

the WUI zone. Another case study does address community planning and the WUI. A common issue
across jurisdictions, regardless of whether they specifically focus on the WUI, is identifying fire risks and
coordinating planning across juristiams, and funding suppression and mitigation activities.

The case study information is presented in three sections:

1 Emergingcollaborativeplanning and management programs for wildfire
9 Financial instruments to suppocbllaborativeplanning and managment, and
1 Financial instruments to support mitigation activities.

The first section describes programs that have been designeddoura@ coordination among
governmentlicensees and/or communitiesn pursuit ofobjectiveswith respect to wildfire Examples
are drawn from British Columbia, Canada; Victoria, Australia; and the USA.

The second and third sections descrihe challenges of funding and financithggeseactivities(e.g. to

support coordinatioror fund wildfire treatmentswhere the costs oactivities might exceed the timber
value9. Examples are drawn from the Canadian Provinces of British Columbia, Alberta and Ontario and
from the USA. Analysis of the potential funding that could be generated through an additional levy on
stumpage in Brish Columbia is also included. This analysis is based on stumpage revenues reported
through the BC Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) Harvest Billing
System for the year 2013. Two examples, one in British Columbia, and theeUS, are given of
approaches to addressing mitigation activities where treatment costs exceed revenues but there are net
public benefits.

While this case study focuses specifically on identifying key characteristics of instruments to support
adaptation and reduce the risk of wildfires through collaborative planning and management, it is
expected that such processes can be amended to address other cliglated risks (e.g. pests,
maladaptation) in the future. The risks of wildfire incidence and astimecessary to reduce these risks
are relatively welluinderstood compared to other climateslated risks; therefore, it may be practical to
test and improve instruments to encourage and fund adaptation to wildfire first, then apply these
instruments to otter risks for which less information is currently available. This approach offers the
opportunity to both test and develop a strong instrument and allow time to conduct additional research
regarding other climateelated risks.






Emerging collaborative pla nning and management programs for wildfire

This sectioroutlinesthe current policy context andn overview of the successes and challengésted
to managing wildfire risks on publiebwvned lands in three jurisdictionBritish Columbia, Canagda
Victoria, Australiaand the USA

British Columbia, Canada

Current approach to wildfire planning and management

The BC Ministry of Forests, Lands and Natural Resource Operations (MEL&IR@htly working to
implement its new Landscape Fire Planning and Mamamnt program. Initial efforts have focused on
standalone pilots; however, MFLNRO is also exploring ways to integrate the program into existing
collaborative planning initiatives (i.e. Type 4 Silviculture Strategies). This reflects the need to create
linkages between how plans influence and guide activities on the landbase, a key issue for much of the
forestland in the Province.

Landscape Fire Planning and Management

Landscape Fire Planning and Management represents the current state of evolution of MEENR® A NJB
management program. It was preceded by the Strategic Wildfire Prevention Initiative, a collaborative

initiative between the Union of BC Municipalities, the First Nations Emergency Services Society and

MFLNRO, which led to development of 302 Comiiylildfire Protection Plans (189 with local

governments, 113 with First Nation communities) for areas within two kilometers of a community (WMB

2013). These were subsequently used to prioritize management activities: over the course of the

program more tlan 46,000 hectares in the higtsk community interface were treated. The Initiative

relied on Provincial Strategic Threat Analysis (PSTA) datasets to identify interface areas that may be at

risk of wildfire to support community wildfire protection plangin
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predict wildfire risk across the landscape several decades lgtduture. Starting in 2015, WMB

anticipates having completed BURS modelling for all forest management units across the province.
Incorporation of a climate change component will be supported Bjimate Change Adaption Action

Plan for Wildfire Manageent (currently in draft).

Landscape Fire Planning and Management also establish human life and critical infrastructure as
priorities for protection and offer a greater focus on stakeholder involvement to identify and
incorporate communitylevel values ird planning and action. Stakeholder involvement will occur
through establishing a landscape planning committee in each District and/or a TSA and may be
supported by existing collaborations between government and licensee through Type 4 Silviculture
Strateges Eee page 5)Fire modelling will be overlaid on maps of community values to establish priority
areas for protection; these will form the foundation for development of fp@ar management or

tactical plans that outline activities on the landbase toued wildfire risk.
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Landscape Fire Planning and Management is funded through the Fire Preparedness Budget and the
LandBase Investment Program; between $85,000 and $240,000 have been allocated to the program
each year since 2011 (Lyle Gawalko, pers. comugust 20, 2014). WMB plans to engage communities
(e.g. municipalities) in Landscape Fire Planning and Management (e.g. identifying community priorities
and values), but recognizes that many communities do not have funding available to support fire
planning and protection in the WUI; funding wildfire prevention in these areas will require Provincial
support.

Other approaches to encouraging collaborative planning and management

Two of the challengesf implementing plansire the lack ofaninstitutionalmechanism that integrate
higherlevel objectives into operational activities within TS#sl insufficient funding for such activities
While many objectives exist at the landscape level, there is no strategic planning at that scale, Instead
licensees coduct operational planning that takes place mostly at the stand level. The disconnect
between these geographic scales has been acknowledged by MFLNRO but remains unresolved.
Addressing the problem would require funding tmordination (e.g. setting managemt priorities,
developing plansand forcarrying out activities on the landbasdFLNR®asrecognized that these
issues also impede other objectives and maglementedpreviousprograms and initiatives in recent
decades thahave beerdesigned to encoage cooperation and collaboration among licensees and with
provincial, municipal and First Nations governmeiitsis section offers an overview of some recent
programs and initiatives, including:

1 Type 4 Silviculture Strategies

1 Innovative Forest Practicédggreements
1 Mountain Pine Beetle Initiative

9 Defined Forest Area Management

Type 4 Silviculture Strategies

MFLNRO (2013) anticipates that Landscape Fire Planning and Management will occur within the context
of Type 4 Silviculture Strategies (WMB 2013), Wwiiscourage collective planning (e.g. forest

management and silviculture investment) by government and licensees at the forest management unit
level* Silviculture Strategies integrate information (e.g. timber supply, habitat supply) with

management objeiivesto guide the expenditure of public silviculture funds

MFELNRGilviculture Strategiewebsite:http://www.for.gov.bc.ca/hfp/silstrat/index.htm
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Silviculture Strategies have evolved through several Types since they were first introduced in 1998.
Information about the various Types of Silviculture Strategies is available on the MFLNRO Silviculture
Strategies website. In general, Type 1s supportmtanusing stand level analysis and timber supply
estimates that were similar to those from the Timber Supply Review. Type 2s expand on this approach
by using irdepth forest modelling and analysis to generate a more detailed assessment of the forest at
the management unit level. Type 3s incorporate habitat supply modelling and analysis to inform
planning related to wildlife objectives. Type 4s, which were introduced in 2011, incorporate information
about tree species selection and diversity targets by 8HBZone, socioeconomic considerations (e.g.
revenue, employment) and other local ndimber objectives and climate change projections to develop
spatiallyexplicit silviculture plans and address risks on the landscape.

Development of Type 4s enables MFIONR develop Land Base Investment Strategies that prioritize
government investment in silviculture on Crown lands to accouninfiacts ofclimate change (e.g.
pests likeMountain Pine Beetle, wildfir@end economic conditiongnformation is provided téicenses
with the intention to support broader, more comprehensive decisinaking.

Type 4s are almost entirely focused on government investment on the land base and participation by
licensees in development of Type 4 Silviculture Strategies is purelytapt; any licensee commitments
are not legally binding. While Type 4s have been developed in eight TSAs to date, MFLNRO has not yet
begun the process of integrating Landscape Fire Planning and Management into these Silviculture
Strategies. Completion @URNP3 modelling in 2015 will offer information to support integration;
however, ashortfall of provincial government fundirfgr silvicultural treatments (e.qg. fertilization and
rehabilitation in MPEkilled stands), research, modelling, strategic plagrand management (e.g.

District level) angberiodic updating of Type 4s remains a barrier to effective, rstdkeholder planning
and management. Furthethe cost associated with actions to reduce risk on the lands¢age

thinning or harvesting in ure@nomic stands, which may include those surrounding communities, those
impacted by Mountain Pine Beetle or those with lealue timber) can be a barrier to implementation,
despite potential or proven lonterm benefits.

Specific, costelated constraintexist not only at the Provincial level, but also at the community and
licensee level. The Wildfire Management Branch of MFLNRO acknowledges that funding of wildfire
prevention in the WUI will depend on Provincial support due to limited community budgétsca/V/

actions by licensees to reduce climate changlated risks on the land base require additional

silviculture investments (e.g. denser planting, diverse species) in excess of allowances available from the
provincial government through the Appraisal ®ys, licensees are unlikely to make such investments.

Innovative Forest Practices Agreements

During its existence, Forest Renewal BC (FRBC), astesugtis Crown Corporation, introduced a tool to
encourage licensees to develop and test innovative forgatagtices with the potential to improve
forest productivity. As an incentive, licensees were able to apply for an increase to their harvest level.



Many licensees used the initiative as an opportunity to invest in better inventory and growth and yield
information that then supported increased harvest levels, rather than investment that increased the
productivity of forests. Licensees contributed little beyoniind support for the program, partly due

to uncertainty about the value of potential payoff participation.

Program equity was also a concern: only four IFPAs were awarded through a competitive process, while
the remaining four were awarded directly. The Ministry of Forests did not receive any additional funding
to support administration of th program and no provincial performance monitoring or reporting was
completed.

The program was observed to contribute to improved TSA management aret bettking

relationships amon@ndustry licensees and also wiltirst Nationgicenseeshowever, thdongevity of

these relationships is uncertain because, in some cases, AAC allocations that allowed First Nations to
acquire volume were based on temporary uplifts in harvest levels that may not be sustainable.

Mountain Pine Beetle Initiative

The Mountain ihe Beetle Initiative (MPBI) was established through the First Nations Forestry Council
(FNFC) and the theRC Ministry of Forests and Range (now MFLNRO). MPBI was developed to assess,
prioritize and address impacts of the MPB epidemic on First Nationsoaoities, including aspects of

fire protection, emergency preparedness and fuel management.

MPBI facilitated development of local responses with First Nations communities, including fire
protection and emergency preparedness planning. Up to $42,500 wdsalaleao each community to
support responses to priority MPB impacts, including identification of best practices for wildfire
protection.

The Initiative led to development of the First Nations MPB Forest Fuel Management working group
(FFMWG), which suppis collaboration among First Nations, provincial and federal governments to
implement fuel management activities with MPB impacted First Nations communities. By the end of
2010, 91 First Nations communities had begun to develop Community Wildfire Poot&déns, of

which 59 had been completed, and 1,218 hectares of land was undergoing fuel treatment.

FNFC has reported that funding shortfalls have limited its ability to support community wildfire planning

and protection. While some communities are familigth fuel management, others require

considerable technical and operational support; a shortage of qualified support staff and training
NBaz2d2NOSa KFra KFYLSNBR (GKS LINPINIYQAa STFFSOGAGBSyYySa
oversee the program eated some confusion for communities regarding where and when to apply for

funds or seek advice.



Defined Forest Area Management

Another previous effort, called Defined Forest Area Management (DFAM), was initiated by then Ministry
2 T C2 NBBasedn@stnjeht Prégram (LBIP), funded through the Forest Investment Account, to
encourage collaboration and cooperation between licensees for the purpose of collaborative planning
across the landbase. A placeholder was included ifFthvestand Range Practicésctthat would

require DFAM groups, consisting of licensees and holders of other forest agreements, to collect and
analyze timber supply information within their operating area, make this information available to the
public and First Nations for review atteen submit it to the Chief Forester. It was proposed that funding
for data collection and analysis would initially be provided to DFAM groups during a transition period.

The DFAM concept was unsuccessful because licensees and the provincial governmaemal&e to
reach agreement about who should bear the administrative and other costs of the new process (Tim
Ebata, pers. comm., May 12, 2014). The current appraisal system does not begin to recognize new,
ongoing costs for 18 months after they are in@drand licensees did not view expected future returns
on their investment in inventories, analysis and planning as sufficient to justify theter@ar

expenditure. Licensees viewed DFAM as an effort by the-kiastry of Forests to download provincial
responsibilities and costs onto private companies and were therefore unsupportive of the concept.
DFAM may have experienced stronger support if it was believed to result in only noodesif a
transparent publieprivate costsharingformulawas developednd if alllicensees saw benefits from
participating

Victoria, Australia

Thex AQU2NR I Yy D2 @S N ESiyoansat ansl BrindariNBaMsEigBEP!) is responsible for
fire planning and management on public lands within the State. The organizsitieoving towardan
integrated approach and shared responsibility for bushfire management between government,
agencies, communities aritizens Released in 2012, thétate Bushfire Planutlines the
responsibilities of various partners for bushfire mgament.

Current approach to wildfire planning and management
Strategic Bushfire Management Planning
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are currently being rolled out within their respective jurisdictions. Consequently, there are many
similarities between the two programs. For example, both programs rely heavily on modelling of wildfire
probability, befaviour and severity across the landscape (i.e. BBRM BC, Phoenix Rapidfire in
Victoria).

Development of Strategic Bushfire Management Planning was motivated by the Black Saturday fires of
2009, which killed 173 people, and was an outcome of the subsequent Victorian Bushfires Royal
Commission. The program is focused on fuel reduction on pydolehed lands, with an annual
reduction target of 5%, and uses an established ISO 3a66@dited risk management framework.
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Strategic Bushfire Management Planning also integrates social values, discovered through community
consultation and input, into Wdfire planning. Local implementation teams in each of the seven
catchments will begin working with communities in 2014 to understand how they would like to see
public land managed for fire. Tenubdind wildfire modelling (i.e. not influenced by adminéttve
boundaries) will be integrated with community input during planning and operations. Fire management
activities are implemented by local managers within @aunty Fire Authorityn accordance with three

year sate-wide Fire Operation Plaito achieve burn targets. The program is entirely funded by the
Victorian government.

One foreseeable challenge is that program implementation is limited to publiehed lands; private

lands are not within the jurisdiction of Departmewit Environment and Bnary IndustriegDEPI), which
manages the program. DEPI plans to provide information to private landowners (e.g. forest plantation
owners and operators) about wildfire risk to encourage adaptation; however, he decision to act remains
at the discretion othe landowner. There are no economic or legal instruments in place to motivate
adaptation to wildfire on private lands.

Since this program is currently being implemented, information about its successes, challenges and
impacts is unavailable. Future mehiNA y3 YR NBOASS Attt 0SS ySOSaal Ne
effectiveness and form the basis for any modifications to program delivery.
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USA

Following widespread and severe wildfires across the USA in 2000, the US federal government
developed itsNationalFire Plar(NFP), which provides technical, finanaiatl resource guidance and
support for wildland fire managementOver $1.1 billion was provided to the US Forest Service (USFS) to
implement the NFP (USDA 2001), including for development, improvemerapgtidation of wildfire
modelling tools; completion of fuel treatments; and wildfire fighting. TheDdBartment of Agriculture
(USDA) and the Department of the Interare jointly responsible famplemeningfive keyactivities
outlined inthe NFP: fiefighting, rehabilitation, hazardous fuels reduction, community assistance and
accountability The NFP is delivered through federal, State and private forestry programs, with funding
from federal and State agencies. For example, the Department of Hom8kndity Federal Emergency
Management Agency (FEMA) oversees several grant programs including Firefighters Grants and Fire
Prevention and Safety Grants. Federal agencies tend to prioritize funding for activities in areas where
other neighboring landowner&.g. private, State)ave indicated willingness to match funds (Keith
Stockmann, pers. comm., Aug. 22, 2014).

Approximately55 percent of the lanécross the western USé federally owned and managed by one of
several national land management agenciadiding theDepartment of the InterioBureau of Land
Management, theJSDAForest Service (USFS), the United States Fish and Wildlife Service and th
National Park Service (Loomi893).In order to effectively manage these lands for wildfire,
representatves from these agencies have the challenge of working with &atemanagerslocal
communitiesand private landownert determine what fuel treatments to apply, where they should be
applied and at what time of year; however, conflicting managementailyjes between these agencies
can present challenges to collaborative planning. For example, federal managers emphasje

uses whereas States have a narrower missiothoseportions of $ate holdingsthat arededicated to
revenue maximizatio to supplement school funding (Keith Stockmann, pers. comm., Aug. 22, 2014).

Federal and State governments have been working with communities since the early 2000s to reduce
wildfire hazard in the WUI. These efforts have included development of CommunityréVitdbtection
Plans and thé&ire Adapted Communities Learning Netwirlkartnership with The Nature Conservancy,
an environmental nosprofit organization.
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Current approach to wildfire planning and management

In 2009, US Congress mandated a more cohesive approach to land and wildfire management across all
lands (i.e. federal and state) by enactifige IV of theOmnibus Public Land Management Antl the

Federal Land Assistance, Management and Enhanceme(FIA&ME Act), which led to establishment of
the Collaborative Forest Landscape Restoration ProgmditheNational Cohesive Wildland Fire
Management Strategy

Collaborative Forest Landscape Restoration Program

The former led to establishment of tieollabaative Forest Landscape Restoration Progeard Fund

by the USFS. Its goals included leveraging local resources with those from national and private sources
and facilitating the reduction of wildfire management costs, including througgstablishing nattal

fire regimes and reducing the risk of uncharacteristic wildfire. Up to $40 million annually was made
available for projects on federal forest lands, with only 50 percent of total project costs being eligible.

National Cohesive Wildland Fire Managemestrategy

The FLAME Act proposed creation dieaak of surplus wildfire fighting funde be set aside during low
wildfire years and accessed duribigiger yearshowever, letween 2011 and 2013, Congregihdrew

$680 millionof banked fundgor other non-wildfire purposes.That same yeas00 fewer firefighters

and 50 fewer fire enginesere available at the start of the fire season and the US was struck by a severe
wildfire season, with firefightingostsexceededbl billion dollar§EESI 2014)

TheNatioral Strategy(2014) and\ationalAction PlanThe Final Phase in the Development of the
National Cohesive Wildland Fire Management Strat@@y4),are also products of the FLAME Act.
These documents establish three goals to extinguish, use and livdingitiestore and maintain
landscapescreate fre-adapted communitiegnd provide wildfire response. While it is too soon to
observe the impacts of the National Strategy and National Action Plan, new information about priority
areas for wildfire protectin provided in the National Strategy could be used to prioritize funding to
target highrisk areas. The funding question for this Strategy remains to be addressed.
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Financial instruments to support collaborative planning and
management

Securing sufficierdnd ongoing funding is@mmon challenge amorexisting and previousmstruments

to support collaborative planning and managemenm@éingis requiredto supportactivitiessuch as
coordinating among stakeholders, modelling impaptanning and carryingut activities on the
landbaseg(e.g. fuel treatments, harvesting marginal timber stands to create fire breBkgncing is also
required for treatments to mitigate risks; in the case of wildfire, possible treatments include harvesting
activities to thinstands, create fire breaks, and reduce fuel loads. In some cases, this may align with
existing harvesting opportunities such that there is minimal impact on costs; elsewhere, the type of
treatment may either be significantly more costly or reach a poin¢se the costs exceed the value of
any timber removed as part of the treatment. In these cases, financing or some other kind of financial
incentives are necessary to make such treatments economically viable. This is also a common issue in
managing fire ris on the landscape.

In this section, wériefly review previous and existing funding mechanisms to support collaborative
planning and management in British Columbia, Alberta, Ontario and the USA and analyze the potential
to financeactivitiesat the TSAdvelwithin British Columbia using a levy on stumpage notedn the
Introduction, this wasdentified as an instrument of potential interest participants(i.e. licensees and
government and other representativeduring the firstEconomic Instrumenigorkshop in February

2014. We also consider the application of one potential instrument to generate revenue to support
collaborative planning and management activities on the landbase (esgipjgort coordinatioror fund
wildfire treatmentswhere the coss of activities might exceed the timber vallles
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British Columbia
Fire Preparedness Levy

Since 2008, the Fire Preparedness Levy has been used to collect a portion of Annual Rent received from
licensees to support fire prevention programs in BC@BZernment 2011; MFLNRO 2012), including

initial attack and fire suppression costs. The Levy rate varies with the type of tarabiel4) and

accours for between 17% and 100% of the total Annual Rent collected.

Tablel4. Annual Rent and Fire Preparedness Levy by tenure type, British Columbia (2014).

Tenure type Annual Rent Fire Preparedness| Levy as % of Annug
Levy Rent

Community forest agreement $0.37/m?3 $0.12/m3 32%

First nations woodland licence $0.12/m3 $0.12/m3 100%

Forest licence $0.37/m3 $0.12/m3 32%

Timber licence $1.85/ha $0.60/ha 32%

Tree farm licence $0.57/m3 $0.12/m3 21%

Woodlot licence $0.60/m?3 $0.10/m3 17%

It is unclear on what basis this Levy was established, when they were established or if there is a process
by which they are reevaluated. They do not appear explicitly in the currBatest Actin the previous

version, they were recorded as a segi@ rental charge, but there was no reference as to how they

were to be used or the intent of the charge.

WMB staff report that the Levy generated $3%8.9 million annually between 2010 and 2014 (Table 2)
and that Levy funds are directed into the Fireparedness budget (Lyle Gawalko, pers. comm., Oct. 14,
2014). While the LevybolstersFire Preparednedsinding, itis also accompanied liie proviso that an
accidental fire start by licenseds not a cost recovery iteifi.e. MFLNRO will ndiill licenseesfor fire
control costs$.

Table 2. Annual Fire Preparedness Levy funds and Fire Preparedness Net Budge2(U@)&

Fire Preparednedsvy | Fire Preparednesdet Levy a®bof Fire
Fiscal Year Actuals Budget Preparedness budget
2010/11 $1,912,094 $36,323,977 5.3%
2011/12 $1,895,682 $24,340,182 7.8%
2012/13 $1,964,138 $25,705,029 7.6%
7.2%
2013/14 $1,795,023 $25,087,639
2014/15 $1,771,789 $24,776,100 7.2%

15 Information provided by Lyle Gawalko, pers. comm., Oct. 14, 2014,



Superstumpage

A past program that was also developed with the intention of fundtingstments on the landbase was
superstumpage, which was administered by a new, atergth provincial government organization,

Forest Renewal BC (FRBC) during the tmithte-1990s. An additional levy was imposed on top of the

existing stumpage rate (Imee, supeistumpage) to create a pool of funds that would be available to

licensees on a competitive basis for projects to bolster employment in the forest industry and improve

timber productivity. These investments were expected to lead to an increasmoimomic activity while
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The program was initially supported by the forest industry; however, administrative problems became
apparent soon after its implementation. A legisla change was made to theorests Acthat meant

project applications needed to be approved not by FRBC, but by theMli@stry of Forests, which

produced delays. FRBC also received fewer project applications because licensees were concerned that
additional timber supply achieved in the ridrm may not be available for them to harvest through

their forest tenures. Further, a decision was made by FRBC to reallocate program funding to pay down
provincial debt. The overall outcome of these issues wasrasuge distrust on the part of licensees.
Eventually, FRBC was replaced with the Forest Investment Account and thenRoyrakelnvestment
Account¢ LandBase Investment Program, both of which were/are funded and controlled by MFLNRO
(Tim Ebata, per&omm., Sept. 26, 2014).

Yet, despite this experience, licensees and government representatives both appear to remain broadly
supportive of the idea of increasing stumpage rates to create a fund for licensees to develop projects
related to forest managemerdnd, in particular, adaptation. This support was observed during the
recent workshopEconomic Instruments for Climate Change Adaptation in Foréstiy on February 26,
2014.

Innovative Timber Sale License

Innovative Timber Sale Licenses (ITSLs) dereloped and implemented by BC Timber Sales after the
onset of the Mountain Pine Beetle epidemic to support skertn utilization of beetlekilled timber (i.e.

where stands are economically marginal). ITSLs offer dimmeeconomic incentive to harvesMPB

impacted timber by offering a lower upset stumpage rate for bekilied stands through the removal of
post-harvest silviculture costs. Silviculture and reforestation obligations for these stands are assumed by
MFLNRO through the Forests for Tomort@#T) program, which was established to improve future

timber supply and mitigate impacts on other forest values.
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While assuming these obligations increases costs to government, it also allows MFLNRO to avoid
shouldering the cost of fibre removal (sitehabilitation) prior to reforestation, reduces the fire risk of
standing dead timber and grants MFLNRO the opportunity to test alternative and innovative silviculture
and reforestation practices (e.g. those related to adaptation), which may not be edglutependently

by licensees. Unfortunately, funding shortfalls have created a situation where only a small proportion of
the beetlekilled forest is harvested using ITSLs and there are also many stands that remain uneconomic
even when the posharvest sWiculture costs are removed. BC Timber Sales has also been reluctant to
offer ITSLs outside of their operating areas because of concerns that District Managers may be unwilling
to issue them within the existing operating areas of tenure holders (e.gAr)TEhis may reflect

sensitivities around the perceived security of such operating areas. Where ITSLs are not an effective tool
(i.e. harvesting remains uneconomic), there is the option to use a Forest License to Cut (FLTCs) to
leverage value from any ois fiber and reduce the cost of rehabilitation treatment to government (Al
Powelson, pers. comm., May 12, 2014).

ITSLs are a politically attractive tool because they can support changes in forest structure without
providing a subsidy: the BC governmeniyides support to have stands logged by compensating for the
difference in cost rather than reducing the cost of delivered fiber. Thus, ITSLs essentially maximize
private investment in the logging and rehabilitation effort (Cam Brown, pers. comm., Seg0™4).

ITSLs have the potential to support creation of fire breaks around communities whexalog stands
cannot be harvested economically at current timber prices. In theory, it may be possible for MFLNRO to
offer ITSLs in priority areas such asstavith highvalue community or infrastructure assets identified

to be at risk during the Landscape Wildfire Planning process; however, this application has not yet been
tested.
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Alberta

In Alberta, theMinister of Environment and Sustainable Resoubeselopment (ESRBas delegated

the responsibilityto developforest enhancemenprojectsto an industry association, called the Forest
wS&a2dz2NOS& LYLINRBGSYSyid ! 2a20AF0A2y 2F 1 £t0SNIF 6CwL
Improvement Progma (FRIP).

Forest Resources ImprovemeRrogram

FRIP was established in 1997 under the delegated authority of FRIAA and dglemttonal activities,
planning and inventory work, applied regeh projects, public educaticand forest protection
initiativesthrough seven core programs including the Mountain Pine Beetle Program, Wildfire
Reclamation Program, Mountain Pine Beetle Forest Rehabilitation Program and FireSmart Initiative
Program'® The FRIAA Board of Directors iade up of seven industry representatives. Funding is
generated through Reforestation Levies, Timber Dues and Crown Charges (i.e. Stumpage fees) and
transferred by ESRD to FRIAA to support progtanelopment, administratiomnd management.

Requests for mject proposals are posted on the FRIAA website; funding is awarded through a
competitive process. Project funding decisions are either made by FRIA or by a review committee,
depending on the program (e.g. the FireSmart review committee includes repréisestiom ESRD,
FRIAA, Alberta Municipal Affairs, Alberta Association of Municipal Districts and Councils, the Alberta
Urban Municipalities Association and the Partners in Protection Association). Activity and financial
reports must be submitted by the saessful project proponents. Financial audits must be completed by
approved contractors for projects awarded funding through FRIAA.

16 See: FRIAA websitiettp://www.friaa.ab.ca/

17


http://www.friaa.ab.ca/

Ontario

¢ KS t NB @Ay CCsown Foredt Sustainsidiliy £i894) established two Trusts to support
special forest projects on provincialiyvned and-managed Crown lands to support leteym forest
health. Both Trusts are held separately from general government revenues (i.e. the Consolidated
Revenue Fund).

Forest Renewal Trust

The Forest Renewal Trust (FRT) provides dedicated funding to cover reimbursement of silvicultural
expenses. Ontario Crown Timber Charges (i.e. stumpage rates) are paid into the FRT by licensees for
timber harvest on provincial Crown lanbased on rates per cubic metre that are established at the
beginning of each fiscal year.

Forestry Futures Trust

Funding from the Forestry Futures Trust (FFT) is available to reimburse the cost of: projects to restore
forest areas that have been damageyifire or natural causes; silvicultural expenses where a licensee

has become insolvent; intensive stand management and pest control; or other purposes as specified by
0KS aAyAadSN® 2KAfS CC¢Qa FTdzyRAy3a a02ldonR2Sa y2i
related projects, it would be possible to amend it for this purpose in the future (Laird Van Damme, pers.
comm., Aug. 26, 2014).

Established in 1995, the FFT has distributed over $180 million through 38 rounds of competitive
proposal processe.Propsals are reviewed and approved by the fimember Forestry Futures Trust
Committee, an armdength committee of the Provincial Government. There is no formal field evaluation
process for assessing the effectiveness of project expenditures; informalsiitseare conducted by
members of the Forestry Futures Trust Committee on ahaalbasis.

The FFT has received some criticism due to the influence of the Minister of Natural Resources on its
funding allocations and its occasional use as a slush furilddforest Resources Inventory.

17See: FFT websitbttp://www.forestryfutures.ca/
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USA
Stewardship Contracting

The US introduced stewardship contracts as a pilot twelve years ago. They consist of bundled contracts
in which US Federal agencies (USFS and BLM) set desired objectives for a forest stanthattis are

then put for bid with any resulting timber revenue offsetting the costs. Examples of objectives include
road and trail maintenance @tecommissioningo regore or maintain water qualitysoil productivity,

habitat for wildlife and fisherigsor otherresource valuegrescribedburningto improvestand

composition, structure, conditioand healthor to improve wildlife habitatremoving vegetation or

other activities to promote healthy forest stands, reduce fire hazards, or achiées @nd

management objectivesyatershed restoration and maintenanceestoration and maintenance of

wildlife and fish habitat; andontrol of noxious and exotic weeds and reestablishing native plant species
(Pinchot 2011)

In 2007, 15% of timber harvexst on Federal forest lands was through stewardship contracts; this
increased to 23% in 2010 (Pinchot 2011). Fuels reduction and fire treatment was the most specific
project outcome, reported by close to 90% of respondents involved in stewardship cor{ttastaas
followed by habitat improvement and forest health) (Pinchot 2011: 26). Positive outcomes from the
work included increased opportunities for collaboration, increased trust in land managers, and local
economic benefits. In addition, through stewaldp contracts land managers were able to leverage
other resources and capacity to carry out activities, and it was seen as leading to improved efficiencies
over traditional mechanisms. Barriers to be addressed included differences in perceptions about
objectives and priorities between land managers and communities engaging in collaborative planning;
lack of monitoring; willingness to engage by both agency personnel as well as county officials (who do
not receive any receipts as they do from traditionalkien sales); and lack of infrastructure to support
economic values (where there is a lack of market for products such as thinnings). This can result in
unwillingness of participants over how much they will do and affect what they can accomplish and can
be matched by community frustration over how much can be achieved.
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Analysis of potential revenue from a levy on stumpage in BC

This analysis explores the potential revenue that could be generated using an additional levy on
stumpage rates paid by licenseas harvested timber. Such a levy could be used initially to fund
specific, dedicated adaptation activities related to wildfire prevention and later broadened to combat
threats related to pests and maladaptation. It has the potential to generate consigaratye revenue
than the existing Fire Preparedness Levy, which only collectsb$198nillion per year, and funds could
be committed to preempting emerging risks under climate change.

Three scenarios for potential levies to support climate change adaptatere analyzed based on the
Coast and Interior Appraisal Manuals (MFLNRO 2014a; 28ddlgjoast Market Pricing System Log
Values (MFLNRO 2014c; 2014d). These scenarios represent the following three hypothetical levies on
existing stumpage rates:

1 Scenaio A: Additional $0.25 per cubic metre {non the highest value grades of timber in both
the Coast and Interior regions.

1 Scenario B: Additional $1.00%on the highest value grades of timber and $0.256m mid
value grades of timber in both the Coastamterior regions.

f Scenario C: Additional $1.00%ran all but the lowest value (i.e. high and rvidiue) grades of
timber in both the Coast and Interior regions.

Table 3 lists both the current (based on 2013) and hypothetical stumpage rates used in this analysis.
These scenarios were designed to explore the sensitivity of how stand level stumpage would change as
within stand stumpage rates were increased such thagrything else equal, the overall stumpage
collected though the stumpage system would increase. The hypothetical stumpage levy scenarios
recognize the need to maintain minimum stumpage rates on the lowest value stands (e.g. Grades X and
Y). Only timberrbm Crown lands was included in the analysis.

Table3. Current stumpage rates for the British Columbia Coast and Interior forest regions, 2014
(MFLNRO 2014a; 2014b; 2014c; 2014d).

Region Current Scenario A Scenario B Scenario C
Coast All Grades (&X): Grades BMVi: Grades BG: Grades BMVi:
Existing stumpage | +$0.25/n¥ +$1.00/n? +$1.00/n?
rates Grades U, X, Y: Grades H through | Grades U, X, Y:
+$0/m? M: +$0.25/n¥ +$0/m?
Grades U, X, Y:
+$0/m?
Interior All Grades (B): Grades 13: Grade 1: +$1.00//h | Grades 13:
Existing stumpage | +$0.25/n? Grades 2 and 3: +$1.00/n?¥
rates Grades 4 and 6: +$0.25/n¥ Grades 4 and 6:
+$0/m? Grades 4 and 6: +$0/m?
+$0/m?
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Current average stumpage rates were calculated at regional (i.e. Coast/Interior), management unit and
cutting permit levels using data obtained from the Harvest Billing System for 2013. Average stumpage
was calculated as the current total value of stumpdigded by the total volume of timber harvested in
2013.

Stumpage rates under each scenario were estimated by adding the associated levy to the current
average stumpage rate. Total additional funding generated using the levy was calculated as the
difference between the current total value of stumpage and the total value of stumpage plus the levy
under each scenarit.In 2013, a total of $539 million in stumpage revenues were collected from
licensees by the Province of British Columbia. Potential additievanues that could be levied to

support collaborative planning and management for wildfire range from $8.6 million under Scenario A to
$34.7 million under Scenario C. By comparison, it is estimated that $12 million per year is the amount
that would be equired to fund wildfire prevention activities across the BC landbase (Lyle Gawalko, pers.
comm., October 22, 2014). Total stumpage revenues in 2013 and the potential value of additional
funding that could be generated in the Coast and Interior regionguadch scenario are listed in Table

4. This information is also presented by forest management udippendix I.

Table 4. Total estimated value of current stumpage and additional revenue under hypothetical
scenarios, by forest region (million CAD).

Regon Current Scenario A Scenario B Scenario C
Total Total Additional | Total Additional | Total Additional
stumpage | stumpage | revenue | stumpage | revenue | stumpage | revenue
Coast $96.6 $100.1 $3.5 $100.6 $4.1 $110.6 $14.1
Interior $442.4 $447.6 $5.1 $449.2 $6.8 $463.0 $20.6
Total $539.0 $547.7 $8.6 $549.8 $10.9 $573.6 $34.7

One potential consequence of impaosing an additional levy on stumpage may be thaallosy
economically marginal stands may become uneconomic to harvest. Theoretically, minimum stumpage
would reflect the fact that the value of such stands is just suffidie G2 02 GSNJ t A0SyasSsSaQ

18 Expert advisors from the BC forest sector have suggested that such a levy should only be applied to timber billed
using scalébased methods and that Timber Sale Licenses ($Basg)d be excluded from the levy. Cruisased
billing was introduced in the wake of the Mountain Pine Beetle crisis to encourage salvage harvesting of standing
dead timber by offering lower stumpage rates; the use of crbigsed billing is expected tordinish over time as
the number of beetlekilled stands decreases. Since the Harvest Billing data did not indicate whether the timber
was assessed using scade cruisebased billing, all scenarios assume that billing is entirely 4eded (i.e. the
value of stumpage is assessed based on timber grades, rather than an average stumpage value applied at the
Cutting Permit level). While the use of this assumption is expected to generate an overestimate of the total
potential revenues from a levy in the nearin, as stands are increasingly assessed using-lsaaésl billing, this
margin of error will narrow. For more information, see:
http://www.for.g ov.bc.ca/ftp/hva/external/!publish/web/hbs/HBSCruiseBasedBillingProcedures. pdf
BCTS also uses TSLs for the timber auctioned through its program (approximatdlg%58fthe total timber
harvested in BC). If BCTS was to be exempted from the levy, amatiitermechanism would need to be
implemented to ensure that it contributed its share of adaptation funding.
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