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Appendix I: Future Forest Ecosystems Scientific Council
FFESC climate change adaptation research project summaries
	#
	Project title
	Lead
	Funds
	Project Objectives
	Status
	Summary of Results/Conclusions

	A – Direct award projects

	A1
	Projecting future ecosystem distributions: uncertainties and management applications
	Sally Aitken & Tongli Wang, UBC
	$80 000
	To better quantify the potential impacts of climate change on the distribution of the climate niches of ecosystems and tree species in B.C. using a modelling approach based on the Random Forest classification algorithm 
Full Report:  http://www.for.gov.bc.ca/hfp/future_forests/council/index.htm
	Completed April  2010
	The “local is best” approach to tree seed transfer planning used in BC should change to a dynamic approach based on shifting climate envelopes.  The 2nd approximation of BEC zone climate envelope mapping is more robust than the first (Hamann and Wang 2006) because it uses (1) better climate downscaling, (2) a more sophisticated technique for finding the best fitting model, and (3) the consensus of 20 different IPCC climate projections.  The new “flying BEC” maps show less dramatic climate envelope shifts than the 2006 maps, with much of central interior BC projected to shift to an ICH-like climate by 2085 and the boreal zone remaining essentially boreal (rather than suitable for Ponderosa pine).  A Genome BC-funded project (AdapTree) is continuing this climate-mapping and genomic research.

	A2
	Regeneration vulnerability assessment for dominant tree species throughout the central interior of British Columbia
	Craig Nitschke, Bulkley Valley Research Centre; Univ. of Melbourne
	$80 000
	To understand the response of dominant tree species within their regeneration phase in B.C.’s central interior ecosystems to predicted climate change
Full Report:  http://www.for.gov.bc.ca/hfp/future_forests/council/index.htm
	Completed April 2010
	In BC’s central Interior, the TACA tree regeneration model found that species vulnerability to climate change varied considerably among species, BEC zones and site types (xeric, mesic, moist). Lodgepole pine, black spruce and trembling aspen were quite resistant across the full range of sites where they currently occur except in the driest IDF zone. Interior (white x Engelmann) spruce and paper birch were vulnerable on dry sites and resistant on mesic and moist sites, Subalpine fir and black cottonwood were resistant only on moist sites. Douglas-fir was projected to perform better over much of the region except for frost sensitivity in current ESSF and BWBS zones. Engelmann spruce was assessed as most vulnerable overall. Mesic and moist sites generally remained relatively low risk while dry sites will require new approaches for successful regeneration. (see B5 Delong for follow-up).    

	A3
	Climate change and fire management research forum
	Lyle Gawalko (Nathalie Lavoie), MFLNRO
	$40 000
	To hold a climate change and fire management research strategy forum with a wide range of stakeholders to identify research and communication needs related to the impacts of climate change on forest and wildland fire management. 

Full report: http://bcwildfire.ca/Weather/Climate/index.htm 
	Completed Feb 2009
	Balancing the risks and benefits of wildland fire, including building social license for fire management, will become more challenging with climate change and increased development.  The fire management research strategy for BC includes the following priorities: (1) improving fire weather and behaviour forecasting; (2) quantifying climate change impacts on fire suppression, fire hydrology and fire ecology; (3) improving fuel management; (4) strengthening operational uptake of new science; (5) balancing fire/fuel management with carbon sequestration; (6) building community resilience by protecting the wildland/urban interface and improving public education and communication.  These priorities are now integrated into FLNRO’s Forest Stewardship Action Plan for Climate Change Adaptation.



	#
	Project title
	Lead
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	Status
	Summary of Results/Conclusions

	A4
	A study of tree species vulnerability and adaptation to climate change
	Mark Johnston, Saskatchewan Research Council
For Canadian Council of Forest Ministers (CCFM0
	$200 000
	To organize and summarize what is currently known about the vulnerability and adaptation potential of the primary commercial tree species in Canada (this project is Phase 1 of a two-phase national collaborative climate change adaptation strategy overseen by the CCFM). 

Full report:

http://www.ccfm.org/pdf/TreeSpecies_web_e.pdf

	Completed Sept. 2009
	All tree species in Canada will be affected, but conifers and aspen in the southernmost boreal forest, and trees in dry southeastern BC are at highest risk. Critical issues are: (1) reforestation decisions being made today for the next generation of trees; (2) anticipating changes in fires, pests and drought.  Management priorities include:  (1) mainstreaming climate change into all decision-making systems; (2) facilitating migration of tree seed sources and species where supported by data; (3)developing and sharing climate-sensitive best management practices; (4) reducing losses through pro-active harvest and management of the most susceptible stands; (5) enhancing monitoring, risk analysis and knowledge transfer.  National research priorities are: (1) dynamic modeling of future species distributions; (2) insect & tree physiology & phenology; (3) provenance trials; (4) silvicultural mitigation of fire, insects & drought; (5) CO2 fertilization effects; (6) extreme events and thresholds.

	A5
	Indicators of sustainable forest management in a changing climate
	Peter Duinker, Dalhousie University  (for 

CCFM)
	$50 000
	Investigate the implications of climate change on national sustainable forest management (SFM) indicators as defined in CCFM Criteria and Indicators Framework; evaluate existing SFM indicators for suitability under a changing climate; identify gaps and  recommend potential new indicators and monitoring approaches (this project, and project C3 [Phase 4] represent phase 2 of CCFM national collaborative climate change adaptation strategy) 
Full Report: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/ffesc/reports/CI-SFM-ClimateChange_FinalReport_111017.pdf

	Completed Oct. 2011
	The Canadian Council of Forest Ministers (CCFM) declared in 2008 that SFM planning and monitoring in Canada must account for climate change. Forty-six indicators were evaluated. 12 were considered independent of climate change, 23 were climate sensitive but no change was recommended, for 11 changes are recommended. Six new indicators could provide a climate-change lens for monitoring and managing forests sustainably in Canada: 1) connectivity of protected areas; 2) proportion of tenured forest area with seed transfer guidelines that account for climate change; 3) average, minimum, and maximum temperature; 4) area of Crown forest with assisted migration initiatives; 5) rate and form of precipitation; and 6) carbon emissions avoided through product substitution. To improve the overall utility of the C&I-SFM, especially in the context of a changing climate, recommendations address: a) moving from predominantly retrospective analysis to a balance of retrospective and prospective analysis; b) linking C&I-SFM more directly into forest management and policy processes; c) undertaking analytical work using a framework of complex adaptive systems; d) making explicit consideration of climate change in all forest management policy decisions;  e) sector-wide collaboration in ongoing improvement to and application of the C&I-SFM. Considering the complex manner in which climate change will interact with other human influences on forests and the sector, incisive cumulative effects assessment will be increasingly important. 

	A6
	Predicting forest insect disturbance under climate change
	Allan Carroll, UBC
	$150 000
	Develop a comprehensive research program to: (1) quantify the role of climate & climate change in population dynamics, outbreak potentials & resultant impacts to forest products and ecosystems of the major BC forest insect disturbance agents; (2) construct a framework for predicting future impacts of eruptive insects in BC’s forests that incorporates the range of climate change models and scenarios.  Website:
http://farpoint.forestry.ubc.ca/FP/search/Faculty_View.aspx?FAC_ID=22719
	Completed June 2012
	Bark beetles are more likely to be exacerbated by climate change than defoliators due to their positive response to host tree stress & lack of strict phenological synchrony. Realistic predictive tools that facilitate proactive strategies to minimize bark beetle impacts should be prioritized. Vigilance toward native innocuous, native invasive and alien invasive species is also needed due to their potential to erupt unpredictably. Time (eg bark beetles from the southern US). Although defoliators may be less

predictable, their potential to cause disturbances over vast areas of forest cannot be ignored. The predictive framework of this study describes potential outcomes for eruptive forest defoliators under climate change, but research should focus on developing predictive models of defoliator dynamics in a warming environment.

	Direct award projects subtotal: 
	$600 000
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	B – Competitively awarded 2-year projects 

	B1
	Reducing vulnerabilities and promoting resilience of BC’s natural and human systems through adaptation of post-disturbance land management options
	Alan Wiensczyk, 
Kathy Swift
FORREX
	$339 150
	Objective: Develop a centralized response framework or decision support model that identifies adaptation strategies at different scales to respond to shifting natural disturbance regimes (caused by increasing frequency and severity of wildfires, insect outbreaks, drought, and extreme weather events).

Scope: Provincial
Team / clients: FORREX, CFS, Oregon State University, MFLNRO, MoE (Climate Change Adaptation), Interfor  
Project website: http://www.forrex.org/projects/2012/reducing-vulnerabilities-promoting-resilience-british-columbias-natural-and-human

	Completed March 2012
	The most important way that climate change will affect forest and rangeland management in the short and medium term is through changes in the frequency and severity of disturbances such as fires, pests and storms. A huge variety of resources are available. But a major barrier is that information about changing disturbances is not yet finding its way into decision frameworks used by practitioners and policy-makers in their day-to-day work.   To deliver flexible, local adaptation actions we need:  (1) evidence that change is needed and information about the nature of the change; (2) tools that equip decision-makers/practitioners with the capacity to make necessary changes; (3) to adapt local regulations and district-level policy and monitor trends. Supporting a culture of learning at the local level may be the best way to move forward.  This decision support framework has been built into the FLNRO’s Forest Stewardship Action Plan for Climate Change Adaptation. 
The decision support framework is accompanied by topical syntheses that summarize what is known about disturbance events and our post-disturbance management responses to them including ecological impacts on forest succession, watershed values, biodiversity, and forest carbon, and direct consequences to communities and human systems.   

	B2
	Climate change adaptation planning for Northwest Skeena communities
	Dirk Brinkman, Coast Tsimshian Resources LLP
	$381 920
	Objective: Build regional adaptive capacity in the Northwest Skeena region through: (1) sharing possible forms and ranges of expected climate change impacts on terrestrial and aquatic ecosystems and services; (2) assessing current community, governance and resource management capacity to cope with such change; and, (3) increasing community adaptive capacity by joint development of an adaptation action plan, informed and motivated by the results of this study.

Scope:  Regional (Northwest Skeena)

Team / clients: Coast Tsimshian Resources LLP, UBC, MoE/Environment Canada, Cortex, Ecole Polytechnique Federale de Lausanne, UVIC, ESSA Technologies Ltd., Conservation Corps
	Completed March 2012
	In the Northwest Skeena region, extreme precipitation events will likely be the greatest climatic drivers affecting terrestrial and aquatic ecosystems. Climate uncertainty and variability were found during modeling to have more influence on forest structure, carbon dynamics, hydrology and fisheries than any of the alternative forest harvest scenarios. Nevertheless, community members widely expect non-climatic drivers such as First Nations treaty settlement and the global economy to have greater impact on the socio-economic prospects of their region than climate change itself. Concern over the future of salmon and a desire for environmentally responsible economic diversification with greater investment in small business unites varied First Nations and settler communities across the region whose perspectives otherwise differ in many ways.
Project website: http://brinkmanforest.com/ffesc

	B3
	Integrating climate change adaptation strategies with sustainability and socioeconomic objectives for the Quesnel timber supply area
	Ann Chan-McLeod, UBC
	$183 668
	Objective: Develop a vision of the future forest landscape for the Quesnel TSA that reduces vulnerability to climate change while meeting short- and long-term sustainability and socioeconomic objectives. The project designs & evaluating alternate landscapes of forest types & age classes in a case study simulated over 10, 50 and 80 year horizons under projected GCM scenarios, & conducts tradeoff analysis on sustainability , forest health, and socioeconomic parameters.
Scope: Regional (Cariboo-Chilcotin)

Team /clients: UBC, Forstmeister Services, Tesera Systems, MFLNRO (SI Region), Quesnel TSA Mitigation Committee
	Completed March 2012
	Decision support tools were developed to assist the stakeholders in the Quesnel TSA and nearby areas to design and assess landscapes that will be resilient to climate change, while factoring in both ecological and socioeconomic factors.  With conventional forest practices, both merchantable timber volume and habitat supply for two indicator bird species were projected to experience significant fall downs. A climate change adaptation strategy that aligns tree species regeneration with projected shifts in BEC zone climate envelopes can mitigate both of these impending fall downs.
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	B4
	Climate change vulnerability of old-growth forests in BC's inland temperate rainforest
	Darwyn Coxson, UNBC
	$357 000
	Objective: Work with local communities to develop strategies for managing old-growth interior temperate rainforests (ITR) under a changing climate. Research will address the questions: (1) can old-growth ITR be sustained into the future? (2) What are the best management practices for old-growth ITR stands under a changing climate? Research will include synthesis of existing data sets and additional field and community based studies to address knowledge gaps.     

Scope: Regional (ICH - interior temperate rainforest)
Team / clients: UNBC, University of Idaho, MFLNRO (NI Region), University of Oregon, UBC, SFU, McBride Community Forest
Full Report: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/ffesc/reports/Coxsonfinalreportwebversion.pdf

	Completed
Feb 2012
	Climate change impacts may be particularly severe in wet cedar-leading stands of the Interior Cedar-Hemlock (ICH) zone and local forest-dependent communities.  Snowmelt helps sustain wet cedar-leading stands with exceptional productivity, biodiversity and carbon storage values and many elements of ITR biodiversity including rich canopy lichen communities are at risk from a more variable winter climate.  Clearcut harvesting removes most of the above-ground carbon whereas partial-cut harvesting was found to retain nearly 80%.  Traditional paradigms that regard young plantations as major carbon sinks must factor in prior losses from old growth stand conversion.  Wet toe-slope positions may be buffered from climate change impacts and should be given high priority when planning for biodiversity conservation and carbon storage.  Local communities are interested in diversifying economic opportunities through non-timber activities such as forest-based tourism and seek changes in community forest tenure policies that will allow them to make long-term adaptation decisions in response to climate change projections.
Project website: http://wetbelt.unbc.ca/featured-11.htm


	B5
	Risk Analysis and decision support tool
	Craig Delong, UNBC
	$183 225
	Objective: Develop a stand-level climate change risk assessment and decision support tool to assist forest managers in evaluating options for minimizing tree-mortality risk, and making strategic forest investments in response to a rapidly changing climate. Research will focus on risks associated with: (1) drought-induced tree mortality; (2) drought-induced stress leading to high tree mortality from insects or disease (e.g., bark beetles, root rot); and, (3) wet warm-induced spread of disease leading to high tree mortality (e.g., needle blight, rusts).

Scope: Provincial
Team / clients: MFLNRO (NI Region, Resource Practices Branch); UBC; UNBC, CFS
Full Report: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/ffesc/reports/DelongfinalreportrevisededitedMay8.docx

	Completed

April 2012
	Drought is one of the leading causes of forest mortality related to climate change. A tool was developed to predict risk of stand-level tree species mortality from drought and drought-related insect attack. Within climatically homogeneous areas, past and predicted future climate data, along with typical site and soil conditions for ecosystem units were used to calculate actual and potential evapo-transpiration (AET and PET) for these units. Tree species drought tolerance limits, expressed by AET/PET, were used to develop tree mortality risk maps using forest cover and ecosystem unit maps as input layers in a GIS. Risk related to tree mortality agents that are enhanced by drought (e.g., bark beetle species) was also mapped based on ecosystem-specific AET/PET values and tree species and age derived from forest cover polygons. The accuracy and reliability of the maps was tested with field data and dendrochronology. The tool can be used to map the risk of drought-related mortality at a relatively fine scale for any plant species with a well-established drought tolerance. It thus provides information at an appropriate scale to guide operational forest management adaptation to climate change and compliments other tools such as large-scale bio-climate envelope models.
A landscape level analysis of disturbance events was also prepared.  
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	B6
	A climate change strategy for red alder in British Columbia
	Louise deMontigny, MFLNRO
	$319 884
	Objective: Develop an adaptive strategy for using red alder to reduce environmental, social and economic risks of climate change in coastal BC. Research will: (1) determine the effects of red alder densities on conifer and mixed wood stand development; (2) explore the expected migration of alder to sites that are currently too cold for alder growth; (3) utilize traditional knowledge of red alder use from First Nations to gain historical context and to determine potential future cooperative management; and, (4) determine how to develop an integrated hardwood forest sector value chain industry on the coast. 
Scope:  Regional (Vancouver Island)

Team / clients: MFLNRO, University of Alberta, UVIC, Oregon State University, UBC, 
Full Report: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/ffesc/reports/deMontignyfinalreportrevised.pdf

	Completed

April 2012
	BC’s red alder harvest, managed adaptively under climate change, could be 10 times larger than currently, with commensurate social and ecological benefits. Ultimately, most benefits would come from lumber and secondary products. To develop this sector, investors will need competitive access to a long term supply of raw materials. Several initiatives are required: (1) commitments in management unit plans to manage red alder, including long term production targets; (2) determination of alder harvest levels in the Timber Supply Review process; (3) improved alder inventories and data that affect industrial access to the alder resource; (4) genetic management to support facilitated migration and, if financially viable, traditional tree breeding; (5) development of a competitive log market.
In light of the uncertainty and potential instability in the forest products industry from climate change, it seems prudent to aggressively pursue opportunities for diversifying and increasing the resilience wherever possible. While currently a small component of the industry, the hardwood sector in BC offers just such a possibility.


	B7
	Managing for the ecological and socioeconomic effects of climate change on BC rangelands
	Lauchlan Fraser, TRU
	$413 700
	Objective: Develop a forward-looking strategic guide for a range management unit that includes multiple range tenure holders and forest tenure holders. The strategy will forecast the ecology and economy of the rangeland in 10, 50 and 100 years, and will guide range management activities in the present, near future, and long-term future in a manner that considers climate change impacts. Research will include: review of past and ongoing climate change experiments; field experimentations; socio-economic analysis of natural goods and services; survey of the ranching community to determine ranching perceptions of climate change; and, incorporating the ecological and socioeconomic findings into an integrated range management plan.

Scope: Regional (Southern Interior)

Team / clients: Thompson Rivers University, Agriculture & Agri-Food Canada, MFLNRO, MoE, UNBC, UBC, TRU, Selkirk College, BC Grasslands Conservation Council
	Completed
Feb 2012
	Rangelands, especially grasslands, are threatened by urban development, agricultural conversion, tree encroachment and infill and inappropriate grazing. Global climate change has the potential to interact with the above disturbances, but the consequences of these interactions for rangelands in B.C. are not known. The interacting effects of disturbance caused by grazing and climate-change, a biological stress on plant communities, will not likely be uniform across rangelands. Variation of response is expected between northern and southern latitudes of the province and by species; furthermore, the response of a species may depend on its local environment including soil and site conditions. The effect of climate change on rangelands was investigated using a multi-pronged approach: a review of past and ongoing climate change experiments, field experimentation, socioeconomic analysis of natural goods and services, a survey of the ranching community to determine the ranching perception of climate change, and incorporating the ecological and socioeconomic findings in an integrated range management plan.    
Project Website: http://climatechangeandbcrange.net/
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	B8
	Vulnerability, resilience and climate change: adaptation potential for ecosystems and their management in the West Kootenay
	Rachel Holt, Veridian Consultants
	$206 000
	Objective: Work with a diverse client group of managers and practitioners to conduct a case study regional assessment of climate impacts, vulnerability, and adaptation potential of ecological and management systems in the West Kootenay. The case study will downscale available climate change modeling, incorporate best scientific practices, apply a systems perspective and resilience concepts, and promote adaptation through learning. 

Scope: Regional (West Kootenay)

Team / clients: Group of 4 consultants led by Veridian Consultants, SFU, CFS, Selkirk College, PCIC, Wildfire & Ecosystem Management, 13 local client groups including MFLNRO, BC Parks, MoE, three community forests, woodlot owners, forest companies, private land owners, NGOs, Regional District of West Kootenay 
Project web site: www.kootenayresilience.org
	Completed

May 2012
	Enduring features were used to define “Regional Landscapes” with relatively homogenous regional climates. Three climate scenarios encompassed the range of projections: Warm/Moist with low emissions, Hot/Wet with high emissions and Very Hot/Dry. The most obvious general trend is an increase in summer moisture stress. It cannot be over-emphasized that the results presented are only three of many possible futures. Drought resistant and fire tolerant low elevation species’ envelopes tend to expand and shift to the north and upslope. Upper elevation species generally decrease in occurrence. The vulnerability assessment ranked units from Very Low to Very High vulnerability relative to other units within the study area. Low elevation units in the Northern region & mid-elevation sites in the Mid region were consistently ranked High or Very High across the three scenarios reflecting substantial changes in their natural disturbance regime resulting in a lack of seed sources for species appropriate to the new climate. Fire and insects are the most likely drivers of change. High elevations in the South, North (and Mid), consistently had the lowest vulnerability ratings.  Practitioners in the region varied greatly in their readiness to adapt with wildfire managers generally being most advanced. Forest management strategies include adjusting operational decisions about when to harvest, changing prescriptions for what species to reforest, and reconciling the allowable harvest levels. Creating the understanding and willingness to engage in this process will be a key part of effective adaptation. While the project mostly addressed ecological dimensions, preliminary analysis of the legal institutional, policy, professional practice and personal barriers to change in the forest management system suggests that the human dimensions of adaptation must be given priority in future work.


	B9
	Climate change adaptation research for forest and rangeland ecosystems: resiliency implications at the landscape level
	John Innes, UBC
	$346 693
	Objective: Develop recommendations for operational practices that will foster ecological, human, and economic resiliency in adapting to climate change in the South Selkirk Region, in consultation with Government, First Nations, industry, academia, and the broader community.

Scope: Regional (South Selkirk)

Team / clients: UBC, MoE, Turtle Island Consulting, Nature Conservancy of Canada, FORREX, Metis Nation, Lower Kootenay Indian Band
	Completed May 2012
	In keeping with the project’s holistic approach, recommendations are presented based on investigations of Ecological, Human, and Economic Resiliency:

Ecological Dimension: (1) Use harvesting and stand techniques that help seedlings to survive, matching species to optimal environments (2) plan landscapes that reduce forest susceptibility to insects, disease & fire, in patterns that enable species to move.

Human Resiliency Dimension: For aboriginal communities: (1) Monitor indicators of  language, laws, governance, lands, community well-being & economic diversification. (2) Integrate cultural values into adaptation objectives – including resources for Elder & Youth engagement, language preservation & cultural revitalization. (3) Engage Knowledge Keepers as local observers for ecological monitoring & to aid in prioritizing monitoring needs in the region. (4) Engage Aboriginal people in all stages of decision-making from analysis to implementation, incorporating traditional knowledge. (5) Use existing communication methods, customizing & framing messages for local needs. (6) Develop equitable collaborations with Aboriginal communities & strategic partners (7) Support development & maintenance of skills, knowledge & creativity as well as relationships among community members. (8) Continue to involve local citizens in community and landscape planning. (9) Diversify sources of local income providing local access to natural resources & control of natural resource-based businesses.

Economic Resiliency Dimension: Based on resiliency of the region during the 1980s: 

1. Diversify product lines and support product specialization.

2. Continue to support local access to natural resources.

3. Promote local control of natural resource-based businesses. Smaller local firms may be more agile in responding to changing ecological conditions and constraints.
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	B10
	Uncertainty in adaptation to climate change in forest management: selected case studies in British Columbia
	Emina Krcmar, UBC
	$127 710
	Objective: Systematically examine uncertainty in adaptation decisions in the Quesnel and Williams Lake TSAs to find parameters related to climate change to which forest resources, the forest industry and local communities are most sensitive. Applications of complementary methods to case studies will be investigated to draw conclusions about advantages and disadvantages of different decision frameworks/methods and the value of identified adaptation strategies.  Through participatory workshops, attitudes to uncertainty and adaptation of the local stakeholders and decision makers in Quesnel and Williams Lake will be explored.

Scope: Regional (Quesnel TSA)

Team / clients: UBC, UVIC, MFLNRO
	In final revisions
	To address decision challenges under deep uncertainty, robust approach searches for “good-enough” strategies under a range of unknown future conditions. For the Quesnel TSA a sustained yield flow model that addresses the timber supply goal was formulated that coupled even flow with maximization of period harvest volumes.  Solving the model for each CC scenario produced eleven individual sustained yield strategies. The strategies and related period volumes and maximum deviations from even flow were analyzed from both the optimistic and conservative perspectives. The sustained yield strategy associated with CC#2 scenario (HadCM3 -cool and moist) was the best in terms of harvest volumes over time. This strategy also reduced deviations from even flow relative to the Base Case ‘no change’ CC scenario. The sustained yield strategy associated with CC#3 (HadGEM- hot and dry) produced the lowest deviation from even flow. Under the conditions assumed, the two strategies are considered robust as they generate “good enough” cumulative harvests and deviations from harvest flow across all CC scenarios considered.


	B11
	A multi-scale trans-disciplinary vulnerability assessment
	Don Morgan, Bulkley Valley Research Centre
	$120 225
	Objective: At a broad system-wide level, develop and test methods to systematically account for climate change in the assessment and development of forest management plans and policies, by: (1) conducting management unit vulnerability assessments within the Nadina forest district; (2) developing policy options for the management units that account for vulnerability; (3) evaluating and testing a multi-scale trans-disciplinary vulnerability assessment framework that enables understanding and evaluation of interactions across social and ecological domains; and (4) conducting livelihood assessments by describing these socio-ecological systems, different scales of decision-making, how communities fit in, how people will be impacted, and how and who can respond to climate change. 

Scope: Regional (west central BC)

Team / clients: MFLNRO,  Morice/Lakes IFPA, Bulkley Valley Research Centre, Saskatchewan Research Council, CFS/UNBC, Symmetree Consulting, Daust & Price Consulting Services
Project website: http://bvcentre.ca/research/project/a_multi-scale_trans-disciplinary_vulnerability_assessment/
	Completed

May 2012
	 The project identifies climate-induced vulnerabilities in the forest management regime of the Forest District, including the Morice and Lakes Timber Supply Areas, supporting re-evaluation and revision of existing plans and practices (proactive adaptation). It lays the groundwork for structural change (e.g., a move towards adaptive management) by synthesizing current knowledge and uncertainty, and by identifying influential forces working at multiple scales within the forest system. Implementation of adaptation strategies will be limited until some of the direct costs and monetary risks related to adaptation are reduced. Collaboration and support from provincial-scale forest managers and policy-makers is needed to create an environment that enables adaptation.  The project used a Livelihood Assessment approach, augmented with Integral Theory to support adaptation of communities to climate change. It identified an important barrier to building adaptive capacity, namely lack of recognition of the interior, subjective quadrants of the Integral Theory framework (for example personal beliefs and culture). This helps to explain why scientists, who tend to focus primarily on the objective (physical world), are often challenged with low public acceptance and lukewarm political response to the emerging climate science. The integration of these methods also demonstrates how other scientists and communities might seek a more comprehensive way forward with both further research and community engagement on climate change. The project addressed forest management regimes and forest-dependent communities separately. Initially, this was seen as a weakness in the approach, however the expertise & methodologies differ greatly, and a broader, more integrated approach might have been less successful. It may be best to address the two types of adaptation separately, being aware of potential interactions.
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	B12
	Validating impacts, exploring vulnerabilities, and developing robust adaptive strategies under the Kamloops Future Forest Strategy
	Harry Nelson, UBC
	$700 000
	Objective: Develop credible, robust management strategies for the Kamloops Future Forest Strategy that address uncertainties associated with climate change, by: (a) developing modeling indicators for key assumptions, sensitivities and questions regarding proposed management actions; and, (b) using several linked models to test assumptions and further explore sensitivities and implications from proposed management actions by assessing regeneration and growth dynamics and alternative management strategies. Research will also explore social, economic, environmental and cultural impacts of climate change on local communities (Barriere and/or Clearwater) and First Nations. The project will strengthen the conclusions of the KFFS, broaden their applicability, and help inform policy. 

Scope:  Regional (Kamloops TSA)

Team / clients: UBC, group of 4 consultants, Saskatchewan Research Council, PCIC, UNBC, MFLNRO (SI Region, Resource Practices & Innovation Branches, Kamloops & Clearwater Districts, BCTS), Tolko, MoE, District of Clearwater 
Project website: http://k2kamloopstsa.com/
	Completed May 2012
	The linked meta-modeling K2 approach demonstrated a structured decision-making framework that provides quantitative estimates of projected forest change compared to the qualitative expert-opinion approach of the original KFFs (K1). K2 allowed age class dynamics and complex interactions to be explored. While young vs. old stands and varying ecozones show quite different responses, at a broad scale, many indicators showed relatively little change compared with business as usual, including growing stock, productivity and harvest area with increases at higher elevations offsetting declining growth in lower elevation areas. Stand-replacing disturbances could double in the next century posing major risks unless proactive action is taken. But climate change adaptation will only happen when each forest management unit (tenure) implements a functional forest management planning process that links desired strategic outcomes with operational practices (i.e. forest estate planning). Detailed forest management guidance was provided: Regeneration guidance for each of 5 ecozones emphasizes no further conversion of mixed species stands to lodgepole pine. Juvenile spacing, fertilization, thinning and priority harvest are recommended in high risk lodgepole pine and dry Douglas-fir stands to reduce fire/health risks and to more quickly cycle stands into more resilient stand types. Close monitoring of forest health status in both working and reserved landscapes will guide the design of a more flexible harvest/reserve strategy –ie healthy forests should be retained, while stressed forests may need silvicultural assistance to become more resilient. Greater use of Ponderosa pine and partial cutting is recommended.  Yet, many of these changes will barely influence   timber supply outcomes over a 50-100 yr planning horizon.

	B13
	Comprehensive synthesis of forested watershed science and climate change impacts
	Todd Redding, FORREX
	76 125
	Objective: Complete a watershed sciences compendium and associated extension activities. The compendium will capture over 30 years of BC watershed research and experience into a consolidated, accessible document that focuses on scientific principles and techniques, and assessment methods drawing directly on BC case studies. The compendium addresses how climate change will affect key watershed processes and provides the foundation necessary for science-based forest management.   

Scope: Provincial

Team / clients: FORREX, MFLNRO, UBC, 
Project website: http://www.for.gov.bc.ca/hfd/pubs/Docs/Lmh/Lmh66.htm

	Completed March 2011
	Over the last two decades, hydrologists and geomorphologists have often discussed the need to document the history, scientific discoveries, and field expertise gained in watershed management in British Columbia. Several years ago, a group of watershed scientists from FORREX, academia, government, and the private sector gathered at the University of British Columbia to discuss the idea of a provincially relevant summary of hydrology, geomorphology, and watershed management. Through this meeting, the Compendium of Forest Hydrology and Geomorphology was born. 
As a synthesis document, the Compendium consolidates current scientific knowledge and operational experience into 19 chapters. To ensure reliable, relevant, and scientifically sound information, all chapters were extensively peer reviewed employing the standard double-blind protocol common to most scholarly journals. Chapters in the Compendium summarize the basic scientific information necessary to manage water resources in forested environments, explaining watershed processes and the effects of disturbances across different regions of the province. In short, the Compendium is about British Columbia and is primarily intended for a British Columbian audience, giving it a uniquely regional focus compared to other hydrology texts. At over 800 pages, the Compendium showcases the rich history of forest hydrology, geomorphology, and aquatic ecology research and practice in British Columbia and sets forth the foundation for the future by showing us how much more we have yet to learn.

	#
	Project title
	Lead
	Funds
	Project Objectives
	Status
	Summary of Results/Conclusions


	B14
	High resolution spatial climate data for climate change research in BC
	Dave Spittlehouse, MFLNRO
	$160 650
	Objective: Increase capabilities of ClimateWNA and PCIC’s Regional Analysis Tool (RAT) to improve delivery of historic and climate change data to users, including FFESC research projects, the wider scientific community, resource managers, and others interested in how climate affects ecosystems and society.

Scope: Provincial

Team / clients: MFLNRO, PCIC, Oregon State University, Centre for Forest Gene Conservation, U Alberta
	Completed May 2012
	There are a large number of projections of future climates available as a result of different greenhouse gas emissions pathways and differences in resolution, formulation and initializing climate conditions of the climate models. Guidelines for researchers were prepared recommending  subsets of these projections for use depending on the

purpose of the analysis, sources for climate change data, with examples. The report has received substantial use and positive feedback. The updated version of the stand-alone high spatial resolution software package, ClimateWNA, was released and a journal article published. The accuracy of ClimateWNA for predicting historic monthly data. was compared to measured data from 3353 weather stations: standard error was <0.8oC on monthly temperature and <10 mm on monthly precipitation. New equations were developed to predict derived variables such as degree days and frost free period on a monthly basis, setting the stage for quantifying how climate change may affect extreme climatic events in BC. Downscaling techniques were applied to an ensemble of 6 GCM projections for the 2050s. Extreme warm events and precipitation events became more frequent; however, the downscaling method has a strong influence on the prediction highlighting the need for extensive verification of methodologies under current climatic conditions. A related project provided projections of a drought index and a wildfire index. The estimates of drought are accompanied by large uncertainties. It is recommended that downscaling of monthly rather than daily data be evaluated as this may be a more robust way to estimate drought indices and more climate projections can be used. We also evaluated the use of time series data from 1901 to 2100 to assess inter-annual variability in future conditions. Uncertainty in the prediction of historic weather data using ClimateWNA means that care needs to be taken in extending data for evaporation estimates back to the early 1900. Further time series analysis will be based on the IPCCs AR5 climate projections. To disseminate results, numerous presentations were made and new information was incorporated into web-based tools such as PCIC’s Plan2Adapt web site.

	B15
	Integrating FFEI scientific predictions into community planning and governance
	Tracy Summerville, UNBC
	$98 952
	Objective: Develop a framework for integrating scientific knowledge of climate and ecosystem changes and risks into long-term community planning for the city of Prince George. The project will integrate a research scientist/team directly into the city’s process for developing a long-term integrated community sustainability plan, which will enable the connection of research, researchers, local government and citizens in determining and mitigating risks to their forest and community. 

Scope: Regional (Prince George)


	Completed May 2012
	Despite active involvement of FFESC scientists in the City of Prince George long term community sustainability planning process, climate change adaptation did not make the top 10 goals determined by the community. Issues of social justice, safety and community identity were identified as six of the top ten goals, along with “Green City and Green Practices” and air quality. Learning from behavioural psychologists, the researchers adapted their methods to use visualization (photographs altered to show future streetscapes) and historical memory (information about local heritage) to assist local residents in conceptualizing climate change impacts along a proposed city greenway.  Visualization can significantly improve the ability of non-scientists to conceptualize and remember scientific information, and thus potentially (or eventually integrate it into their behaviour.  



	#
	Project title
	Lead
	Funds
	Project Objectives
	Status
	Summary of Results/Conclusions

	B16
	The effects of climate and forest cover change on snowmelt-dominated water supplies in the Okanagan
	Rita Winkler, MNRO
	$120 750
	Objective: Assess the effects of climate and vegetation cover change on snowmelt-dominated streamflow generated in two high-elevation watersheds at Upper Penticton Creek. Research will improve our ability to accurately model current snow pack processes in upland watersheds, and climate and forest change effects on snow water storage and release. Project outcomes will help resolve high priority issues in sustainable water supply identified by the Okanagan Basin Water Board, Ministry of Healthy Living and Sport, Ministry of Environment, and the Okanagan Nation.

Scope: Regional (Southern Okanagan)

Team / clients: MFLNRO (SI Region, Resource Practices Branch), University of Lethbridge, University of Saskatchewan, FORREX, MHLS, Okanagan Basin Water Board, MoE, Okanagan Nation Alliance

	CompletedMay 2012
	In Okanagan headwater basins, decreases in snow accumulation, shorter snow seasons, a greater proportion of precipitation falling as rain and a variety of disturbances will cause more frequent, flashier high flow events.  Erosion, changes in winter wildlife habitat and recreational opportunities, drought stress in forests and aquatic ecosystems are anticipated.  Needed changes include: (a) improved planning of forest harvests, (b) re-evaluation of streamflow allocations, water storage and delivery infrastructure, and (c) more strategic water planning for aquatic habitat, residential, agricultural and industrial use. 
Full Report: http://www.for.gov.bc.ca/ftp/hfp/external/!publish/web/ffesc/reports/Winklerfinalreportwebversion.pdf
 

	Competitive award projects subtotal
	$4 135 652
	
	
	

	C - MFLNRO-led FFEI projects funded by the FFESC (using MFLNRO administration funds available for research as a result of in-kind MFLNRO administration support to the FFESC)

	C1
	BEC modelling to support regional vulnerability assessments & assisted migration
	Will Mackenzie, Elizabeth Campbell, Chuck Bulmer, Shannon Berch, MoE/MNRO
	$60 000
	Objective: Conduct BEC modelling to underpin FFESC regional vulnerability assessments and assisted migration strategy:

Improve accessibility of existing soil survey information and explore the use of predictive techniques to generate new information for soils throughout BC

Provide access to provincial ecosystem plot database, create tools for common data summaries and undertake specialized data summaries as required for FFESC projects


	Digital soil mapping project  completed Oct. 2011
	An electronic soils information system to support climate change adaptation in BC is a work in progress with significant updates and improvements made recently with support from FFESC. Existing soils maps are available electronically through  HectaresBC and collaborative efforts with SFU, OK College, AAFC and several consultants are underway to improve digital landscape classification and predictive or digital soil mapping at the provincial and regional scales (eg Okanagan watershed). Detailed and small scale approaches have worked well.  Additional field checking for reliability is needed.

Website: http://www.for.gov.bc.ca/hre/ecoearth/Soils/digital.htm
Related technical Report: http://www.for.gov.bc.ca/hfd/pubs/docs/misc/misc085.pdf       

	C2
	Climate based seed transfer modelling
	Alvin Yanchuk, Greg O’Neill, MFLNRO
	$10 000
	Objective: Conduct seed transfer modelling that will inform climate based seed transfer policy 
Project website: http://www.for.gov.bc.ca/hre/forgen/seedtransfer/seedtransfer.htm

	Completed  2010
	The Climate Change and Seed Transfer research program has provided substantial support to revising and implementing the Chief Forester’s Standards (CFS) for Seed Use, representing a consolidation of current knowledge and research results. The program also supports the Future Forest Ecosystems Initiative and development of the Gene Resource Conservation and Management Strategy, while contributing to improving industry competitiveness.   Over 2009-10, the $10K allocation was used to develop approx 300 current and future climatic map units that will potentially form the basis for a new seed transfer system. No report submitted.
Related Feb. 2011 Workshop: http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/CBST%20Workshop%20Synopsis_9APR2011_Final.pdf
Related Feb 2011 Forestry Chronicle article on assisted migration: http://pubs.cif-ifc.org/doi/abs/10.5558/tfc2011-093

	#
	Project title
	Lead
	Funds
	Project Objectives
	Status
	Summary of Results/Conclusions

	C3
	Climate Change monitoring strategy
	Peter Bradford, MFLNRO
	$100 000
	Objective: Complete Phases 3 & 4 of a provincial climate change monitoring strategy by using Phase 1 & 2 outcomes to:

Phase 3: (1) Complete monitoring and reporting information needs analysis; (2) Develop approaches to measure selected indicators and conduct an in-depth analysis of current monitoring & inventory programs available to support their evaluation; (3) Conduct a pilot project to report against selected indicators;
Phase 4:  (4) Examine capacity of current monitoring and inventory programs to support analysis of all indicators;
(5) Develop approaches for monitoring indicators.
This work will be completed in parallel with provincial VA work (Project C4) 
	Phase 3 completed March 2012;
Phase 4 completed

Feb 2012


	Sixteen abiotic, disturbance and biotic indicators designed for monitoring and reporting on the biophysical effects of climate change in forests and rangelands were identified.  A pilot study centred on the South Selkirks Region identified which existing national, provincial and regional databases could be used to monitor and report out on these indicators.  Some indicators are tracked and reported well: temperature, precipitation, snowmelt, streamflow, glaciers, ice on lakes.  Environment Canada monitors most climatic indicators and PCIC has summarized recent trends for many of these indicators for BC, though a few derived indicators (eg drought) are lacking.  Outputs for some abiotic indicators (extreme weather, water temperature, water quality) are not readily available. Among  disturbances, wildfires and insects are better tracked than windthrow and mass wasting which are not routinely assessed. The biological indicators require much additional work.  There have been few systematic attempts to monitor and report out on changes occurring in ecosystem composition, distribution & connectivity.  Species-  and genetic-level information are inadequate (even for trees).       


	C4
	Provincial vulnerability assessment (Phase 2)
	Don Morgan, MoE
	$40 000
	Objective: Build on Phase 1 provincial overview vulnerability assessment by (a) assessing climate change impacts on forest and range resources from the perspective of vulnerability (relative confidence in predicted change, exposure, sensitivity and adaptive capacity); and (b) assess the pros and cons of key forest and range management policies in addressing identified vulnerabilities. 
	To be completed late 2012
	Phase 1 Final Report:  Provincial vulnerability assessment - Interdisciplinary Assessment of the Implications of Climate Change on BC's forest and Range Ecosystems (Year 1 Final Report) 


	MFLNRO-led FFEI projects subtotal
	210 000*
	
	
	

	D - Projects planned for completion  by FFESC (research coordination)

	D1
	Policy review of research findings
	Sybille Haeussler, Evelyn Hamilton,

FFESC
	$40 000
	Objective: This synthesis project aims to match all FFESC research findings with appropriate policy and legislation; this work would be done by two contractors (one climate change adaptation research specialist, one policy expert) in consultation with MFLNRO and other government specialists; their report would be presented to policy makers in a one day workshop that includes the contractors, policy makers, and a small number of ministry specialists and key academics
	Draft submitted June 2012
Final report

Sept. 2011
	A draft synthesis report, titled: “Adapting British Columbia’s Forest and Range Management Framework to Anticipated Effects of Climate Change:

A Synthesis of Research and Policy Recommendations” was prepared in advance of the FFESC closing workshop/conference and will be revised following the conference.

Research findings are grouped thematically into three topic areas coinciding with the workshop: Decision-making under uncertainty; Ecosystem vulnerabilities; Evolving economies and communities. Policy and practices recommendations spanning 28 specific and 8 general topic areas are provided as “food for thought” to guide conference and workshop discussions.  Final outcomes will provide additional guidance and content for BC’s Forest Stewardship Action Plan for Climate Change Adaptation.   

	FFESC research coordination projects subtotal
	40 000
	
	
	

	Grand total
	4 985 652
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