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Abstract 

Climate change is expected to significantly impact temperate forests.  One of the few practical 

options to maintain productivity of managed forests is to reforest harvested areas with resilient 

trees better adapted to future climate.  Such reforestation strategies include: a) increasing species 

and genetic diversity; b) facilitating the migration of species and populations; c) managing for 

species with shorter-rotations; and d) selecting and breeding for adaptation to environmental 

stresses.  The benefits and limitations of these strategies vary, although facilitated migration can 

be used to increase forest resilience and productivity.  BC’s forest policy framework has 

sufficient flexibility to implement most of these strategies.  However, policies that drive forest 

management to meet short-term results, such as free growing, serve as barriers.  Government, 

professionals, forest companies, and others need to find solutions to these barriers and develop 

reliable information and strategies at scales appropriate for forest management and planning 

purposes. 
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1. Introduction 

Climate change and the response of international, national and provincial governments to it are 

regular features of the news these days.  Hardly a day goes by without some reference in the 

media to climate change, its causes, observed and projected impacts, and measures that might be 

taken to address this global phenomenon.  Conflicting reports of global warming and its human-

induced causes in the media over the past decade have sown the seeds of doubt amongst the 

public and policy makers, and delayed proactive responses (Gore 2006, Weaver 2004).  

However, according to a 2005 national poll, the majority of Canadians believe that they are 

already witnessing the effects of climate change and that global warming will have a negative 

effect on Canadian society (Ekos 2005).  In this poll, residents of British Columbia were noted as 

being more concerned about the potential impacts of climate change than residents of other 

provinces.  In a more recent Canadian poll, anxiety about environmental change overwhelmed 

terrorism, crime, and health care as society's greatest threat (Laghi 2006).  

  

Global warming projections are based on a wealth of scientific information, well-established 

laws of physics, and sophisticated computer simulations that model how the atmosphere, 

terrestrial systems, and oceans behave in response to changes in solar radiation, the concentration 

of gases, aerosols, and water vapour in the atmosphere, and numerous other factors that influence 

the global climate (Hengeveld et al. 2005).  This research also indicates a strong correlation 

between changes in climate and the concentration of greenhouse gases (GHG), such as carbon 

dioxide (CO2), methane (CH4) and nitrous oxide (N2O), in the atmosphere.  These gases trap and 

reflect heat back to the Earth’s surface in a process known as the greenhouse effect (CCIAD 

2004).  
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Although GHGs are emitted though natural processes, including plant respiration and 

decomposition, human activities have increased the concentration of these gases in the 

atmosphere to unprecedented levels (IPCC 2007a, Hengeveld et al. 2005).  According to the 

Fourth Assessment Report of the Intergovernmental Panel on Climate Change, the average 

global surface temperature warmed by 0.6 oC during the 20th Century and is likely to increase an 

additional 1.1 to 6.4 oC over the next century (IPCC 2007a).  This range represents the estimated 

minimum and maximum temperatures of six possible future emission scenarios using a range of 

global climate models.  Observed and projected warming trends are primarily attributed to the 

burning of fossil fuels and changes in land use over the past 200 years (IPCC 2007a).  The 

concentration of GHGs in the atmosphere is expected to rise even further, correlated with 

continued growth in human population, development and energy consumption, over the next 50 

years (IPCC 2007a).  The warmest five years on record (global average) have occurred since 

1998, with 2005 being the warmest (NASA 2005). 

 

Global warming is expected to be more pronounced towards the poles (IPCC 2007a).  

Projections from the Canadian Climate Model (CCCMA 2006) suggest that most of Canada will 

experience a 5 oC increase by 2100, with the onset of warming being more pronounced during 

the winters and in the far north (Government of Canada 2003).  Temperature records observed 

over the past 50 to 100 years confirm that this warming trend is already occurring, as evidenced 

by a longer frost free period, reduction in the permanent ice in the arctic, and retreat of mountain 

glaciers (IPCC 2007a, Environment Canada 2006, CCME 2003).   In a warming climate, the 

frequency and magnitude of extreme weather events, such as heat waves, tropical storms, ice 

storms, and floods, are anticipated to increase.  Precipitation and soil temperatures are also 

expected to change, and vary greatly on a seasonal and regional basis (IPCC 2007a). 
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Changes to the Earth’s climate have occurred over the millennia, resulting in changes to 

ecosystems and biodiversity.  However, the current and projected rates of climate change are 

much greater than those that have occurred over the past 10,000 years (based on ice core CO2 

samples) and will result in significant changes to the biosphere (IPCC 2007a, 2007b).   Every 

ecosystem on Earth will be affected by climate change (IPCC 2007b).  Changes in temperature 

and precipitation will cause changes in the distribution of ecosystems and species.  Some 

ecosystems and species, particularly those already at risk from anthropogenic stresses  

(e.g., pollution, habitat loss, and over-exploitation) may perish, while others will prosper under 

different climatic conditions (IPCC 2002).  The resilience1 of many ecosystems is likely to be 

exceeded over the next century due to unprecedented combinations of climate change and 

associated disturbances, such as flooding, drought, wildfires, insects, and rises in sea levels and 

ocean acidification (IPCC 2007b). 

 

Coastal settlements, water availability, agriculture production, industrial activities, and human 

health in many regions of the world are also anticipated to be adversely affected by climate 

change (IPCC 2007b).  The health and well-being of Canadians will subsequently be impacted 

not only by changes to Canada’s forest ecosystems but changes to other natural and human 

systems globally.  Despite the overwhelming scientific evidence that climate change is occurring, 

the uncertainty and complexity of climate change, and its impacts at regional and local levels, 

                                                 

1 "Resilience" is not defined by the IPCC.  For the purposes of this report, resilience, as it applies to ecosystems or to 
integrated systems of people and the natural environment, has three defining characteristics: the amount of change 
the system can undergo and still retain the same controls on function and structure; the degree to which the system is 
capable of self-organization; and the ability to build and increase the capacity for learning and adaptation (Resilience 
Alliance 2007). 
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makes it difficult for decision-makers to assess these risks and choose appropriate courses of 

action (IPCC 2002). 

 

The most prudent course of action to reduce the magnitude and impacts of climate change is to 

reduce GHG emissions.  Signatories to the 1997 Kyoto Protocol, including Canada, have 

committed to reducing GHG emissions by 2012 to levels below those of 1996 over the period 

2008 to -2012 (UNFCCC 1998).  However, despite increasing awareness and evidence of 

anthropogenic effects on climate, GHG emissions continue to rise.  For example, GHG emissions 

in Canada rose by 23% between 1990 and 2003, despite the previous Federal government’s 

commitment under the Kyoto Protocol to reduce GHG emissions to 6% below 1990 levels 

(Government of Canada 2005).  Even if significant efforts could be made now to stabilise or 

reduce GHG emissions globally, temperatures would continue to rise owing to the long time 

required for the climate systems to come into equilibrium with the GHGs already present in the 

atmosphere (IPCC 2007a). 

 

In response to lack of progress in voluntary reductions in GHG emissions and heightened public 

awareness, Canadian governments are beginning to take firmer action.  The Federal Conservative 

Government of Canada, following announcements that it would not be able to meet its Kyoto 

targets (ENS 2006), recently introduced a Clean Air Act that is aimed at reducing GHG 

emissions and air pollutants (Government of Canada 2007a).   A panel commissioned by the 

Government of British Columbia (BC) to assess the economic impacts of climate change 

recommended that government establish emissions targets and take advantage of BC’s 

competitive advantages in forest management, fuel cells, and natural gas production (Sampson et 

al. 2003).  The Government of BC subsequently released its first climate change action plan in 
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2004 (Government of British Columbia 2004).  This plan contains 40 action items but does not 

include any targets.  The BC government recently announced that tackling the challenge of 

global warming is a top priority (Government of British Columbia 2007a).  Following up on this 

commitment, the BC government introduced a Green Energy Plan that sets a goal of reducing 

BC’s greenhouse gases by at least 33 per cent below current levels by 2020 (Government of 

British Columbia 2007b). 

 

In addition to mitigation actions, governments, businesses, and communities are also 

increasingly recognizing the need to be prepared to respond to the effects of climate change by 

identifying risks and vulnerabilities, and developing adaptive responses (Parry et al. 2005).  BC’s 

2004 climate plan recognized the importance of addressing climate in government planning and 

operations, and developing capacity in all sectors to respond to extreme weather and climate 

change.  Several BC communities and regions, such as Vanderhoof and the Columbia Basin have 

also independently considered and assessed the vulnerability of their economies, ecology and 

community sustainability, and are beginning to identify the tools and strategies required to cope 

with potential changes (NRCan 2005a, Columbia Basin Trust 2006).  

 

Federal and provincial agencies, various industries and associations across Canada are also 

beginning to increase their awareness of climate change and its risks and building capacity in 

response to these risks (NRCan 2005b).  The Association of BC Forest Professionals (ABCFP) 

has been raising awareness of climate change amongst its members through recent 

communications, publications and annual general meetings (D. Yochim, pers. comm.,  

November 1, 2006).  Environmental non-government groups (ENGOs) in BC and across Canada 

have been advocating firmer action in response to climate change for the past few decades.  Most 
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of these efforts have been directed to reducing GHG emissions, but ENGOs are also now 

beginning to advocate measures aimed at preparing society for climate change (J. Clogg, pers. 

comm., November 8, 2006).   The BC Ministry of Forests and Range (MoFR) recently undertook 

a review of the potential impacts of climate change on BC forest and range resources and 

identified a number of potential adaptive responses (MoFR 2006a).  The MoFR is currently 

developing a strategy and action plan under its Future Forest Ecosystems Initiative, the purpose 

of which is to adapt BC forest and range management framework to a changing climate (MoFR 

2006b). 

 

Planning responses to climate change in forest management is especially important, given the 

lengthy period of time associated with growing a crop of trees (50 to 120 years).  Implementing 

adaptive forest management responses can and should, therefore, begin well in advance of the 

anticipated impacts (Spittlehouse & Stewart, 2003).  However, given the enormous size of BC’s 

forests (60 million hectares), there is little forest managers can do to protect all existing forested 

ecosystems from a rapidly changing climate, with the exception of fighting forest fires.  Most of 

BC’s forests will therefore have to adapt autonomously to climate change without human 

intervention (Spittlehouse 2005).  Forest managers can “assist” new forests in adapting to climate 

change through reforestation activities, including artificial regeneration (Spittlehouse 2005).  

Establishing forests following a disturbance (fire, pest outbreak or harvest) with a view to 

making them more resilient to anticipated climate change is one of the few proactive and 

pragmatic adaptation strategies available to forest managers.   



Reforestation Strategies for Climate Change 

 7

2. Research Objectives and Methodology 

2.1. Research Objectives and Purpose 

Climate change is affecting BC forests through large-scale disturbances such as fires, pest 

outbreaks, and extreme weather events.  With increasing awareness of climate change, forest 

managers, policy-makers and the public are asking what can be done to mitigate these impacts, 

and potentially exploit the opportunities of a warming climate.  A number of adaptive forest 

management strategies, including development of fire-smart landscapes, partial cutting, pre-

commercial thinning, vegetation control, and the use of pesticides, could be employed to buffer 

forests from potential adverse impacts (Spittlehouse & Stewart 2003).  Harvest scheduling and 

forest management activities, including reforestation, may also need to take into account the 

release and sequestration of carbon from forests (Boyland 2006).  This research, however, is 

focused on those adaptive strategies that could be used to regenerate harvested forests so that 

these managed forests are more resilient and better adapted to changing environmental 

conditions. 

 

This thesis research set out to examine the following questions: 

1. What reforestation strategies could be used to adapt BC’s managed forests to climate 

change given climate change projections for BC over the next century?   

2. What are the barriers and opportunities for implementing these strategies under the 

current forest management policy framework?  

 

Since different reforestation strategies would likely impart different levels of benefits, and the 

barriers and opportunities for implementing them will also vary, a comparison of these strategies 
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is sought.  Furthermore, identification of the factors that influence forest policy development is 

also required in order to understand how to overcome the identified barriers and take advantage 

of the opportunities. 

 

“Policy” in this research is defined as:  

“The course or principles of action adopted by government to guide the management and 

use of forest resources and the development and operation of the forest sector.” 

(ABCFP 2006a). 

 
Such policies include legislation, regulations, agreements, and administrative procedures 

established at international, federal, provincial and regional levels.  The factors that influence 

forest management policies, such as operational and administrative costs and social values, are 

also considered. 

 

Policy barriers are considered to be impediments to changing forest management practices that 

exist within in the policy instruments and influencing factors listed above.  Opportunities, 

however, are considered to be those provisions within the existing legal framework that can be 

used to enable changes in forest management practices without need of amendments to 

legislation or regulations by government.  The purpose of this research is to assist forest resource 

managers and decision-makers (including public servants, professionals, tenure holders, elected 

officials, and land-owners) and members of the public in the evaluation, development and 

selection of appropriate adaptive reforestation strategies in response to anticipated climate 

change.   
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2.2. Research Methodology 

The methodology used to initially guide this research was based, in part, on the formative 

evaluation research method described by Trochim (2002): a problem is formulated; alternative 

strategies are identified and evaluated; solutions recommended; and plan to implement these 

solutions is identified.  The research method was subsequently informed by the several 

frameworks for developing adaptive responses and policies.  Vulnerability analysis frameworks 

described by Burton et al. (2002) and Smit & Pilifosova (2002) begin with the identification of 

potential impacts in the absence of adaptation, and the social, political and economic barriers, 

obstacles and incentives to change.  This is followed by designing, assessing and prioritizing 

adaptation initiatives – including identification and distribution of the potential costs and benefits 

of implementing new policies and practices.  McKinnon (2003) and Ohlson et al. (2005) describe 

a vulnerability assessment approach to facilitating adaptation in the forest sector and forestry 

dependent communities.  They define vulnerability assessment as the evaluation of risks to 

climate change impacts and the capacity of ecosystems and human systems to adapt to those 

anticipated changes.  Füssel & Klein (2006), in their review of a number of vulnerability 

assessment frameworks, identify the emergence of ‘adaptation policy assessments’ that are 

aimed at providing recommendations to planners and policy makers on the enhancement of 

adaptive capacity and adaptation policies.  These policy assessments examine response options, 

including the feasibility of their implementation and compatibility with other policy goals (e.g., 

sustainable development).  This research is more aligned with the adaptation policy assessment 

framework described by Füssel and Klein (2006) but also contains elements of the other 

aforementioned vulnerability assessment frameworks. 
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The following steps were used in undertaking this research: 

1. Review current information regarding climate change and climate change projections, 

globally, nationally and for BC; 

2. Identify potential impacts that climate change may have on forest ecosystems, and BC’s 

commercial tree species in particular; 

3. Identify climate change reforestation strategies of relevance to temperate forests, and BC 

in particular, that could be used to mitigate risks and take advantage of any benefits of 

climate change; 

4. Examine the benefits and limitations of these strategies;  

5. Review BC’s forest policy framework, particularly those policies and practices that relate 

to reforestation;  

6. Identify potential barriers and opportunities within the current policy framework for 

implementing these strategies, including operational and administrative costs and social 

issues that influence policies and practices; 

7. Review factors affecting the development of forest policies in response to climate 

change; and  

8. Develop recommendations to overcome the identified barriers and to take advantage of 

identified opportunities for those strategies that may impart the greatest benefits;  

 

In identifying and assessing the reforestation strategies, it was assumed that regional climate 

change projections (scenarios), science-based standards and guidelines, and appropriate decision-

support tools for implementing these strategies will eventually be developed and refined.  This 

thesis does not examine such present information gaps in depth. 
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Information used this research was gathered from: 

• peer reviewed and grey literature, including proceedings from climate change workshops, 

government reports, professional reports and other publications; 

• forest legislation, regulations, standards and their associated supporting and interpretive 

documents; and 

• semi-structured interviews with representatives from the BC Ministry of Forests and 

Range (MoFR), Council of Forest Industries (COFI), Association of British Columbia 

Forest Professionals (ABCFP), Forest Genetics Council of British Columbia (FGC), First 

Nations, a forest company, and an environmental non-governmental organization. 

 

Interviewees were selected by the author based on their experience and knowledge of climate 

change, forest practices and/or forest legislation.  The names and affiliations of the persons 

interviewed and the questions used to guide the interviews are included in Appendix 1.  The 

telephone and email solicitations used to invite these interviewees, and to obtain their free and 

informed consent follow in Appendix 2. 

 

These one-on-one interviews, which lasted between 45 to 90 minutes each, were conducted in 

person or over the telephone between Fall 2005 and Spring 2007.  The questions were provided 

several days in advance to permit interviewees time to formulate ideas and responses.  Semi-

structured interviews (asking and responding to a series of broad open-ended questions) were 

selected as the survey method to allow the interviewees to explain their responses and provide 

more in-depth information, and to provide the author an opportunity to ask clarifying and 

probing questions (Johnson 2002, Brewerton 2001). 
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Because interviews are time consuming to arrange and conduct, only 12 persons were 

interviewed.  This small survey sample, and likely bias of the interviewees, does not permit 

extension of the views of the interviewees to larger populations (Brewerton 2001).  Furthermore, 

the responses of persons interviewed do not necessarily represent the positions or views of their 

respective organization or community.  Interviews also can also lead to misunderstandings or 

misconceptions for the interviewee and interviewer (O’Leary 2004).  As such, no attempt was 

made to apply any statistical analysis to the responses.  Semi-structured interviews were, 

nonetheless, deemed to be an effective means of soliciting opinions regarding potential policy 

barriers and opportunities for implementing the identified reforestation strategies that would not 

otherwise be apparent in reviewing the legislation and available literature alone.  Engaging these 

policy makers and stakeholders also served to increase their awareness of climate change, 

adaptation, and potential responses. 

 

This research was also informed by several climate change related initiatives undertaken by the 

MoFR over the past two years, of which the author was a participant or lead.  These initiatives 

include the Species Management in Mountain Pine Beetle Impacted Timber Supply Areas 

(Martin et al., 2005), Climate Change Task Team (MoFR 2006a), and Future Forests Ecosystems 

of BC Initiative (MoFR 2006b).  The author can claim a relatively good understanding of the 

reforestation practices in BC and the policies that govern them, having worked for the MoFR 

over the past 14 years in policy analysis respecting forest genetics, tree improvement, silviculture 

and forest tenures. 
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3. Impacts of Climate Change to BC’s Forests 

Forests dominate two-thirds of BC’s landscape, covering approximately 60 million hectares of 

the Province’s 95 million hectare total area.  These forests are the most biologically and 

climatically diverse forests in Canada, consisting of coastal and interior temperate rainforests, 

dry-open forests in the south, and cold boreal forests in the north.  About 95 per cent of BC’s 

forests are publicly owned and deliver a mix of benefits such as timber, range, water, wildlife 

and fisheries habitat, recreation opportunities, and a variety of other social and environmental 

services (BCMON 2006).  The forest sector is the foundation of British Columbia’s economy, 

accounting for 14% of employment and 15% of all economic activity (MoF 2004a). 

  

The observed and projected impacts of climate change on forests and the forest sector has been 

examined by a number of researchers over the past decades.  These impacts include significant 

changes to species and ecosystem distribution, ecosystem processes, forest disturbances, forest 

productivity, and socio-economic systems dependent on forests (Aber et al. 2001, Dale et al. 

2001, Hansen et al. 2001, Irland et al. 2001, Peters 1990).  This section provides an overview of 

some these impacts that are applicable to temperate forest ecosystems, and BC’s forests and tree 

species in particular. 

 

In a warming climate, temperate tree species will generally expand their range northward and 

upward in elevation, and lose habitat in the southern and lower ends of their current distribution 

(Iverson & Prasad 2002, Hansen et al. 2001, Neilson et al. 2005).  In BC’s mountainous regions, 

forests could encroach into alpine ecosystems, and drier open forests may be replaced by 

grasslands (Hebda 2005).  Even if environmental conditions for a species improves, it may not 

be able to respond or migrate to new climatic niches due to slow reproduction or dispersal rates, 
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lack of suitable soils or habitat, competition with other species, and habitat fragmentation 

(Higgins & Harte 2006, Neilson et al. 2005, Gray 2005, Jump & Peñuelas 2005).  As a result, 

many species will not be able to keep up with the projected rate of climate change by changing 

their frequency and distribution in accordance with the climate niche theory (Hamann & Wang 

2006, Neilson et al. 2005, Rehfeldt et al.1999).  Ecosystems and species ranges will therefore 

expand and contract independently and at different rates (Hansen et al. 2001).  New vegetative 

complexes will likely arise, that in turn will alter existing ecosystem functions and affect 

important climate feedbacks of carbon storage, evaporation and land-surface albedo (Higgins & 

Harte 2006).  

 

Warmer temperatures will result in a longer growing season and more frost-free days, 

potentially making plants (and sites) more productive (CCIAD 2004).  The autonomous 

response to climate change exhibited by plants is known as phenotypic plasticity – the ability 

of an organism to adjust its behavior to a new set of environmental conditions (Noss 2001).  

Examples of plasticity in trees include phenological changes such as breaking buds earlier in 

spring and setting buds and growing later into the fall in response to a longer growing season.  

However, not all species and populations have the same genetic capacity to respond 

phenologically to more favourable growing conditions.  For example, Dr. Greg O’Neill, 

forest geneticist, MoFR, estimates that southern populations of lodgepole pine could 

experience a 20-30% reduction in timber productivity over the next 50 years due to 

maladaptation resulting from climate change (pers. comm., October 25, 2005). 

There is also a limit to the amount of climate change an individual organism can tolerate 

beyond which it will perish or not be able to reproduce (Gray 2005).   Lower winter 
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temperatures that decrease cold hardiness can increase vulnerability of trees to spring frost.  

For example, winter thaws and late spring frosts are suspected as the cause for wide-spread 

shoot dieback in yellow birch (Betula alleghaniensis Britton (Betula lutea Michx. F.)) in 

eastern Canada (Zhu et al. 2002).  Conifers such as Douglas-fir (Psuedotsuga menziesii 

(Mirb) Franco) may also not receive sufficient chilling during the winter in order to break 

dormancy in the spring.  Insufficient chilling during the winter months can result in 

decreased growth, and in some cases mortality (Kimmins & Lavender, 1989).   

 

Warmer temperatures may also adversely effect flowering and seed development of forest trees, 

reducing their ability to regenerate, even in climates that do not adversely affect growth (Ledig & 

Kitzmiller, 1992).  Reduced seed production and dispersal may lead to an erosion of the high 

levels of genetic diversity required by populations to adapt to a changing climate (Johnson et al. 

2006).  Changes in the reproductive biology of commercial tree species may also compromise 

the ability of persons with reforestation obligations to collect seed from wild stands and seed 

orchards, which is required to produce the approximately 260 million seedlings planted annually 

in BC (BCMON 2007, MoFR 2007a). 

 

Global commercial timber productivity is projected to rise modestly in the short-to medium-

term, with large regional variability (IPCC 2007b).  Rehfeldt et al. (1999) predicts that 

northern populations of lodgepole pine (Pinus contorta Dougl.) in BC may respond 

positively to a warmer climate as these provenances – which migrated there from the south 

over the past several millennium – have not yet perfectly adapted to the colder northern 

climate.  This phenomenon is referred to as “evolutionary lag” (Rehfeldt, Wykoff & Ying 

2001).  Johnson & Williamson (2005) and Nigh et al. (2004) predict that warmer conditions 
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will increase forest tree growth and productivity in white spruce (Picea glauca (Moench) 

Voss) and in coastal Douglas-fir respectively.  However, these studies did not consider if the 

changing environmental conditions were within the genetically programmed physiological 

tolerance of the trees (MoFR 2006a).  Furthermore, changes to other climatic variables may 

also have a greater influence on growth.  For example, Spittlehouse (2003, 1996) predicts 

that, in the case of coastal Douglas-fir changes in water availability due to climate change, 

there will be a greater impact on tree productivity than temperature.  Further information and 

research on the physiological tolerances and limits of BC’s tree species is needed to assist in 

predicting responses of tree species to projected climate change. 

 

Forest productivity (tree growth) may be enhanced by increased CO2 concentrations in the 

atmosphere (Norby et al. 2005).  The ability of trees to tolerate drought may also increase as 

water loss is reduced through increased photosynthetic efficiency and respiration under higher 

CO2 levels (Karnosky 2003).  However, other studies challenge the assumptions that forest trees 

will respond positively to higher CO2 levels in the atmosphere (Schiermeier 2005).  For example, 

Swiss researchers found no noticeable increase in stem volume or leaf litter production after a 

four-year CO2 enrichment trial in a middle-aged mixed species deciduous stand (Kröner et al. 

2005). 

 

Limited availability of soil nutrients (such as nitrogen), possible reductions in precipitation and 

soil moisture, and increased levels of ozone and other atmospheric pollutants, may also limit the 

ability of trees to respond to warmer temperatures and increased CO2 levels (Boisvenue & 

Running 2006).  Climate change will also impact the abundance and diversity of soil microbial 
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communities that will in turn influence the success and productivity of future forests (Parker et 

al. 2000). 

 

Warmer temperatures and changes to climate systems are expected to increase the frequency and 

intensity of forest fires, drought, floods, and storms, the incidence and severity of insect and 

disease outbreaks, and the spread of invasive species (CCIAD 2004).  The large catastrophic 

fires that occurred in BC’s southern interior in 2003 and 2004 have been attributed, in part, to 

warmer than usual summer temperatures and extended drought (CCIAD 2004).  High fuel 

loading from years of fire suppression also contributed to the intensity of these fires.  These fires 

destroyed thousands of hectares of forests and hundred of millions of dollars in property and 

timber (MoFR 2005a).  Observations of increased mortality of western redcedar (Thuja plicata 

(Don ex D. Don) Spach) on Vancouver Island have also been attributed warmer and drier 

summers (Hebda 2005). 

 

The recent mountain pine beetle (MPB) (Dendroctonus ponderosae Hopkins) outbreak in BC’s 

lodgepole pine forests has been linked to warmer winters.  In the past, MPB populations were 

kept in check by cold snaps in the late fall and early spring.  In the absence of cold weather 

events the MPB population has increased to unprecedented levels (Carroll et al. 2006).  It is 

estimated that 80% of the Province’s mature lodgepole pine trees will succumb to the insect by 

2013 (Eng 2005).   Another possible indicator of climate change is the recent outbreak of 

Dothistroma needle blight (Mycosphaerella pini Rost. in Munk), which has defoliated and killed 

extensive lodgepole pine forests in Northwest BC.  This outbreak has been attributed wetter and 

warmer conditions during summers over the past few years (Woods et al. 2005).  A host of other 

forest insects and disease are also expected to proliferate under a warmer climate (MoFR 2006a).  
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Foresters in north central BC are particularly concerned about the increased risk of white pine 

terminal weevil (Pissodes strobi Peck), which attacks and kills the leaders of white pine, spruce, 

and other tree species (V. Day, pers. comm., February 9, 2006).  With a reduction in the frost 

free period, the weevil’s range may increase putting more plantations at risk (Sieben & 

Spittlehouse 1992). 

 

There are also a number of compounding environmental effects associated with these climate 

induced disturbances.  For example, forests under stress from drought and other factors will not 

be able to resist pest attacks and competition from invasive species as well as non-stressed 

forests might (CCIAD 2004).  Forests killed by drought and pests are also more susceptible to 

wildfire (Volney & Hirsch 2005).   Loss of forest cover will also result in increased habitat 

fragmentation and ecosystem instability (Jump & Peñuelas 2005, CCIAD 2004).  For example, 

large scale climate-induced mortality of forests will affect hydrological processes such as 

evaporation, ground water tables, and peak stream flows and water yields (Winkler et al. 2006, 

Maloney 2005).  These hydrological changes, in conjunction with likely changes to seasonal 

precipitation patterns (e.g., heavy rain events and reduced winter snow packs) can increase the 

likelihood of soil erosion and landslides, damage to forest roads, drainage structures, and water 

channels, and reduce water quality (Winkler et al. 2006).  Hydrological changes will in turn 

effect aquatic ecosystems and fisheries, such as salmon, that are sensitive to water levels and 

temperature during migration (Mote et al. 2003). 

 

Human-related activities in the forest such as harvesting of timber, collection of non-timber 

forest products and recreation will also be affected by climate change (Irland, 2005).  For 

example, harvesting and road building operations will be impeded due to later freeze-up and 
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earlier thaw in warmer winters.  Harvesting and recreation opportunities will also be curtailed 

due to increased fire hazard during drier summers (Spittlehouse, 2005). 

 

Climate change will have serious repercussions for BC forest resources and the people and 

communities that depend upon them (MoFR 2006a, Williamson et al. 2005, Davidson et al. 

2003).  For example, First Nations have a strong association with the land, water, and the plants 

and animals that inhabit them.  The potential loss of certain species, such as salmon, could 

disrupt the organization and foundation of whole communities (G. Merkel, pers. comm., October 

25, 2006).  Climate change will also affect forest product industries and markets, both locally 

and globally (Shugart, Sedjo, & Sohngen 2003).  The use of forests to offset GHG emissions by 

sequestering carbon in timber, soils and forest products also has the potential to influence forest 

management activities (van Kooten & Binkley 1994).  Anticipating these socio-economic 

impacts is a formidable task, but these factors also need to be considered when assessing impacts 

and vulnerability of forests to changing conditions and in developing adaptation strategies 



Reforestation Strategies for Climate Change 

 20

4. Adaptation Strategies for Reforesting BC’s Managed Forests   
Responses to anthropogenic climate change are grouped into two general categories: mitigation 

and adaptation.  Mitigation refers to limiting global climate change through reducing GHG 

emissions and enhancing GHG sinks (Füssel & Klein 2006).  Adaptation refers to adjustments in 

ecological, social and economic systems in response to actual or expected changes in climatic 

means, variability and extremes (Spittlehouse 2005, Davidson et al. 2003, Smit & Pilifosova 

2002).  Employing adaptive actions cannot prevent economic and other losses that may result 

from climate change, but they can reduce or delay those effects (Smit & Pilifosova 2002). 

 

Spittlehouse (2005) groups adaptive actions in forest management into three categories:  

• Societal adaptation (e.g., changes in forest policies to encourage adaptation, changing 

forest management objectives);  

• Adaptation of the forest (e.g., reforestation strategies, fuel management); and 

• Adaptation to the forest (e.g., social changes, mill relocation).   

 

Spittlehouse and Stewart (2003) conducted a literature review and summarized a number of 

proposed adaptive actions for reducing vulnerability of forests to climate change – those that 

constitute adaptation of the forest actions.  These actions were grouped into the following seven 

categories: gene management, forest protection, forest regeneration, silviculture management, 

forest operations, non-timber resources, and parks and wilderness area management.  Their 

comprehensive review provided an excellent starting point for collecting information on 

strategies for regenerating forests better adapted to future climate.  For the purposes of this 
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analysis, those actions that constitute stand establishment or “reforestation” activities have been 

regrouped into the following four categories: 

• Increasing diversity – increasing the number of species, trees, seedlots and genotypes 

used to establish a new forest; 

• Facilitating migration – assisting in the transfer of species and seed sources beyond their 

current range, including the use of non-indigenous and exotic species;  

• Managing for species with shorter rotation lengths – such as broadleaves, including fast 

growing hybrids; and 

• Selecting and breeding for adaptation and environmental stresses – planting trees 

selected and tested for adaptation to a broad range of environments, pest resistance or 

drought tolerance through provenance testing, traditional tree breeding, and 

biotechnology. 

 

Overlaps between these strategies exist, as they may be used in conjunction with one another and 

with other forest management practices.  For example, additional measures may need to be taken 

to control species (both native and exotic) that become more competitive in a rapidly changing 

environment and readily occupy areas disturbed through fire, pests and harvesting (Parker et al. 

2000). 

 

It is recognized that these reforestation strategies are focused on maintaining or enhancing the 

economic value of timber and do not necessarily address the maintenance and conservation of 

other forest values and forest ecosystems processes, including interdependences between trees 

and other species.  It is also recognized that implementing adaptive reforestation strategies will 

not save forest ecosystems harmless from the adverse impacts of climate change on other plant 

and animal species, soils, water quality and ecosystem services.  An understanding of forest 

ecosystem responses to non-climatic related stressors such as land use changes must also be 
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considered when developing adaptive management strategies to climate change (IPCC 2002, 

CCIAD 2004, Hansen et al. 2001). 

 

The following sections describe the four categories of adaptive reforestation strategies in terms 

of their potential biological benefits and limitations.  Operational issues are also considered.  

Since the primary objective of this research is to identify the policy barriers and opportunities for 

implementing these reforestation strategies, this paper does not contain a comprehensive review 

of all the available scientific research and literature pertaining to these proposed forest 

management practices. 

4.1. Increasing Diversity  

Increasing diversity is a common strategy for reducing exposure to risk, whether those risks are 

biological or financial.  Balancing risks in managing ecosystems is, however, more complex than 

managing stock portfolios as there is the potential for interaction amongst individual assets 

(species).  A contemporary economics view is that there is a trade-off between yield and 

biodiversity; as biodiversity increases, yield decreases.  Ecosystem yields may not just refer to 

financial outputs and performance, but also to other services such as flood mitigation and carbon 

sequestration (Koellner & Schmitz 2006).  In a grassland study, Koellner & Schmitz (2006) 

found that an increase in grassland species diversity can provide risk mitigation with respect to 

biomass production and the provision of ecosystem services.  Whether this conclusion holds true 

for all of BC’s diverse forest ecosystems is yet to be determined. 

 

One objective for increasing species and genetic diversity in a forest is to increase the adaptive 

capacity or resilience of the forest to climate change.  Another is to increase the likelihood that 
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some species and trees will survive the adversities of a changing climate and produce a 

merchantable stand of timber.   Species and genetic diversity can be managed at stand (cutblock) 

and landscape levels, although the former is easier to measure and evaluate.  Maintaining or 

enhancing species diversity through reforestation practices can be accomplished by increasing: a) 

the number of species; and b) the genetic diversity of trees used to establish harvested areas 

within cutblocks and across the landscape (MoFR 2006a, Martin et al. 2005). 

 

Increasing species diversity can be accomplished by planting and managing forests to include a 

diversity of tree species within a cutblock and across the landscape.  Increasing tree species 

diversity to manage risks and increase resilience of BC’s forests appears to have popular support 

(Martin et al. 2005).  For example, Woods et al. (2005) advocate increasing diversity of managed 

stands to reduce the risk of climate change induced pest outbreaks.  Koricheva et al. (2006) 

determined that experimental data from other published studies did not support the hypothesis 

that diversification in tree stands can prevent pest outbreaks and epidemics.  Stand vulnerability, 

they concluded, appears to depend more on tree species composition and density than on species 

diversity per se.  

 

Increasing tree species diversity may impact the net growth and yield of the stand.  For example, 

Chen et al. (2003) determined that the productivity of single species and mixed species 

coniferous stands depends on species combinations, stratification between and shade tolerance of 

the species, and the ecological conditions of the site.  Mixed stands are not always as productive 

as single species stands, and vice versa.  Information on what the optimum portfolio may be to 

optimize growth and yield, risk and costs, and timber supply under a changing climate is 

currently lacking and requires further research (Johnson et al. 2006). 
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Managing a mix of species in a stand could also create some harvesting challenges if one species 

matures at a faster rate than the others.  For example, harvesting birch and aspen which mature in 

40 to 60 years, could result in damage to residual conifers that mature or reach economic rotation 

80 to 120 years (Martin et al. 2005).    

 

Increasing genetic diversity of trees used for reforestation can be accomplished by increasing: 

• the number of seed sources (provenances) used for one species; 

• the number of genotypes within a seedlot; and  

• the total number of trees used to reforest an area (Ledig & Kitzmiller 1992). 

 

Increasing the number of genotypes within a seedlot could be accomplished by increasing the 

number of trees from which the seed is collected.  Based on quantitative genetics research, an 

effective population size of 10 unrelated individuals captures 95% of the genetic diversity within 

a stand-level population (Yanchuk & Russell 2005).  Increasing the population size of a seedlot 

by collecting from more trees in a stand will therefore not appreciably increase the genetic 

diversity of the seedlot and buffer it against extreme biotic and abiotic events. 

 

A more effective means to enhance the genetic diversity of a species established on a site would 

therefore be to use seed collected from several different populations rather than from more 

individuals from within a single population.  This can be accomplished by using multiple 

seedlots collected from different sources to plant a site or by blending seed collected from 

different sources to produce a new seedlot (G. O’Neill, pers. comm., October 25, 2005).   Seed 

collected from two or more seed sources of the same species could be planted on a site.  This 
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may be feasible if sufficient quantities of seed are available.  The use of both wild and orchard 

seedlots on the site could be used to increase genetic diversity and deploy limited quantities of 

orchard seed over a larger percentage of the land base (H. Rooke & D. Kolotelo, pers. comm., 

January 18, 2006).  Increasing the number of seedlots used for one species is practical but may 

result in additional operational and administrative costs. 

 

Seed from different seed sources could also be blended at the Tree Seed Centre.  However, the 

potential benefits of blending seedlots to increase genetic diversity prior to shipping the seed to a 

nursery could be undermined if the physical quality of the two seed sources is different.  Seed 

collected from different origins and collected at different times at the same location usually have 

different physical attributes such as purity and germination.  As such, one seed source may be 

culled or thinned out at the nursery if it has a slower germination rate than the other (H. Rooke & 

D. Kolotelo, pers. comm., January 18, 2006).  Blending seedlings grown from different seedlots 

prior to planting is therefore a more effective and efficient method for increasing the genetic 

diversity.  Monitoring the success of this strategy in the field would be difficult as it is nearly 

impossible to distinguish trees of the same species grown from different seed sources, let alone 

distinguish trees established through planting versus natural regeneration. 

 

Seed collected from seed orchards contains more genetic diversity than seed collected from a 

single wild stand as orchards consist of trees selected from a variety of wild stands  

(FGC 2005a).  The genetic diversity of seed collected from orchards can be increased by adding 

more parents or applying additional pollen sources to the seed orchard.  Increasing genetic 

diversity of an orchard seedlot can reduce its level of genetic gain or improvement (J. Woods, 
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pers. comm., January 23, 2006).  However, unless facilitated migration is employed, these future 

gains would not necessarily be realized in a changing climate. 

 

Increasing the number of trees located on a site can also be accommodated by planting more 

trees and promoting more natural regeneration of the desired tree species.  A higher cost would 

be incurred with planting more trees.  Growth and productivity could also be compromised if 

high stocking levels were realized, especially on water and nutrient deficient sites (Government 

of British Columbia 2001).  Relying on natural regeneration alone to increase diversity would 

also forgo some of the potential benefits of using facilitated migration, as discussed below. 

4.2. Facilitating Migration 

Forests established through natural regeneration consist of genotypes adapted to climatic 

conditions that existed over the past several generations.  Because trees are long lived species, it 

may take several generations before a population becomes adapted to a warming climate.  

Evolutionary lag is still evident in many western conifer species that migrated north following 

retreat of the Pleistocene glaciers (Rehfeldt et al. 1999). 

 

The transfer of provenances and species beyond their current range or prescribed limits into 

climates in which they are better adapted is known as “facilitated migration”.  The intent of 

facilitated migration is to plant species and provenances on a site that are adapted to the range of 

climatic conditions anticipated to occur over the life or rotation of those trees (Parker et al. 2000, 

Rehfeldt et al. 1999, Schmidtling 1994).  Facilitated migration could not only help to maintain 

forest productivity but could be used to increase it.  To accomplish this, the direction and 
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magnitude of climate change and its variables must be anticipated, and appropriate species and 

seed sources matched with those future climates (Wang et al. 2006a, Rehfeldt et al. 1999). 

 

Facilitated migration can be used to move species and populations further north and higher in 

elevation than where they presently occur and to increase the proportion of a species found near 

the limits of its current range.  Some examples include, transferring Ponderosa pine (Pinus 

ponderosa Dougl. ex P. & C. Lawson) and western larch (Larix occidentalis Nutt.) from the 

Okanagan to the Bulkley Valley (Smithers), and western hemlock (Tsuga heterophylla (Raf.) 

Sarg.) from lower elevation coastal forests into higher elevation mountain hemlock (Tsuga 

mertensia (Bong.) Carr.) forests, and, potentially or eventually, sugar pine (Pinus lambertiana 

Dougl.), Coulter pine (Pinus coulteri D. Don.) and redwood (Sequoia sempervirens (Lamb. ex D. 

Don) Endl.) from California into southern BC.  In a warming climate and over several millennia 

it is conceivable that these species might migrate to these locations naturally. 

 

To match species and seed sources with future environmental conditions, climate models and 

tools are being developed.  For example, Hamann & Wang (2006, 2005) have developed an 

ecosystem-based climate envelop model to predict the changes in ecosystems at the 

biogeoclimatic (BGC) variant level and potential shifts in tree species distribution under different 

climate change scenarios.  Rehfeldt et al. (2006) have also developed a model to project changes 

in biotic communities and species in the Western United States.  ClimateBC is another tool that 

can be used to generate scale-free climate data for specific locations in BC through elevation and 

geographic interpolation of gridded climate information (Wang et al. 2006b). 

 



Reforestation Strategies for Climate Change 

 28

Information collected from long-term provenance and progeny tests could also be used to predict 

the growth and survival of species and seed sources in response to rapid climate change by 

extrapolating the environmental, geographic and genetic responses of populations planted at 

different locations (Schmidtling 1994, Rehfeldt et al. 1999).  Additional analysis would be 

required to determine the confidence limits associated with these climate models and future 

scenarios, which scenarios are appropriate for selecting species and seed, how far a species or 

population could be moved within acceptable levels of risk, and when and at what scale species 

and seed migration should be implemented (G. O’Neill, pers. comm., October 25, 2005).  New 

approaches to seed deployment systems (e.g., site-specific, climate-based, and productivity-

focused systems) also need to be tested for effectiveness and ease of implementation (O’Neill & 

Yanchuk 2005). 

 

Implementing changes to species and seed transfer is not without risk.  Trees are most 

susceptible to extremes in environmental conditions during the first few years following 

establishment (Spittlehouse & Stewart 2003).  Although a species or seed source may be 

matched to a climate projected to occur in an area in 40 to 80 years, the planted seedlings may 

not survive the first decade due to an early or late frost, or drought event.  Competition with 

other species may also suppress or impede growth.  Use of larger planting stock, site preparation 

(e.g., mounding) and fertilization may ameliorate these risks by improving seedling growth and 

survival (McMinn & Hedin 1990).  However, despite these additional efforts, establishment of a 

species on certain sites might not be possible due to lack of suitable soil conditions (Johnson et 

al. 2006). 
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Facilitated migration may also result in the introduction of a non-indigenous species into an 

ecosystem.  Mycorrhiza fungi and other organisms may not be present at the planting site 

(Wolters et al. 2000).  Mycorrhizae could be inoculated in nursery stock, although experiments 

to date vary in their results (Teste et al. 2004).  If the migration of the species is not far along 

latitudinal and elevation clines, other organisms that use the tree species for habitat and 

subsistence might follow in due course.  The introduction of non-indigenous “exotic” tree 

species (defined for the purposes of this report as species from temperate forests in eastern North 

America, Europe and Asia) raises an additional set of environmental and socio-economic 

concerns. 

 

Exotic species can be very productive in environments where they are not subject to their native 

insects and diseases.  The introduction of radiata pine (Pinus radiata D. Don) to New Zealand, 

lodgepole pine (Pinus contorta Doug. Ex Loud.) to Sweden, and Douglas-fir and Sitka spruce 

(Picea sitchensis (Bong.) Carr.) to Britain have provided these countries with socio-economic 

benefits.  The introduction of exotic species should, however, be carefully considered as they 

may pose economic and environmental risks if they become invasive, hybridize with closely 

related species, or harbour or act as alternative hosts for pests.  Exotic trees can also adversely 

disrupt the life-cycle of other forest-dependent species (such as birds, insects, and fungi), soil 

hydrology and nutrient cycling (Haysom & Murphy, 2003).  Knowing the life history traits of an 

exotic tree species such as seed size and dispersal, age to sexual maturity and frequency between 

seed crops can be used to predict risk of invasiveness.  Once an exotic species becomes 

naturalized it may be difficult or impossible to remove (Richardson & Rejmánek 2004) 
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Several non-native species such as Siberian larch (Larix siberica) have been planted in research 

and demonstration trials throughout BC.  Although some of these species have exhibited 

favourable growth on some sites, the benefits and risks of using them have not been fully 

assessed (Martin et al. 2005).  Furthermore, considerable testing would be required to identify 

which species and provenance would be the most productive and suitable for use in different 

regions of BC and in consideration of future climatic conditions (G. O’Neill, pers. comm., 

October 25, 2005). 

4.3. Managing for species with shorter rotations 

Because of the uncertainties associated with climate change at regional and local scales, another 

strategy is to use faster-growing broadleaf species with shorter life cycles and rotation lengths.  If 

climate change significantly impedes the growth of a broadleaf stand, it could be harvested and 

replaced with better-adapted species or provenances.  Furthermore, faster-growing broadleaf 

species may provide an important wood supply during fall downs in conifer wood supply, which 

is expected to occur following harvest and deterioration of mountain pine beetle-killed lodgepole 

pine stands (Martin et al. 2005) 

 

As pioneer species, broadleaves are quick to establish naturally on harvested areas.  The lifespan 

of BC’s common broadleaf species such as aspen (Populus tremuloides Michx.), cottonwood (P. 

trichocarpa Torr. & Gray) paper birch (Betula papyrifera Marsh.), big leaf maple (Acer 

macrophyllum Pursh) and red alder (Alnus rubra Bong.) can reach up to 200 years, but most 

mature for forestry purposes between 40 to 60 years (Klinka et al. 2000).  According to the 

climate models developed by Hamann & Wang (2006), broadleaves do not appear to be as 

susceptible to climate change as coniferous species.   Over the past several decades, broadleaves 
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in BC have been eliminated (“brushed and weeded”) under the assumption, and backed by 

supporting policies, that removing unwanted vegetation will improve the productivity of 

conifers.  However, it is now being recognized that although broadleaves compete for light, 

water and nutrients, they also help to promote the growth and survival of shade-tolerant conifers 

in young plantations.  For example, Simard & Vyse (2006) discovered an increase in root 

disease, mortality and subsequent loss of productivity in Douglas-fir stands where paper birch 

was removed.  Broadleaves also provide important wildlife habitat, promote nutrient recycling, 

stabilize and conserve soils, and can serve as natural firebreaks (Comeau et al.1996). 

 

Most broadleaves regenerate naturally and abundantly on harvested area.  Seed processing, 

handling and storage, and seedling production techniques for most of these species are not well 

developed (H. Rooke & D. Kolotelo, personal communication, January 18, 2006).  As a 

consequence, there is little or no planting of broadleaf species in BC.  The exceptions to this rule 

are red alder, of which several hundred thousand seedlings are planted annually, and cottonwood 

and hybrid polar, regenerated using cuttings and whips (MoFR 2007a).   Hybrid poplar, a cross 

between eastern cottonwood (Populus deltoides Bartr. ex Marsh.), its western cousin (P. 

trichocarpa), and other poplar species, is planted in relatively small numbers on alluvial flood 

plains of BC’s south coast for pulp and paper production.  It can grow to a merchantable size in 

12 to 15 years.  In addition to requiring rich, moist, but well drained sites, hybrid poplars also 

require intensive management including site preparation and vegetation control (van Oosten 

2006, Thomas, Comeau & Brown 2000).  As such, they would not grow well or survive in BC’s 

extensive unmanaged upland forests (Martin et al. 2005).  Interest in use of hybrid poplars for the 

purposes of carbon sequestration and biofuel feedstock is increasing nationally (NRCan 2007).  

This interest may create some economic opportunities to grow hybrid poplars and other fast 
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growing deciduous species on more lowland forests and marginal agricultural lands on BC’s 

south coast and in interior valleys. 

4.4. Selecting and breeding for adaptation and environmental stresses 

Another strategy to reduce the risks associate with a changing climate is to use seed sources 

selected, tested or bred to perform in a wide range of environments.  These methods could also 

be used to identify and develop seed sources that exhibit greater tolerance to environmental 

stresses such as pests and drought (Namkoong 1984).   

 

Broadly-adapted sources could be derived from existing provenance and progeny tests.  A 

number of “superior” lodgepole pine and interior spruce (Picea engelmannii Parry ex 

Englemann, P. glauca (Moench) Voss, and their hybrids) provenances have been identified as 

being adapted to and productive in a broad range of environments (Snetsinger 2004).  Seed 

orchard seed is also more broadly adapted than most wild seed sources, having been tested for 

performance and stability across a range of sites and elevations within one or more seed planning 

zones.  In most cases, they have not been tested across broad range of latitudes, elevations and 

biogeoclimatic zones.  Revisions to existing tree breeding programs would be required to 

identify trees better adapted to a wide range of environmental conditions and maintain volume 

gain (G. O’Neill, pers. comm., October 25, 2005).  However, as indicated in Section 4.1 

Increasing Diversity, genetic gains from orchard seed would not necessarily be realized without 

facilitated migration. 

 

A number of individuals and populations have been identified through the research tests for 

tolerance to pests such as the spruce terminal weevil (Pissodes strobi  Peck) and western gall rust 
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(Endocronartium harknessii (J. P. Moore)) (MoFR 2007b, FGC 2005, King et al. 2004).  Seed 

from these trees could be used if these pests were to expand in a warming climate, although seed 

supply may not be sufficient to meet demand.  Breeding for pest tolerance also requires 

considerable time and effort.  One of the risks of breeding for pest tolerance is that within the 

time it takes to identify tolerant trees, establish them in a seed orchard and produce seed, the pest 

may no longer be of concern or it may have evolved to overcome the trees’ pest tolerance 

mechanism (MoFR 2006a). 

 

Weyerhaeuser Company in Washington State has successfully identified trees within its 

Douglas-fir breeding program that are superior in both drought resistance and growth (Farnum 

1992).  These populations can be used on drier sites and increased in use if coastal Douglas-fir 

forests become more susceptible to drought in a warming climate.  A more cost-effective 

approach to testing and selecting for drought tolerant varieties could be to plant species and 

provenances already known to be adapted to drier conditions (G. O’Neill, pers. comm., October 

25, 2005).  Alternatively, drought-prone forested areas could be managed for range and other 

values. 

 

Developing improved reforestation material through traditional tree breeding techniques requires 

considerable time and resources.  After trees have been tested and selected, it can take an 

additional 10 years to produce operational quantities of seed from a seed orchard.  Biotechnology 

can be used to overcome some of these challenges (Hadley et al. 2001).  Specifically, 

biotechnology can be used to produce large quantities of genetic material (e.g., mass cloning 

using somatic embryogenesis), identify genes responsible for specific traits such as pest 

tolerance (e.g., genomics research), and to insert identified genes from one individual to other 
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(e.g., genetic engineering).  Somatic embryogenesis techniques have been developed for interior 

and Sitka spruce, but they are not cost effective (Hadley et al. 2001).  Genomics research to 

understand the underlying genetic mechanisms of resistance to biotic disturbance and adaptation 

to abiotic stress in spruce is being conducted at the University of British Columbia (Genome BC 

2007a).  No genetically modified (GM) trees have been developed in BC, although there has 

been some limited field testing of GM white spruce and poplars in eastern Canada (CFIA 2006).  

On-going research continues to advance these biotechnologies, so their practical application to 

forestry may not be too distant.  Public acceptance of the use of biotechnology to solve problems 

caused by technology, such as climate change, is another matter. 

 

Intensifying selections through traditional breeding programs and biotechnology to identify trees 

with stress tolerance mechanisms may also be at odds with the first identified reforestation 

strategy: increasing diversity.  Genetic diversity within a population can be reduced as selection 

intensity increases.  However, measures can be taken to retain sufficient genetic diversity in 

managed forests by integrating tree improvement and genetic conservation management 

objectives (Yanchuk 2001). 

4.5. Summary of Adaptive Reforestation Strategies 

The benefits and limitations of the aforementioned reforestation strategies are summarized in 

Table 1 below.  Increasing species and genetic diversity of managed forests may serve to 

increase ecosystem resilience and increase likelihood that some trees may survive, but this would 

not save the forest harmless from the vagaries of climate change.  There are additional costs 

associated with increasing diversity through planting and potential trade-offs with growth and 

yield, although being able to maintain forest productivity may be a moot point under a rapidly 
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changing environment.  Facilitating migration, however, offers the benefit of not only increasing 

ecosystem resilience but maintaining or enhancing forest productivity.  There are a number of 

risks associated with this strategy, but they might be minimized though advancements in climate 

modelling and matching species and seed selection with projected site conditions.  Managing 

shorter-rotation species provides a relatively safe-fail solution to managing forests in a rapidly 

changing climate.  However, opportunities may be limited due to operational constraints and 

limited suitable areas to grow these species.  The use of trees adapted to a range of 

environmental conditions and stresses is constrained by the time and resources required to select 

and produce them.  The relative infancy of forest tree biotechnology also presently limits its 

utility.  However, these strategies offer significant potential benefits so they should not be 

foreclosed prematurely. 
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Table 1:  Potential Benefits and Limitations of Adaptive Reforestation Strategies 

Reforestation Strategy Benefits Limitations 

Species 
Diversity 

• Increases resilience of forest 
ecosystems. 

• Increases likelihood that some trees 
will survive to maturity and 
merchantable age or size. 

• Stand vulnerability dependent on species 
composition, not diversity. 

• May negatively impact productivity; 
optimum mix not known. 

• Harvesting challenges in mixed species 
stands. 

 

Increasing 
Diversity 
 

Genetic 
Diversity 

• As above • Trade-off between genetic gain 
(productivity) and increasing genetic 
diversity  

• Increased costs associated with seed 
collection, handling, and seedling 
production, planting, and administration. 
 

Species and 
seed migration 

• Improves likelihood trees will be better 
adapted to future climate. 

• Can mitigate productivity losses, or 
maintain and increase productivity. 

• Can be applied to variety of species 
and areas.  

• Climate-based systems require further 
development. 

• Information not available for all species. 
• Trees still susceptible to frosts and drought in 

first few years following establishment. 
• Unsuitable soils, absence of inter-dependent 

species (e.g., mycorrhizae) at planting site. 
• Seed handling and seedling production for 

many deciduous species. not developed.  
• Managing for increased diversity using 

natural regeneration forgoes opportunity and 
benefits of facilitated migration. 
  

Facilitating 
Migration 

Exotic species • Not susceptible to local pests and 
disease. 

• May increase forest productivity.  

• Cost and time required for adequate testing. 
• May pose environmental and socio-economic 

risks due to invasiveness etc.  
• May disrupt biophysical processes. 
• Public acceptability unclear. 
 

Native 
deciduous 
species  

• Regenerate naturally.  
• Can be harvested and replaced with 

other species as climate changes. 
• May provide interim timber supply. 
• Improves and conserves soil.  

 

• Harvesting challenges in mixed species 
stands. 

• Seed handling and seedling production for 
many deciduous species not well-developed.  

 

Managing for 
Shorter 
Rotation 
Species 

Hybrid poplars • Quick rotations < 15 yrs. 
• Might be used for carbon sink, 

biofuels. 

• Requires intensive management. 
• Limited suitable areas to grow in BC. 
 

Provenance 
testing, 
transitional tree 
breeding, and 
seed orchards  

• Increased range of seed use. 
• Develop trees with tolerance to pest 

and drought. 

• Costly and time consuming to test and select. 
• Tolerance mechanism may be overcome in 

time it take to produce pest tolerant seed. 
•  Cheaper to select species and sources 

already adapted to drier climates. 
• Genetic diversity decreases as selection 

intensity increases. 
 

Selecting and 
breeding for 
adaptation and 
environment 
stresses 

Biotechnology  • Reduces time associated with tree 
breeding and seed production. 

• Produces large numbers of trees with 
desired traits. 

• Technology not well developed. 
• Currently expensive. 
• Genetic diversity decreases as selection 

intensity increases. 
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5. BC’s Forest Policy Framework  

The management of BC’s public forest lands is influenced by a variety of factors including 

markets, technology, economics, government policies, common law, societal expectations and 

current scientific and technical information.  Government can control forest management 

practices through statutes and regulations.  Government may also affect forest management, to a 

limited degree, through contracts, establishing self-regulating professional bodies and by 

influencing societal expectations (Reader 2006).   Forest policy in BC is established through a 

variety of instruments that include Federal and Provincial acts and regulations, contracts and 

administrative documents (ABCFP 2006a).  An understanding of these instruments is necessary 

to expose potential policy barriers and opportunities for implementing the identified adaptive 

reforestation strategies. 

 

This section provides an overview of the legislation, regulation and standards that govern 

reforestation practices in BC.  This research does not examine all legislation that influences 

reforestation activities nor the entire library of the administrative documents that support BC’s 

forest policies, as such a review would lengthen this report considerably.  Similarly, it is beyond 

the scope of the report to examine all potential common law and societal expectations that also 

influence forest management in BC.  Although over 42 million hectares of BC’s managed forests 

are third-party forest sustainable management certification schemes (Certification Canada 2007), 

these standards do not constitute policies of government.  As such they are not discussed in this 

report. 

 

An introduction to those forest planning and management policies that influence reforestation 

practices in BC is first provided.  This is followed by descriptions of policies specific to stand 
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establishment, species selection and stocking, and seed use.  Unless otherwise referenced, the 

policy requirements described are found within identified legislation, regulations and standards 

that reside within the current legal framework.  Key sections are identified in footnotes.   In order 

to further simplify the complexities associated with BC’s forest policy framework, this overview 

focuses on those policies governing reforestation obligations of major licensees and BC Timber 

Sales (BCTS) managers.  References to policies affecting holders of woodlot licences, 

community forest agreements, and minor licences are not included, though many of the policies 

described below will also apply to these persons.  

 

5.1. Forest Management and Operational Plans 

Responsibility for the development, management and conservation of most of Canada’s forest 

resources is vested with the Provincial governments under the Constitution Act, 1867.  The 

responsibility for managing, conserving and protecting BC’s working forest is assigned to the 

BC Ministry of Forests and Range (MoFR) under the Ministry of Forest and Range Act (RSBC 

1996 c. 300).    

 

Under the Forest Act (RSBC 1996 c. 157) the Province’s Chief Forester is authorized to 

determine the annual allowable cut (AAC) for each timber supply area and tree farm licence in 

the Province.  The Chief Forester may also partition the AAC to different types of timber or 

terrain (e.g., coniferous- vs. deciduous-leading stands).  In determining this rate of harvest, the 

Chief Forester must consider the rate of timber production that may be sustained on the area, 

taking into account:  

(i) the composition of the forest and its expected rate of growth on the area;  
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(ii) the expected time that it will take the forest to become re-established on the area 

following denudation; 

(iii) silviculture treatments to be applied to the area; and 

(iv) a number of other management, environmental and economic considerations.2 

 

Rights to harvest portions of the AAC are allocated to forest companies, communities, First 

Nations, and individuals under agreements (i.e. licences) issued in accordance with the Forest 

Act3.  Planning, harvesting, road building and reforestation practices are primarily regulated 

under the Forest and Range Practices Act (SBC 2002 c. 69) referred to hereafter as “FRPA”.  

This legislation was introduced in January 2004, replacing the Forest Practices Code of British 

Columbia Act (RSBC 1996) (Code)4 with the intention of creating efficiencies for both 

government and industry while still maintaining high environmental standards.  FRPA has fewer 

prescriptive rules than the Code, providing licensees with more flexibility and opportunities to 

carry out innovative forest practices.  One of the underpinnings of this “results-based” legislation 

is a greater reliance on professionals (e.g., foresters, engineers and geoscientists) in planning and 

managing the Province’s forest resources (ABCFP 2006a, MoFR 2006c).  There are, however, 

some default standards under FRPA for the protection of soils, riparian areas, and seed use (the 

latter described below).  

 

Licensees and BCTS managers must plan and manage the forest and range resources in 

accordance with objectives established by government in land use plans, other legislation, and 

                                                 

2 Forest Act, section 8 
3 Forest Act, Part 3 
4 Code rules can, however, continue to apply to areas harvested under authorities issued under the Code. 
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regulations.  Government has established objectives for 11 forest and range values under the 

Forest Planning and Practices Regulation [B.C. Reg. 14/2004] (FPPR).  These values include: 

i) soils;  

ii) resource features; 

iii) timber; 

iv) recreation resources; 

v) fish; 

vi) visual quality; 

vii) wildlife; 

viii) cultural heritage resources; 

ix) biodiversity; 

x) forage; and 

xi) water5. 

 

The objectives for timber include: 1) maintaining and enhancing an economically viable supply 

of commercial timber from BC’s forests; 2) ensuring delivered wood costs are competitive with 

other jurisdictions; and 3) that timber harvesting, silviculture and road construction conducted by 

one licensee do not unduly constrain the rights of another.  Timber is the dominant forest value, 

as evidenced in the objectives for the majority of other values listed in FRPA, which apply only 

to the extent that they do not “unduly reduce the timber supply from BC’s forests”. 

 

                                                 

5 FPPR Part 2. Division 1  
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Prior to harvesting Crown timber, licensees and BCTS managers must prepare and submit a 

forest stewardship plan (FSP) to the Minister of Forests and Range or his or her delegated 

decision-maker (DDM), who is usually a MoFR district manager, for approval. “DDM” is 

hereafter used to refer to both the minister and delegated decision makers.  The FSP must contain 

results and strategies consistent with the objectives set by government, and meet the other 

prescribed requirements.  An example of the latter is that FSPs must specify measures to prevent 

the introduction or spread of invasive plants that result from the licensee’s practices.  

Alternatives to default standards (e.g., soils, riparian) may be proposed, but these and all other 

results and strategies must be measurable or verifiable. 

 

Independent from FPRA, the Foresters Act (SBC 2003 c. 19) provides professional foresters 

with the right and title to practice forestry in BC.  Licensees and BCTS managers typically use 

professional foresters to oversee the development of results and strategies in FSPs that pertain to 

forest management practices.  Professional foresters also prepare stocking standards, which are a 

separate regulatory requirement discussed below.  These professionals have a duty of care to 

their employer or client and the public, who should expect the professional to uphold the law, 

apply sound science and act with the utmost regard for the public interest (ABCFP 2006b).  

Although professionals are able to "certify" that some components of a FSP meet the legislated 

content requirements, licensees and BCTS managers are still legally responsible and liable for 

meeting the results, strategies and measures specified in an approved FSP. 

 

Without authority provided under legislation, government officials, DDMs and others cannot 

dictate what results and strategies must be contained in a FSP.  Any advice and guidance 

documents that reside in the non-legal realm can be ignored.  However, licensees, BCTS 
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managers and professionals may be influenced by such advice or documents if the information is 

compelling and persuasive, and comes from a credible source (Reader 2006). 

 

Licensees and BCTS managers must provide an opportunity for the public to review and 

comment on their proposed FSP6.  They must also consult with First Nations to determine 

whether a contemplated decision or activity would infringe upon an aboriginal treaty right, title 

or interest (MoFR 2005b).  If the FSP content and review requirements have been satisfied, and 

the results and strategies are consistent with government’s objectives, the DDM must approve it.  

A DDM cannot reject a FSP solely on the basis that the proposed results or strategies vary from 

normal or generally accepted standards and practices.  In these cases, DDMs may consider 

additional information, including professional opinions, to assess if the results and strategies are 

consistent with government objectives (ABCFP 2006a, MoFR 2006d).   

 

Once the FSP is approved, the government may issue cutting permits and road permits to the 

licensee giving them authority to harvest timber and build roads, respectively.  FSPs and the 

results and strategies within them remain valid for up to five years, and can be extended for an 

additional five year period.  Amendments to an approved FSP can be made at any time.  The 

addition of forest development units (areas to be harvested) and changes to stocking standards 

require resubmission and approval by a DDM.  In addition to approving FSPs and issuing harvest 

authorities, the MoFR is responsible for conducting compliance and enforcement (C&E) 

inspections to check if the regulations and the results and strategies in approved FSPs are being 

met (MoFR 2006e).  The MoFR also assesses the effectiveness of the FRPA policy framework 

                                                 

6 FPPR, Part 2, Division 3 
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for achieving the objectives of the eleven forest and range values previously identified.  Several 

timber value projects are currently underway to assess the species and genetic diversity, forest 

productivity and health of free growing stands harvested prior to and after December 2005 

(MoFR 2007c). 

5.2. Stand Establishment 

A variety of silvicultural systems are used in harvesting BC’s forests including: 

i) clearcut; 

ii) clearcut with reserves; 

iii) selection;  

iv) variable retention;  

v) seed tree; and  

vi) shelterwood systems.   

 

The most prevalent systems are the first two (MoFR 2006f).  Licensees and BCTS managers 

must establish a “free growing” stand of healthy trees of a commercially valuable species not 

impeded by competition from other plants within 20 years following harvest or within a time 

specified in an approved FSP.  Natural seeding and planting seedlings are methods used to 

establish stands.  Site preparation techniques, such as burning, mounding, scarification, and 

stumping, are sometimes used to prepare suitable sites for planting and enhance natural 

regeneration (Evans 2005, McMinn & Hedin 1990).  Planting is employed to establish trees on a 

site before it is occupied with competing brush, to increase representation of species that do not 

regenerate well, and to increase occupancy of the site with preferred and acceptable species  

(B. Raymer, pers. comm., April 13, 2007).  
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Over 260 million trees representing 22 species are planted annually in BC (BCMON 2006).  

With the exception of hybrid poplars and noble fir (Abies procera Rehd.), which are planted in 

relatively few numbers on the south coast, all tree species used for regenerating BC’s forests area 

are indigenous to BC (BCMON 2007, MoFR 2007a).  All trees planted on Crown land become 

the property of the government7.  However, licensees are still responsible for managing the new 

forest until it becomes free growing, which usually takes five to 20 years.  Once free growing 

status has been achieved, management responsibilities for the area revert back to government. 

 

Licences have the option of transferring their free growing obligations to government or a third 

party provided that direct and indirect costs associated with meeting these obligations are also 

provided8.  Licensees can only be relieved of a free growing obligation if a stand has been 

damaged by wildfire, Dothistroma needle blight on lodgepole pines trees planted prior to 1996, 

flood or landslide, and if re-establishing the stand would require significant extra expense.9 

5.3. Stocking Standards and Species Selection 

FSPs must specify the means and measures by which a free growing stand will be determined, 

including the time within which a stand must be regenerated, the free growing tree height and the 

stocking standards.  Stocking standards include the species and the number and distribution 

(density) of trees used to establish a free growing stand.  These standards, prepared a 

professional forester, must result in the area being stocked with an ecologically-suitable species 

that take into account immediate and long-term forest health issues.  Just as FSP results and 

                                                 

7 FRPA section 28.  
8 FRPA sections 29.1 and 30 
9 FPRA, sections 96.1 and 108(2) 
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strategies must be consistent government’s timber value objectives, stocking standards must also 

be consistent with maintaining or enhancing an economically valuable supply of commercial 

timber, and the timber supply analysis and forest management assumptions for the area10. 

 

Foresters have adopted the biogeoclimatic ecological classification (BEC) system described by 

Meidinger and Pojar (1991) to develop stocking standards.  This hierarchical system uses 

climate, soil and characteristic vegetation to group ecosystems into regional (zonal) and local 

(site series) categories.  BEC is also widely used by scientists, foresters, biologists, agrologists 

and others for guiding research and resource management (MoFR 2005c).  Species selection 

guidelines published by the MoFR for assisting foresters in developing stocking standards 

include recommended preferred and acceptable tree species and target stocking densities by BEC 

zone and site series.  Several species may be listed as suitable for a site series, although 

commercially valuable conifers are usually listed as preferred and acceptable (MoFR 2007d).  

However, the BEC classification system and species selection guidelines based on them presume 

that climatic conditions are relatively stable. 

 

Stocking standards and reforestation options are also influenced by economics, as silviculture 

obligations represent a cost of doing business and a financial liability to forest companies.  These 

issues are discussed further in Section 6.  If the stocking standards described in the FSP meet 

government’s timber objectives, and the other tests described in the regulations, the DDM must 

approve them.  Once approved, these standards become a legal obligation of the person holding 

the FSP. 

                                                 

10 FPPR, section 26. 
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5.4. Seed Use 

Tree seed use is a prescribed practice under the FRPA and its regulations.  “Seed” is defined as 

any part of a plant represented, sold or used to grow a tree, which includes seed and vegetative 

material (e.g., cuttings).  Persons who plant trees to establish a free growing stand must use seed 

that has been registered, stored, selected and transferred in accordance with the Chief Forester’s 

Standards for Seed Use (Snetsinger 2004), or an alternative to the standards approved by the 

Chief Forester11.  The purpose of these standards is to maintain the identity, adaptability, 

diversity, and productivity of the Province’s forest genetic resources.  The seed standards are the 

only set of legally enforceable standards under the FRPA framework that can be established by a 

person other than government.  The complexity of the seed standards is considerable so only an 

overview of them and their associated practices is presented. 

 

All seed must be registered and stored at the ministry’s Tree Seed Centre12.  In addition to 

submission of basic collection information and the seedlot meeting certain physical quality 

standards, a seedlot must contain a minimum level of genetic diversity in order to be registered.  

Seedlots collected from wild stands must be collected from at least 10 trees and seedlots from 

seed orchards must have an “effective population size” of 10 or greater.  The latter is determined 

by weighting the amount of pollen and seed that each orchard parent tree contributed to the 

seedlot13.   

 

The seed standards restrict the registration of seed and subsequently the use of species from non-

BC sources.  White pine (Pinus monticola Doug. ex D. Don) from seed orchards in Idaho and 

                                                 

11 FPPR, section 43 
12 Chief Forester’s Standards for Seed Use., sections 5 and 6 
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Oregon, and Douglas-fir and Sitka spruce from Washington and Oregon can registered and used 

in BC.  The only non-native tree species that can be registered for use under the standards are 

noble fir and tested hybrid poplars.  The use of other exotic tree species is restricted due to the 

uncertainty of environmental risks, the availability of 40 native tree species (including successful 

breeding programs for a dozen of these species), and the international promotion of BC’s forest 

management practices maintaining the ecological and biological diversity of the natural forest 

(BCMON 2007, 2004).   

 

Seed and trees imported into Canada are also subject to the Federal Plant Protection Act (1990 c. 

22) and Seeds Act (R.S., 1985, c. S-8).  The purpose of these acts and their accompanying 

regulations is to prevent the importation, exportation and spread of pests into Canada.  Import 

requirements vary by species and type of material being imported.  Administration of these acts 

and responsibility for overseeing the import of all seed and seedlings into Canada resides with 

the Canadian Food Inspection Agency (CFIA 2007). 

 

The seed standards requires that seed derived though biotechnology such as somatic 

embryogenesis, is adequately tested in the field for adaptability, survival, health, quality and 

growth.  Seed that has been genetically modified cannot be registered or used for Crown land 

reforestation14.  Seed derived through biotechnology is also regulated by the Federal government 

through the Seeds Act.  The testing and release of plants with novel traits, including genetically 

modified organisms, on public and private lands must be approved in advance by the Canadian 

                                                                                                                                                             

13 Chief Forester’s Standards for Seed Use., sections 5.2.1.1(a) and 5.2.2.1(c)(iii) 
14 Chief Forester’s Standards for Seed Use., subclause 5.1.8(e) 
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Food Inspection Agency.  No applications for the testing or release of any genetically modified 

trees in BC have been submitted or approved to date (CFIA 2006). 

 

Once registered, a seedlot is assigned a unique registration number that is used to track it from its 

origin to a planting site.  Seedlot information is entered into the MoFR’s Seed Planning and 

Registry System (SPAR), a web-based application.  Foresters use SPAR to enter sowing requests 

to trigger a withdrawal of seed from the ministry’s Tree Seed Centre.  The requested amount of 

seed is subsequently prepared and shipped to a nursery where it is grown into seedlings of 

various container stock types and sizes (MoFR 2006g).   

 

Seed transfer rules for seed collected from wild or natural stands are based on a geographical 

focal point system (Ying & Yanchuk 2006).  Wild seedlots must be used within the seed 

planning zone (SPZ) in which it was collected, and within elevational, latitudinal and 

longitudinal limits specific to the species.  These seedlots may, however, be transferred outside 

their SPZ of origin if used within the same BEC zone.  Seed collected from superior provenances 

have broader transfer limits than untested or average performing wild provenances.  Seed derived 

from seed orchards must be used within SPZs and in an elevation range where the parent trees in 

the orchard have been tested.  The transfer limits for non-BC sources are also specified in the 

standards by SPZ and elevation range15. 

 

The standards require persons to select seed with a genetic improvement of 5% or greater, if 

available, for a trait that best meets the management objectives of the stand (such as growth or 

                                                 

15 Chief Forester’s Standards for Seed Use., section 8 
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pest tolerance)16.  This standard ensures that the Province realizes its substantial investments in 

tree breeding and seed orchards.  Without this requirement, some licensees may opt to use 

cheaper wild seed even though faster-growing trees reduce the time required to reach free 

growing. 

 

The use of all seedlots must be recorded on a planting map, and the number of trees planted for 

each seedlot within and outside their prescribed transfer limits must be submitted to the MoFR17.  

If a licensee chooses and is able to establish a free growing stand using natural regeneration 

alone, the seed use regulations and seed standards do not apply. 

 

Seed orchard planning, tree breeding and other forest tree genetic resource conservation and 

management activities are coordinated by Forest Genetics Council of British Columbia (FGC 

2006).  This multi-stakeholder council advises the Chief Forester on related policy issues and 

allocates provincial funds to forest genetics programs.  There are approximately 80 seed orchards 

representing a dozen species in the Province managed by the MoFR and private companies.  The 

use of orchard seed constitutes 42% of the total tree seed used annually in BC (MoFR 2007a).  

The FGC has set a target of increasing the use of orchard seed and seed collected from superior 

provenances to 75% by 2013 (FGC 2006, 2004). 

 

                                                 

16 Chief Forester’s Standards for Seed Use., section 7 
17 FPPR, sections 43, 86(3)(c) and 86(5)(b) 
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6. Policy Barriers and Opportunities in BC’s Forest Policy Framework 

The previous two sections provided overviews of several adaptive reforestation strategies and 

BC’s forest policy framework.  This section represents a synthesis of these two assessments.  As 

indicated in Section 2.1 Research Purpose and Objectives, barriers are considered to be 

impediments to changing forest management practices within in the existing policy framework.  

Opportunities are considered to be those provisions within the existing policy framework that 

can be used by persons to influence or implement adaptive reforestation strategies without need 

of government having to amend existing legislation and regulations.  

 

The potential barriers and opportunities within the policies governing forest planning and 

management in BC are first assessed.  This is followed by discussions for each respective 

reforestation strategy:  increasing diversity; facilitating migration; managing for shorter–

rotations species; and selecting and breeding for adaptation and environmental stresses.  

Operational, administrative and socio-economic considerations that influence reforestation 

practices and related activities are also examined, as these factors need to be considered by 

government in developing and amending policy.   

6.1.  Forest Planning and Management 

Forest planning and management in Canada has been predicated on climate conditions remaining 

relatively stable, which is no longer the case.  The Canadian forest sector has also been hesitant 

to embrace the need for incorporating climate change into policy and planning, although this 

response has not been unreasonable due to the high levels of uncertainty associated with future 

climate change impacts (Johnson et al. 2006). 
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Witnesses before the Standing Senate Committee on Agriculture and Forestry (2003) indicated 

that BC’s forest management legislation and regulations hinder adaptive responses to climate 

change.  They also questioned the ability of the Province to facilitate adaptive measures under 

the new results-based FPRA framework, as those who designed these policies were unaware of 

climate change issues. 

 

Changing climatic conditions were not considered in FRPA’s development (I. Miller, pers. 

comm., November 4, 2005).  FPRA, and the objectives set by government for timber and other 

forest and range values therefore do not contain any reference to climate change.  Consequently, 

there is no explicit legal requirement for licensees, BCTS managers or professionals to consider 

future climate in developing results and strategies under a FSP.  In order to achieve 

government’s timber value objective of maintaining or enhancing an economically valuable 

supply of commercial timber, the potential effects of climate change cannot be ignored.  Forest 

management strategies proposed in a FSP should also consider long-term forest health issues 

associated with a changing climate. 

 

The uncertainty of climate change, including the rate of change and magnitude of impacts at the 

landscape and stand levels make it difficult for licensees and professionals to develop 

appropriate strategies at these temporal and spatial scales.  Guidance documents and information 

from persons widely respected for their knowledge and expertise might be used to assist in 

developing local strategies that support the achievement of government’s objectives under a 

changing climate.  Government and government officials can also attempt to influence practices 

by providing guidance, but unless the information is compelling and persuasive, and comes from 

a credible, reliable known source, professionals and others might not be persuaded to act upon it 
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(R. Reader, pers. comm., April 23, 2007).  Furthermore, licensees and  BCTS managers are not 

legally required to use such guidance, so they can also choose to ignore it.  Similarly, DDMs 

cannot provide direction or issue instructions to licensees and BCTS managers to use such 

information, nor can they reject a FSP solely on the basis that the proposed strategies are not 

consistent with this information (Reader 2006). 

 

Under the existing FRPA framework, licensees and BCTS managers can propose strategies and 

stocking standards that take climate change into account on their own accord and include them in 

an FSP or in an amendment to an approved FSP.  If the strategies and standards are different than 

commonly-accepted practices, DDMs may reject these submissions in the absence of supporting 

information, rationale or data.  A “Catch 22” situation may also arise if the proposed strategies 

and standards are different from those considered by the Chief Forester in making AAC 

determinations, which do not currently take climate change into account (MoFR 2006b).  If so, 

the DDM may reject the FSP on the basis that they are not consistent with the timber supply and 

forest management assumptions for the area.  DDMs may approve strategies and stocking 

standards that do not meet these tests if they are deemed to be reasonable and take into 

consideration future timber supply (B. Raymer, pers. comm., January 16, 2006).  If and when the 

chief forester begins to take climate change into account in conducting timber supply reviews, 

the information and assumptions used in these determinations could inform professionals, 

licensees and BCTS managers in developing appropriate adaptive reforestation strategies.  In 

fact, incorporating climate change into AAC determinations might obligate them to do so. 

 

There are some potentially significant barriers with the forest policy framework that could 

impede adoption of climate change reforestation strategies.  One of these possible barriers is 
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associated with the lack of incentives for managing Crown forests beyond the free growing 

obligation.  Since planted trees and those trees established naturally on Crown land are the 

property of government, licensees are not guaranteed any return on their investments in 

managing and protecting those trees when they are available for harvest in 50 to 100 years.  

Reforestation obligations are considered to be a cost of doing business and a financial liability.  

Licensees are therefore motivated to establish a free growing stand as quickly and as cost-

effectively as possible.  However, tenure holders are also interested in successfully reforesting 

harvested areas in order to maintain a sustainable flow of commercially valuable timber (A. 

McDonald, pers. comm., 2006).  This can be achieved in the short-term by reforesting cut blocks 

promptly to relieve harvest constraints on adjacent stands.  These adjacency constraints arise 

from strategies and results developed to achieve the government’s objectives for community 

watersheds and visual (scenic) quality, and a requirement that specifies a portion of the trees in 

the cut block must be at least 3 m in height18.  Managing stands to achieve free growing status 

and relieve adjacency constraints (known as achieving “green up”) as soon as possible may not 

result in the establishment of forests that are optimally adapted to the climate they will 

experience over their life-span or rotation. 

 

An additional policy barrier, and perhaps the most significant are the potential risks and 

liabilities licensees and BCTS managers expose themselves to if the climate change strategies 

and stocking standards in an approved FSP cannot be achieved.  A defence of due diligence may, 

however, be accepted if the credible information relied upon by the professional, licensee or 

BCTS manager turns out to be inaccurate.  These risks and liabilities of plantation failure also 

                                                 

18 FPPR, sections 8.2, 9.2 and 65(3), respectively. 
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exist for holders of approved FSPs that do not account for climate change.  Under FRPA, there 

are very limited provisions for relieving licensees from their free growing obligations where 

plantations are damaged or destroyed by climate-related events.  For example, licensees cannot 

claim relief from drought or insect-related damages under the regulations.  If these events 

increase in frequency and magnitude, as are predicted to occur, licensees may find increased 

costs and liabilities associated with maintaining and protecting younger forests.  Changes in the 

regulations may be required to provide additional measures of relief or compensation.  In areas 

where forests are projected to become open forests or grasslands, it may also be appropriate to 

relieve a licensee of any reforestation requirements prior to harvest.  Without such provisions, 

licensees may curtail harvesting and managing areas deemed to have a high risk of plantation 

failure. 

 

Providing government funds to licensees to offset potential reforestation liabilities and costs 

could be viewed as circumvention of Softwood Lumber Agreement (SLA) between the 

governments of Canada and the United States of America (SLA 2006).  The SLA does not, 

however, preclude Provinces from making forest management policy reforms as long as they do 

not serve to circumvent or offset the provisions of the SLA (Government of Canada 2007b).  

Due consideration should be given to SLA implications in developing and implementing 

adaptive forest management strategies in BC, as changing this agreement is not within the 

purview of the BC government. 

 

Finally, adaptive reforestation strategies and stocking standards may conflict with objectives for 

other resource values or infringe upon aboriginal rights, title, or interest.  For example, managing 

forests for water conservation may take precedent over producing commercial timber.  Managing 
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forests for shorter-rotations and using alternative species may also infringe upon First Nations 

rights and interests in maintaining access to old-growth western redcedar for ceremonial uses  

(J. Clogg. pers. comm., November 8, 2006). 

6.2. Increasing Diversity 

There do not appear to be many barriers in the FRPA policy framework for increasing species 

and genetic diversity on a site and across the landscape.  However, there are no government 

objectives or requirements for enhancing species and genetic diversity either.  

There is no obligation for a licensee to establish all of the preferred or accepted species identified 

in an approved FSP on each site.  For example, if the stocking standards in a FSP identify 

lodgepole pine, interior spruce, Douglas-fir, and balsam (Abies lasiocarpa (Hook) Nutt.) as being 

preferred or acceptable for an area, the licensee can fulfil its free growing obligations by 

establishing a stand that consists of only one of these species.  Lodgepole pine is easy to manage 

and achieve free growing status sooner, so use of this species has been favoured over others in 

the recent past (Martin et al. 2005a). 

 

Stocking standards in an FSP must specify a minimum, target and maximum number of well-

spaced stems per hectare (sph) of preferred and acceptable species.  Licensees and BCTS 

managers can fulfil their free growing obligations by only meeting the minimum sph.  Achieving 

higher densities is usually not problem in stands containing lodgepole pine, western hemlock 

(Tsuga heterophylla (Raf.) Sarg.) and deciduous species, which regenerate naturally in large 

numbers (B. Raymer, pers. comm., January 16, 2006).  Increasing stocking densities for other 

species would likely incur additional management and planting costs. 
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Under the current FRPA framework, increasing species diversity and the minimum number of 

sph required to establish a free growing stand would require information from credible sources to 

convince licensees, BCTS managers, professionals and DDMs that such increases are warranted.  

A change to the regulations may be required if increasing species diversity were deemed to be an 

appropriate strategy for mitigating risk and licensees and BCTS managers did not voluntarily 

adjust their practices.  In either case, establishing the appropriate benchmarks and targets for 

diversity would be challenging given BC’s diverse range of forest ecosystems and tree species 

mixes. 

 

There are also no apparent barriers, with one possible exception, in the FRPA regulations and 

seed use standards that prevent a person from increasing genetic diversity by using multiple 

seedlots of one species to plant a stand.  The one exception is the standard that obligates a person 

to use seed with a genetic improvement of 5% or greater, if available.  This standard may 

preclude opportunities for ordering and planting seedlings grown from wild stand seedlots in 

addition to seed orchard seed.  Increasing the number of seedlots used to reforest sites could also 

increase the administrative and management costs all along the seed and seedling chain of 

custody.  For example, more resources may be required to collect, process, test, and handle a 

greater number of seedlots.  The number of seedling requests may also increase as more seedlots 

would be required to grow the same number of trees.  These activities could increase seed 

processing and seedling production costs that are passed onto licensees and BCTS managers  

(H. Rooke & D. Kolotelo, pers. comm., January 18, 2006).  Additional monitoring and 

administrative costs could also be incurred in tracking, recording and reporting the seedlots used. 
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Increasing the genetic diversity within a seedlot by collecting seed from more than the minimum 

of trees (e.g., 10 trees) is also permitted under the seed standards.  This activity could increase 

collection costs even though, as described earlier, it would not appreciably increase the genetic 

diversity within a wild stand seedlot.  It may, however, increase the genetic diversity within an 

orchard seedlot.  If increasing the minimum number of trees or the effective population size for 

seedlot were deemed to be an effective strategy, the Chief Forester could effect this change by 

amending the registration requirements in the seed standards.  Such a change would not, 

however, affect the current seed inventory, which would continue to be drawn upon for years to 

come.   

 

Blending seed collected from different origins or parents is permitted under the seed use 

standards but only if the seedlots’ origins are very similar.  Changes to the standards would be 

required to accommodate the combination of seedlots collected from distant or unrelated sources.  

However, as discussed in section 4.1 Increasing diversity, it would be more feasible both 

biologically and operationally, to blend the trees grown from two or more seedlots at the nursery 

and prior to planting. 

6.3. Facilitating migration 

The policy barriers and opportunities for enabling facilitated migration, including the use of non-

indigenous and exotic species, reside primarily in those regulations governing the development 

and approval of stocking standards in FSPs and in the seed standards. 

 

As described in Section 5.1 Forest Management and Operational Plans, licensees are under no 

legal obligation to develop stocking standards that identify preferred and acceptable species 
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based on future climate projections.  There are also no policy barriers that preclude a person 

from doing so.  For example, if supported by scientific or other information from a credible 

source, a person could propose and a DDM approve standards in an FSP that include use 

(perhaps limited use) of a tree species that is not indigenous to the area.  Use of refined climate 

models and future BEC maps such as those produced by Hamann & Wang (2006) could be used 

to match species to the future climate projected for an area in 20-80 years.  Selecting species 

based on future BEC maps would help maintain the integrity of the current BEC system and 

species selection guidelines (Martin et al. 2005).  However, further research is required to 

improve these models and maps prior to using them to guide operational decisions (Hamann & 

Wang 2006). 

 

Planting trees outside their current range may increase perceptions of risk and liability compared 

with planting species indigenous to a site.  If a tree is damaged or killed by frost, snow damage, 

or drought, a licensee or BCTS manager may not achieve their free growing obligations.  

Furthermore, licensees cannot claim relief from meeting their free growing obligations if trees 

die from a weather related event.  As such, there is no incentive for licencees to incur the 

additional costs and risks for planting trees that have a high likelihood of not surviving to free 

growing (V. Day, pers. comm., February 9, 2006). 

 

There do not appear to be any rules that would preclude a person (including those without 

reforestation obligations for an area) from planting trees or species not listed as preferred or 

acceptable in an FSP as a means of facilitating species migration.  One option to overcome the 

potential risks and liabilities associated with licensees planting species outside their current range 

is for government to pay for the growing and planting of migrated species.  These species would 
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not be counted as preferred or acceptable trees at free growing, nor would they be considered to 

be in competition with free growing trees of other species if the migrated species was a conifer 

(B. Raymer, pers. comm., April 13, 2007).  These government-funded activities would not 

relieve a licensee of their free growing obligations, so it may not be viewed as a subsidy or a 

circumvention of the softwood lumber agreement.  The presence of these trees may, however, 

cause confusion for MoFR C&E staff if this activity is not properly documented.  Coordinating 

and monitoring facilitated migration activities are also necessary to determine if the intended 

results are being achieved and to adjust practices accordingly. 

 

Despite the potential opportunities for migrating tree species under the FRPA policy framework, 

the seed use standards pose a potential impediment to implementing this strategy.  An approved 

FSP may permit the establishment of a non-indigenous species, but seed use standards may 

preclude its use.  For example, a licensee in the Bulkley Valley (North-Western BC) who plants 

western larch trees grown from seed collected in the Okanagan Valley (South-Central BC) would 

be in contravention of the seed transfer standards that prohibit transfer of western larch this far 

north.  A DDM may not approve an FSP if it was deemed to be in breach of the seed transfer 

standards (R. Reader, pers. comm., April 23, 2007).  However, if the number of trees planted 

outside their prescribed transfer limits were less than 5% of the total trees that the licensee 

planted in a fiscal year, the licensee would be in compliance with the 5% seed transfer exemption 

rule.  In such cases, a DDM may approve an FSP that included stocking standards that provide 

for the limited use and deployment of non-indigenous species. 

 

A licensee or BCTS manager could also submit an alternative to the seed standards for enabling 

facilitated seed migration to the Chief Forester or his delegate for consideration.  The 5% seed 
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transfer exemption rule and alternatives could be used to gain some experience with facilitated 

migration.  Use of alternatives to implement facilitated species and seed migration would, 

however, place an additional administrative burden on applicants, and the Chief Forester, 

delegate and their staff in assessing various forms of alternatives.  There is also no certainty that 

licensees and BCTS managers would use these policy instruments for this purpose.  As such, the 

existing provisions of the seed use regulations and standards do not represent viable long-term 

solutions for implementing facilitated migration. 

 

A more effective and consistent means of facilitating seed migration could be through 

incremental amendments to the seed transfer standards.  If deemed appropriate by the Chief 

Forester, amendments to the elevational, latitudinal and longitudinal limits of seed collected from 

wild stands in BC could be made relatively easy.  For example, the current elevational transfer 

limits for lodgepole pine could be extended upwards from the seedlot’s collection origin from 

+300 m to +500 m (or more) and downward elevational transfer could be prohibited.  Although 

such generic changes to the transfer limits might increase forest productivity in the short-term, it 

would not ensure that seedlots are deployed into their optimum environments in consideration of 

future climate (G. O’Neill, pers. comm., October 25, 2005). 

 

Changes to the transfer limits of seed orchard seed could be also effected by adjusting the 

orchard parent trees’ area of use, which consist of an elevation range and one or more seed 

planning zones (SPZ).  However, many orchard parent trees have not been tested outside their 

SPZs or across a broad range of climates.  As a result, orchard parent trees would need to be 

tested in other locations or the standards would have to be amended to permit different methods 
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for determining the transfer limits for orchard seed.  The former option would take considerable 

time and expense (G. O’Neill, pers. comm., March 6, 2007).  

 

Additional amendments to the seed standards would also be required to register and transfer seed 

collected from natural stands and seed orchards in the USA and other jurisdictions.  One current 

impediment to developing transfer rules for seed collected from wild stands in neighbouring 

jurisdictions is the fact that BC’s BEC zones and SPZs do not extend beyond BC’s boundaries.  

Amendments to the standards would also be required to permit the use of exotic species.  

Consideration of their inclusion in the standards by the Chief Forester would likely require 

supporting scientific information that they are suitable for specific areas and do not pose any 

environmental risks.  Federal rules governing the import of tree seed do not represent a 

significant barrier as seed representing a variety of plant species is transported across the border 

on a regular basis.  Access to and sharing of genetic material internationally is becoming 

increasingly restrictive in response to Article 15 of the Convention on Biodiversity, and more 

recently Federal government policies on access and benefit sharing of these resources (SCBD 

2007, Environment Canada 2005).   

 

Changes to SPZs, which are currently described as lines on a map and as digital line work in the 

government’s Land and Resource Data Warehouse (ILMB 2007), could also be used to facilitate 

migration.  Maintaining two sets of SPZs for seed collected from wild stands and orchard parent 

trees already creates a certain amount of confusion, so adjusting these SPZs incrementally over 

time would increase complexity in seed planning and use.  Replacing the current focal-point seed 

transfer system with a climate-based system may preclude the need for SPZs as they are 

currently described.  Opportunities for simplifying or eliminating SPZs as incremental measures 
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may help facilitate the transition to a new climate-based seed transfer system while minimizing 

disruptions in seed use for licensees, BCTS managers and others.  

 

Changes associated with moving to a climate-based seed transfer system would also require 

modifications to seedlot data and supporting information systems (e.g., SPAR) and spatial data 

(e.g., SPZs in LRDW).  These changes would not likely be trivial or inexpensive.  Adjusting 

seed transfer rules would also have implications for licensees and operators who have made 

significant investments in seed inventories and seed orchards.  For example, a licensee who has 

purchased seed or maintains a seed orchard to meet their reforestation needs for a specific area 

may find that their seed inventory or orchards are no longer suitable for use in that area (J. 

Woods, pers. comm., January 23, 2006). 

 

A new climate-based seed transfer system may also be more complex than a prescriptive set of 

rules such as the Chief Forester Standards can reasonably accommodate.  If so, consideration 

should be given to implementing facilitated seed migration through professional reliance, as is 

currently the case with species selection.  Irrespective of the policy instrument used to facilitate 

seed migration, the transfer rules or guidelines should be linked with species selection and 

stocking standards to avoid situations like the western larch example described earlier.  Seed 

transfer limits should also remain measurable, and seed use recorded and reported for monitoring 

and compliance and efforcement purposes.  The current registration and record keeping 

requirements appear to be sufficient for these purposes.  However, if facilitated migration were 

implemented through voluntary actions (e.g., 5% seed transfer exemption rule, alternatives to the 

seed standards, or through professional reliance), some means of measuring and monitoring these 

activities to distinguish them from status quo planting activities would be required. 
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Other potential barriers to implementing the facilitated migration of species and seed are policies 

and practices that promote the use of natural regeneration for establishing free growing stands.  

Although natural seeding cannot easily be prevented and increasing species diversity is a 

reasonable strategy for increasing ecosystem resilience, they may preclude opportunities for 

establishing trees better adapted to future climate through facilitated migration. 

6.4. Managing shorter-rotation species 

The policy barriers and opportunities for managing shorter-rotation species, such as broadleaf 

deciduous species, are similar to those described earlier for species diversity and facilitated 

migration.  Credible information from a reliable source would be required to convince 

professional foresters, licensees, BCTS managers and DDMs to accept stocking standards that 

accommodate more deciduous species.  Deciduous species account for approximately 3.5% of 

the > 90 MM m3 total timber volume harvested in BC annually (MoFR 2006h).  Conifers are 

therefore preferred species for maintaining or enhancing an economically-valuable supply of 

commercial timber.  Policies and guidance that inform the development of stocking standards 

and brushing and weeding practices therefore tend to reduce representation of broadleaves in 

regenerated stands (Martin et al. 2005).  Amendments to the policies and practices that 

encourage the elimination of broadleaves, and introduction of policies that promote products and 

markets for them could lead to a greater proportion of the forest-land base being managed for 

these species.   
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Commercial interest in broadleaves such as aspen, birch, alder, and big leaf maple is increasing 

(Industry Canada 2007, Downing 2005).  Annual billing reports of the MoFR also reflect this as 

the total deciduous volume harvested increased from 1.5 MM m3 in 1993-94 to 3.2 MM m3 in 

2005-06 (MoFR 2006h).   Wood supply, technology, and products will inevitably change as they 

have done in the past, and future markets for lumber, pulp and paper products cannot be 

predicted with any certainty.  For example, lodgepole pine was not highly valued and very little 

of it was harvested 50 to 70 years ago19.  Managing for only those species that have a high 

economic value today may not be the most prudent course of action. 

 

Expanding the use of fast growing hybrid poplars is also limited by the availability of suitable 

sites.  Social issues arising out of the use hybrid poplars and fast growing exotics include land 

use conflicts arising from the conversion of forests or agricultural land (food production) to 

monoculture tree plantations (Morford & Hutton 2000). 

6.5. Selecting and breeding for adaptation and pest tolerance 

There are no policies inhibiting persons in BC from selecting and breeding trees for broad 

adaptation or environmental stresses such as pest tolerance and drought.  To date, tree 

improvement activities have focused on genetic gain with the exception of a few pest tolerant 

programs.  Tree breeding activities have largely been undertaken by the MoFR, although the 

oversight of Forest Investment Account-funded projects is vested with the Forest Genetics 

Council of BC (FGC).  Shifting tree improvement activities from genetic gain to adaptation and 

tolerance to environmental stresses would require agreement of the FGC, Chief Forester and 

                                                 

19 “There are vast areas of young growing in the Interior, but over 80% of it is lodgepole pine on the high plateaux.  
You’ll never log that, and probably no one else ever will, except for a few railway ties from the nearest 
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Forest Investment Council.  This would not be a policy barrier per se but the programs and 

infrastructure developed around existing FGC objectives and targets could be.  Several seed 

standards may also need to be revisited if the FGC objectives and targets were shifted from 

volume to adaptation or resilience, such as the standards for determining a seedlot’s genetic 

worth, selection and transfer. 

 

In accordance with seed standards, seed derived through biotechnology must be tested for a 

sufficient period of time before trees produced from that technology can be registered and used 

operationally.  Persons who develop these reforestation materials would also likely want to test 

them before putting them on the market so this requirement should not be considered to be a 

significant policy barrier.  However, the prohibition of genetically modified (GM) trees under the 

seed standards could be perceived as a barrier to attracting private investment in developing 

enabling biotechnology.  If this policy was amended and GM trees were developed, the testing 

and release of those trees would still remain subject to Federal rules and oversight by the 

Canadian Food Inspection Agency. 

 

Social and ethical concerns regarding the development of GM trees should also be considered 

when reviewing applicable policies and developing associated technologies.  Public responses to 

GM trees can be extreme.  For example, in 2000 vandals destroyed hundreds of trees in two BC 

seed orchards under the false presumption that they contained GM trees (MoF 2000).  In 

consideration of public concerns, Genome Canada requires that all funded genomics research be 

complemented by studies aimed at examining the potential societal and ethical issues associated 

                                                                                                                                                             

stands….These pines to through regular cycles ending in death by bark-beetles or fire.  There doesn’t seem to be 
much we can do about it, their thiber value is too small, in fact nothing at present.” (Mulholland 1936). 
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with the research.  In doing so, recipients must provide a public forum through which genomics, 

ethical, economic, environmental, legal and social issues (GE³Ls) can be explored.  Genome BC 

is currently undertaking a GE³L dialogue to explore public perceptions associated with 

developing genomics techniques to select spruce trees with naturally occurring tolerance to 

climate-induced stresses (Genome BC 2007b).  Results of this citizen’s debate could be used to 

inform policies respecting the use of this technology for developing trees adapted to future 

climate and its anticipated impacts. 

6.6. Summary of Policy Barriers and Opportunities 

The FRPA policy framework includes a mix of policy barriers and opportunities for 

implementing the aforementioned climate change reforestation strategies.  These are summarized 

in Table 2.  The absence of reference to climate change in FRPA and government’s objectives 

for forest and range values, and no explicit legal requirement for professionals, licensees, and 

BCTS managers to develop results and strategies in consideration of climate change, may be 

perceived by some to be significant barriers.  However, there appears to be sufficient flexibility 

and opportunity within this results-based policy framework to influence forest management 

practices through the provision of convincing and compelling information on climate change 

projections and appropriate adaptive strategies.  If this information originates from credible 

sources, as perceived by professionals, licensees and BCTS managers, then these persons might 

be persuaded to use it in developing strategies and stocking standards.  Factoring climate change 

into future timber supply assumptions and AAC determinations may also serve as a lever for 

adjusting these strategies and standards.  None-the-less, there is no guarantee that such 

information would be utilized or applied consistently across the Province. 
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A significant barrier for implementing adaptive reforestation strategies is the lack of incentive 

for managing Crown forests beyond achievement of free growing and green-up status.  Limited 

provision for relieving licensees of these obligations due to climate and pest-related damage is 

also a significant policy barrier.  The SLA may preclude opportunities for government to 

compensate licensees for plantation failure and to assistance in the establishment of forests better 

adapted to future climate on areas subject to FRPA.  The development of climate information 

and tools such as future climate BEC maps and the use professionals could assist licensee and 

BCTS managers in developing stocking standards that increase diversity, facilitate migration, 

and provide for the management of shorter-rotation species.  The seed use standards could also 

be used as a staged, measured approach for implementing facilitated migration if these standards 

were amended and aligned with species selection guidelines.  The use of exotics, hybrid poplars, 

and biotechnology appears to be limited but should not be dismissed.  Operational and 

administrative costs, investments in existing programs and infrastructure and environmental and 

social concerns may also preclude persons from implementing some of these strategies. 
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Table 2.  Potential Policy Barriers and Opportunities for Implementing Adaptive Reforestation Strategies 

Strategies Barriers Opportunities 
Forest Management 
and Planning (General) 

• No legal requirement for licensees to 
develop results and strategies, or stocking 
standards in response to climate change, 
or follow guidance or instructions from 
government. 

• Timber supply assumptions do not 
account for climate change. 

• Lack of incentives for investing in 
reforestation and managing forests beyond 
free growing and green up status. 

• Limited relief from obligations if trees 
damaged due to weather or pest event 

• SLA may limit opportunity for govt. to 
offset increased reforestation costs and 
liabilities. 

• Adaptive strategies and standards may 
conflict objectives for other values, or 
infringe upon First Nations rights and 
interests. 
  

•  No barriers for licenses and BCTS to 
develop and submit strategies and 
stocking standards that account for 
climate change in FSPs.  Consistent with 
meeting timber value objective of 
maintaining or enhancing an 
economically-valuable timber supply, 
and addressing long-term forest health. 

• Development and provision of credible 
climate change information, guidance, 
and tools to influence professionals, 
licensees, BCTS managers, and DDMs. 

• Incorporating climate change into AAC 
determinations to influence development 
of strategies. 

 

Increasing Diversity • No requirement to establish all preferred 
and acceptable species on a stand. 

• No incentives for increasing species 
diversity, min, no, of trees, or genetic 
diversity of planted trees (additional costs 
and administration). 

• Policies, reforestation practices and costs 
favour a reduction in species diversity. 

 

• No restrictions on increasing species 
diversity if species identified in FSP. 

• No restrictions on increasing genetic  
diversity within seedlots and number of 
seedlots planted. 

• Chief Forester can amend seed standards 
to increase minimum genetic diversity 
requirements of seedlots if deemed 
appropriate. 

Facilitating migration • Increased risk and liability if trees are 
damaged or die prior to free growing 

• Species selection guidelines and seed 
transfer standards not aligned. 

• Prescriptive seed use standards, rigid 
SPZs.  

• Investments in seed inventories and 
orchards, and information systems. 

• Promotion of natural regeneration. 
 

• Development of credible information 
and tools for professionals to use in 
developing stocking standards (e.g. 
future BEC maps). 

• 5% seed transfer exemption rule. 
• Alternatives to the seed standards. 
• Chief Forester can make incremental 

amendments to seed transfer standards. 
• Government might be able to plant trees 

that would not be counted as free 
growing stems, if not viewed as 
circumvention of SLA.  

Managing for shorter-
rotation species 
 

• Similar to increasing diversity. 
• Limited economic opportunities and 

suitable land. 
• Social issues arising over land use 

conversion to hybrid monocultures. 

• Similar to increasing diversity. 
• Commercial interest in broadleaves 

increasing. 

Selecting and breeding 
for adaptation and 
environmental stresses 
 

• FGC objectives and targets. 
• Social and ethical issues re biotechnology. 
• No GM trees permitted, regulated by 

Federal government. 
 

• No policy restrictions on traditional tree 
breeding, standards can be amended.  

• Products of biotechnology can be used 
after sufficient testing. 
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7. Effecting changes to forest policy in response to climate change 

Governments can serve to effect change through legislation, standards, market instruments (e.g., 

taxation) and planning.  They can also serve as leaders, expert advisors and change agents to 

influence the public, private sector and local decision-makers through education, media and other 

psychological means (Michaelis 2003).  A combination of government policies and persuasive 

efforts is usually required to effect successful change (Boyd 2003). 

 

One of the biggest challenges in adapting forest management policies and practices is dealing 

with the uncertainty, magnitude, timing and location of climate change (Spittlehouse 2005).  

Understanding the trends in climate change projections and the uncertainties surrounding those 

trends are critical to policy formulation (Aber 2001).  It is unlikely that we will have perfect 

information, confidence or certainty about these factors, so decisions will have to be made based 

on the best-available information and risk assessments based on that information (UKCIP 2003).  

The enterprise-wide risk management framework adopted by the BC government, which is based 

on the AS/NZS 4360:2004 risk management standard, could be used to evaluate the residual 

risks associated with implementing the adaptive reforestation strategies and serve to evaluate the 

effectiveness of proposed policy changes (Government of British Columbia 2007c). 

 

Another challenge in introducing or changing forest management policy is the underlying nature 

or belief system associated with the policy change.  Wellstead et al. (2005) suggest that three 

distinct policy categories constitute policy belief systems.  These categories are:  

• Normative core policies - based on deeply held beliefs and values of society;  

• Core policies – strategic and policy positions of a government or organization, such as 

BC’s timber tenure system; and   
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• Secondary policies – instruments and decisions to implement the core policies. 

 

According to Wellstead et al. (2005) normative core policies are nearly impossible to change as 

they require a shift in the core values and beliefs of society at large.  Changes to core policies are 

also difficult, but they can be affected by significant perturbations from outside the policy 

community (e.g., changes to BC’s forest tenure and stumpage pricing systems in response to the 

softwood lumber dispute with the USA).  Secondary or operational policies are the easiest 

policies to change.  Wellstead et al. (2005) suggest that the reforestation strategies identified for 

adapting forests climate change by Spittlehouse and Stewart (2003) may fall into this third 

category.  This appears to be the case for most but not all of the policies discussed in this report.  

For example, establishing government objectives for climate change and providing incentives for 

licensees to establish and manage forests on Crown land beyond the free growing period could 

be considered core policies of government.  Policies that promote the exploration or use of exotic 

species and genetic engineering could also touch on social values and beliefs. 

 

Although the most effective way to change behaviour is through government regulation (Boyd 

2003), changing the forest policy framework back to a prescriptive one that existed under the 

Code would not be consistent with the current Provincial government’s direction.  Relying too 

heavily on prescriptive approaches in forest management when conditions are expected to 

change rapidly may also not be appropriate (Johnson et al. 2006).  Provision of compensation or 

assumption of reforestation obligations by government may also not be consistent with the 

current administrations core values, and could be viewed as circumventions of the softwood 

lumber agreement. 
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FRPA policy framework is relatively new, and licensees, professionals, and government are just 

now beginning to gain experience in applying it.  They have not had sufficient time to evaluate 

its effectiveness.  Expecting licensees to account for climate change within their forest 

management plans and operations at this point could be viewed as a breach of contract or trust 

(R. Reader, pers. comm., April 23, 2006).  FPRA is also very complex and not completely 

understood by most foresters, let alone the public.  As a result, the current government or a 

subsequent one may not wish to make significant modifications to it until there have been 

sufficient opportunities to determine how well it is working (I. Miller, pers. comm., November 4, 

2005).  However, recent interest amongst the public and government in climate change will 

likely precipitate a review of FRPA and its ability to address climate change. 

 

Forestry experts surveyed at a climate change workshop in Prince George in 2003 expressed a 

high level of uncertainty about the effects of climate change, but they were largely unopposed to 

developing adaptation strategies in response to its threats and opportunities (Williamson et al, 

2005).  Persons interviewed for this research were also supportive of implementing climate 

change strategies, but differed in their respective opinions of how fast the changes should be 

implemented.  Some advocated a cautious approach, while others were anxious to begin 

implementing policy changes immediately. 

 

In respect of the divergent public views and interests, adaptive reforestation policies and 

strategies should be developed in consultation with MoFR staff, licensees, professional 

stakeholders, public agencies, First Nations and other interested parties.  Engaging a cross-

section of people would ensure that environmental and socio-economic values would also be 

given due consideration.  Governments can serve to facilitate this process, by bringing people 
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together and disseminating information and research findings (Swart et al. 2003, Smit & 

Pilifosova, 2002, Lindner et al. 2000). 

Jim Snetsinger, Chief Forester, BC Ministry of Forests and Range, recently articulated the needs 

for developing, maintaining and improving the Province’s forest stewardship policy framework 

(Snetsinger 2004).  According to Mr. Snetsinger, policies need to be transparent, effective, and 

efficient, and developed in partnership with other government agencies, tenure holders, non-

government organizations, First Nations, and the public.  The policy framework needs to be 

informed by the latest science, understood and acceptable to the public, and consistent with 

international environmental standards.  It also has to set out clear roles, responsibilities, and 

accountabilities, and be within the resource capacity of government to implement.  Legislated 

and non-legislated tools are also required for resource professionals to plan and carry out 

practices consistent with sustainable resource use.   

Some of these factors have been considered in this research, but not all.  Further analysis and 

discussions with stakeholders and the public, are required before recommendations could be 

made to government and the Chief Forester with respect to effecting changes to existing policies 

and standards. 
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8. Conclusions  

This research explored options for adapting BC managed forest to climate change through the 

implementation of several reforestations strategies: increasing diversity; facilitating migration; 

managing for shorter rotation species; and selecting and breeding for adaptation and 

environmental stresses.  All four strategies have their merits, but vary in the degree to which they 

might mitigate risks and impart benefits.  Facilitated migration appears to offer the greatest 

potential for imparting benefits over the largest portion of the timber harvesting landbase.  This 

strategy can not only serve to reduce risks associated with climatic stresses, but increase 

productivity of BC’s forests in some area.  The other strategies are primarily risk avoidance 

measures and would have varying degrees of application to different ecosystems are tree species.  

None-the-less, these strategies should be used where appropriate and in conjunction with 

facilitated migration to increase the resilience of BC’s forests to climate change.  A wise 

approach would be to employ a variety of strategies across the landscape in order to reduce risk 

and to provide a range of economic, environmental and social benefits. 

 

The forest policy framework includes a mix of barriers and opportunities for implementing these 

adaptive reforestation strategies.  Lack of incentives for licensees to manage public forests 

beyond meeting free growing and green-up requirements, and limited provisions for 

compensating licensees for plantation failures, are potentially significant impediments that 

require further examination by government.  Without acknowledging or addressing these core 

forest management policies, it will be difficult to implement adaptive reforestation strategies 

through existing provisions of the policy framework at the rate and scale necessary for 

responding to a rapidly changing climate. 
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Although, there are no explicit requirements for incorporating climate change into forest 

management plans and practices, FRPA and its regulations appear to provide have adequate 

flexibility for licensees and BCTS mangers to incorporate climate change information and 

strategies into FSPs.  The outstanding question is: “must the strategies, measures and stocking 

standards contained in a FSP account for climate change in order to be consistent with 

government’s objectives for timber and other FRPA values under a changing climate?”  If 

government does not clarify its expectations, the public undoubtedly will.  Societal expectations 

for adapting forest management practices to climate change will likely increase as the awareness 

of potential impacts on BC’s forest and range resources increases. 

 

In either case, credible information respecting climate change projections and appropriate 

practices for specific forest types (biogeoclimatic zones) is required to assist professionals in 

preparing appropriate strategies at scales appropriate to their management area.  The MoFR, as 

stewards of the BC’s Crown forestlands, should take a lead role in developing, consolidating and 

disseminating such information.  Professionals, scientists, universities and others should also 

contribute to the advancement of climate change adaptation research and extension.  Foresters 

could subsequently use this information and their experience and knowledge in developing 

strategies applicable to local conditions and circumstances.  If the information and the strategies 

and stocking standards prepared by these professionals are compelling and convincing, then 

licensees and BCTS managers will likely incorporate them into FSPs, and DDMs approve them. 

 

If professionals, licensees, and BCTS managers fail to act upon convincing and compelling 

information, or fail to respond to government’s or society’s expectations, then government 

should revise its objectives for forest and range values so climate change must be explicitly 
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considered in proposing and approving strategies and stocking standards in FSPs.  If this also 

proves to be inadequate, then government should amend the FRPA legislation and regulations to 

include forest management standards for responding to climate change or assume responsibilities 

for reforesting and managing Crown land forests.   

 

However, before such dramatic measures are considered a few changes permitted with the FRPA 

framework should be employed to encourage the development and adoption of adaptive 

reforestation strategies.  Climate change should be considered in future timber supply analyses 

based on the best available information.  Amendments to the Chief Forester’s Standards for Seed 

Use and alignment of these standards with species selection guidelines should also be made to 

enable facilitated migration.  Changes to seed transfer standards would not only impart the 

greatest biological benefits, they would also ensure that they are implemented in a consistent 

manner between licensees and BCTS managers.  Any proposed changes to these existing policies 

and practices should, however, be informed by a fulsome discussion with affected stakeholders 

and others.  The Monitoring and reporting of adaptive reforestation activities must also be 

undertaken to track successes and failures.  These evaluations coupled with new research and 

confidence about the magnitude of climate change at regional and local scales will serve to refine 

and improve upon these strategies. 

 

Although this thesis focused on climate change reforestation strategies, it should be understood 

timber is not the primary or only forest value of importance.  In the not too distant future, the 

focus of managing our forests for timber production may shift to water, soil, and carbon 

conservation.  None-the-less, establishing trees better adapted to future climate will improve the 

odds of maintaining these other ecosystem services and benefits. 
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Responding to climate change will be a formidable task.  The uncertainties surrounding climate 

change are large and so are the potential risks.  A collaborative effort on the part of governments, 

industry, forest professionals, communities and others is therefore required to achieve success.  

However, we can’t wait for perfect information and certainty before acting.  Incremental changes 

can be made and adjusted as better information becomes available.  A decision to delay action is 

still a decision, and our actions will be judged by future generations based on the state of the 

forests they inherit.   

 

The best time to plant a tree (adapted to today’s climate) was 20 years ago.  The next 

best time to plant a tree (adapted to future climate) is now.  

 

- Derived and modified from Chinese proverb. 
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Appendix 1 – Interviewees and Questions 

1a.  INTERVIEWEES AND DATES OF INTERVIEWS: 

• Dr. Greg O’Neill, RPF, Research Scientist, Research Branch, BC Ministry of Forests and 

Range, Vernon, BC.  October 25, 2005. Supplementary questions March 6, 2007. 

• Ian Miller, RPF, (former) Legislation & Policy Forester, Forest Practices Branch, 

Ministry of Forests and Range, Victoria BC.  November 4, 2005.  Supplementary 

questions April 20, 2007. 

• Brian Raymer, RPF, Silvicultural Operations Specialist, Forest Practices Branch,  BC 

Ministry of Forests and Range, Victoria, BC.  January 16, 2006. Supplementary questions 

April 13 and 24, 2007. 

• Heather Rooke, Manager, Tree Seed Centre, and David Kolotelo, RPF, Cone and Seed 

Improvent Officer, Tree Seed Centre, Ministry of Forest and Range, Surrey, BC.  January 

18, 2006.  Supplementary questions April 23, 2007. 

• Jack Woods, RPF, Program Manager, Forest Genetics Council of British Columbia, 

Duncan, BC.  January 23, 2006. 

• Vincent Day, RPF, Canadian Forest Products Ltd., Prince George, BC.  February 9, 2006. 

 

1b. INTERVIEW QUESTIONS: WINTER 2005 - SPRING 2006 

Part 1: Climate Change and BC’s Forests 

1. What is your understanding of climate change and its potential impacts on BC forests?  

Please explain. 

2. Are you aware of climate change related forest management research or initiatives in 

BC? 

3. Are you aware of, or have you observed, any changes to BC’s forests that could be 

attributed to recent climate change?  Please explain. 

4. Do you think climate change poses any serious threats or opportunities to BC’s managed 

forests? If yes, what priority would you assign to addressing these threats and 

opportunities compared to other priorities of your organization (low, average, high)? 
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5. Are you, or is your organization, doing some to raise awareness of climate change or to 

address its threats or opportunities?  Please explain. 

6. What, if any, climate information or tools do you (or others) currently use for forest 

management decision-making? Please explain. 

7. What climate change information or tools do you require for planning or operations? 

 

Part 2: Reforestation Strategies for Adapting BC’s Forests to Climate Change 

Scientists and others have identified the following reforestation strategies that could be used to 

adapt managed forests to climate change: 

 

• using seed sources adapted to a wide range of conditions. 

• modifying seed transfer limits and seed planning zones - to facilitate the movement of 

species and seed sources further north and higher in elevation. 

• increasing the genetic diversity and number of seedlots used to plant a site – using 

seedlots from several different sources for one species. 

• managing species composition –  increasing species diversity. 

• managing stand density – increasing the minimum and target number of stems per 

hectare. 

• planting non-native or exotic species – moving species beyond their natural range. 

• breeding for broader adaptation, stress and pest resistance and drought-tolerance. 

 

1. Can you identify any other reforestation strategies for adapting our future forests to 

climate change? 

2. Which of these strategies are practical or suitable from a sustainable forest management 

perspective? 

3. What would be the socio-economic costs and benefits, and the environmental risks and 

benefits of these strategies? 

4. How would you rank the importance or priority of implementing those strategies that you 

identified as practical and suitable? Low, medium, high. 
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5. What additional information, analysis, research or conditions are required prior to 

implementing or giving further consideration to these strategies? 

 

Part 3: Policy Barriers and Opportunities 

1. Who should be responsible for implementing those strategies that you deemed to be 

practical and suitable? (e.g., government, licensees, professionals) 

2. Could persons implement these reforestation strategies within existing government and 

institutional (e.g., company) policy frameworks?  

3. What policy barriers impede the implementation of these strategies? 

4. What policy changes would be required to facilitate implementation of these strategies? 

 

Part 4: Other 

1. Is there any other information related to our discussion that you would like to share? 

2. May I cite the information that you provided me?  If yes, do you wish to be identified 

with your position and employer/organization? 

If you do not wish to be identified or cited in the report, I will incorporate your 

information in anonymous format, in the body of the final report.  

3. Is there someone else that you would recommend I speak with on these topics? 

 

2A. INTERVIEWEES AND DATES fall 2006 – spring 2007:  

These questions were used for interviews conducted with the following persons in the fall of 

2006. 

• Archie McDonald, RPF, Forest Manager, Council of Forest Industries.  Kelowna, BC.  

October 23, 2006.  Supplementary questions, April 20, 2007. 

• Garry Merkel, RPF, First Nations forester, and co-chair of the minister’s Forest Practices 

Public Advisory Committee. Castlegar, BC.  October 25, 2006.    

• Dwight Yochim, RPF, Director of Professional Practice & Forest 

Stewardship.Association of Forest Professionals of British Columbia.  Vancouver, BC.  

November 1, 2006.  
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• Jessica Clogg, LL.B., West Coast Environmental Law, Vancouver, BC.  November 8, 

2006. 

• Roberta Reader, LL.B.  Victoria, BC.  April 23, 2007. 

 

Part 1: Climate Change and BC’s Forests 

 

The Intergovernmental Panel on Climate Change (2002) has projected that earth’s temperature 

will increase from 1.4 to 5.8 oC over the next century due to greenhouse gas emissions.  The 

mean annual temperature in BC over the past 100 years has risen 0.6 oC on the coast, 1.1 oC in 

the southern interior, and 1.7 oC in the northern interior. 

 

In response to future projected climate change, the BC government has developed an action plan, 

Weather, Climate and the Future (Dec. 2004).  The BC Ministry of Forests and Range has also 

produced two reports Preparing for Climate Change (May 2006), Future Forest Ecosystems of 

BC (June 2006), which outline actions the ministry and others could take in response to the 

current and potential impacts of climate change on BC’s forest and range resources. 

 

1. Is climate change an issue of concern to your organization and its members? 

2. If yes, what priority and timeframe does your organization assign to climate change 

compared to other issues facing your organization?  

e.g. low, medium, or high and immediate, mid-term, or long-term.?  

3. What, if any, action has your organization taken in response to climate change to-date, 

including raising awareness amongst members and the public?  

 

Part 2: Reforestation Strategies for Adapting BC’s Forests to Climate Change 

 

Scientists and others have identified the following reforestation strategies that could be used to 

adapt managed forests to projected climate change. These include: 
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1. Increasing species and genetic diversity: e.g. increasing the number of species, trees, 

seedlots and genotypes (genetic diversity within and between seedlots) used to 

reforest an area. 

2. Facilitating species and seedlot migration: transferring native species and seed 

sources further north and higher in elevation. 

3. Planting exotic species: using temperate deciduous and species not found naturally in 

BC (e.g. Siberian Larch). 

4. Reducing rotation length: by planting and managing species composition for shorter-

rotations (e.g. 30-40 years). 

5. Developing and using seed sources adapted to a wider range of environmental 

conditions, including breeding for broader adaptation, pest resistance and drought-

tolerance. 

 

1. For each of the above strategies can you identify any policy barriers or opportunities under 

the current Forest and Range Practices Act framework (both legal and non-legal realms) for 

implementing the above strategies?  

 

2. What policy changes, research, information, tools or other action would be required to 

overcome the barriers you have identified?  

 

3. Who should be responsible for developing and implementing these reforestation strategies on 

BC’s public forest lands? 

 

Part 3: Other 

1. Is there any other information related to our discussion that you would like to share? 

 

2. May I cite the information that you provided me?  If yes, do you wish to be identified 

with your position and employer/organization? 

 

If you do not wish to be identified or cited in the report, I will incorporate your 
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information in anonymous format, in the body of the final report.  

 

3. Is there someone else that you would recommend I speak with on these topics? 
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Appendix 2 - Telephone Recruiting Form  

 

Hello, my name is Brian Barber.  I am a professional forester currently enrolled in Royal Roads 

University’s Master of Arts program in Environment and Management.  I am doing my thesis on 

the topic of climate change and reforestation. 

 

The objective of my research is to inform forest resource managers, decision-makers and the 

public about the potential impacts of climate change on BC’s forests and some reforestation 

strategies that may assist in mitigating those impacts.  This research is also intended to inform 

government about the actions it could take to facilitate changes to its forest management policies 

and practices in consideration of climate change. 

 

Specifically, I hope to answer the following 2 questions:  

• Considering that BC’s climate is projected to change rapidly over the next century, what 

sustainable reforestation strategies would be effective in adapting BC’s managed forests to 

future climatic conditions?  and, 

• Is BC’s reforestation policy framework adequate for implementing such strategies, and what 

policy changes are required to facilitate adaptation? 

 

Although I work for the BC Ministry of Forests and Range, this research is being conducted 

independent of my regular work-related duties.  However, I do intend to share my research 

findings with the ministry, who may use the outcomes of my report to inform forest policies and 

practices. 

 

As part of my research I would like to interview experts in climate change research, forest policy 

and reforestation, and those who have an interest in these topics. 

 

I was hoping that you would be available sometime in September to meet with me for 1-2 hours 

so I can gain from your knowledge, experience and opinions on these matters.  I would provide 

you with a number of open-ended questions in advance to guide our discussion.  
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These questions would solicit your knowledge, experience and opinions with respect to:  

• climate change and its impact on BC’s forests;  

• the suitability and practicality of several reforestation strategies for adapting BC’s managed 

forests to climate change, and  

• the barriers and opportunities within BC forest policy framework for implementing these 

strategies.  

 

I’ll take hand-written notes during out conservation and incorporate the information obtained 

into my thesis.  In accordance with your wishes, I can incorporate the information you provide in 

anonymous format, or include it by citing your name.  At no time will any specific comments be 

attributed to you unless I obtain your agreement in advance. 

 

A copy of my final report will be housed at Royal Roads University, where it will be made 

accessible to the public.  I also intend to share this report with my employer. 

 

You should not feel compelled to take part in this research project, and if you do, you are free to 

withdraw at any time with no prejudice.  

 

My thesis sponsor is Dr. Dale Draper, Director, Tree Improvement Branch, MoFR, and my thesis 

supervisor is Dr. Vivienne Wilson, former director of the MEM program.  If you wish to check 

my credentials with Royal Roads University, you may contact Diane Van der Gucht, Program 

Associate, Masters of Environment and Management Program phone # and email address.  

 

Would you be interested in participating in this project?  

 

Great! When would you be available to meet or discuss over the phone at time and date of 

convenience to you?  (Arrange date, time and location.  Obtain email address) 

 

I will follow-up with you via email in the next day or so.  I will forward you a Letter of Consent, 

which will outline what I have described and ask that you send it back to me, indicting your 

agreement to participate.  I will also provide you with the list of questions. 
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I look forward to meeting with you,  

 

Thank you! 
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Appendix 3 - Letter (Email) Confirmation for Interviews  

Dear (Name); 

Thank you for agreeing to participate in my research project: Reforestation strategies for 

adapting BC’s forests to climate change: policy barriers and opportunities. 

 

This project is part of the requirement for a Master’s Degree in Environment and Management 

(MEM) at Royal Roads University.  My thesis sponsor is Dr. Dale Draper, Director, Tree 

Improvement Branch, MoFR, and my thesis supervisor is Dr. Vivienne Wilson, former director 

of RRU’s MEM program.  If you wish to check my credentials with Royal Roads University, 

you may contact Diane Van der Gucht, Program Associate, MEM phone # and email address. 

 

The objective of my research is to inform forest resource managers, decision-makers and the 

public about the potential impacts of climate change on BC’s forests and some reforestation 

strategies that may assist in mitigating some of those impacts.  This research is also intended to 

inform government about the actions it could take to facilitate changes to its forest management 

policies and practices in consideration of climate change. 

 

Specifically, I hope to answer the following 2 questions:  

• Considering that BC’s climate is projected to change rapidly over the next century, what 

sustainable reforestation strategies would be effective in adapting BC’s managed forests to 

future climatic conditions? and, 

• Is BC’s reforestation policy framework adequate for implementing such strategies, and what 

policy changes are required to facilitate adaptation? 

 

A copy of my final report will be housed at Royal Roads University and made accessible to the 

public.  In addition to submitting my final report to Royal Roads, I will also be sharing my 

research findings with the BC Ministry of Forests and Range, who may use the outcomes of my 

report to inform their forest policies and practices.  I may also write one or more articles for 

publication in a forestry journal using the information I will gather in my research. 
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I have arranged a meeting place/conference call for us at (location, date and time). The 

discussion should take between 1-2 hours to complete. 

 

Attached in a list of open-ended questions that I will use to guide our discussion.  These 

questions are intended to solicit your knowledge, experience and opinion with respect to:  

• climate change and its impact on BC’s forests;  

• the suitability and practicality of several reforestation options for adapting BC’s managed 

forests to climate change, and  

• the barriers and opportunities within BC forest policy framework for implementing these 

changes. 

 

Information will be recorded in hand-written format and, where appropriate summarized, in 

anonymous format, in the body of the final report.  At no time will any specific comments be 

attributed to any individual unless specific agreement has been obtained beforehand. All 

documentation will be kept strictly confidential, and retained by myself for a minimum of one 

year after the thesis had been accepted by Royal Roads University. 

 

Although no formal debriefing session has been scheduled, I will provide you with a summary of 

how your information was used in the report, and a copy of the final report once it has been 

accepted.  

 

I will provide you with a summary of my finding and the thesis once it has been completed and 

accepted. 

 

If you do not wish to participate, or wish to withdraw from the interview, you are free to do so at 

any time with no prejudice.  Similarly if you decide to not take part in this research project, any 

information provided will be maintained in confidence. 

 

Please do feel free to contact me at any time should you have additional questions regarding the 

project and its outcomes.  I can be reached at: phone # and email address 
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Could you please reply to this note acknowledging your receipt, your understanding of the 

purpose of this project, and your free and informed consent for participating in this research.   

Thank you. 

 

I look forward to our discussion.  

 

Sincerely, 

 

 

Brian Barber, RPF 

 

 

 

 

 


