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Skeena CAP Objectives 
	Value
	Objectives

	Adaptive Capacity Objectives

	Adaptive Capacity
	1. Develop external collaboration

	
	1.1. Collaborate with First Nations to develop and refine CAP objectives[footnoteRef:1] [1:  Grey-shaded objectives are priorities within the value and filled out in more detail than remaining objectives.
] 


	
	1.2. Collaborate with First Nations, other governmental organisations, industry and non-governmental organisations to support adaptive capacity

	
	2. Develop internal collaboration

	
	2.1. Improve collaboration and integration among business groups

	
	2.1. Develop communication framework that improves the flow of information among practitioners, researchers and managers

	
	3. Build a functional adaptive management framework

	
	3.1. Build knowledge base

	
	3.2. Develop risk assessment framework

	
	3.3. Develop decision-making framework

	
	3.4. Develop monitoring framework

	
	1. Support adaptive capacity at a broader scale

	Value-based Objectives

	Water
	1. Assess and plan at the watershed scale

	
	2. Improve riparian management on small streams

	
	3. Improve stream crossings

	
	4. Safeguard terrain stability

	
	5. Manage water withdrawals

	Ecosystems
	Increase ecosystem resilience

	Trees
	1. Develop enforceable objectives for forests

	
	2. Harvest amounts that are consistent with resilience

	Infrastructure 
	Design and maintain infrastructure to withstand impacts of climate change

	Mitigation Objectives

	Mitigation 
	1. Consider options for increasing carbon storage in forests

	
	2. Consider options for sequestering carbon in wood products

	
	3. Consider options for reducing carbon footprint



Introduction
The global climate is changing, and impacts are already being felt. BC has become warmer and wetter over the last century. Extreme rainfall and dry conditions have increased. These trends will continue.  More winter precipitation will fall as rain, and spring snowfall will decrease, resulting in lower snowpacks, earlier snowmelt, and longer fire seasons. As the climate changes, natural disturbances and hydrological regimes will respond, and ecosystems will disassemble and reassemble, sometimes into novel combinations, as populations decline, move or adapt. The Ministry of Forests, Lands and Natural Resources Operations (FLNRO) needs to adapt to climate change to continue to deliver sustainable natural resource management services to BC citizens.  
The Skeena Climate Action Plan is an outcome of the Ministry of Forests, Lands and Natural Resource Operations’ Climate Change Strategy 2013-2018, which directs all regions to develop Climate Action Plans by March 31, 2015. Climate Action Plans have been, or are being, developed for other business areas within FLNRO, including Wildfire Management Branch, BC Timber Sales, and Water Stewardship and Management Branches. This plan describes actions that the Skeena Region will take to begin integrating climate adaptation into its day-to-day activities and work plans. It is intended to be a living document, to be updated as knowledge expands.
Climate Action Plan Vision
FLNRO’s vision, as outlined in the Climate Change Strategy (2013 – 2018), includes leadership, resilience and mitigation:
The ministry is a leader in climate change action, ensuring that our natural and heritage resources and values are resilient to the impacts of climate change,
and that we contribute towards mitigation.
To achieve the vision, the ministry outlines three goals:
1. Climate change is integrated in ministry core business. This goal recognises that ecosystem healthy and resilience provide the foundation for jobs and prosperity.
2. Climate-relevant science, data and knowledge guide and inform identification of the Ministry’s environmental, social and economic risks, opportunities and priorities for climate change action. This goal points to climate-change science as key to robust decision-making.
3. Climate changes action is undertaken through collaboration, partnerships, communication and outreach with BC’s First Nations, communities and the natural resource sector. This goal recognises that collaboration is a necessary prerequisite to effective action.
Skeena Region Vision
The vision for the Skeena CAP is consistent with the FLNRO vision and goals, and is refined as follows:
2. Integration amongst business areas. The Skeena Climate Action Plan uses climate change adaptation to provide an opportunity to form interdisciplinary teams within the ministry. 
3. A strategic lens on climate-change issues. The Skeena Climate Action Plan provides broad themes, trends and paths rather than detailed “solutions”.
4. Collaboration with First Nations. Collaboration with First Nations in further development of the Skeena CAP will be critical in ensuring success.
Scope
Responding to climate change requires both adaptation and mitigation. This plan focuses on adaptation, but also includes limited objectives for mitigating carbon emissions. FLNRO has a Forest Carbon Management Program that is addressing the climate mitigation potential of BC’s forests.
FLNRO plays a stewardship role in the protection, management and use of BC’s water, forests and rangelands. The ministry is also responsible for matters relating to infrastructure, human communities and public safety. This plan focuses on a priority subset of Skeena FLRNO values and responsibilities. For example, this draft of the plan focuses on terrestrial ecosystems and values; consideration of marine values has been deferred for the current draft, due to lack of time and capacity. The recently completed Marine Planning Partnership North Coast Marine Plan includes objectives for climate change adaptation and mitigation that can be considered in developing marine objectives (Appendix 1). Similarly, although the Skeena Region includes agricultural values, consideration of agricultural adaptation has been deferred for the current draft, due to lack of time and capacity.
Description of the Skeena Region
The Skeena Region is vast with varied and complex physiography, including coastal lowlands, several mountain ranges and interior plateaus. At the broadest scale, the Coast Mountains divide the region into coastal and interior portions with very different climatic regimes. Valleys associated with large river systems, including the Skeena, Nass and Stikine, cut through the mountains, allowing coastal influence to travel inland. These divisions represent enduring features that will shape ecosystems in any climate regime. A less obvious and perhaps less enduring boundary divides the northern and southern interior sub-regions. Climate change adaptation actions will vary across the region.
Skeena Climate Change Projects 
The Skeena Region is fortunate to have considerable work already completed and ongoing on climate change impacts and potential adaptation strategies. This plan builds on, and works with, other initiatives within the region.
· A Skeena Climate Change Extension Note describes climate projections from provincial sources (PCIC), and provides knowledge on impacts and potential adaptive strategies from the Nadina and Provincial Vulnerability Assessments, augmented by regional topic experts[footnoteRef:2]. [2:  Will be finalized by March 31, 2015. Kristine Weese, contact.] 

· The Nadina Climate Change Vulnerability Assessment assessed climate change impacts, sensitivities and potential adaptive strategies focused on the Nadina District[footnoteRef:3].   [3:  http://bvcentre.ca/research/project/a_multi-scale_trans-disciplinary_vulnerability_assessment/ ] 

· A Climate Change Vulnerability Assessment for British Columbia’s Managed Forests summarised three case studies, including the Nadina, and broadened the scope to consider the entire province[footnoteRef:4].  [4:  http://www.for.gov.bc.ca/het/climate/knowledge/BC-Climate-Change-Vulnerability-Assessment.pdf ] 

· The Climate Change Adaptation Planning for Northwest Skeena Communities projected climate change impacts in the lower Skeena, developed methods to adapt forest management and examined the consequences of impacts and of proposed adaptation options to communities[footnoteRef:5]  [5: http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/Brinkmanfinalreportrevised.pdf. Abstract available online.] 

Ongoing cumulative effects assessments (CEA) are also including climate change factors in analyses. The Morice CEA included climate change impacts in its biodiversity and salmon models. This project is currently being expanded into the Skeena Watershed CEA Research Program, which will focus on hydrological impacts of climate change on salmon and aquatic ecosystems, in combination with other factors.
Skeena CAP Methods
The existence of previous climate initiatives in the region—and involvement of overlapping groups of topic experts—allowed efficient development of a draft Skeena Climate Action Plan. The short timeline available, however (between January and March 2015), means that further consultation and collaboration—particularly with First Nations—will be an important first step in refining the CAP. 
The draft Skeena CAP is based on two workshops involving FLNRO managers and topic experts. Participants in Workshop 1 read the Skeena Climate Change Extension Note as background information. They also listened to a series of 5-minute presentations on climate projections, ecosystem change, disturbance, hydrology and terrain, fish and carbon. They then listed priority value-based impacts and potential objectives and actions to address impacts. The objectives in this document are based on the results of Workshop 1. 
Two types of objectives emerged: broad adaptive capacity objectives and more specific value-related objectives. Effective action to adapt to the challenges of climate change requires that both sets of objectives are realised. The approach in this document includes system-wide capacity[footnoteRef:6] objectives and value-based objectives. Essentially, the first set of objectives aims to build an adaptive framework; the second set identifies priority content to add to the framework. A third type of objective, mitigation objectives, were not discussed at workshops due to lack of time, but have been included within the scope of this document for further consideration. [6:  Capacity objectives address systems at multiple scales (e.g. Skeena Region FLNRO, provincial FLNRO, other government and non-governmental bodies that are responsible for managing resources).] 

A second workshop prioritised objectives and began the process of considering how to enable priority objectives, including describing potential actions, team members, and adaptive capacity needs. In some cases, participants provided detailed information that may be inappropriate for a strategic document; where possible, this information has been included as examples sub-bulleted below strategic direction so as to record valuable input.
Climate Change Impacts and Vulnerabilities
Skeena Climate Change Projections[footnoteRef:7] [7:  The understanding of climate change is adjusting continually as models are improved with new research and methods. Projections in this document are derived from the Pacific Climate Impacts Consortium’s regional climate summary for the Skeena Region and its Plan2Adapt tool for projecting future climate conditions and ClimateBC. Projections are based on a combination of A2 and B1 emissions scenarios, where A2 represents roughly business as usual and B1 represents a more optimistic scenario with about ½ of emissions of business as usual.] 

The climate in the Skeena Region has changed over the past century and is expected to continue to change. Averaged across the region, almost 2C of warming has occurred during the 20th century, with most warming in winter. Projections suggest that the region may warm, on average, by about 1.5 to 4.3C by the end of this century.
Precipitation trends are more complex and vary considerably across the region. Over the entire Skeena Region, annual precipitation has increased over the past century, but has decreased from 1951 – 2009. Winter precipitation is projected to increase, but projections for summer precipitation are highly uncertain, with potential increases or decreases. Uncertainty about whether future summers will be wetter or drier is particularly high in the coast-interior transition area. The increased temperature and evaporative demand will likely overwhelm any increase in summer moisture.
Climate projections are based on mean temperature and precipitation per season and do not reflect the potentially large changes in variability and frequency of extreme events that will drive many impacts. 
Impacts of Climate Change[footnoteRef:8] [8:  This section includes information condensed taken from the Skeena Climate Change Extension Note. Many Skeena CAP workshop participants were also involved in developing the Extension Note.] 

The most profound changes to Skeena ecosystems in this century will likely be the result of more frequent and severe natural disturbances. Changes in climatic conditions support range expansion of forest pests that are currently limited by climate. Skeena ecosystems are already undergoing massive shifts due to loss of mature lodgepole pine to mountain pine beetle, loss of young planted pine to hard pine stem rust species or to Dothistroma needle blight, loss of aspen to the aspen leaf-miner and loss of willows to the willow borer. The limited number of tree species in the region means that ecosystems may be more sensitive to pest outbreaks than more diverse ecosystems. 
Changes in extreme weather events lead to increased abiotic and biotic disturbances. For example, in the coastal sub-region, increased storms will influence flooding, landslides and windthrow. Although the Skeena Region is less likely to experience severe heat waves than southern portions of the province, periods of relative drought projected for some sub-regions will influence fire hazard and drought stress, making trees more susceptible to insects and disease. Fewer extreme cold events will occur to inhibit insect outbreaks. 
Table 1 lists potential changes to natural disturbance regimes in the Skeena Region. 
	Natural Disturbance

	Fire and drought
	· Fires and drought may increase in coastal areas and in the most southerly areas of the interior plateau due to decreased summer precipitation 
· Fire patterns (e.g., size distribution) and variability among years may change.

	Wind and mechanical damage
	· Windstorms may damage ecosystems in coastal and northern portions of the Skeena.
· Damage from ice and snow may increase with increased storms and freeze/thaw events.

	Hydrogeomorphic (flooding and mass wasting)
	· Increased peak flows and sediment delivery may affect aquatic ecosystems and fish habitat as well as damaging infrastructure. 
· Increased seasonal soil moisture may increase mass movement.
· Loss of forest cover (due to disturbances) may increase chance of mass wasting.
· Increased storm surge events on the coast may affect coastal ecosystems.
· Loss of snow and ice at high elevation may increase mass wasting.

	Insects and disease
	· Mountain pine beetle outbreaks may expand into the northern portion of the Skeena. 
· Spruce beetles may increase. 
· Dothistroma needle blight could expand into much of BC’s northern interior.
· Even-aged lodgepole pine plantations will be especially vulnerable to a wide range of foliar diseases and stem rusts. 



Climate change, in combination with other natural and anthropogenic factors, will impact the values of the Skeena Region. Table 2 outlines potential impacts for values that were assessed as high priority by topic experts and managers. 
	Water

	Hydrological regime
	· Glaciers and permafrost will thaw.                                                                                                                                                 
· Shift from snowmelt driven to hybrid rain/snow driven in interior. 
· Shift from hybrid rain/snow regime towards rain driven on coast. 
· Altered timing of peak and low flows.

	Peak flows
	· Spring peak discharge will change
· Shift to hybrid regime could lead to more frequent high flows during fall.
· More frequent and higher magnitude flows could disturb streambeds and spawning habitat.

	Spring recession
	· Loss of snow-driven regime could reduce the spring recession, affecting the sorting and deposition of sediment and profoundly impacting aquatic habitat.

	Low flows
	· Smaller spring snowpack and earlier spring freshet will reduce summer low flows, increase the low-flow period and decrease groundwater storage. 
· Loss of glacial meltwater over the long term will reduce summer low flows.
· Temperature will increase in some streams and lakes, posing risk to temperature sensitive fish.

	Variability
	· Variability in peak flow frequency and magnitude will likely increase, leading to unstable stream morphology.

	Sea level
	· Increasing sea levels will increase coastal erosion and risk of inundation.

	Ecosystems and biodiversity

	Cumulative effects
	· Past human activities have altered and fragmented habitat, making dispersal in response to climate-related disturbance more difficult for specialist species.
· Human response to increased disturbance (e.g. extensive salvaging following insect infestations and fire) can exacerbate impacts of climate change.
· Old forest abundance will decline due to disturbance and harvesting, threatening associated species.
· Over-grazing and trampling impacts grasslands and forest understory by changing the plant community, destroying the biological crust and opening soil to invasive plants.

	Ecological communities
	· Communities will reassemble, often into new combinations, as some established species decline or disappear, new species colonise and interactions change.
· Some ecosystems may undergo regime shifts (e.g. from forest to shrubs or grassland).
· Analyses in the Nadina Forest District suggest that communities of plant and lichen species in current versus projected climate envelopes may differ by 80% at the site level in the wettest and driest sites, and by up to 65% at the variant scale.

	Interactions
	· Ecological processes and relationships among species may uncouple as the timing of events changes and becomes more variable. 

	Invasive species
	· Invasive species are expected to increase as temperatures and disturbance increase. 
· Current indigenous species may be less competitive in the new climate and disturbance conditions, facilitating invasive plant population expansion.

	Wildlife
	· Wildlife and trophic interactions will be particularly affected by changes in snowpack and freeze/thaw regimes. Impacts vary by species.
· Biting insects and disease may increase in response to milder weather; for example, winter ticks may increase impacts to moose.
· In the northern sub-region, later green-up timing could increase mortality of young sheep and goats.
· Increased fire could affect caribou habitat negatively and moose habitat positively.

	Trees

	Physiological tolerance
	· In coastal ecosystems, small changes in mean temperature around the rain-snow threshold have already led to a decline in yellow-cedar following the loss of a protective snow blanket. 
· Interior spruce on dry sites within the SBS plateau may be vulnerable to moisture stress.
· Uncertainty about climate projection leads to uncertainty about which trees may be best-suited to changing conditions.

	Productivity
	· Tree growth will likely increase in some areas due to elevated CO2 coupled with wetter summers and warmer temperatures. 
· Growth potential, however, may not be realised because of limited moisture or nutrients, because populations are not adapted to changed seasonality and increased extreme events, or because maladaptation increases susceptibility to insects and disease. Provenances are adapted to even narrower climatic conditions than species.

	Natural disturbance
	· Insects and pathogens can spread faster than trees; outbreaks could increase mortality even in healthy rapidly-growing trees.
· Stressed trees are more susceptible to insects and pathogens.
· Several deciduous and coniferous species, including the aspen, lodgepole pine and interior spruce that have defined the interior sub-regions of the Skeena, may decline substantially due to outbreaks.

	Competition
	· Competitive interactions among trees and other plants will change in unexpected ways leading to shifts in species dominance; for example, shrubs may be favoured in some cases following natural disturbance.





Adaptive Capacity Objectives
Adapting to climate change requires reassessment of fundamental management systems and approaches. Operating successfully in an uncertain climate requires broad thinking, flexibility and rapid response to changing conditions. High uncertainty prohibits risk-free decisions. Collaboration at all levels (e.g., managers, researchers, professionals), integration of business areas (e.g., Forest Stewardship, Research, Fish and Wildlife), and effective information flow are prerequisites to adaptability. It will be crucial to create a dynamic organisation that uses problems—rather than institutional artefacts—to drive solutions. Developing a functional adaptive management framework will be critically important to success.
Building adaptive capacity in the Skeena Region will require achieving four interdependent objectives:
1. Develop external collaboration
2. Develop internal collaboration
3. Build a functional adaptive management framework
4. Remove barriers to adaptive capacity
Objective 3 provides the overarching framework with four steps (3.1 – 3.4 in Figure 1). Objectives 1 and 2 facilitate creation of integrated teams that communicate well and bring the range of necessary knowledge, skills and authority to synthesise knowledge, assess risk, respond with adaptive actions and learn from past activities. Objective 4 enables decision-making. 
4. Remove Barriers
Values
3.4 Monitoring 
3.3 Decision-making
3.1 Knowledge Base
3.2 Risk Assessment
Integrated Team 
1. Internal Collaboration
2. External Collaboration 
(Internal 
Improve Communication
1. Internal Collaboration
2. External Collaboration 

Figure 1. Generalised adaptive management framework. Numbering matches objectives as described below.

The adaptive management framework is an iterative cycle with four main steps. The knowledge base includes synthesised information that is easily communicable. Risk assessment analyses the knowledge to determine the risk and uncertainty associated with various management options. Decision-making uses the knowledge and risk assessment to select management actions. Monitoring determines the effectiveness of the actions. Results of monitoring update the knowledge base.
The heart of an adaptive management framework is an integrated team with the expertise, interest and authority to assess knowledge and risk and to adapt management based on the knowledge and risk. Teams will vary to address specific value-based objectives, but should include topic experts (e.g., researchers, specialists, monitoring experts), analysts, and managers. 
All value-based objectives can use the same adaptive management framework. Attempts to create an all-encompassing approach can flounder due the magnitude and fuzziness of the task. An ideal approach builds a general conceptual framework (e.g., based on Figure 1 above) and uses high-priority value-based objectives to populate and refine the framework. The adaptive management cycle enables continual improvement, both over time and across values. Lessons learned from using the framework to address one value can be built into future iterations. 
Given the primacy of building adaptive capacity in addressing climate change, the Skeena Climate Action Plan first describes objectives that address adaptive capacity and then lists high-priority value-based objectives that can be addressed through the adaptive management framework. The value-based objectives can serve as pilot projects to build a practical framework.
Adaptive Capacity Objective 1: Develop external collaboration
Responding effectively to climate change requires identifying risks to values and developing the adaptive capacity to address the risks. Given that initial input into the draft Skeena CAP was limited to FLNRO staff, the draft likely does not represent First Nations and public values fully or adequately. Hence, the first goal is to collaborate with First Nations, and other governmental, and non-governmental, organisations to ensure completeness of the Skeena CAP and to build relationships that expand collective capacity.
Adaptive Capacity Objective 1.1: Collaborate with First Nations to develop and refine Skeena CAP objectives
The timeline available for this draft CAP did not allow for collaboration or consultation with First Nations. Hence, content of the CAP is subject to revision and/or expansion. 
This objective directly addresses Goal 3 of the Skeena CAP vision, and hence has high priority for completion in the short term.
Adaptive Capacity Objective 1.2: Collaborate with First Nations, other governmental organisations, industry and non-governmental organisations to support adaptive capacity
[bookmark: _GoBack]External collaboration will enable the Integrated Team that is central to a functional adaptive management framework. For example, external researchers can be invited to provide knowledge, and managers from other organisations can help identify program synergies. Federal government agencies share an interest in salmon, Regional Districts share an interest in management at community interfaces, and industries share an interest in monitoring the effectiveness of mitigation activities. Making good decisions in a time of rapid change and uncertainty can be assisted by improved accessibility and communication of data from all sources and by increased extension of research and monitoring results. A Knowledge Base (see Adaptive Capacity Objective 3.1 below) can store and synthesise knowledge from a variety of sources. For example, the Ministry of the Environment has a well-developed monitoring program for indicators of stream health[footnoteRef:9] that could be useful to address Water Objective 2 (below). [9:  CABIN benthic invertebrate sampling program; Greg Tamblyn, contact.] 

The principle action to address this objective is to
· Explore means to improve collaboration and expand collective adaptive capacity.
Adaptive Capacity Objective 2: Develop internal collaboration
Climate change provides an opportunity to increase integration amongst business areas. For example, changed precipitation affects hydrology and geomorphology researchers, fish and wildlife biologists, forest stewardship officers, and engineers. Effective communication among managers, researchers and practitioners is vital to allow development of a functional adaptive management framework.
Objective 2.1: Improve collaboration and integration among business groups
Integrated teams form the heart of a functional adaptive management framework (Figure 1). This objective also directly addresses Skeena CAP Goal 1 and is a high priority for the short term. Integrated teams will vary in composition with the value being addressed. Actions to work towards this objective include
· Build integrated teams around values and issues; include relevant expertise and decision-making authority
· Identify team members
· Facilitate integration (e.g., increase flexibility of staff allocation)
· Ensure that managers support and reward team activities  
· Foster a collaborative culture 
Objective 2.2: Develop communication framework that improves the flow of information among practitioners, researchers and managers
This objective supports Adaptive Capacity Objectives 2.1 and 3. The first action will be to assess the success of informal communication via integrated teams and the necessity to develop or refine more formal communication channels.
· Facilitate informal communication (e.g., via increased integration—see Adaptive Capacity Objective 2.1 above)
· Assess formal communication channels and improve where necessary to communicate concepts (e.g.,  risk, balance, uncertainty), results (e.g., of risk assessment, monitoring, research) and data (i.e., increase data more accessibility to a broader community)
· For example, increase extension amongst business groups via climate change information meetings, workshops
· For example, ensure wide distribution of climate bulletins, FREP reports
· For example, encourage attendance at webinars and guest lectures
· For example, use Bayesian decision-making structures
· For example, build a knowledge base that incorporates climate change (see Objective 3 below)
Adaptive Capacity Objective 3: Build a functional adaptive management framework 
An adaptive management framework is the centre-piece to building the Skeena Region’s capacity to adapt to the challenges posed by climate change in combination with other factors. Current practices and organizational cultures may limit effective communication and constrain solutions. A functional adaptive management process requires collaboration within and beyond Skeena Region FLNRO (i.e., Adaptive Capacity Objectives 1 and 2 are co-requisites). It also requires the will to adapt (see Adaptive Capacity Objective 4). Although building a functional framework seems a vast and daunting challenge, it is possible to begin with a conceptual framework (such as the general model in Figure 1), and to use smaller, value-based projects to both fill in content and refine design. Achieving this objective will lead to a new way of operating that is more responsive to change—success will allow the Skeena Region to provide leadership to other regions.
A functional adaptive management framework must be complete. The four steps below are all necessary, but need not be immediately developed in full detail. A functional framework is cyclical and iterative, allowing constant improvement.
Adaptive Capacity Objective 3.1: Build knowledge base
· Design knowledge base in a way that facilitates
· Assessment of risk to resource values posed by climate change and management activities (Adaptive Capacity Objective 3.2)
· Consideration of the magnitude of uncertainty (Adaptive Capacity Objective 3.2)
· Clear communication of knowledge (Adaptive Capacity Objective 3.2 and 3.3)
· Linkages to other sources of information and knowledge (Adaptive Capacity Objective 3.2)
· Easy updating (Adaptive Capacity Objective 3.4).
· Develop methods to synthesise and communicate knowledge clearly
· Compile, store and organise existing information and knowledge. A knowledge base increases accessibility of knowledge (see Adaptive Capacity Objectives 1.2 and 2.2 above) and allows risk assessment and communication. 
· Investigate ways to build on and link together existing FLNRO data management systems
· Investigate existing and developing innovative regional  Knowledge Bases for applicability and synergies (e.g., Babine Watershed Monitoring Trust (BWMT[footnoteRef:10]) has a complete knowledge base that has been used for over 10 years, Knowledge Summary for Coastal Focal Species is a detailed, focused summary, Skeena Knowledge Trust has completed the design phase and is starting the process of adding content) [10:  www.babinetrust.ca] 

· Develop knowledge base and enter content
· Assess knowledge gaps and determine the need to 
· improve data with field verification 
· collect new data (e.g., improved socio-economic analysis and synthesis that investigates the factors that drive human well-being to inform trade-off assessment)
Adaptive Capacity Objective 3.2: Develop risk assessment framework
· Develop risk assessment framework that links indicators of climate change and management activities to resource values, with explicit consideration of uncertainty
· Consider cumulative effects of climate change, natural disturbance and management activities in all risk assessments
· Allow for use of scenario modeling
· Use information theoretical and/or Bayesian approaches to analysis
· Investigate existing and developing innovative regional risk assessment frameworks (e.g., BWMT, Morice CEA, Skeena Watershed CEA, and Hydroriparian Planning Guide). Also follow development of Provincial CEA, led by the Natural Resource Permitting Project and the Ministry of Energy and Mines.
· Explore ways to improve access to statistical and other analytical advice at regional and branch levels
· Explore how to incorporate climate change into existing risk assessments
· For example, work with the province to include climate change in timber supply reviews
· For example, work with the province to include climate change in risk assessments and cumulative effects assessments
· For example, complete cumulative effects assessment for all Forest and Range Practices Act (FRPA) values 
Adaptive Capacity Objective 3.3: Develop adaptive decision-making framework
· Develop decision-making framework that enables adaptation of management (plans, practices, policy, legislation) to reflect knowledge and risk
· Investigate the need for new cognitive tools to facilitate interpretation and use of risk in decision-making
· Improve communication links between knowledge-holders and decision-makers so that rationales for decisions are clear
· Investigate barriers to presenting knowledge to decision-makers
· Develop mechanisms to ensure that knowledge is used to adapt management
· If uncertainty is high, develop mechanisms to either 
· adopt a precautionary approach or 
· decrease uncertainty by improving knowledge through experimentation
· For example, develop letters of expectation and presentations of data for licensees
· For example, use Forest and Range Evaluation Program (FREP) monitoring results to develop Best Management Practices 
· Investigate means to encourage responsive legislative change to respond to changed climate and resource value state
· Investigate means to encourage experimentation and increase flexibility in order to learn and improve
· For example, promote silvicultural experimentation by
· Removing cost barriers 
· Facilitating assisted migration trials
Adaptive Capacity Objective 3.4: Develop monitoring framework 
· Determine how to increase understanding of the value of monitoring
· Develop a framework to expand, prioritise and improve monitoring (e.g., Babine Watershed Monitoring Trust; expanded FREP monitoring)
· That improves awareness of how the environment is changing (e.g., changes in the state of the landscape and resources)
· That assesses effectiveness of practices (e.g., tree growth and survival by species throughout rotation)
· That captures variability within complex systems (e.g., permanent sample plots)
· Use existing monitoring programmes as the foundation and determine gaps, priorities and opportunities for synergies
· For example, FREP, cumulative effects assessments, multiple resource values assessments, permanent sample plots, young stand monitoring, stand development monitoring, exotic plantations, research installations, forest insect and disease surveys, forest health overview, timber cruising, weather, streams, snow pillows, wildlife surveys etc. 
· Coordinate monitoring programs
· Monitor changes in state of values and effectiveness of practices and update knowledge base
· Explore opportunities for increasing resources to monitoring
· Synthesise monitoring results and add to knowledge base
Adaptive Capacity Objective 4: Support adaptive capacity at a broader scale 
This objective aims to remove barriers at higher levels that hinder implementation of adaptive practices and development of knowledge in the Skeena Region. Barriers to implementation include an inadequate professional reliance model, decreased District Manager discretion and inflexible and/or non-evidence-based legislation—all of which lead to a discontinuity between knowledge and management decisions. These barriers prevent development of a complete adaptive management framework by cutting the link between Objectives 3.2 and 3.3 (Figure 1). Other barriers include lack of resources to support monitoring and analysis, which hinders gathering, synthesising and communicating knowledge. Skeena Region researchers and specialists are concerned that a weak base cannot support adaptive management; hence, achieving this objective will be necessary to enable a functional framework. 
Actions to address higher-level barriers include
· Explore options to improve the professional reliance model so that focuses on meeting goals rather than minimum legal standards, and is proactive
· For example, initiate Forest Practices Board (FPB) investigation of the effectiveness of professional reliance
· For example, discuss the challenges of the professional reliance model with the Association of BC Forest Professionals (ABCFP) and explore solutions
· For example, consider necessity for legislative approaches (e.g., increasing prescriptive guidelines)
· Explore ways to redefine success beyond the minimum
· For example, ensure application of best practices 
· For example, develop meaningful certification standards
· For example, consider necessity for legislative approaches
· Investigate means to reinstate District Manager discretion 
· For example, empower District Managers to consider climate change when reviewing Forest Stewardship Plans
· For example, require more rigorous rationales from licensees, plus more professional sign-offs, when conditions warrant (e.g., road building in unstable terrain where storm events are predicted to increase)
· Explore ways to remove legislative barriers to climate change adaptation
· For example, influence legislation for infrastructure standards that require culvert design to handle projected climate change impacts to flow
· For example, modify legislation to encourage flexibility in timber objectives, monitoring and experimentation to address climate change
· For example, modify legislation to include provisions to build in landscape-level redundancy to increase ecosystem resilience
· For example, revisit existing paradigms of fixed land-use designation to  determine options that better address conservation objectives
· For example, encourage use of FREP monitoring results to change legislation
· Investigate means to increase resourcing for monitoring (implementation, effectiveness and validation; see Adaptive Capacity Objective 3.4 above) 
· Explore ways to improve access to statistical and other analytical advice at regional and branch levels (see Adaptive Capacity Objective 3. 2 above)
· Encourage use of information theoretical and Bayesian approaches to avoid the pitfalls of type II errors
· Investigate options for reversing the burden of proof



Value-based Objectives
Water Goal: Encourage resilient watersheds that maintain aquatic values 
The water section includes an overall change in management approach to increase adaptive capacity (Water Objective 1) as well as several potential pilot projects (Water Objectives 2 to 5). Water Objectives 1 and 2 are developed in detail.
Water Objective 1: Assess and plan at watershed scale
The projected hydrological impacts of climate change increase the importance of considering water flow through the entire watershed system. Assessing and managing at the watershed scale could improve adaptive capacity and improve the likelihood of maintaining aquatic values. For example, a complete watershed assessment would consider downstream fish impacts as well as hydrology impacts related to equivalent clearcut area.
This objective can be supported by existing and emerging watershed assessment approaches. Because other jurisdictions have developed watershed-scale assessment, the first action will be to 
· Investigate existing watershed assessment programs:
· Provincial CEA
· Skeena Watershed CEA Research Program
· Bulkley TSA watershed assessment
Note also that freshwater assessment units (third or fourth-order watersheds, around 5,000 ha) have already been delineated for the province.
Elements of adaptive capacity that support this objective are outlined below:
Integrated Team
· Build integrated team including FLNRO and MOE staff and external partners including, for example, researchers and topic experts, analysts, water stewardship staff, watershed trusts (e.g., BWMT, Morice, Skeena Trusts), First Nations, watershed advisory committee representatives, water rights comptroller, District Managers, federal agencies (e.g., Water Survey Canada, DFO), licensees, etc.
· Explore watershed-level governance approaches that allow collaboration with First nations and other organisations
· For example, for large watersheds, develop large river advisory committees and develop processes for conveying advice to managers
· For large watersheds, improve communication channels through collaboration with other managers of large watersheds (e.g., federal agencies, First Nations)
Knowledge Base
· Use delineated freshwater assessment units
· Identify units considered for designation as Fisheries Sensitive Watersheds
· Investigate current state of knowledge and assess the need for further research
· Consider the need to re-inventory watersheds to determine sensitivity to changes in temperature, low flows, high flows and sedimentation
Risk Assessment
· Use delineated freshwater assessment units
· Build on existing and emerging assessment opportunities (see Adaptive Capacity Objective 3.2 above)
Decision-making
· Develop management guidelines based on watershed assessment, including determining triggers for more detailed assessment
· For example, develop small stream retention standards appropriate for watershed importance and sensitivity considering temperature, low flows, spawning areas and other factors (see Water Objective 2. below)
· For example, develop road and culvert maintenance standards appropriate for watershed importance and sensitivity considering soil type, terrain stability, road density, spawning habitat and other factors (see Water Objective 3 below)
· For example, work with province to develop legislation to limit equivalent clearcut area in relation to watershed importance and sensitivity
Monitoring
Monitoring is important to facilitate appropriate responses. Existing stations provide useful data, but baseline Water Survey Canada stations are being reduced. A sufficiently large monitoring network is important to capture differences among river systems.
· Investigate means to increase the number of monitoring stations in high-priority systems to measure water volume and temperature
· Link to FREP Watershed Assessment Evaluation Program
· Investigate means to monitor water use by licensees
Removing Barriers
· Investigate barriers to assessing and planning at the watershed scale (e.g., costs of implementation, reduced baseline monitoring, lack of resources for watershed trusts, legislation, burden of proof) and investigate means for removing barriers
Water Objective 2: Improve riparian management on small streams 
Small streams are known to be vulnerable to climate change, particularly in combination with removal of riparian areas. Riparian management on small streams can address many aspects of watershed integrity and aquatic ecosystem function. Water temperature, for example, is a function of air temperature, glacier loss and riparian cover on small streams, among other factors. Of these factors, riparian cover is amenable to management within watersheds, while the first two factors require climate change mitigation. From a watershed perspective, adaptation to climate change in temperature-sensitive watersheds will depend upon appropriate management around small streams because high temperature pulses travel downstream and may pose risks to temperature sensitive fish including salmon. Improved small-stream riparian management, unlike many climate change adaptation options, is a “no-regrets” action.
Integrated Team
Participants will be similar to those outlined for Water Objective 1 above.
Knowledge Base and Risk Assessment
The knowledge building and assessment steps needed to support adaptive management for small streams are well developed. A considerable small stream knowledge base already exists, based on research over the past three decades, and including recent FREP and Ministry of Environment (MOE) studies as well as coastal management recommendations included in the Hydroriparian Planning Guide. Topic experts consider that knowledge is not limiting. Risk assessments will be completed for all watershed units in the Skeena Watershed as part of the Skeena Watershed CEA Research Project, and watershed assessments have been completed for the Bulkley TSA. Assessments can flag the need for management response or additional field assessment to determine the sensitivity to small stream management. 
Decision-making
· Explore options for improving management of small streams
· For example, work with province to develop legislation to maintain functional riparian buffers around small streams, seepages and wetlands
· Discuss potential strategies with business areas that have recognised the importance of improved riparian management around small streams and have started to address barriers. For example, the Nadina Forest District has re-analysed costs via timber supply analyses and demonstrated that costs are not prohibitive, and has provided direction to licensees in letters of expectation for Forest Stewardship Plan extension and renewal.
Monitoring
· Investigate adequacy of existing monitoring programs (e.g., FREP small-stream monitoring, MOE CABIN monitoring) and assess requirement for further monitoring
Removing Barriers
· Investigate barriers to improving riparian retention around small streams and investigate means for removing barriers. Identified barriers include, for example,
· Lack of requirement for retention in current legislation
· Industry concerns about the cost of riparian retention
· A burden of proof that requires government to prove harm rather than industry to prove no harm, hence making a Type II error more likely
Water Objective 3: Improve stream crossings
Stream crossings (e.g., roads, bridges, culverts, pipelines) influence water quality, aquatic habitat, and fish migration opportunities. Connected reaches allow movement in response to impacts of climate change. Changed precipitation patterns can increase sediment input at stream crossings. Increased extreme events can also put infrastructure and public safety at risk (see Infrastructure Objective below).
· Investigate options to improve stream crossings to minimise cumulative effects with climate change
· For example, develop road and culvert maintenance standards appropriate for watershed importance and sensitivity considering soil type, terrain stability, road density, spawning habitat, fish migration routes and other factors 
· For example, design pipeline crossings to minimise impacts
· For example, use existing crossing inventory to identify stream crossings that act as movement barriers
Water Objective 4: Safeguard terrain stability
Terrain stability influences water quality and aquatic habitat. Terrain stability is influenced by soil type, slope, management activities (e.g., roads, pipelines, harvested areas) and precipitation. Changed precipitation patterns, with increased extreme events, will increase the risk to terrain stability. Climate change impacts to terrain stability can also affect public safety and infrastructure (see Infrastructure Objective below).
· Investigate options to safeguard terrain stability to minimise cumulative effects with climate change
· For example, develop heavy precipitation shutdown guidelines
· For example, assess and manage stability of pipeline right of ways
· For example, use environmental assessment policy guidance to expand study area assessment to include larger stability issues
Water Objective 5: Manage water withdrawals
Low flows influence water quality, particularly temperature and fish habitat quality. Low flows are affected by water withdrawals, increased air temperature, glacier melt, changed precipitation patterns and riparian management around small streams, among other factors. In some rivers, for example, the Kitimat River, water withdrawals, in combination with climate change, may reduce flows enough to put aquatic values at risk.
· Investigate options to manage water withdrawals to minimise cumulative effects with climate change.
Infrastructure Goal: Design and maintain infrastructure to withstand impacts of climate change
This objective was outlined, but not fully developed at the Skeena CAP workshops.
Infrastructure Objective: Increase and maintain infrastructure capacity to withstand impacts of climate change  
Changes to patterns of precipitation will increase demands on infrastructure (e.g., roads, bridges, culverts). Increased extreme rainfall, rain-on-snow events and coastal storms mean that peak flows, landslides and debris flows will increase in some locations. Sea level rise will also pose hazards in coastal areas. Well-designed and maintained infrastructure can protect public safety, industrial opportunities and resource values. Most current infrastructure is not built to withstand the projected increase in extreme events.
Actions to increase the capacity of infrastructure to cope with climate change include
· Expand inventory and effectiveness monitoring of infrastructure 
· Where infrastructure is inadequate, enable mechanisms for improvement
· Ensure that new infrastructure is designed to deal with projected extreme events
· Investigate the feasibility of reinstating a provincial mapping program to update and maintain maps of landslides, debris flows, alluvial fans, and related hazards.
Ecosystem Goal: Enable resilient ecosystems that can adapt to climate change with minimal loss of function and services
This objective was outlined, but not fully developed at the Skeena CAP workshops.
Ecosystem Objective: Develop comprehensive climate change conservation plan for the Skeena 
· Define biodiversity and ecosystem resilience management priorities
· Develop Skeena-specific toolkit of conservation techniques
· Develop multiple plans to deal with contingencies, including better tools to address catastrophes
· Re-evaluate the importance of natural areas and connectivity given climate change
· Adapt connectivity for sensitive species considering projected shifts in climate envelopes
· Consider building in redundancy by increasing the unmanaged area of each ecosystem
· Consider the effectiveness of current land-use designations and modify to improve conservation value
· For example, increase area unavailable for development
· Assess risk to wildlife species posed by the cumulative effects of climate change and management activities
· For example, consider the completed assessments for grizzly bears and moose in the Morice Watershed as a model for further analyses
· Develop and implement a strategy for those species most at risk
· Promote proactive habitat management for grizzly bears, an umbrella species representing ecosystem function
· For example, minimise cumulative effects of open roads and camps
· For example, develop effective education
· For example, manage habitat suitability
Tree Goal: Enable resilient forests that can adapt to changes in disturbance and other climate change impacts
One tree objective was well-developed during Skeena CAP workshops; a second objective was outlined, but not further refined.
Tree Objective 1: Develop enforceable objectives for tree species composition, age distribution and stand density that account for climate change 
Integrated Team
There are already many groups in place (e.g., Operational Industry Forum, provincial silvicultural working group, FRPA implementation teams); increased coordination and buy-in could increase integration. 
· Build integrated team, considering inclusion of District Managers, forest licensees, silviculture foresters (local, regional, provincial), climatologists, ecologists, ABCFP, Forest Practices Board, JAG, First Nations
Knowledge Base/Risk Assessment
Considerable knowledge exists in relation to potentially appropriate tree species, based on modelling exercises and experimental trials over the past decade. In particular, knowledge exists to demonstrate that stands dominated by lodgepole pine pose a high risk to resilience under the changed climate due to susceptibility to disturbance agents.
Decision-making
· Embrace risk-taking; articulate risks in decision rationales
· Develop landscape-level objectives and targets for increased tree species diversity and a diverse age-class distribution
· Develop stand-level objectives and targets for increased tree species diversity, including deciduous species, through all seral stages
· Encourage planting of climate-friendly stock
· Identify a range of suitable species for ecosystems based on climate projections
· Remove legislative and bureaucratic hurdles to planting climate-friendly stock
· Consider means to increase the speed and breadth of assisted migration to increase the speed of transition
· Discourage reliance on planting lodgepole pine-dominated stands
· For example, relax silvicultural obligations when licensees reforest with climate-friendly stock
· For example, restrict stocking standards
· Develop objectives and targets for stand density through seral stages
· Encourage experimental trials
· For example, relax silvicultural obligations when licensees employ innovative silvicultural techniques to improve stand resilience to climate change 
· Consider the successful approach used in the Nadina District: licensees received a letter of expectation in relation to stocking standards and attended information sessions on climate change, forest health in relation to silviculture and professional practice. The Nadina District Manager only approves FSPs with increased diversity and stocking standards.
Monitoring
· Expand monitoring to learn from experimental trials and new stocking standards
· Continue with FREP monitoring; expand FREP where weak
· Use results from monitoring to inform stocking standards
Removing Barriers
· Investigate barriers to achieving resilient forests and investigate means for removing barriers. Identified barriers include, for example,
· Costs: stocking control has shifted from government to industry; hence costs drive the choice of species composition
· For example, in coast ecosystems, cost has driven a shift to natural reforestation, leading to decreased diversity and stands dominate by western hemlock
· For example, in interior ecosystems, cost has driven stocking dominated by low-density lodgepole pine (cheap and establishes easily to achieve free-growing requirements)
· Risk to licensees: government could assume the short-term risk through various incentives, such as flexibility on silvicultural deadlines, in order to reduce the long-term climate risk
Tree Objective 2: Harvest amounts that are consistent with resilience
Growth-and-yield models, that are used to calculate harvest level, are considered overly optimistic, particularly given the increased disturbance projected, and therefore overharvesting creates a cumulative impact with climate change in reducing resilience.
Actions to address this objective include
· Review current practices 
· For example, consider Forest Practices Board special investigation on Timber Supply Modelling)
· Investigate ways to improve growth-and-yield models
· For example, account for climate change, model multiple scenarios, model and describe uncertainty
· For example, link to ongoing growth and survival monitoring
· For example, improve treatment of mixed-species stands
· Improve transparency
· Consider changing harvest levels to be more consistent with resilience as based on improved growth-and-yield models

Mitigation Objectives
Climate change mitigation actions are designed to reduce greenhouse gas emissions to the atmosphere, and to enhance the ability of ecosystems and human systems to sequester and store carbon. The forests of the Skeena Region serve an important role in carbon storage. Mitigation objectives were not discussed at the Skeena CAP workshops due to lack of time, but draft objectives have been included to stimulate discussion.
Mitigation Objective 1: Consider options for increasing carbon storage in forests
The coastal ecosystems of the Skeena region provide some of the best opportunities for long-term carbon storage world-wide, because of fast growth, long lifespan and low disturbance frequency. Fires are projected to increase less in northwest BC than in most other ecosystems in the province and in the world, increasing the relative carbon storage benefit of Skeena forests. Possible carbon storage actions include
· Investigate sponsoring a Skeena Region pilot for the forest carbon offset program 
· Investigate the carbon benefit and timber supply cost of shifting harvesting from oldgrowth to second growth
Mitigation Objective 2: Consider options for sequestering carbon in wood products
Wood products potentially store carbon for many decades, whereas paper products do not. Possible carbon sequestration actions include
· Consider the carbon storage benefit of long-lasting wood products when assessing proposed processing facilities. 
Mitigation Objective 3: Consider options for reducing carbon footprint
Resource extraction activities add emissions to the atmosphere. Many small individual options exist to reduce carbon footprint (e.g., using fuel-efficient vehicles and minimising transportation). Other possible actions include
· Avoid perverse subsidies for long-distance transport (e.g., subsidised roads)
· Avoid wasting fibre, particularly at the mill (e.g., use waste wood to create pellets or to generate energy)
· Evaluate the relative carbon costs of post-harvest treatments (e.g., piling and burning versus piling and leaving versus scattering smaller piles)
· Investigate mechanisms to pay a premium for low-carbon suppliers
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Appendix 1. Marine climate change adaptation and mitigation objectives from draft MaPP North Coast Marine Plan (draft 3.1, April 2014)
Table 3. Climate Change adaption and mitigation - Management objectives and strategies.
	Obj 1. Prepare and manage for ecological changes due to climate change.

	
	Strategy 1.1. Conduct a climate change vulnerability assessment for North Coast marine ecosystems.
Examples and/or potential actions - Identify key ecosystem functions and services that are specific to or prioritised in the North Coast plan area and focus research efforts on species that are more resistant and resilient to climate change impacts.

	
	Strategy 1.2. Consider the impacts of climate change in the design of a Marine Protected Areas network.
Examples and/or potential actions - Sites that have high carbon sequestration, adaptation and resiliency values.

	
	Strategy 1.3. Promote opportunities for ongoing monitoring of potential ecosystem changes due to climate change by developing a monitoring protocol for regional and community bodies.
Examples and/or potential actions -Identify existing monitoring efforts for identified climate change indicators. Communicate the monitoring requirements for implementation of MaPP to existing monitoring bodies and agencies.

	
	Strategy 1.4. Incorporate climate change into the selection of ecosystem indicators.
Examples and/or potential actions - High carbon sequestration, adaptation, and resiliency.

	Obj 2. Prepare and manage for impacts to cultural and socioeconomic changes due to climate change.

	
	Strategy 2.1. Conduct a climate change vulnerability assessment and mitigation plan for North Coast First Nations and local food networks and food security.
Examples and/or potential actions - Identify climate sensitive components of North Coast marine ecosystems that are important for First Nations food networks and food security, and identify mitigation measures.

	
	Strategy 2.2. Inventory archaeological and heritage sites that are vulnerable to climate change impacts and develop a plan for resilience and mitigation.
Examples and/or potential actions - Site-specific management plans.

	
	Strategy 2.3. Identify marine infrastructure that is vulnerable to climate change impacts and prioritise sites for mitigation.
Examples and/or potential actions - Prioritize and mitigate affected infrastructure using climate-smart restoration and mitigation techniques. Include economic cost-benefit risk analysis in order to prioritize mitigation.

	Obj 3. Contribute to provincial, regional and local efforts to reduce greenhouse gas emissions.

	
	Strategy 3.1. Identify areas that act as carbon sinks for the development of blue carbon projects.
Examples and/or potential actions - Include areas that involve a wide range of shoreline and estuary protection and habitat restoration activities and which can be designed to meet domestic and international quality standards.

	Obj 4. Work collaboratively to monitor and adapt to changes in fisheries and aquaculture systems due to climate change.

	
	Strategy 4.1. Consider climate change effects on locally important fisheries, particularly when selecting indicators and developing adaptive management plans.
Examples and/or potential actions - Includes local participation and employment related to fisheries.

	
	Strategy 4.2. Explore collaborative efforts to identify, research and evaluate potential new fisheries or opportunities due to climate change.
Examples and/or potential actions - Partnerships with academia, industry and others.

	
	Strategy 4.3. Consider the effect of climate change on new and existing aquaculture operations, particularly when developing adaptive management plans and tenuring decisions.
Examples and/or potential actions - Rationale for adaptive management plans and tenuring decisions should identify climate change considerations and/or management strategies.

	
	Strategy 4.4. Assess habitat vulnerability for key marine species when developing mitigation strategies.

	Obj 5. Reduce community vulnerability to climate change impacts and support community resilience.

	
	Strategy 5.1. Identify climate-related risks that communities are predicted to face or are already experiencing, and assess a community’s adaptive capacity based on these risks.
Examples and/or potential actions - A community based report of climate-based risks, including an assessment of the community’s ability to adapt.

	
	Strategy 5.2. Communicate the potential impacts of climate change through community outreach and public education, and include general household-level preparedness for emergencies.
Examples and/or potential actions - Food and water supplies, power outages, fuel, and heating and lighting sources.

	
	Strategy 5.3. Support the review and/or development of community emergency response plans for marine-based climate change events.
Examples and/or potential actions - Flooding, storm surge, and severe storm events.




