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Abstract

Emerging carbon offset markets create economic opportunities to manage carbon in
forests but represent a complex mix of decision-making challenges and are poorly
understood among forest managers. | use a decision analysis to assess alternative
forest management options in the context of Ecosystem-Based Management (EBM) in
Heiltsuk traditional territory on the Central Coast of British Columbia. | use timber supply
(SELES-STSM) and carbon budget projections (CBM-CFS3) while considering
uncertainty in carbon offset and log prices. Carbon offsets provide strong economic
opportunities that can compensate for foregone timber harvest revenue within existing
carbon markets, but these benefits vary over time and are sensitive to uncertainty in
price trends, costs, leakage, and discount rate. These findings can help forest managers
and policy makers understand the opportunities and trade-offs of managing forests for
timber harvest and carbon storage to better meet their objectives and obtain a more

diverse range of benefits.

Keywords: carbon offsets; harvest level; decision analysis; forest management;
ecosystem-based management (EBM); CBM-CFS3
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1. Introduction

Forests are an important component of the global carbon cycle, functioning as a
large carbon reservoir and annually sequestering globally significant amounts of carbon
from the atmosphere (Canadell and Raupach 2008, Pan et al. 2011). The annual
average change in global carbon stocks of established forests from 2000 to 2007 was an
uptake of 2.3+0.5 Pg Clyr, which represents roughly 30% of the global fossil fuel
emissions (Pan et al. 2011). However, forest ecosystems can shift between being net
carbon sinks and sources, largely depending on the type, frequency, and severity of
disturbances such as timber harvest and fire (Kurz et al. 2008a). For example, a major
mountain pine beetle outbreak in the south-central region of British Columbia, Canada
resulted in widespread tree mortality that both during and immediately after the outbreak
converted the forest from a small sink to a large source of net carbon (Kurz et al. 2008b).
Thus, we can think about managing carbon in forests through the regulation of forest
activities and practices (Canadell and Raupach 2008). Forest management approaches
intended to enhance carbon storage can include either increased or decreased timber
harvest, largely depending on a variety of ecosystem characteristics, particularly the age
and structure of the forests in question and the incidence of natural stand-replacing
disturbances (Golden et al. 2011, Sharma et al. 2013, Smyth et al. 2014).

Managing forests for carbon presents an economic opportunity to participate in
emerging carbon offset markets (Charnley et al. 2010, Pojar 2010). The value of the
global voluntary carbon market in 2012 reached $523 million with 101 million tonnes of
carbon offsets (Mt CO,-e) contracted, of which 32% by volume was represented by
forestry and land-use projects (Peters-Stanley and Yin 2013). Carbon markets diversify
the economic opportunities available in forest management and can be used to support
implementation of sustainable forest management objectives and strategies that
increase net carbon storage by offsetting associated costs and foregone revenue

(Freedman et al. 2009). Methodologies for carbon offset projects are guided by



independent certification standards which directly affect project costs, carbon
accounting, and attainable offset prices (Foley et al. 2009). Project development involves
generation and validation of a project design document, verification of implementation,

documentation, monitoring, offset issuance and tracking by a registry.

Quantifying forest carbon dynamics and the effects of forest management on
these dynamics has received considerable attention in the literature (Goodale et al.
2002, Birdsey et al. 2006, Eriksson et al. 2007, Hennigar et al. 2008, Nunery and Keeton
2010, McKinley et al. 2011, Pan et al. 2011, Stinson et al. 2011, Post et al. 2012).
Carbon is often included in forest valuation to assess alternative forest management
strategies (Healey et al. 2000, Krcmar and van Kooten 2005, Knowler and Dust 2008,
Seidl et al. 2007, Rodrigues 2011, Schwenk et al. 2012), and as a factor in determining
optimal rotation length (van Kooten et al. 1995, Murray 2000, Backéus et al. 2005,
Chladna 2007, Sohngen and Brown 2008, Baskent and Keles 2009, Keles 2010, Asante
et al. 2011, Couture and Reynaud 2011, Petrasek et al. 2013, Susaeta et al. 2013).
However, realistic economic assessments of opportunities for carbon offset projects and
the trade-offs embodied in these choices remain challenging. This reflects the diversity
of forest stand structures and dynamics, landscape character and historical land-use
legacies (Richards and Stokes 2004, Foley et al. 2009, Smyth et al. 2014), uncertainty in
future products markets and the early stage of development of carbon markets and
standards in general (Kangas and Kangas 2004, Foley et al. 2009, Peters-Stanley and
Yin 2013), and the complexity of the social choices inherent in these decisions (Seidl
and Lexer 2013).

Forest managers require further research and decision support tools to properly
assess the economic potential of alternative management options that include carbon
offset projects and to make good decisions about trade-offs among management
objectives (Chladna 2007, Foley et al. 2009, Ryan et al. 2010, Burton et al. 2013). Some
agencies, for example Natural Resources Canada, have specifically identified that policy
development needs research focusing on the implications of managing carbon on forest
management practices, associated costs and benefits of carbon management, and its
relationships to other forest management goals such as timber harvesting (Bernier et al.

2012). Research is also needed which examines how carbon offset price impacts forest



management decisions as well as the opportunity to use carbon offset projects as

incentives to support conservation actions (Sutherland et al. 2009, Golden et al. 2011).

The high degree of uncertainty and lack of information that often characterizes
management of the environment is a major challenge for managers (Polasky et al.
2011). The main sources of uncertainty in forest planning include growth and yield
predictions, future environmental conditions, ecological consequences of alternative
plans, preferences of involved stakeholders and decision makers, and market conditions
for timber and associated harvesting costs (Kangas and Kangas 2004). A consideration
of uncertainty and risk should play an important role in managing forest ecosystems as
they are inherently complex, have long time horizons, and decisions often embody
challenging value trade-offs and numerous stakeholders (Keeney 1982, Mendoza and
Martins 2006, Pasalodos-Tato et al. 2013). Decisions must be made despite the
uncertainty and lack of sufficient information which characterize environmental
management, but they can be informed by a formal assessment of risks if they
incorporate uncertainty (Apostolakis 2004, Burgman 2005, Polasky et al. 2011). Forest
managers need to integrate uncertainty into their decision making processes, but further
research into uncertainty is required to support informed decision making (Hildebrandt
and Knoke 2011). In particular, uncertainty must be integrated in order to generate more
robust net revenues (Ascough Il et al. 2008) where forest carbon management requires
further attention as it is an emerging component of forest economics and there are
significant uncertainties that remain despite the substantial scientific progress in the past

few decades (Bernier et al. 2012).

Decision sciences are continuing to develop in environmental management to
help better support the multidimensional choices that must be made which are often
characterized by uncertain science, diverse stakeholders, and difficult trade-offs
(Gregory et al. 2012). Decision analysis is an analytic tool adapted for resource
management several decades ago (Walters and Hilborn 1976, Holling 1978, Walters
1986) to inform decision making by evaluating management options quantitatively while
explicitly including uncertainty (Keeney 1982, Clemen 1996). Instead of using point
estimates and central tendencies, decision analysis includes the distributions for

hypothesized uncertain states of nature to calculate outcomes of alternative



management options. Decision analysis increases the probability of selecting a
management action with a more desirable outcome, provides insights into how robust
management decisions are to assumptions and uncertainties, and informs resource
allocations aimed at reducing uncertainty (Morgan and Henrion 1990). Decision analysis
has been applied to certain aspects of forest management including silvicultural
treatments (Martell and Fullerton 1988), logging impacts on birds and mammals (Crome
et al. 1996), and forest road deactivation (Allison et al. 2004). Although carbon offset
opportunities have been included in studies using decision analysis, such as Puerta-
Ortega et al. (2013), who assessed the feasibility of a carbon capture and storage
project, and Biallas (2009), who included carbon offset sales in their assessment of
optimal entrance fees for protected areas in Belize, the uncertain states of nature in
these studies do not include price scenarios for carbon offsets or timber. There is an
opportunity to use decision analysis in the development of realistic decision support tools
for forest managers and policy makers to help address risk and uncertainty particularly in

emerging forest carbon offset opportunities.

Although forest management in British Columbia has traditionally been driven by
timber production (British Columbia Ministry of Forests Mines and Lands 2010, Pojar
2010), carbon management is a significant opportunity that is rapidly evolving into
practice both because of initiatives by the provincial government and a global interest in
carbon offset markets. The British Columbia Forest Carbon Offset Protocol (BC FCOP)
was developed in 2011 to guide the design, development, quantification and verification
of high-quality forest carbon projects in British Columbia that demonstrate carbon
emission reductions or increased carbon storage that are “additional” to a baseline
business-as-usual scenario and implement afforestation, reforestation, improved forest
management, or conservation (British Columbia Ministry of Environment 2011). Previous
to 2014, the carbon market for offset projects under the BC FCOP was through the
Pacific Carbon Trust (PCT), a British Columbia Crown corporation that oversaw and
purchased carbon offsets from British Columbia projects for the public and private
sector. The PCT has since closed and been transitioned to the Climate Investment
Branch in the Ministry of Environment’s Climate Action Secretariat. The PCT used the
Markit Environmental Registry, which had a 38% market share globally in 2012, to track,

retire, report, and provide independent review of carbon offsets (Peters-Stanley and Yin



2013). Although there have been several forest carbon offset projects under the BC
FCOP through PCT (see Appendix A), research on the effectiveness of forest carbon
storage strategies in British Columbia (Man et al. 2013, McLaughlin 2013), and several
protocols between First Nations and the provincial government that create certainty for
carbon rights on provincial Crown land (Sparrow 2012), the implications for forest
planning and operations are still largely unknown among forest managers (Greig and
Bull 2009).

The economic opportunity to generate income from forests with carbon
management is relevant not only to industrial foresters but to other stakeholders and
decision makers as well, including local communities such as First Nation’s, who are
playing an increasingly important role in resource decision making (Sparrow 2012).
Carbon offset projects may be more consistent than timber harvest with other values and
objectives for forests, such as conservation, ecotourism and cultural tourism, and
maintaining traditional food resources, biodiversity, and sustainable forest management
practices. If this is the case, then carbon offset projects could be used as an alternative
revenue stream to support these other values and objectives in forest management

decision making.

| examine the implications of alternative management options that implement
Ecosystem-Based Management (EBM) for an area in Heiltsuk Territory within the Great
Bear Rainforest (GBR) on the Central Coast of British Columbia, Canada. | use timber
supply projections from SELES-STSM, carbon budget modelling (CBM-CFS3), and
decision analysis to address the following key questions:

* What are the trade-offs in terms of net present value of carbon offsets and

timber harvesting for a set of management options designed to implement
improved forest management through EBM?

» To what degree does uncertainty in future timber and carbon markets affect
the rank order of those management options?

* What factors of the analysis have the most influence on the rank order?
* What is the value of reducing uncertainty in the analysis?

» What are the lessons that can be drawn from these analyses to help support
Heiltsuk decision making?



2. Methods

2.1 Study Area

The Great Bear Rainforest (GBR) is an area of the coastal temperate rainforest
on the British Columbia Coast incorporating Central Coast, North Coast, and Haida
Gwaii (see Figure 1). The GBR is a globally significant conservation opportunity being
one of the world’s largest remaining temperate rainforests encompassing 6.4 million
hectares on British Columbia’s coast in the Pacific Northwest (Clapp 2004). Ecologically
rich and rare, the GBR has also been internationally recognized for its biodiversity
protection, sustainable economic development, and inclusive governance arrangements
(Price et al. 2009, DellaSala et al. 2011, Moore and Tjornbo 2012, Riddell et al. 2012).
As is typical for coastal temperate rainforests, the GBR is characterised by high annual
rainfall, cool growing season temperatures, large rugged mountains, and relatively rare
drought and fire disturbances (Meidinger and Pojar 1991, Schoonmaker et al. 1997,
Orians and Schoen 2013). The natural disturbance regime is dominated by fine-scale
gap-phase dynamics allowing development of a structurally and biologically complex,
multi-aged, multi-canopy old growth forest, with large volumes of living and dead wood
(Lertzman et al. 1996, Lertzman et al. 1997, Gavin et al. 2003, MacKinnon 2003, Daniels
and Gray 2006).

The GBR, along with other Pacific Northwest forests, has the highest carbon
densities in North America (Foley et al. 2009) largely due to the relatively cool
temperatures, moderately high precipitation, and minimal human disturbance of older
forests (Keith et al. 2009). However, the conversion of the old growth forests, which
dominate the unmanaged landscapes, to managed forests results in considerable loss of
carbon to the atmosphere that is unlikely to be regained (Harmon et al. 1990, Luyssaert
et al. 2008, Trofymow et al. 2008). Over the past century, industrial logging in British
Columbia has largely converted the most valuable and easily accessible forest in the
region to managed second growth (Prescott-Allen 2005, Green 2007, Pearson 2010).



Provincial Crown land encompasses 94% of British Columbia, of which roughly
half is forested. Of that forested land, roughly half forms the Timber Harvesting Land
Base (THLB), where it is deemed both acceptable and economically feasible to harvest
timber (British Columbia Ministry of Forests Mines and Lands 2010). Timber harvest in
the THLB on provincial Crown land is regulated by the provincial government through 37
Timber Supply Areas (TSAs), 34 Tree Farm Licences (TFLs), and more than 800
woodlot licences and community forests. The harvest of timber in British Columbia has
been important for economic development and continues to be an economic base for
many rural British Columbia communities (British Columbia Ministry of Forests Mines
and Lands 2010). However, land-use decisions and logging practices in coastal regions
of British Columbia over the past few decades caused major conflict and dispute
between environmental groups, logging companies, First Nations and the provincial
government over concern for ecological integrity which attracted global attention (Smith
et al. 2007). Additionally, over the past 25 years there have been a series of supreme
court decisions that have affirmed the rights of First Nations in their traditional territories
and facilitated their engagement in resource management decision making (Moore and
Tjornbo 2012). In the GBR, these conflicts were at least partly resolved by agreements
between First Nations and the Province affirming a commitment to implement
Ecosystem-Based Management (EBM), a government-to-government process for land-
use planning, revenue sharing, and tenure opportunities for First Nations (Price et al.
2009). Resolution of these major environmental conflicts in the GBR has received much
recent attention in the literature (Howlett et al. 2009, Dempsey 2011, Moore and Tjornbo
2012, Ratio and Saarikoski 2012, Saarikoski et al. 2013)

EBM is defined by the Coast Information Team in the EBM Planning Handbook
(2004, pg. 4) as “...an adaptive approach to managing human activities that seeks to
ensure the coexistence of healthy, fully functioning ecosystems and human
communities.” Guiding principles of EBM are to promote ecological integrity, aboriginal
interests, human well-being, the precautionary principle, collaborative planning and
management, and fair distribution of benefits. EBM was implemented in the GBR using
the Central and North Coast (CNC) Order (2009) and South Central Coast (SCC) Order
(2009) which outline Land Use Objectives (LUO) for First Nations, aquatic habitats, and

biodiversity. Novel elements of EBM development in the GBR include coalitions between



groups formerly in opposition, explicit models relating management strategies to LUO,
and use of ecological thresholds and natural variability to establish management targets
(Price et al. 2009).

The LUO include representation targets for old growth forest (defined as 250
years or older). These targets are specified as a proportion of the range of natural
variation (RONV), by site series surrogate and landscape unit (Schedule 4 of CNC Order
2009, SCC Order 2009). The default targets in the LUO are referred to in this study as
“risk-managed” targets which retain a lower proportion of RONV (ranging from 30% to
70%) than do the higher “low risk” targets (setting all at 70%). Although the application of
EBM reduces operable timber supply (Farenholtz and Rowan 2007), subsequent
increased long-term carbon storage is eligible as an improved forest management

carbon offset project under BC FCOP.

The traditional territory of the Heiltsuk First Nation is an area of high ecological
and cultural importance located entirely within the GBR on the Central Coast of British
Columbia, Canada, and is subject to EBM (Figure 1). The Heiltsuk are a Coastal First
Nation with rich culture, history and traditions that are derived from their respect,
reverence, and inextricable connection to the natural environment and resources of their
Territory (Heiltsuk Cultural Heritage Centre 2003, Heiltsuk Tribal Council 2005, Brown
and Brown 2009). This ancient, complex, and sacred relationship underpins Heiltsuk
stewardship and management of their Territory and has the vision to continue balancing
their needs with sustaining the land and resources while following customary laws,
traditional knowledge, oral traditions, and consideration of current scientific information
(Heiltsuk Tribal Council 2005). Today, Heiltsuk territory includes roughly 600,000
hectares of productive forest dominated by old growth (approximately 89%), which is
mostly much older than 250 years (MacKinnon 2003, Pearson 2010), as research in
similar ecosystems has also shown (Lertzman et al. 1996, Gavin et al. 2003). Forest
stands are dominated by western redcedar (Thuja plicata), yellow-cedar (Callitropsis
nootkatensis), western hemlock (Tsuga heterophylla), amabilis fir (Abies amabilis), Sitka
spruce (Picea sitchensis), and red alder (Alnus rubra). Within the Territory there are
three Timber Supply Areas (Midcoast TSA, Northcoast TSA, and Pacific TSA block 25)
and one Tree Farm License (TFL 25 block 5). This study includes only the Midcoast TSA



and Pacific TSA block 25 due to the large data requirements of the timber supply and
carbon budget modelling and access to that data (Figure 1). The British Columbia
Provincial Government and Heiltsuk have revenue sharing agreements relating to timber
harvest and carbon offsets generated on Crown land within the Territory (Heiltsuk
Forestry Agreement 2004, Reconciliation Protocol 2010, Atmospheric Benefit Sharing
Agreement 2011).

| simulated the forest land-base on a portion of the Heiltsuk Territory, which
includes the Midcoast TSA and Pacific TSA block 25. | examined four management
options using a timber supply model and carbon budget model in order to examine the
economic opportunities and trade-offs related to carbon offsets and timber harvest in the
context of the implementation of EBM following the CNC Order (2009). Specifically, two
of these management options are outside the current acceptable policy space in the
GBR, but provide context for understanding the other options and are useful for
understanding decision options in other areas. These options include a baseline of Pre-
EBM forest management (option M1), and complete conservation with no timber harvest
occurring on the landscape (option M4). The remaining two management options reflect
current choices being addressed by the landscape planning process. These include
management for two levels of old growth targets outlined under EBM implementation
(options M2 and M3).

After obtaining the results from the timber supply and carbon budget analyses, |
applied a decision analysis to investigate the impact of uncertainty in future timber and
carbon offset prices on the relative economic benefits of the management options. The
objective of this study is to provide insights for forest managers and policy makers into
the opportunities and trade-offs for improved forest management in existing and future
markets when managing for timber harvest and forest carbon while considering

uncertainty in price trends.
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2.2 Simulation Models

Dr. Andrew Fall ran 250-year timber supply simulations for this study using the
Spatially Explicit Landscape Event Simulator Spatial Timber Supply Model (SELES-
STSM) (Fall and Fall 2001) as has been used elsewhere in the GBR process. These
projections were run for each management option where 2008 is the reference year to
coincide with EBM implementation under the 2009 SCC and CNC Orders. SELES-STSM
required land-base inventory data and parameters for timber growth and yield available
from British Columbia Ministry of Forests, Lands and Natural Resource Operations
(2013a), and the most recent timber supply reviews for the Midcoast TSA and Pacific
TSA (Forsite Consultants Ltd. 2010, British Columbia Ministry of Forests Lands and
Natural Resource Operations 2014a). The modelled sustainable harvest levels used a 1
hectare resolution, decadal time steps for 400 years, spatial blocks randomly sized (5 ha
to 20 ha), and a harvest preference for older stands closer to road access (Fall and
Crockford 2006). Spatial constraints applied accounted for road and helicopter access
and forest cover objectives for visual quality, site productivity, and ungulate winter range.
Management options that applied EBM required further spatial constraints to meet the
LUO in the SCC and CNC Orders (2009) as described further in Fall (2011) and Williams
and Buell (2006).

| used the Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3),
version 1.2 to simulate annual carbon dynamics in the forest ecosystem (Kurz et al.
2009). CBM-CFS3 is an aspatial stand- and landscape-level modelling framework that
tracks and transfers carbon stocks between tree biomass and dead organic matter
pools. Data requirements for the model include inventory data and growth and yield data
(British Columbia Ministry of Forests, Lands and Natural Resource Operations 2013a),
and a schedule of disturbance events from SELES-STSM outputs which include natural
disturbances (as stand-replacing wildfire), roads and landings (as temporary stand
removal for construction), clear-cut harvesting (of 85% merchantable trees with burn of
post-harvest organic residue in burn piles and as broadcast burns), and clear-cut
harvesting (of 85% merchantable trees with 50% salvage of dead stem snags for use in

the forest products sector). | used default CBM-CFS3 parameters for the Pacific
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Maritime region of Coastal British Columbia. Carbon offset calculations utilized CBM-

CFS3 outputs of annual total ecosystem carbon stocks.

Calculation of carbon offsets in this study followed the BC FCOP quantification
methodology and requirements (British Columbia Ministry of Environment 2011). Both
SELES-STSM and CBM-CFS3 have been pre-approved and recommended under the
BC FCOP to be used as a landscape dynamic model and ecosystem carbon projection
model (British Columbia Ministry of Environment 2011). Harvested wood products
(HWP) in-use and in-landfill were not accounted for in CBM-CFS3 and must be
accounted for separately (see Appendix B). As permitted by BC FCOP for improved
forest management projects (British Columbia Ministry of Environment 2011), carbon
pools not considered include: production inputs; transportation; fossil fuel combustion;
biomass combustion; and harvested wood transport, processing, combustion, and
residual disposal. Leakage is an estimate of the degree to which emissions outside the
project boundary increase in order to compensate for the project. The calculations under
this methodology for calculating eligible carbon offsets include leakage, and a
permanence buffer intended to capture the risk of natural or human-induced events

reversing the emission reductions in the first 100 years.

Eligible carbon offsets for a project were calculated as the net emission
reductions, calculated as the annual change in total ecosystem carbon, HWP in-use, and
HWP in-landfill, relative to the baseline of what would have otherwise occurred, less
leakage and a permanence buffer (British Columbia Ministry of Environment 2011). |
used a conservative leakage estimate of 46% to be consistent with the detailed leakage
analysis conducted and approved under BC FCOP for The Great Bear (North and
Central-Mid Coast) Forest Carbon Project (Carbon Credit Corporation 2011). As
recommended by BC FCOP, | used the Voluntary Carbon Standard Association (2012)
non-permanence risk tool to calculate a permanence buffer of 10% for the carbon
projects in this study (see Appendix C).
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2.3 Decision Analysis Framework

| used a decision analysis to evaluate and rank management options based on
revenues and costs from carbon offset projects and timber harvest activities in the study
area. All monetary values are expressed in Canadian dollars and were adjusted for
inflation as recommended by the Treasury Board of Canada Secretariat (2007) using the
Consumer Price Index (Bank of Canada 2013a) to the reference year of this study
(2008). United States prices were adjusted using the 2008 average exchange rate
supplied by the Bank of Canada (2013b). A base discount rate of 4% was used to
calculate net present values (NPVSs) to be consistent with other studies examining long-
term resource planning and forestry from both private and public perspectives (Gregory
1987, Heaps and Pratt 1989, van Kooten and Bulte 1999, Mathey and Nelson 2010).

The decision analysis was an excel-based model that incorporated the eight

components of decision analysis from Peterman and Peters (1998):

1. Management objective.— The management objective was to select the management
option that “maximizes the expected net present value (ENPV)” from carbon offset

projects and timber harvest activities on the land-base.

2. Management options.— | considered four alternative management options: (M1) Pre-
EBM, (M2) EBM “Risk-managed” Old Growth Targets, (M3) EBM “Low Risk” Old Growth
Targets, and (M4) No Harvest. Pre-EBM (M1) is the baseline for forest carbon stocks
and thus ineligible for carbon offsets. The EBM “Risk-managed” (M2) Old Growth Target
option implements the default representation targets for old growth RONV by site series
surrogate within each landscape unit as outlined in Schedule 4 of the CNC Order (2009)
which range from 30% to 70%. The EBM “Low Risk” Old Growth Target option (M3)
applies 70% of RONV for all site series surrogates in all landscape units. No Harvest
(M4) represents complete conservation of the land-base with no harvesting of timber.
The management reality, however, is that neither M1 nor M4 are available as policy
choices in the future: both are precluded by the Great Bear Agreements and subsequent
legislation including the CNC Order (2009) and SCC Order (2009). Nonetheless, these
management options do serve a useful role in defining context for the two EBM options

(M2 and M3) and for understanding the various decision trade-offs. | therefore present
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my results illustrating scenarios both when only the EBM options are available, as the
current management focus includes the relative merits of these two options, and when

all options are considered.

3.0 Uncertain states of nature.— Prices are a key influence in economic modelling of
forest policy (Bernier et al. 2012); however, predicting future timber and carbon prices is
highly speculative and sensitive to assumptions as they cannot be truly known. Thus, a
range of possible scenarios for both log prices and carbon offset prices were considered.
As the scenarios are 100-year forecasts based on historic variability and estimates,

linear trends were used to approximate the trajectories.

3.1 Timber harvest costs and log price scenarios.— Historically the net economic
potential of timber harvest has varied considerably based on the price for logs and
associated timber harvest costs. These prices and costs fluctuate largely depending on

log market conditions, species, grade, and access for harvest.

| employed an average timber harvest cost of $85.11/m®. This was calculated as
the difference between total timber harvest costs of $94.19/m?* specified for the Central
Coast Land and Resource Management Plan area (Farenholtz and Rowan 2007), which
is consistent with previous estimates (Pierce Lefebvre Consulting 2003, Price
Waterhouse Coopers 2006), less the average stumpage of $9.08/m* as paid by major
licensees in British Columbia between 1998 and 2007 (Forsite Consultants Ltd. 2009).
There are increased timber harvest costs associated with both management options
implementing EBM. These incremental costs were accounted for by applying an
additional average cost of $3.51 /m®, as estimated in an economic operability analysis
for the Central Coast (Farenholtz and Rowan 2007). This estimate only accounts for
incremental variable costs but is consistent with other estimates including the current
EBM specified operation adjustment used in stumpage appraisal that considers some
additional costs ($2.75 /m3, British Columbia Ministry of Forests, Lands and Natural
Resource Operations 2014b) and previous estimates from British Columbia Timber
Sales ($3 /m° to $9 /m°, Farenholtz and Rowan 2007).

As SELES-STSM outputs did not provide grade profiles of harvested timber and

timber prices are specified by grade, | calculated historical average monthly old growth
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and second growth timber prices for 1998 to 2013, weighted by species- and grade-
volume profiles for the study area (see Appendix D). British Columbia coastal price and
harvested volume data were obtained from the Coastal Log Market Reports and the
Harvest Billing System (British Columbia Ministry of Forests, Lands and Natural
Resource Operations 1998-2013, British Columbia Ministry of Forests, Lands and
Natural Resource Operations 2013b). Although only 10% to 20% of coastal harvest is
reported in the Coastal Log Market Reports, it is generally believed the prices accurately
reflect the overall British Columbia coast price level (Simons 1993, Knowler and Dust
2008, Forsite Consultants Ltd. 2009). As price and volume data are not yet available for
second growth logs, | used conversion parameters for old growth prices developed by
the Coastal Appraisal Advisory Committee which are widely used (British Columbia
Ministry of Forests 2004, Forsite Consultants Ltd. 2009, see Appendix E).

Possible log price scenarios all used a common initial price for year 0 of the
average annual old growth timber price for the past 10 years (2003 to 2013, $90.02/m3).
The upper and lower bound forecast were approximated by using linear scenarios that
set the log price at 100 years to the maximum and minimum monthly average timber
prices ($167.64/m* and $48.54/m?, respectively). Figure 2c illustrates all 10 log price

scenarios (LP1-LP10) spread evenly across the lower and upper bound estimates.

3.2 Carbon Offset Project Costs and Price Scenarios.— The net economic potential of
forest carbon offset projects is highly variable as project costs and achievable prices
vary considerably (Foley et al. 2009), particularly as the carbon market continues to
develop. There are a range of costs associated with carbon offset project development
including those to generate and validate a project design document, verify

implementation, document, monitor, issue offsets and track offsets by a registry.
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Figure 2. Uncertain states of nature price scenarios and probability density

functions.

“a” indicates all 10 price scenarios for carbon offsets ($/tCO,-e, CP1-CP10) over 100 years. The
associated degree of belief in each carbon offset price scenario is shown graphically as a
probability density function in “b” where the three different hypotheses tested are shown. These
hypotheses represent general beliefs in possible price trends by placing a higher probability on the
associated price scenarios. The three hypotheses are “pessimistic” emphasising prices decreasing,
“disinterested” emphasising fairly consistent prices, and “optimistic” emphasising prices increasing.
In “c” all 10 scenarios for log prices ($/m3, LP1-LP10) are shown over 100 years. The degree of
belief in each log price scenario is captured in “d” by three hypothesized probability density
functions that use the general beliefs mentioned previously of being “pessimistic”, “disinterested”,
or “optimistic” about price trends.

The price of a carbon offset is a function of the market in which it is sold, the
standards it meets, and its inherent attractiveness (Deo et al. 2012, Peters-Stanley and

Yin 2013). The PCT purchased BC FCOP improved forest management project carbon
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offsets for $7.00/tCO,-e to $12.00/tCO,-e and sells them for $25.00/tCO,-e (Pacific
Carbon Trust 2013). A market survey report of the voluntary carbon markets found that
improved forest management project offset prices for 2012 range from $7.00/tCO,-e to
$46.00/tCO,-e (Peters-Stanley and Yin 2013).

Estimates for the value of carbon sequestration vary considerably in the
literature. A meta-analysis of 232 published estimates of the social cost of carbon found
a mean of $39.82/tCO,-e and modal estimate of $4.90/tCO,-e (Tol 2009). The Stern
Review on the Economics of Climate Change (Stern 2006) estimates the social cost of
carbon to be $109.10/tCO,-e. Revised model runs of the Stern Review by Nordhaus
(2007) show the optimal carbon price in 2015 to be $10.85/tCO,-e rising to $63.86/tCO,-
e in 2100. Other estimates of carbon price based on alternative technology, retrofitting,
and recapturing range from $1.85/tCO,-e to $24.09/tCO,-e (Bergman et al. 1997).

The carbon offset price scenarios used a common initial price of $9.00/tCO,-e,
equal to the price for which PCT purchased The Great Bear (North and Central-Mid
Coast) Forest Carbon Project offsets in 2012. The range in carbon value estimates
across scenarios was captured by setting the upper bound scenario to a 100 year
maximum carbon offset price of $110.00/tCO,-e and the lower bound scenario to drop
and remain at a price of $0.00/tCO,-e after the first 20 years. The remaining 8 scenarios
(CP1-CP10) were spread equally between the upper and lower bound scenarios (Figure
2a).

4. Probabilities on uncertain states of nature.— Similar to the approach used by Crome
et al. (1996), | assessed three hypothesised probability density functions using beta
distributions for both uncertain states of nature to compare the influence on results of the
possible general groups of belief in future carbon and timber markets. These three
hypothesised probability density functions include: “optimistic” where prices increase,
“disinterested” where prices remain fairly consistent central in the range considered, and
“pessimistic” where prices decrease. The probability density functions for log price
scenarios (s) and carbon offset price scenarios (q) are graphically represented in Figure

2d and Figure 2b, respectively.
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5. Model outcomes.— The management options were each associated with a set of 100
outcomes expressed in terms of NPV based on model outputs and all possible
combinations of the 10 log price scenarios (LP2-LP10) and 10 carbon offset price
scenarios (CP1-CP10). These outcome NPVs represent total revenue and costs
associated with carbon offsets and timber harvest activities (Formula 1).

NPV™ST = NPV iy + NPVl o (2)

where:

NPV™4 = net present value of outcome ($)

NPV534ing = Net present value of outcome from timber harvest activities ($)
NPV,  =net present value of outcome from carbon offset project ($)

m = management option “Pre-EBM”, “EBM Risk-managed Old Growth
Targets”, “EBM Low Risk Old Growth Targets”, or “No Harvest”
s = log price scenario (LP)

q = carbon offset price scenario (CP)

The contribution of timber harvest activities to outcome NPV was calculated
using SELES-STSM outputs of annual volume harvested, log price scenarios (LP1-

LP10), and costs of bringing timber to market (Formula 2).

ms _ vT=100 (LP{—LC—LCgpm ) X{"
NP Logging — thl (1+0)t (2)

where:

LP§ = log price ($/m°)

LC = average cost to bring timber to market excluding stumpage ($/m°)

LCggy = average incremental cost to harvest under EBM in M2 and M3
($/m?)

X™ = volume of timber harvested in a year (m°)

T = time period being evaluated (100 years)

t =time (years)

i = discount rate (%)
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Outcome NPV derived from carbon offsets was calculated as the difference
between revenue generated from saleable carbon offsets using carbon offsets price
scenarios (CP1-CP10), and the costs of bringing offsets to market (Appendix F)

(Formula 3).

NPV, = yT=100 [cP! o —cf-o*~cf-c}]- (1-b) 3
Carbon — t=1 1+t ( )

where:

CP! = carbon offset price ($/tCO,-e)

0" = saleable carbon offsets generated in a year (tCO,-e)

¢/ = carbon offset insurance, issuance and registry costs ($/tCO.-e)

¢J = carbon offset project generation costs including project design
document generation and validation (every 25 years beginning in year 1),
and project report generation and verification (every 5 years beginning in
year 1) ($)

Cl = carbon monitoring plot network establishment (year 1) and annual
monitoring ($)

b = sales and marketing costs (% of sales)

It was assumed that if carbon offset prices become low enough to result in a loss
for a given year (NPV/% 0 <O at time t), then no carbon offsets were sold for that year
(NPVZS, =0 at time t) where monitoring costs continue for the contracted 100 years
after last sale of carbon offsets. Similarly, when log prices result in larger costs than
benefits for a given year (NPV[;in,<0 at time t), then it is assumed that the timber was
still harvested off the landscape but with no benefit or costs being incurred in that year
(NPV]pgging=0 at time t).

The overall ENPV of a management option is a NPV that incorporates a range of
possible scenarios and the degree of belief in their occurrence. ENPV was calculated as
the sum of outcome NPVs for each associated carbon offset price scenario (CP1-CP10)

and log price scenario (LP1-LP10) weighted by their joint probability (Formula 4).
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ENPV™ = 321005 NPV - ps - pf “)
where:
pS = probability of log price scenario
p9 = probability of carbon offset price scenario

ENPV™ = expected net present value

6. Decision tree.— The decision tree illustrates the structure of the decision analysis,
shown in Figure 3.

7. Ranking of management actions.— The four alternative management options are

ranked based upon the management objective.
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Figure 3. The structure of the decision tree.
The decision tree lays out the structure of the decision analysis. Emanating from the
square “decision node” on the left are the four possible management options
considered: Pre-EBM (M1), EBM “Risk-managed” Old Growth Targets (M2), EBM “Low
Risk” Old Growth Targets (M3), and No Harvest (M4). The following circular nodes are
“uncertainty nodes” for each of the two uncertain states of nature considered in this
decision analysis: carbon offset price and log price. The first “uncertainty node” for each
of the management options is for carbon offset price where each of the 10 price
scenarios considered (CP1-CP10) create a branch with an associated probability (p*-
qu) For these possible carbon offset price scenarios under each management option,
there follows the second “uncertainty node” for the uncertain state of nature of log price.
There are 10 log price scenarlos (LP1-LP10) that branch from this node with associated
probabilities of occurring (p**-p*'%). The price scenarios for both uncertain states of
nature and their associated probability density function hypotheses are shown in more
detail and further described in Figure 2. The Net Present Value (NPV) for all 100
combinations of price scenarios under each of the 4 management options (NPV;-
NPV,400) use projections from timber supply and carbon budget modelling and discount
the annual net returns to present from across the 100 year planning horizon.
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8. Sensitivity analyses.— The sensitivity of management option rank order were tested
for a range of assumptions, including (1) planning horizon, (2) discount rate, (3) leakage,
(4) carbon offset project costs, (5) timber harvest costs, (6) increased cost or value

associated with timber harvested under EBM, and (7) management objective.

Planning Horizon

As a model domain parameter, planning horizon is often ignored during
uncertainty analysis, but potentially has considerable impact (Morgan and Henrion
1990). | considered a 100 year horizon in the base case but examined the sensitivity of
conclusions to a planning horizon of 25 years to reflect the period of time a project
design document is validated, and 250 years in order to capture the minimum age of a
forest for old growth classification under the 2009 CNC and SCC Orders. As required by
the Greenhouse Gas Reduction Targets Act Emissions Offsets Regulation (3(2)r, B.C.
Reg. 393/2008), offsets developed under the BC FCOP must ensure that “the
atmospheric effect of a greenhouse gas reduction achieved by the project will endure for
a period of at least 100 years”. After this 100 year period it may be possible to resell the
offset for another 100 year period. | also evaluated the impact of this resale potential
after 100 years on conclusions; it is a management uncertainty that only impacts the 250

year planning horizon case.

Discount Rate

Although discount rate is widely accepted as one of the most contentious and
controversial aspects of cost-benefit analysis (Treasury Board of Canada Secretariat
2007), it should not be treated as an uncertain state of nature because it is a value
parameter and not an empirical quantity (Morgan and Henrion 1990). Discount rate
selection is especially critical in forest planning as it is the most crucial economic
parameter in evaluation of public forest management options (Price 1988). This is largely
due to the long time periods involved (Hawkins et al. 2006), which is extensively
discussed in the literature (Luckert 2005). | considered a range of discount rates from a
low of 0% (Price 1991) to a high rate of 12% traditionally used by The World Bank

(Operational Core Services Network Learning and Leadership Center 1998).
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Leakage

The appropriate value for leakage varies widely by standard and study. For
instance, the verified carbon standard requires leakage on the order of 10% to 25% as
compared to that required in BC FCOP of 40% to 60%. A study by Murray et al. (2004)
estimates leakage from forest preservation to be in the range of 8% to 16% whereas
Wear and Murray (2004) has estimates on the order of 84%. | tested leakage values

from 0% up to 90% to capture this range.
Carbon Offset Project Costs

As there have been only a few forest carbon offset projects to date under the BC
FCOP, the associated costs are not yet well established, especially with respect to how
costs vary with project size, location, and the expectations for changes in the future as
consultants gain experience with these projects. In my analyses | considered the high
and low estimates of carbon project costs obtained from discussions with experts (see
Appendix F) as well as a larger range to capture the extreme cases representing no cost

up to extremely high costs (5 times larger than the current average cost estimates).
Timber Harvest Costs

I examined the influence of varying assumptions regarding highly variable timber
harvest costs. This adjustment to costs is expressed as a proportion of the average
timber harvest cost used in the baseline scenarios. | tested an increase of +40% to a
decrease of -40% in order to capture historical estimates for 1992 to 2005 (Pierce
Lefebvre Consulting 2003, Price Waterhouse Coopers 2006). Future timber harvest
costs are likely to increase as conventional logging continues to include more expensive

helicopter logging in order to access limited supplies of high value timber.
Increased Cost and Value of Timber Harvested Timber under EBM

A range of incremental timber harvest costs and price premiums associated with
operating under EBM examined include a range from no additional costs ($0.00/m®) to

the highest incremental cost forecast of 25.07/m*® from Farenholtz and Rowan (2007)
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that increased costs by +29.5%. This range helps capture the variability and uncertainty
associated with EBM incremental costs. The opportunity to remove EBM incremental
costs ($0.00/m?) and create a price premium up to +$2.00/m? that increases EBM timber

value to an equivalent -2.3% reduction in harvests costs was also included.
Management Objective

Although “maximizing ENPV” was the main management objective | considered, |
also examined an alternative objective: “minimizing regret”. This approach, also referred
to as “minimax regret” and “minimization of maximal regret”, is widely accepted in
decision theory and has been used in the literature to compare alternatives without
known probability density functions (Yager 2004, Loulou and Kanudia 1999). This
represents a highly risk averse preference for outcomes: the intent of a “minimal regret”
objective is to minimize the worst possible outcome by ranking the worst outcomes from
each alternative management option and identifying the option which provides the “least
bad” outcome. This provides a useful complement to the main results that use the
objective of “maximizing ENPV” and typically produces different results (Polasky et al.
2011).

9. Value of Information (VOI).— VOI is one of the most useful applications of decision
analysis (Bratvold et al. 2009) as it aids decision makers with the allocation of resources
by evaluating the benefits of gathering additional information to reduce uncertainty
(Howard 1966). Two types of VOI are calculated with decision analysis results: the
expected value of including uncertainty (EVIU), and the expected value of perfect
information (EVPI). EVIU measures the expected cost of ignoring uncertainty in one or
more variables and is calculated as the difference between ENPV results from the
decision analysis which explicity model uncertainty and those from a deterministic
analysis which only uses fixed nominal values (Dakins 1999). Although uncertainty can
never be completely eliminated, EVPI is an ultimate bound of the maximum possible

reduction in costs if uncertainty is removed (Dakins 1999).
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2.4 Interpretation of Decision Analysis Results

I will first describe the basic results from the simulations of carbon and timber
that feed into the decision analysis. These results provide the baseline conditions and
assumptions that the decision analysis builds upon. | estimated NPV across all carbon
offset price scenarios (CP1-CP10) and log price scenarios (LP1-LP10), and weighted by
hypothesized probability density functions (“pessimistic”, “disinterested”, “optimistic”) to
calculate ENPV for each of the four management options (M1-M4). The “disinterested”
probability density function hypothesis represents the most moderate belief regarding
trends prices. Thus, the “disinterested” probability density function hypotheses for
carbon offset price scenarios and log price scenarios were used for the sensitivity
analyses that examine how the optimal management options in the decision tables
change with discount rate, planning horizon, leakage, carbon project and timber harvest

costs, and EBM harvested timber value.

The results of the decision analysis take the form of a series of tables which rank
the management options based on NPV or ENPV. The objective is not to produce a
single ranking and optimal management option, but rather to demonstrate how
management options perform against each other as measured by NPV and ENPV (or
“minimizing regret”) over a range of possible future prices. Thus, in order to inform
decision-making, the important aspect of the NPV and ENPV results is not their absolute
values but their relative values to the other management options. Additionally, these
results should not be used to identify a single optimal solution but as a basis for
informing a broader discussion of strategy and tactics. For this reason, results are
presented in tables that show which management options are optimal over a range of
conditions and not only single estimates. The most important component of these tables
is the conditions under which the optimal management option changes from one to
another, as this indicates how robust an optimal management option is to changes in

parameters.
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3. Results

3.1 Annual Timber Harvest

Because the Great Bear Agreements which enabled EBM also allocated a
significant portion of the landbase to conservancies and other protected areas, the THLB
is largest under the Pre-EBM option (M1), encompassing 219,232 ha. Under both EBM
options (M2, M3) 69.2% (151,690 ha) of this remains in the THLB, with none (0 ha)
remaining in the THLB under the No Harvest option (M4). Although both EBM
management options share the same THLB, targets for old growth retention are met as
spatial constraints across the landscape, including areas within the THLB.
Consequently, the EBM option with “Risk-managed” Old Growth Targets (M2) realizes
higher annual timber harvest than the “Low Risk” Targets option (M3) due to the lower
targets for old growth retention in M2 (variable from 30% to 70% versus 70% of RONV in

all site series surrogate / landscape unit combinations).

Annual harvested timber volume (m3/yr) simulated by SELES-STSM for each
forest management option (M1-M4) ranges from the highest rate after 250 years into the
simulation of 1,316,300 m3/yr with the Pre-EBM scenario (M1), to the lowest rate
throughout the No Harvest option (M4) of 0 m3/yr (Figure 4). The EBM options fall
between these bounds with annual harvest rates at 250 years that are 62.6% (823,400
m3/yr) and 56.5% (743,400 m3/yr) of the highest rate, for “Risk-managed” (M2) and “Low
Risk” (M3) Old Growth Targets options, respectively. Annual harvested timber volume is
fairly consistent throughout the simulated 250 year period in each management option,
fluctuating by 10.6% (M1), 13.8% (M2), 25.2% (M3), and 0% (M4), respectively. These
fluctuations are driven by the constraints applied in the timber supply modelling as
alternative management options alter harvest rates, and the heterogeneity of available

timber across the landscape through time.
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Figure 4. Harvested timber, annual saleable carbon offsets, and total

ecosystem carbon for each management option.
Base results that feed into the decision analysis are shown graphically for the study area
over the 250 years modeled for all four management options (M1 Pre-EBM, M2 EBM
“Risk-managed” Old Growth Targets, M3 EBM “Low Risk” Old Growth Targets, and M4
No Harvest). “a” shows annual harvested timber volume (m>/yr) from SELES-STSM
results, and total ecosystem carbon from CBM-CFS3 results is shown in “c” expressed
in carbon dioxide equivalents (CO,-e). The calculated annual net saleable carbon
offsets (Mt CO,-e) under the BC FCOP without resale of offsets after 100 years of
previous sale are shown in “b” and including resale potential are shown in “d”.
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3.2 Total Ecosystem Carbon

Total ecosystem carbon, expressed in carbon dioxide equivalents (Mt CO,-e), for
the landscape under each management option (M1-M4), begins at a common initial
year-0 starting condition (506.6 Mt CO,-e). After this, the alternative management
options have significant effects on changing total ecosystem carbon over time (Figure 4).
The No Harvest option (M4) represents an upper bound of total ecosystem carbon,
which, in this scenario, increases over the first 100 years by +6.5% (+32.9 Mt CO,-e)
and has increased after the total 250 years by +14.9% (+75.5 Mt CO,-e). The Pre-EBM
option (M1) represents the lower bound of total ecosystem carbon exhibiting the largest
decreases in total ecosystem carbon where there is a total reduction after 100 years of -
18.6% (-94.4 Mt CO,-e) and after 250 years of -21.2% (-107.6 Mt CO,-e). The “Risk-
managed” (M2) and “Low Risk” (M3) EBM options maintain total ecosystem carbon
levels between the extremes, with reductions over the first 100 years of -8.6% (-43.4 Mt
CO,-e) and -5.6% (-28.3 Mt CO,), respectively, that rebound slightly by year 250 to total
reductions of -7.7% (-39.2 Mt CO,-e) and -5.5% (-27.9 Mt CO,-e) relative to the initial
conditions. Relative to the management option with highest total ecosystem carbon
(M4), other options reduce total ecosystem carbon at 100 years by -11.3% (M3), -14.1%
(M2), and -23.6% (M1), and after 250 years by -17.8% (M3), -19.7% (M2), and -31.5%
(M1). These reductions conversely represent an increase in total ecosystem carbon from
the Pre-EBM business as usual option (M1) at 100 years of +12.4% (M2), +16.1% (M3),
and +30.9% (M4), and after 250 years of +17.2% (M2), +20.0% (M3), and +45.9% (M4).

3.3 Net Saleable Carbon Offsets

The annual net saleable carbon offsets (Mt CO,-e/yr) calculated following the BC
FCOP for all three management options that generate offsets (M2, M3, and M4) vary
considerably over the 250 year simulation (Figure 4). The maximum number of annual
net saleable carbon offsets is generated during the first decade of the 250 year
simulation when ignoring the resale potential of offsets. Saleable offsets peak under
EBM “Risk-managed” Old Growth Targets (M2) at year 7 (0.442 Mt CO,-elyr). Under
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EBM “Low Risk” Old Growth Targets (M3) they peak at year 4 (0.547 Mt CO,-elyr), and
under the No Harvest option (M4) at year 10 (1.194 Mt CO,-e/yr).

Summed over the first 25 years, the management option that supports the
highest total ecosystem carbon, No Harvest (M4), generates the largest number of
average annual net saleable carbon offsets (0.886 Mt CO,-e/yr). EBM options with “Low
Risk” (M3) and “Risk-managed” (M2) Old Growth Targets produce 48.0% (0.425 Mt
CO.,-elyr) and 35.9% (0.318 Mt CO,-elyr), respectively, of the No Harvest (M4) average
annual net saleable carbon offsets,. As offsets are largely generated early in the
simulations, when a 100 year time frame is considered, average annual net saleable
carbon offsets decrease considerably for management options (M2, M3, M4) relative to
their 30 year averages (-35.6%, -38.0%, -42.9%). These average offsets produced are
reduced even further relative to the 30 year time frame when all 250 years are
considered (-71.3%, -75.8%, -72.9%). However, this changes dramatically if there is the
potential to resell carbon offsets every 100 years (-24.6%, -32.2%, -30.1%; assuming a
250 planning horizon). Overall, EBM options with “Risk-managed” (M2) and “Low Risk”
(M3) OId Growth Targets produce 40.5% and 52.1%, respectively, of the 100 year
cumulative net saleable carbon offsets generated when no timber is harvested (M4,
50.553 Mt CO,-e).

3.4 Age Class Distribution

The management option selected changes the age-structure of the forest land-
base over time (Figure 5). Areas in the age class distributions in Figure 5 only include
the portion of the Midcoast TSA and Pacific TSA block 25 in the THLB under the Pre-
EBM option (M1) because the management regimes tested only alter carbon dynamics
in these areas. The age class distribution of the forested landscape has a common initial
profile at year O for all management options (M1-M4) where 69.5% of the area has aged
over 200 years and 22.1% less than 40 years. After 100 years into the management
option simulations, the effects of management regime on age class distribution become
evident. The Pre-EBM option (M1) has the highest timber harvest rates and thus has the

youngest forest profile after 100 years into the simulation, with only 13.3% of forested
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area aged above 200 years and 36.3% below 40 years. In contrast, the option with no
disturbances from timber harvest (M4) results in the most mature forested landscape,
where after 100 years 69.8% is aged over 200 years and only 2.0% below 40 years. The
moderate levels of timber harvest under both EBM options of “Risk-managed” and “Low
Risk” Old Growth Targets (M2, M3) after 100 years reduces the forested area aged over
200 years (to 35.8%, 43.5%), and maintains a similar portion below 40 years (22.0%,
18.0%).

200
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< S 150 1 Pre-EBM risk-managed risk old growth harvest
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< X100 targets
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Figure 5. Age class distributions.

The initial age class distribution for the study area is shown for year 0 where all
management options share this common profile. After 100 years into the simulation, the
age class distributions are shown for each management option (M1 Pre-EBM, M2 EBM
“Risk-managed” Old Growth Targets, M3 EBM “Low Risk” Old Growth Targets, and M4
No Harvest). The age class distributions only include the portions of the Mid Coast TSA
and Pacific TSA block 25 that are within the Timber Harvesting Land Base (THLB) in the
M1 option, where the THLB is forest that is deemed both acceptable and economically
feasible to harvest timber.

3.5 Decision Analysis Tables

One way to define the optimal management option is to identify the option with
the highest total discounted NPV from combined net saleable carbon offsets and timber
harvest (Formula 1-Formula 4). The expected values for discounted NPV are shown in
Table 1 for all 100 combinations of ten log price scenarios (LP1-LP10) and ten carbon
offset price scenarios (CP1-CP10). These 100 price scenario combinations can be
referred to as the price trend space. In this space, management options that are optimal
in “X/100” of the price scenario combinations occupy “X%" of the price trend space. The

price trend space over which a management option is optimal is interesting because it
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defines the range of values over which it is robust to changes in carbon offset price and

log price. These regions of robustness can be seen visually in the sub-tables in Table 1.

In the base case analysis, that uses a 100 year planning horizon and considers
all four management options (M1-M4), only the extreme management options, Pre-EBM
(M1) and No Harvest (M4), emerge as optimal over some range of price trend space.
Although in the base case, Pre-EBM (M1) and No Harvest (M4) options occupy almost
equal optimal price scenario space (53% and 47% respectively), which option appears
as optimal is more sensitive to the range of log price scenarios considered than carbon
offset price scenarios. This is demonstrated by optimal management options across
carbon offset price scenarios being dependent on log price scenario, as compared to the
optimal option remaining the same across most optimistic (LP1-LP3) and pessimistic

(LP9-LP10) log price scenarios, regardless of the carbon offset price.

What would the optimal solution be without the extreme options (M1 and M4) as
possibilities (Table 1)? This is important because they are not considered feasible
options for the GBR where all players have already agreed to EBM implementation via
the CNC and SCC Orders (2009). Excluding only Pre-EBM (M1) results in No Harvest
(M4) expanding the price scenario space over which it is optimal and the EBM “Risk-
managed” Old Growth Targets option (M2) occupying the remaining optimal price
scenario space (41%) previously held by the full harvest option of Pre-EBM (M1). If both
extreme options (M1 and M4) are excluded and only the two EBM options are compared
(M2 and M3), the option with higher old growth targets (M3 “Low Risk”) is optimal over a
larger price scenario space (56%) than the “Risk-managed” Targets option (M2):
maintaining the opportunities for carbon projects is favoured over a greater range of
values than increasing the opportunity for traditional extractive forest products
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Table 1. Sensitivity of optimal management option to horizon year.

Optimal Management Options with Maximum Net Present Value for all Combinations of Price
Scenarios using specified Horizon Year
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The optimal management option under each condition is shown where Pre-EBM (M1) is white “1”,
EBM “Risk-managed” Old Growth Targets (M2) is light grey “2”, EBM “Low Risk” Old Growth
Targets (M3) is grey “3”, and No Harvest (M4) is dark grey “4”. Optimal management options are
determined by ranking the options based on maximizing Net Present Value (NPV). Each sub-table
shows the optimal management option for all 100 combinations of carbon offset price scenarios
(CP1-CP10) and log price scenarios (LP1-LP10). Along the horizontal axis, the effect of planning
horizon is tested on the optimal management option sub-tables by showing the base case of 100
years, a short horizon of 25 years, and a long horizon of 250 years with and without the resale of
carbon offsets after 100 years since previous sale. Optimal management option sub-tables on the
vertical axis show the effect of limiting the management options that are considered from all
management options (M1-M4, “All Options”), only EBM and No Harvest (M2-M4, “No M1 Option”),
and only EBM options (M2 and M3, “EBM Options”).

32



3.6 Effect of Planning Horizon on Optimal Management
Option

The length of the planning horizon impacts the optimal management option,
particularly in the price trend space that borders a change in optimal management option
(Table 1). This impact occurs because economic benefits vary annually throughout the
simulation, especially with respect to annual carbon offsets generated (Figure 4). When
only the first 25 years are considered, which is the period over which carbon offset
project design documents are generally validated, management options with more
benefits derived from carbon offsets (M4>M3>M2) are favoured as these benefits are
largely produced early in the simulation. Conversely, if we extend the planning horizon to
include the full 250 years and exclude the potential resale of carbon offsets,
management options are favoured that have a larger portion of timber harvest benefits
(M1>M2>M3). This is because the projected timber harvest rates are fairly consistent
throughout the simulation (Figure 4; assuming we are accurate in our ability to project
long-term timber yields). However, if the potential for resale of carbon offsets every 100
years is included, the benefits derived from carbon projects after 100 years increases
drastically (Figure 4) and results in similar optimal management options across price
scenarios to the base case that considers a planning horizon of 100 years. The EBM
options comparison is an exception to this trend, where including carbon offset resale
results in the option with less benefits derived from carbon offsets (M2) to be optimal
across a larger price trend space (+2%). This is likely a result of their similarity and

timing of discounted benefits.

3.7 Influence of Degree of Belief in Uncertain States of
Nature

The 100 possible NPVs calculated for each management option were distilled
into ENPV by weighting the NPVs based on the degree of belief in each associated
carbon offset price scenario (CP1-CP10) and log price scenario (LP1-LP10). The main
general bodies of belief in future price trends are meant to be captured by three
hypothesised probability density functions that emphasize scenarios with prices

increasing (“optimistic”) over time, relatively constant (“disinterested”), and decreasing
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(“pessimistic”) (Figure 2b and Figure 2d). Thus there are scenarios where each of timber
and carbon experience a range of future trends from good to poor. All 9 combinations of
the hypothesised probability density functions for carbon offset price scenarios and log
price scenarios (three each) are presented in Table 2, showing the resultant ENPV of
each management option. The relative values of ENPV for the ranked management

options indicate the strength of the rankings.

When “disinterested” probability density function hypotheses are applied to both
carbon offset price scenarios and log price scenarios, the No Harvest option (M4) is
optimal (Table 2). Depending on belief in future carbon offset or log price trends,
management options with a greater proportion of NPV derived from carbon offsets or
timber harvest benefit correspondingly. The rank order of management options is highly
variable depending on the general belief in direction of carbon offset and log price
trends. Across the probability density functions tested, there is a wide range in ENPVs
(21.4%, 18.9%, 21.8%, 34.6% of the maximum ENPV) calculated for each of the
management options (M1, M2, M3, M4, respectively) where the minimum optimal
management option ENPV (M4; $116,030,089) is 26.6% of the maximum optimal option
ENPV (M1; $435,933,948). When considering only the EBM options (M2 and M3), “Low
Risk” Old Growth Targets (M3) is optimal for “disinterested” and “pessimistic” log price
probability density function hypotheses regardless of which carbon offset price
hypothesis is used (“pessimistic”, “disinterested”, or “optimistic”). Also, the minimum
optimal management option ENPV (M3; $72,022,559) is 21.8% of the maximum optimal
option ENPV (M2; $330,406,920).
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Table 2. Ranked management options for probability density function
hypotheses.

Carbon Offset Price Scenario Probability Density Function Hypotheses

Pessimistic

Disinterested

Optimistic

Management Option and Expected Net Present Value
with Expected Value of Perfect Information in italics

" 1.0 M4  $116,030,089 |M4  $182448833 | M4 $335,266,392
é = $32,718,110 $18,547,504 $4,025,197

s 2. M1 $93,461,709 | M3 $105985858 | M3 $185,266,690
% g 3. M3 $72,022559 | M1 $93,461,709 M2 $149,432,484
3 4. M2 $62,921,256 | M2 $88,745,632 M1 $93,461,709
L; - 1. M1 $177,795024 | M4  $182,448833 | M4 $335,266,392
% % 5 $25,019,700 $51,286,707 $10,727,707

2 g 2; 2. M4  $116,030,089 | M1  $177,795024 | M3 $211,596,798
5 RS 3 W $98,352,667 | M3 $132,315966 | M2 $182,931,792
B 4. M2 $96,420565 | M2 $122,244940 | M1 $177,795,024
_Cé 1. M1 $435933948 | M1  $435933,948 | M1 $435,933,948
o o $1,511,451 $3,823,243 $25,247,078

@ é M2 $246,934710 | M2  $272,759,086 | M4 $335,266,392
E S 3. M3 $217,162,790 | M3  $251,126,088 | M2 $333,445,938
S 4, M4 $116,030,089 | M4  $182448833 | M3 $330,406,920

The four management options (M1 Pre-EBM, M2 EBM “Risk-managed” Old Growth

Targets, M3 EBM “Low Risk” Old Growth Targets, and M4 No Harvest) are ranked for all
9 combinations of probability density function hypotheses (“pessimistic”, “disinterested”,
and “optimistic”) of log price scenario trends and carbon offset price trends, where these

hypotheses are further described in Figure 2. Management options are ranked (“rank

order”) based on maximizing their Expected Net Present Value (ENPV). The top ranking
management option is considered optimal and shown in boldface with shading following

that used in Table 1 and the calculated ENPV. The lower ranked management options
are listed below in grey with their respective ENPVs. The Expected Value of Perfect
Information (EVPI) for each optimal management option is shown in italics.

3.8 Value of Information (VOI)

The EVPI describes the upper bound of ENPV that having perfect information on
future prices could achieve above the ENPV of the optimal management option (Table

2). EVPI is largest when both probability density function hypotheses for carbon offset
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and log price scenarios are “disinterested”, and represents a maximum +28.1% increase
above the optimal management option without perfect information ENPV (M4). In the
extreme combinations of hypothesised probability density functions, where carbon
projects are highly favoured by “optimistic’ carbon offset price scenarios and
“pessimistic” log price scenarios, or timber harvest is highly favoured by “pessimistic”
carbon offset price scenarios and “optimistic” log price scenarios, the increased benefit
in having perfect information is greatly diminished (+1.2%, +3.5%). As one might expect,
having perfect information provides the most value in the more uncertain middle ground
of future prices where small changes to the value of commodities do not drive clear
economic choices. The EVIU is $0.00 for the specific probability density function
hypotheses considered in Table 2, meaning that the deterministic decision based on the

most likely price scenarios is the same as that of including uncertainty.

3.9 Effect of Discount Rate on Optimal Management Option

Discount rates are used to weigh costs and benefits as they occur through time
so that various management regimes can be compared (Moore et al. 2008). This
strongly influences the rank order of management options when the management
objective is to “maximize ENPV” (Table 3). As carbon offsets are largely produced early
in the 100 year planning horizon in contrast to fairly consistent annual timber harvest
(Figure 4), increasing discount rates favours management options with larger carbon
projects (M4>M3>M2), similar to the effect of shortening the planning horizon.
Consequently, when the base discount rate (4%) is reduced slightly (by -0.3% to 3.7%),
the optimal management option under “disinterested” probability density function
hypotheses shifts from No Harvest (M4) to Pre-EBM (M1). However, No Harvest (M4)
remains optimal above a 0.5% discount rate if the Pre-EBM option (M1) is excluded. In
this case, the EBM “Risk-managed” Old Growth Targets option (M2) is optimal below
that rate. If only the two EBM options (M2 and M3) are considered, “Low Risk” Old
Growth Targets (M3) remains optimal above a 0.6% discount rate.
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Sensitivity of leakage, carbon project and timber harvest costs.

Table 3.
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Optimal management options are shown following the shading used in Table 1.
Management options are ranked based on management objectives as specified of either
“minimizing regret” (“minimal regret”), or “maximizing Expected Net Present Value
(ENPV)” (“maximize ENPV) where “disinterested” probability density functions are used.
Sensitivity of the optimal management option is shown in sub-tables horizontally for
different values for leakage, carbon project costs, and timber harvest costs, against a
range of discount rates. For each range of parameters tested, the base case results are
shown in bold within a box. Similar to Table 1, also tested vertically in sub-tables is
limiting the management options considered.

3.10 Effect of Leakage on Optimal Management Option

Net saleable carbon offsets generated under a management option are
increased when leakage is reduced. Thus reducing leakage favours options with larger
carbon projects (M4>M3>M2) (Table 3). Conversely, a small increase (>+1.4%) in the
base leakage value (46%) causes the option that generates no carbon offsets (M1 Pre-
EBM) to become optimal. No Harvest (M4) remains optimal at low discount rates (0%)
only when very low leakage values are used (<11.9%) whereas high discount rates
(12%) allow for larger leakage values (<56.7%). Similar to trends in Table 1, excluding
Pre-EBM (M1) causes No Harvest (M4) to be optimal up to significantly higher leakage
values (<39.3%, <74.2%, <84.7%) across discount rates (0%, 4%, 12%). Above these
leakage values, EBM “Risk-managed” Old Growth Targets (M2) is optimal and remains
so over “Low Risk” Targets (M3) above similar leakage values (>37.7%, >70.8%,
>80.0%) and discount rates (0%, 4%, 12%). The “minimal regret” management objective
strongly favours management options with larger carbon benefits (M4>M3>M2)
regardless of leakage (0%-90%) and discount rates (0%-12%) except when Pre-EBM
(M1) is included, which is optimal across discount rates (0%, 12%) only with high
leakage values (>71.7%, >65.9%).

3.11 Effect of Carbon Project and Timber Harvest Costs on
Optimal Management Option

If carbon project costs increase, management options with larger value from
carbon offset sales become less optimal (Table 3). Consequently, a relatively small
increase in costs (>+27.4%) changes the optimal management option from the full

carbon project (M4 No Harvest) to none (M1 Pre-EBM). Pre-EBM (M1) remains optimal
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at low discount rates (<2.8%) regardless of carbon project costs (0%) and at higher
discount rates (8%, 12%) only when carbon project costs are increased considerably
(>+169.8%, >+185.5%). If Pre-EBM (M1) is excluded as an option, the optimal
management option, No Harvest (M4), is insensitive to changes in carbon project costs
(<+400%) unless lower discount rates are used (<2.4%) which results in EBM “Risk-
managed” Old Growth Targets (M2) being optimal. Comparing EBM options, “Low Risk”
Old Growth Targets (M3) remains optimal over the range of cost adjustments considered
(-100%, +400%) above moderate discount rates (>0.3%, >2.7%). Using the “minimal
regret” objective favours carbon based management options (M4>M3>M2) regardless of
adjustments in carbon project costs (0%-450%) and discount rates (0%-12%), unless
Pre-EBM (M1) is considered which is then optimal when carbon project costs increase
drastically (>299.4%, >326.8%) despite the discount rate used (0%, 12%).

Changes in timber harvest costs ($/m° significantly impact the optimal
management option. A slight reduction in harvest costs (>-0.2%, >-1.5%) causes full
timber harvest (M1, Pre-EBM) to be optimal over No Harvest (M4) at moderate to high
discount rates (4%, 12%) (Table 3). At low discount rates (0%), No Harvest (M4) only
remains optimal if timber harvest costs increase (>+4.7%). When Pre-EBM (M1) is
excluded as an option, No Harvest (M4) remains optimal with larger decreases in timber
harvest costs (<-4.3%, <-5.7%) at moderate to high discount rates (4%, 12%), and only
a small increase in timber harvest costs is needed to make M4 optimal (>+1.1%) at low
discount rates (0%). If only the EBM options are considered as options, “Risk-managed”
Old Growth Targets (M2) is optimal only when timber harvest costs are reduced (>-0.2%,
>-1.5%) for moderate to high discount rates (4%, 12%) and at very low discount rates
(0%) below a slight increase in timber harvest costs (<+4.7%). When using the “minimal
regret” objective, the optimal management options are highly sensitive to changes in
carbon project costs similar to the trends shown for high discount rates (12%) when

“maximizing ENPV”, and insensitive to changes in discount rate (0%-12%).
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3.12 Effect of Timber Harvesting Costs and Value Under
EBM on the Optimal Management Option

Increasing the value of logs harvested under EBM ($/m°) increases the value of
timber harvest in the EBM options (M2 and M3), whereas increasing timber harvest
costs under EBM ($/m®) reduces the value (Table 4). Although No Harvest (M4) or Pre-
EBM (M1) are optimal across the EBM timber harvest costs tested (0.0%-29.5%),
excluding Pre-EBM (M1) results in EBM “Risk-managed” Old Growth Targets (M2)
becoming optimal when incremental EBM timber harvest costs are below +5.2% of
average costs (at a 0% discount rate), where +4.1% ($3.51/m®) is the base incremental
cost used. Comparing EBM options, “Risk-managed” Old Growth Targets (M2) is only
optimal when incremental EBM timber harvest costs remain low (<+5.4%, <+0.9%,
<+0.3%) across discount rates (0%, 4%, 12%). When using “minimal regret” as the
management objective, the optimal management option is No Harvest (M4). If M4 is
excluded as an option, then the optimal “minimum regret” choice switches to EBM “Low
Risk” Old Growth Targets (M3), across all discount rates (0%-12%) and incremental
EBM timber harvest costs tested (0.0%-29.5%).

When there is no incremental cost of harvesting timber under EBM, even slight
increases in the value of timber harvested under EBM can increase the ranking of EBM
options (M2 and M3) relative to the options of Pre-EBM and No Harvest (M4; Table 4).
“Risk-managed” Old Growth Targets (M2) becomes optimal when EBM timber value
increases, as a percent of average costs, by a minimal +0.2%, and at extreme discount
rates of 0% and 12% by >+2.3% and >+1.6%, respectively. Removing Pre-EBM (M1) as
a possibility results in the EBM “Risk-managed” Targets option (M2) expanding its
optimal space to include low discount rates (<3.7%) across all increases in EBM

harvested timber value (=0.0%).
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Table 4. Sensitivity of optimal management option to incremental EBM
timber harvest costs and value.

Incremental EBM Timber Harvest Costs as a Percent Increase in Average Costs ($85.11/m3)

Discount
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Optimal management options are tested across a range of adjustments that increase the cost of
EBM harvested timber (left, positive percent), exclude any incremental costs to harvesting timber
under EBM (center column, zero percent), and decrease the cost of EBM harvested timber
effectively increasing the achievable price (right, negative percent), relative to timber harvested
under non-EBM (M1). The vertical structure of the sub-tables is identical to that used in Table 3 (for
management objectives, management options, and discount rates considered) and follows the
same shading for optimal management options from Table 1 and Table 3.

When we substitute “minimal regret” as the objective instead of “maximizing
ENPV”, the optimal management option switches from No Harvest (M4) to EBM “Risk-
managed” Old Growth Targets (M2) when the value of EBM harvested timber exceeds
+2.3% to +1.9% for discount rates 0% to 12%. If only the two EBM options are possible
choices, the “Risk-managed” Old Growth Targets (M2) is always optimal across all
discount rates (0%-12%) and increased EBM harvested timber values (20.0%) when the
goal is “maximizing ENPV”. In contrast, if “minimal regret” is selected as the
management objective, “Low Risk” Targets (M3) remain optimal only for small increases

in EBM timber values (<+1.1%, <+0.9%, <+0.5%) across discount rates (0%, 4%, 12%).
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4. Discussion

4.1 Carbon Project Trade-offs and Price Uncertainty

The opportunity to create and sell forest carbon offsets through increased net
carbon sequestration has associated costs and trade-offs, particularly foregone timber
harvest and financial returns when timber harvest is reduced (Krcmar and van Kooten
2005, Baskent and Keles 2009). To support EBM implementation in the Central Coast of
British Columbia, this study aims to provide a realistic assessment of some of the trade-
offs involved in carbon offset project opportunities under the BC FCOP. The trade-offs,
relative to Pre-EBM (M1), of implementing full conservation (M4) or EBM with “Low Risk”
(M3) or “Risk-managed” (M2) Old Growth Targets, include significant increases in total
ecosystem carbon (+45.9%, +20.0%, +17.2%) and substantial foregone annual timber
harvest (-100.0%, -45.3%, -36.3%) throughout the simulation (250 years). However, both
harvesting timber (M1) and full conservation (M4) are strong economic options across a
range of assumptions based on timber and carbon benefits in existing market conditions
while considering uncertainty in future log and carbon offset prices. If M1 and M4 are
excluded, reflecting the current management reality in the GBR, both EBM options (M2
and M3) are economically strong across a range of assumptions, while producing carbon
offsets and maintaining some timber harvest. Comparing these EBM options, “Low Risk”
Old Growth Targets (M3) is optimal across a slightly larger portion of the price trend
space (56%) than “Risk-managed” Old Growth Targets (M2, 44%). However, only a
slight increase to the value of EBM harvested timber (=+2.3% of average timber harvest
costs) results in EBM “Risk-managed” Old Growth Targets (M2) being optimal over all
other management options (M1, M3, M4) across a wide range of discount rates (0%-
12%) (when using “disinterested” probability density function hypotheses) (Table 4).
Therefore, either of the EBM options could be considered “optimal” depending on the
measures and beliefs in price trend used. This highlights how results from this study,

particularly those that identify “optimal” management options, must be interpreted
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collectively, as the intent is to better understand the influence of parameters and beliefs

in order to inform a broader discussion of strategy and tactics.

Consistent with other research, the feasibility of carbon projects is strongly
influenced by future prices for timber and carbon offsets which are highly uncertain
(Knowler and Dust 2008, Sohngen and Brown 2008, Keles 2010, Susaeta et al. 2013).
However, in this study, the optimal management option is more robust to carbon offset
price scenarios (CP1-CP10) than log price scenarios (LP1-LP10) (Table 1), which is
likely due to the range of scenarios used and contrast in the timing of economic benefits.
Although the degree of belief in price scenarios for the decision analysis are generalized
here by three contrasting probability density functions (prices increasing [‘optimistic”],
remaining steady [“disinterested”], or decreasing [‘pessimistic]), other functions could
be developed to better capture new information, beliefs, and the changing decision
making paradigm (Figure 1). This is important to consider because the ranking of
management options, based on “maximizing ENPV”, is highly variable depending on the
probability density functions used (Table 2). Additionally, changing prices significantly
influence the economic benefits derived from the forested landscape, as would be
expected and is shown by the range in ENPVs (Table 2). When carbon offset and log
price trends are believed to be moderate (“disinterested”), the EVPI is substantial
(+28.1%), indicating it is of high value for forest managers to observe and respond to
market trends as best as possible. Additionally, EVIU should not be ignored despite
there being no explicit value (0%) for the hypothesised probability density functions
assessed, since EVIU could be substantial for alternate beliefs. Decision analyses are
just one tool to help provide more robust conclusions by integrating uncertainty in
decision making. However, further attention is needed to address all aspects of
uncertainty in forest management, including societal demands on forests and future

environmental conditions (Hildebrandt and Knoke 2011, Seidl and Lexer 2013).

The question of when it is economically favourable to conserve forests is
important, particularly for that of limited old growth. Similar to this study, other studies in
coastal British Columbia have found that including non-timber values, such as carbon, in
the valuation of net economic benefits, supports the protection of old growth forests (Van

Kooten and Bulte 1999, Knowler and Dust 2008). This can be true even to the extent
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where the option of not harvesting timber at all (e.g. M4) can be economically optimal
(van Kooten et al. 1995) (Figure 1). However, these results often require conditions of
low timber prices and high carbon prices. Consequently, some studies find that carbon
offset projects are financially unviable at current carbon prices (Sohngen and Brown
2008, Keles 2010, Rodrigues 2011). One example is a study by Deo et al. (2012) on the
potential for carbon offset production via reforestation of pine on private land, using
current costs, carbon valuation, and offset regimes in central British Columbia. However,
despite this result for the private land reforestation case by Deo et al. (2012), | found that
No Harvest (M4) on crown land in Central Coast of British Columbia is the most optimal
management option when using “disinterested” hypotheses for both uncertain states of
nature. Further studies are needed to inform management that assess different
strategies across a range of circumstances (such as Man et al. 2013 and Deo et al.
2012). This is especially true because forested landscapes vary considerably in their
carbon storage capacity and disturbance regimes that will dictate what strategies are
effective and feasible (Sharma et al. 2013, Smyth et al. 2014).

4.2 Planning for the Future

Discount rate is a crucial parameter in assessing the feasibility of carbon projects
(Healey et al. 2000, Krcmar and van Kooten 2005, Knowler and Dust 2008, Rodrigues
2011). If all four of my scenarios are considered, the optimal management option (M4 No
Harvest) is highly sensitive to even a small decrease in discount rate (from 4.0% to
3.7%) resulting in full harvest (M1) becoming optimal (when using “disinterested”
probability density function hypotheses) (Table 3, Table 4). Similar to increasing the
discount rate, a shorter planning horizon (when carbon offset resale is not permitted) of
25 years favours not harvesting (M4), increasing the price scenario space for this
management option from 47% to 59% (Table 1). These relationships are driven by the
contrast in timing of economic benefits between consistent (at least theoretically) long
term annual timber harvest volumes that only fluctuate from the average by 4.7% to
13.5%, and variable carbon offset sales which fluctuate by 205.7% to 219.3% producing
half of the offsets in the first third of the 100 year planning horizon (Figure 4). It is

important to note, however, that the reality of annual harvest in volatile economic
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markets is that it also fluctuates more widely than is represented by this timber supply
model. For instance, annual timber harvest in the coast area region of British Columbia
has fluctuated by 162% over the past 10 years (British Columbia Ministry of Forests,
Lands and Natural Resource Operations 2004-2013). Understanding the two extreme
options (M1, M4) in relation to discount rates provides context for comparing the EBM
options, where just as before the option with higher annual timber harvest (M2>M3)
becomes optimal (M2) at low discount rates (below 0.6% for “disinterested” probability
density function hypotheses, Table 3) and is favoured by longer planning horizons
(where increasing from 25 years to 100 years increases the optimal decision space of
M2 by +15%, Table 1).

Increasing the planning horizon beyond the 100 years of contractual carbon
storage under the BC FCOP raises the issue of whether carbon offsets can be resold:
the potential for resale strongly influences the optimal management option (Table 1).
Therefore, policy needs to clarify whether stored carbon that has been sold as offsets is
eligible to be sold again as new offsets. Additionally, using longer planning horizons
raises concerns with respect to accuracy of simulations and parameters, especially
when low discount rates are used. Determining how benefits in the future are valued in
the present and the appropriate planning horizons to use warrants further consideration
that explores how different stakeholders and decision makers value the future while also

taking into account the uncertainty associated with making projections for the future.

4.3 Optimal Revenue Source

Alternative management options can be compared by the degree to which
revenue is generated from harvesting timber or carbon offsets. Revenue sourced from
timber or carbon is favoured largely depending on one’s expectations in future prices for
carbon offsets and logs (as shown in Table 2). This relationship is illustrated
conceptually in Figure 6 as a gradient in source revenue that is optimal, based on the
beliefs in carbon offset prices and log prices. Although this relationship is fairly implicit,
changes in parameters can act as pressures on this gradient causing it to shift, either in
favour of carbon or timber. These relationships are drawn from the sensitivity analyses

(Table 3 and Table 4). For instance, source revenue from timber is favoured (shifting the

46



gradient down and left), if lower discount rates or lower timber harvest costs are used.
Similarly, higher carbon offset project costs, higher leakage rates, and longer planning
horizons (assuming no carbon resale) also favour revenue sourced from timber. The
reverse change in these parameters favours carbon. These results highlight the
importance of parameter selection and understanding the potential implications for the
results of using high or low values, particularly in the context of the range of possible
beliefs in future prices that may be expected (Figure 6).
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Trade-offs in Source Revenue
for Optimal Management Options

Optimistic

Log
Prices

Pessimistic

Transition
Pressures that shift the
transition zone of optimal
source revenue towards
carbaon include:

- Lower discount rates
- Higher carbon offset project costs
- Lower timber harvest costs
Longer planning horizons
(no carbon resale)

- Higher leakage rates

Carbon

Pessimistic

Carbon Offset

Optimistic

Prices

Figure 6. Drivers of optimal source

revenue across price trends.

Management options are deemed optimal in this study largely depending on the source

of their revenue (“carbon” or “timber”)

and pricing conditions (of “carbon offset prices”

and “log prices”). The axes represent a range of beliefs in prices from being “optimistic”
to “pessimistic”. The vertical axis shows this range in beliefs for logs and the horizontal
axis shows it for carbon offset prices. The source of revenue that is favoured, under the
range of pricing conditions shown, is presented as a diagonal gradient from “carbon”
(dark grey) to “timber” (light grey). Changes to key parameters (discount rates, timber

harvest or carbon offset project costs,

planning horizon, leakage) can act as pressures

on this revenue source gradient (or “transition”), shifting the gradient either away from
(and so in favour of) “carbon” or “timber”, as described in the figure.

4.4 Carbon Accounting and

Forest Valuation

Selection of the standard used to develop a carbon offset project is important

because standards outline the required methodology and can strongly affect the project

development costs, available markets, and the quantity of carbon offsets produced from
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a project. Although in this study | only use the BC FCOP, | do test the sensitivity of
optimal management options to changes in key parameters that can vary across
standards. | showed a high sensitivity in carbon project feasibility to increases in leakage
(>+1.4%) and carbon project costs (>+27.4%) (Table 3). Similarly, reductions particularly
in leakage drive carbon project based management options (M4>M3>M2) to be optimal
across discount rates. It is important to note that although current markets for BC FCOP
offsets are fairly new and limited, climate policy strategies may expand the current

markets available.

The global carbon market, however, will likely continue to be composed of a
patchwork of regional bottom-up schemes (Klinsky 2013) where price is largely dictated
by demand for different types and quality of offsets (Peters-Stanley and Yin 2013).
Consequently, the selection of an accounting protocol is critically important for project
feasibility (Galik and Cooley 2012). Although some studies have investigated accounting
methodology and protocols (Chladna 2007, Seidl et al. 2007, Foley et al. 2009, Gunn et
al. 2011, Rodrigues 2011, Petrasek et al. 2013), we need a better understanding in order
to inform managers of the options and implications of different standards for various
types of projects, their sizes and locations, especially as markets and opportunities
continue to develop.

It is important in forest management to understand the limitations of economic
assessments and consider the environmental and social dimensions when measuring
the performance of alternative management options (Bernier et al. 2012, D’Amato et al.
2011). In economic assessments, only what is counted is actually considered (Victor
2001). Additionally, total economic benefits do not describe who actually receives the
benefits and the partitioning of benefits among participants in the system is a critical
factor in social acceptability and equity (Benner et al., 2014). In this study, only returns
from the harvest of timber and generation of carbon offsets are included in the
assessment of total economic benefits of alternative management options. Therefore, it
is critical when interpreting results that the impacts of the management options on other
values and the division of benefits are not ignored. For instance, other non-timber
values, such as cultural values or biodiversity, may be supported by managing forests

for carbon and reducing timber harvest. Age class distributions are an example that |
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show where the alternative management options result in very different profiles for the
THLB (Figure 5), which has significant impacts on forest structure and types of habitat
available. With respect to the division of economic benefits in this study, there are
several entities involved and the division is not equal. This results, for each individual
entity, in drastically different rankings of the alternative management options than
already discussed (see Appendix F) and is a key concept when considering the
complexity involved in applying results in the real decision making context of British

Columbia’s Central Coast.

The choice of management objective is an additional factor which is shown to be
critical by this research. Similar to what has been found by other studies (Krcmar and
van Kooten 2005, Schwenk et al. 2012), different management objectives can produce
drastically different rankings of the alternative management options. In this study, the
“minimizing regret” management objective consistently favours management options
with larger carbon benefits (M4>M3>M2) relative to the “maximizing ENPV” objective
(Table 3 and Table 4). This trend is largely a result of the relative worst case carbon
offset price scenario (CP10) and the worst case log price scenario (LP10) used.
However, it does highlight the need for thoughtful consideration by forest managers in
the selection of management objectives so that they actually reflect their decision

making paradigm in order to produce meaningful results.

Although carbon offset projects are a significant and growing economic
opportunity in forest management, there are major challenges with regards to the validity
of these offsets that cannot be ignored. Issues that have been identified include baseline
identification, leakage, harvested wood products, permanence, liabilities, governance,
insurance, additionality, modelling uncertainties, unintended consequences, risks of
reversals, duration, and transaction costs (Greig and Bull 2011, Bernier et al. 2012, van
Kooten et al. 2012, van Kooten et al. 2014). However, these issues have been
discussed and can largely be addressed by established methodologies (Freedman et al.
2009, Galik and Jackson 2009, Ingerson 2011, Malmsheimer et al. 2011, Shaw et al.
2014). Also, new research and tools like remote sensing can continue to help address

these issues. Nonetheless, understanding these issues and the potential implications,

50



such as with sensitivity analyses for leakage as shown in this study (Table 3), is

important when developing any carbon offset projects.

4.5 Mitigation and Adaptation to Changing Climate

Although it is widely accepted that climate change will increasingly affect forests,
this study does not include possible changes in climate or its impacts over the 250
years. The effects and magnitude of responses of the forest management system to
climate change are extremely complex, vary geographically, and remain highly uncertain
(Kirilenko and Sedjo 2007, Bonan 2008, Metsaranta et al. 2011, Smyth et al. 2014).
Additional challenges stem from systems shifting to new states not previously
encountered where historical data are not necessarily representative (Hamann and
Wang 2006). However, implications of changing climate on carbon projects and timber
harvesting are an important factor that should be considered when applying results from
this study and are a possible extension for further research. For instance, expected
trends in forest response and market response to changing climate could be
incorporated explicitly into the analysis of uncertainty with the application of uncertain
states of nature that capture these possible responses and test potential probability

density functions.

Forests not only are impacted by climate change and can be utilized for
mitigation such as through carbon markets, but can also be managed for adaptation.
Adaptive management, which necessitates land managers to monitor results of
continuous actions in an effort to understand and learn from experience, is an important
component of sustainable forest management and EBM (Holling 1978, Spittlehouse and
Stewart 2003, Golden et al. 2011, Yousefpour et al. 2014). The voluntary carbon market
can provide economic opportunities to support implementation of not only EBM as
shown in this study, but also adaptive strategies if the strategies result in increased total
ecosystem carbon. This study does not assess adaptive management, only EBM as it is
implemented under the CNC and SCC orders (2009). However, there is a need for
research that is directed at examining adaptive strategies that already exist to cope with
changing climate (Millar et al. 2007) and explore how carbon offset project opportunities

can be used specifically to support their implementation, not only in the context of EBM.

51



This is needed at multiple scales as there is widespread discussion about adaptive
management for forests in a global context (Adams 2013, Bettinger et al. 2013),
nationally for Canada (Lempriere et al. 2008, Williamson et al. 2009, Bernier et al. 2012,
Johnston and Hesseln 2012), in British Columbia (Hamann and Wang 2006, Peng et al.
2014), and for the US Pacific Northwest (Spies et al. 2010, Raymond and McKenzie
2012, Wimberly and Liu 2013). Additionally, a range of scales is required to examine the
effectiveness of forestry practices on carbon sequestration and climate change
mitigation, improve understanding of issues like leakage, and inform policy in order for it

to be effective across diverse landscapes (Harmon 2001, Smyth et al. 2014).

4.6 Opportunities in Forest Management

Decision analyses are meant to be a tool to provide insights into a problem and
inform decision-making but do not make decisions and thus are not a substitute for
creative, innovative thinking (Keeney 1982). Although in this study | only considered the
opportunities of harvesting timber and generating carbon offsets from forests, there are
many other opportunities and values that can and should be addressed by forest
management. Just as including carbon markets or increasing the value of EBM
harvested timber significantly changes the results in this study (Table 4), including new
opportunities could also likely affect the results. Forest managers should continue to use
creative, innovative thinking to find other potential opportunities as they develop,
including within existing and new carbon markets, carbon standards and accounting
methods, strategies, and certifications. However, opportunities need to be fully assessed
in order to understand all of their implications. For example, in this study the alternative
management options with very different levels of timber harvest have a significant
influence not only on total ecosystem carbon, but age class distributions as well (Figure
5).

Diversification of products and revenue streams is a strategy that can help
managers cope with economic uncertainty in markets to achieve more robust net
revenues. However, it has been slow to be adopted in forest management (Hildebrandt
and Knoke 2011). Opportunities in forest management to diversify revenue streams

include emerging carbon markets, but among forest managers the implications of this
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are poorly understood (Greig and Bull 2009, Charnley et al. 2010, Pojar 2010). In my
study, the EBM options (M2 and M3) generate the most diverse revenue streams,
producing 40.5% (M2) and 52.1% (M3) of the maximum possible 100 year cumulative
net saleable carbon offsets (M4 No Harvest), and 62.6% (M2) and 56.5% (M3) of the
maximum 250 year annual harvest rates (M1 Pre-EBM). However, despite this, the
bounding options specializing in full timber harvest (M1) or conservation (M4) emerge
from the analysis as economically optimal because of fixed costs associated with carbon
offset projects (economies of scale) and incremental EBM timber harvest costs (acting
as a disincentive for M2 and M3). Nonetheless, a more diverse approach of EBM (M2
and M3) can reduce risks in uncertain timber and carbon markets and could potentially
better meet objectives across the landscape. Other opportunities can be used to support
the EBM options, as | show with the potential to increase the value of timber harvested
under EBM (Table 4). Even slight increases to the value of EBM harvested timber
(=2+2.3% of average timber harvest costs) can result in EBM being optimal over all other
management options in this study across a wide range of discount rates (0%-12%) when

“disinterested” hypotheses for both uncertain states of nature are used.

4.7 Management Implications and Recommendations

In this study | show that implementing EBM (M2, M3) significantly increases total
ecosystem carbon in the study area compared to pre-EBM (M1) and generates saleable
carbon offsets that help compensate for foregone timber harvest. However, the
economic benefits from carbon offsets vary considerably, up to 219.3% annually relative
to theoretically more consistent annual timber harvest rates, which, in the simulations,
vary only up to 13.5%. Either of the extreme management options, maximum timber
harvests (M1) or full conservation (M4), can be economically optimal based on timber
and carbon benefits in existing market conditions, depending largely on trends in future
log and carbon offset prices. Consequently, when these extremes are included as
options in the analysis, the mixed carbon and timber options that apply EBM (M2 and
M3) are not optimal in any of the price scenarios (using baseline parameters). This is
due to economies of scale with respect to fixed costs considered in carbon offset

projects, and the incremental costs of harvesting timber under EBM. However, neither of
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the extreme options (M1 or M4) are possible outcomes in the real decision making
context of the part of the British Columbia coast modelled here. Thus, when only EBM
options (M2 and M3) are considered as possible options, “Risk-managed” (M2) and “Low
Risk” (M3) Old Growth Targets are both competitive options being economically optimal

across relatively equal portions of the price trend space.

Other factors considered in this analysis that have a significant influence on the
optimal management option (or revenue source as shown in Figure 6) are the discount
rate, leakage, and costs. Additional model runs requested by the Heiltsuk Integrated
Resource Management Department to reflect current management conditions and
possible opportunities also followed these trends in Figure 6, where the higher timber
harvest costs ($135/m® and higher carbon offset prices ($20/tCO,-e) both favoured
source revenue from carbon. The management objectives tested have very different
goals and major implications on the results, where managing to “maximize ENPV”
focuses on achieving the best outcomes in contrast to “minimal regret” that is concerned
with avoiding the worst outcomes. The value of reducing uncertainty in the analysis is
substantial, where having perfect information (EVPI) about trends in carbon offset and
log prices with relatively moderate (“disinterested”) degrees of belief could increase
ENPV by 28.1%. Participating in carbon offset markets is a real economic opportunity in
forest management, but understanding the risks and trade-offs is critical, particularly due
to the continuously evolving nature of decision making in forest management. Several
recommendations emerge from this study for further research, for local communities,
and for policy development.

1. If forest managers across British Columbia are to be informed and

able to seriously consider managing forests for carbon offsets, a
comprehensive study is needed that identifies what strategies are
feasible for forest carbon offset projects, across which types of sites,
and under which accounting standards. Additionally, this information
must be presented in a clear accessible manner and reassessed
through time to keep up with evolving societal demands on forests
and changes in market and environmental conditions, which will

potentially have major impacts on the desirability of carbon project
opportunities (Hildebrandt and Knoke 2011, Seidl and Lexer 2013).

2. Local communities, including First Nation communities such as the
Heiltsuk, should be able to use the economic value of carbon as a
component of an economic strategy and as at least a partial
replacement of timber harvest. Despite price uncertainties, carbon is a
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real opportunity that can be used to diversify forest management and
support implementation of EBM and adaptive management. It should
be a useful part of a strategy for diversified income streams that can
support other opportunities and the vision in their Land Use Plan
(Heiltsuk Tribal Council 2005). Consideration needs to be given to
selecting appropriate discount rates, planning horizons, and
management objectives, that reflect the goals and values of decision
makers so that results can more accurately inform management when
planning for the future.

Managers need to give careful consideration to the various carbon
standards available (which impacts leakage rate, project costs, etc.),
possible trends in future prices, implications of changing climate and
possible ways that carbon offsets can be used to support and
implement adaptation strategies, all of their values and management
objectives including all benefits and costs, how the timing of benefits
is valued (discount rate), and other possible opportunities.

Policy makers need to clarify whether carbon offsets can be resold
after the contracted 100 years of storage under the BC FCOP. This is
a management uncertainty that strongly influences the economics of
carbon projects when using low discount rates and long-time
horizons.

Since the incremental costs of harvesting timber under EBM are a
significant driver of the ranking of the EBM options, research is
needed that focuses on the cost structure of EBM options, both to
better understand the actual costs and to design management
systems which reduce costs while still achieving EBM goals.

There is a major opportunity to stratify the land-base strategically and
use a mix of strategies and policies that are most effective for each
portion of the land-base. In this way, managers can optimize
alternative revenue streams across the land-base so that EBM
forestry may be practiced in areas that it is feasible and carbon can be
focused on elsewhere. However, data, analyses, and decision support
tools are needed to help management make these decisions.

55



5. References

Adams, M. A. 2013. Mega-fires, tipping points and ecosystem services: Managing
forests and woodlands in an uncertain future. Forest Ecology and Management
294:250-261.

Allison, C., R. C. Sidle, and D. Tait. 2004. Application of decision analysis to forest road
deactivation in unstable terrain. Environmental Management 33:173-185.

Apostolakis, G. E. 2004. How useful is quantitative risk assessment? Risk Analysis
24:515-520.

Asante, P., G. W. Armstrong, and W. L. Adamowicz. 2011. Carbon sequestration and
the optimal forest harvest decision: A dynamic programming approach
considering biomass and dead organic matter. Journal of Forest Economics
17:3-17.

Ascough I, J. C., H. R. Maier, J. K. Ravalico, and M. W. Strudley. 2008. Future research
challenges for incorporation of uncertainty in environmental and ecological
decision-making. Ecological Modelling 219:383-399.

Atmospheric Benefit Sharing Agreement. 2011. Agreement between the Province of
British Columbia and Central and North Coast First Nations consisting of the
Nuxalk Nation, Wuikinuxv Nation, Metlakatla First Nation, Kitasoo Indian Band,
Heiltsuk Nation, and Gitga'at First Nation.
<http://www.gov.bc.ca/arr/treaty/key/down/coast_first_nations_absa signed 28s
ept2011.pdf>

Backéus, S., P. Wikstrom, and T. Lamas. 2005. A model for regional analysis of carbon
sequestration and timber production. Forest Ecology and Management 216:28-
40.

Bank of Canada. 2013a. Inflation Calculator.
<http://www.bankofcanada.ca/rates/related/inflation-calculator/>

Bank of Canada. 2013b. Financial Markets Department Year Average of Exchange
Rates 2008. <http://www.bankofcanada.ca/stats/assets/pdf/nraa-2008.pdf>

Baskent, E. Z., and S. Keles. 2009. Developing alternative forest management planning
strategies incorporating timber, water and carbon values: An examination of their
interactions. Environmental Modeling & Assessment 14:467-480.

56


http://www.gov.bc.ca/arr/treaty/key/down/coast_first_nations_absa_signed_28sept2011.pdf
http://www.gov.bc.ca/arr/treaty/key/down/coast_first_nations_absa_signed_28sept2011.pdf
http://www.bankofcanada.ca/rates/related/inflation-calculator/

Benner, J., K. Lertzman, and E. W. Pinkerton. Social contracts and community forestry:
How can we design forest policies and tenure arrangements to generate local
benefits? Canadian Journal of Forest Research 44:903-913.

Bergman, P. B., E. M. Winter, and Z-Y Chen. 1997. Disposal of power plant CO2 in
depleted oil and gas reservoirs in Texas. Energy Conversion and Management
38(Supplement):S211-S216.

Bernier, P., W. A. Kurz, T. Lempriére, and C. Ste-Marie. 2012. A Blueprint for Forest
Carbon Science in Canada 2012-2020. Ministry of Natural Resource Canada,
Cat. No. Fo4-43/2012E, 35pp.

Bettinger, P., J. Siry, and K. Merry. 2013. Forest management planning technology
issues posed by climate change. Forest Science and Technology 9:9-19.

Biallas, S. A. 2009. Protected areas governance in Belize: A triple bottom line evaluation
and decision analysis. Unpublished master’s thesis, University of Washington,
Seattle, US.

Birdsey, R., K. Pregitzer, and A. Lucier. 2006. Forest carbon management in the United
States. Journal of Environmental Quality 35:1461-1469.

Bonan, G. B. 2008. Forests and climate change: Forcings, feedbacks, and the climate
benefits of forests. Science 320:1444-1449.

Bratvold, R., J. E. Bickel, and H. P. Lohne. 2009. Value of information in the oil and gas
industry: Past, present, and future. SPE Reservoir Evaluation & Engineering
12:630-638.

British Columbia Ministry of Environment. 2011. The Protocol for the Creation of Forest
Carbon Offsets in British Columbia.
<http://www.env.gov.bc.ca/cas/mitigation/fcop.html>

British Columbia Ministry of Forests. 2004. Coast Log Prices. Appendix 5. Prepared by
Revenue Branch.

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 1998-
2013. Coastal Log Market Reports.
<http://www.for.gov.bc.ca/hva/logreports_coast.htm?2013>

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 2004-
2013. Harvest Billing System. Mark monthly billing history report -data request.
Coast Area Region.
<https:/www15.for.gov.bc.ca/hbs/opg/ftas/invoiceSummary.do>

57


http://www.env.gov.bc.ca/cas/mitigation/fcop.html
http://www.for.gov.bc.ca/hva/logreports_coast.htm?2013

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 2013a.
Information on Timer Supply Review Analysis.
<http://www.for.gov.bc.ca/hts/pubs/tsr/tsrbkg.htm>

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 2013b.
Harvest Billing System. Scale data and management -data request. North Island
- Central Coast Forest District.
<http://www.for.gov.bc.ca/hva/rh/hbs/index.htm#mergedProjects/Manual/Default.
htm%3E%3Ecmd=1>

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 2014a.
Pacific Timber Supply Area. <http://www.for.gov.bc.ca/hth/timber-tenures/timber-
supply-areas/pacific.htm>

British Columbia Ministry of Forests, Lands and Natural Resource Operations. 2014b.
Coast Market Pricing System Update 2014. Timber Pricing Branch. 17pp.

British Columbia Ministry of Forests, Mines and Lands. 2010. The State of British
Columbia’s Forests, 3rd ed. Forest Practices and Investment Branch, Victoria,
BC. <www.for.gov.bc.ca/hfp/sof/index.htm#2010_report>

Brown, F., and Y. K. Brown. 2009. Staying the Course, Staying Alive—Coastal First
Nations Fundamental Truths: Biodiversity, Stewardship and Sustainability.
Biodiversity BC, Victoria, Canada.

Burgman, M. A. 2005. Risks and decisions for conservation and environmental
management. Cambridge University Press, Cambridge, UK.

Burton, J. 1., A. Ares, D. H. Olson, and K. J. Puettmann. 2013. Management trade-off
between aboveground carbon storage and understory plant species richness in
temperate forests. Ecological Applications 23:1297-1310.

Canadell, J. G., and M. R. Raupach. 2008. Managing forests for climate change
mitigation. Science 320:1456-1457.

Carbon Credit Corporation. 2011. The Great Bear (North and Central-Mid Coast) Forest
Carbon Project: Pacific Carbon Trust Project Report Summary Document v1.0.
Prepared on behalf of Gitga’at First Nation, Heiltsuk Nation, Kitasoo First Nation,
Metlakatla First Nation, Nuxalk Nation, and Wuikinuxv Nation. <
http://mer.markit.com/br-reg/public/project.jsp?project_id=103000000000143>

Central and North Coast Order. 2009. Under Land Act, R.S.B.C., 1996, c. 245, S. 93.
<http://archive.ilmb.gov.bc.ca/slrp/Irmp/nanaimo/cencoast/docs/2013/cnc/Central
-and-North-Coast-Order-Consolidated-Version-2013.pdf>

58


http://www.for.gov.bc.ca/hts/pubs/tsr/tsrbkg.htm
http://www.for.gov.bc.ca/hva/rh/hbs/index.htm#mergedProjects/Manual/Default.htm%3E%3Ecmd=1
http://www.for.gov.bc.ca/hva/rh/hbs/index.htm#mergedProjects/Manual/Default.htm%3E%3Ecmd=1
http://mer.markit.com/br-reg/public/project.jsp?project_id=103000000000143
http://archive.ilmb.gov.bc.ca/slrp/lrmp/nanaimo/cencoast/docs/2013/cnc/Central-and-North-Coast-Order-Consolidated-Version-2013.pdf
http://archive.ilmb.gov.bc.ca/slrp/lrmp/nanaimo/cencoast/docs/2013/cnc/Central-and-North-Coast-Order-Consolidated-Version-2013.pdf

Charnley, S., D. Diaz, and H. Gosnell. 2010. Mitigating climate change through small-
scale forestry in the USA: Opportunities and challenges. Small-scale Forestry
9:445-462.

Chladnd, Z. 2007. Determination of optimal rotation period under stochastic wood and
carbon prices. Forest Policy and Economics 9:1031-1045.

Clapp, R. A. 2004. Wilderness ethics and political ecology: Remapping the Great Bear
Rainforest. Political Geography 23:839-862.

Clemen, R. T. 1996. Making hard decisions: An introduction to decision analysis. 2nd ed.
Duxbury Press, Wadsworth Publishing Co., Belmont, CA.

Coast Information Team (CIT). 2004. Ecosystem-Based Management Planning
Handbook. <http://www:.citbc.org/c-ebm-hdbk-fin-22mar04.pdf>

Cortex Consultants. 2013. Strathcona Ecosystem Conservation Project 2012 Report
Summary. Prepared on behalf of Timberwest Forest Corp.
<http://mer.markit.com/br-reg/public/project.jsp?project_id=100000000000706>

Couture, S., and A. Reynaud. 2011. Forest management under fire risk when forest
carbon sequestration has value. Ecological Economics 70:2002-2011.

Crome, F. H. J., M. R. Thomas, and L. A. Moore. 1996. A novel Bayesian approach to
assessing impacts of rain forest logging. Ecological Applications 6:1104-1123.

D’Amato, A. W., J. B. Bradford, S. Fraver, and B. J. Palik. 2011. Forest management for
mitigation and adaptation to climate change: Insights from long-term silviculture
experiments. Forest Ecology and Management 262:803-816.

Dakins, M. E. 1999. The value of the value of information. Human and Ecological Risk
Assessment: An International Journal 5:281-289.

Daniels, L. D., and R. W. Gray. 2006. Disturbance regimes in coastal British Columbia.
Journal of Ecosystems and Management 7:44-56

DellaSala, D. A., F. Moola, P. Alaback, P. C. Paquet, J. W. Schoen, and R. F. Noss.
2011. Chapter 2: Temperate and Boreal Rainforests of the Pacific Coast of North
America, pp 42-81. In Temperate and boreal rainforests of the world: Ecology
and conservation. D. A. DellaSala (Ed). Island Press, Washington, DC.

Dempsey, J. 2011. The Politics of Nature in British Columbia’s Great Bear Rainforest.
Geoforum 42:211-221.

Deo, B., H. Donker, and M. Schulz. 2012. Carbon Credits on Private Lands in British
Columbia. Low Carbon Economy 3:144-153.

59


http://www.citbc.org/c-ebm-hdbk-fin-22mar04.pdf
http://mer.markit.com/br-reg/public/project.jsp?project_id=100000000000706

Eriksson, E., A. R. Gillespie, L. Gustavsson, O. Langvall, M. Olsson, R. Sathre, and J.
Stendahl. 2007. Integrated carbon analysis of forest management practices and
wood substitution. Canadian Journal of Forest Research 37:671-681.

Fall, A. 2011. Assessing Carbon Offset Potential of Land-Use Plans in North and Central
Coastal British Columbia. Report to Turning Point.

Fall, A., and D. Crockford. 2006. DSP Decision Support Report 1. British Columbia
Report to Integrated Land Management Bureau, British Columbia Ministry of
Agriculture and Lands. Nanaimo, British Columbia.

Fall, J., and A. Fall. 2001. SELES: A Spatially Explicit Landscape Event Simulator.
<http://www.ncgia.ucsb.edu/conf/SANTA_FE_CD-
ROM/sf_papers/fall_andrew/fall.htmlI>

Farenholtz, G., and C. Rowan. 2007. Economic Operability Implications of Stand Level
Retention Recommendations Developed for the Central Coast and North Coast
Land Use Planning Processes. British Columbia Ministry of Agriculture and
Lands, Crown Land Administration Division, Economic Analysis Section.

Foley, T. G., D. Richter, and C. S. Galik. 2009. Extending rotation age for carbon
sequestration: A cross-protocol comparison of North American forest offsets.
Forest Ecology and Management 259:201-209.

Forsite Consultants Ltd. 2009. Mid Coast Timber Supply Area Economic Operability
Assessment Version 1.0. Prepared for Mid Coast TSA Licensee/Agency Group.

Forsite Consultants Ltd. 2010. Mid Coast Timber Supply Area Timber Supply Review #3:
Analysis Report Version 2.1. Prepared for International Forest Products Ltd.,
Western Forest Products Inc., and British Columbia Timber Sales.

Freedman, B., G. Stinson, and P. Lacoul. 2009. Carbon credits and the conservation of
natural areas. Environmental Reviews 17:1-19.

Galik, C. S., and D. M. Cooley. 2012. What makes carbon work? A sensitivity analysis of
factors affecting forest offset viability. Forest Science 58:540-548.

Galik, C. S., and R. B. Jackson. 2009. Risks to forest carbon offset projects in a
changing climate. Forest Ecology and Management 257:2209-2216.

Gavin, D. G., L. B. Brubaker, and K. P. Lertzman. 2003. Holocene fire history of a
coastal temperate rain forest based on soil charcoal radiocarbon dates. Ecology
84:186-201.

Golden, D., M. A. Smith, and S. Colombo. 2011. Forest carbon management and carbon
trading: A review of Canadian forest options for climate change mitigation. The
Forestry Chronicle 87:625-635.

60



Goodale, C. L., M. J. Apps, R. A. Birdsey, C. B. Field, L. S. Heath, R. A. Houghton, J. C.
Jenkins, G. H. Kohlmaier, W. Kurz, S. Liu, G. J. Nabuurs, S. Nilsson, and A. Z.
Shvidenko. 2002. Forest carbon sinks in the Northern Hemisphere. Ecological
Applications 12:891-899.

Green, T. 2007. Improving human wellbeing and ecosystem health on British Columbia’s
Coast: The challenge posed by historic resource extraction. Journal of
Bioeconomics 9:245-263.

Gregory, G. R., 1987. Resource economics for foresters. John Wiley & Sons, New York.

Greig, M., and G. Bull. 2009. Carbon management in British Columbia's forests:
Opportunities and challenges. FORREX Series 24. Forum for Research and
Extension in Natural Resources, Kamloops, BC.

Greig, M., and G. Bull. 2011. Carbon management in British Columbia’s forests: An
update on opportunities and challenges. BC Journal of Ecosystems and
Management 12:355-54.

Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, and D. Ohlson. 2012.
Structured decision making: A practical guide to environmental management
choices. Wiley-Blackwell, Chichester, UK.

Gunn, J. S., D. S. Saah, K. Fernholz, and D. J. Ganz. 2011. Carbon credit eligibility
under area regulation of harvest levels in Northern Minnesota. Forest Science
57:470-478.

Hamann, A. and T. Wang. 2006. Potential effects of climate change on ecosystem and
tree species distribution in British Columbia. Ecology 87:2773-2786.

Harmon, M. E. 2001. Carbon sequestration in forests: Addressing the scale question.
Journal of Forestry 99:24-29.

Harmon, M. E., W. K. Ferrell, and J. F. Franklin. 1990. Effects on carbon storage of
conversion of old-growth forests to young forests. Science 247:699-702.

Hawkins, C. B. C., T. Steele, and T. Letchford. 2006. The economics of site preparation
and the impacts of current forest policy: Evidence from central British Columbia.
Canadian Journal Forest Research 36:482-494.

Healey, J. R., C. Price, and J. Tay. 2000. The cost of carbon retention by reduced
impact logging. Forest Ecology and Management 139:237-255.

Heaps, T., and B. Pratt. 1989. The social discount rate for silvicultural investments.
Canada — British Columbia Forest Resource Development Agreement. Forestry
Canada, Victoria, BC. FRDA Rep. No. 071.

61



Heiltsuk Cultural Heritage Centre. 2003. Official website. <http://www.hcec.ca/>

Heiltsuk Forestry Agreement. 2004. Agreement between Heiltsuk First Nation and the
Province of British Columbia.
<http://www.for.gov.bc.ca/haa/Docs/heiltsuk_forestry_agreement.pdf>

Heiltsuk Tribal Council. 2005. For Our Children’s Tomorrow’'s-Heiltsuk Land Use Plan.
40pp.

Hennigar, C. R., D. A. MacLean, and L. J. Amos-Binks. 2008. A novel approach to
optimize management strategies for carbon stored in both forests and wood
products. Forest Ecology and Management 256:786-797.

Hildebrandt, P., and T. Knoke. 2011. Investment decisions under uncertainty—a
methodological review on forest science studies. Forest Policy and Economics
13:1-15.

Holling, C. S. 1978. Adaptive environmental assessment and management. Wiley,
London.

Howard, R. A. 1966. Information value theory. IEEE Transactions on Systems Science
and Cybernetics 2:22-26.

Howlett, M., J. Rayner, and C. Tollefson. 2009. From government to governance in
forest planning? Lessons from the case of the British Columbia Great Bear
Rainforest initiative. Forest Policy and Economics 11:383-391.

Ingerson, A. 2011. Carbon storage potential of harvested wood: Summary and policy
implications. Mitigation and Adaptation Strategies for Global Change 16:307-323.

Johnston, M., and H. Hesseln. 2012. Climate change adaptive capacity of the Canadian
forest sector. Forest Policy and Economics 24:29-34.

Kangas, A. S., and J. Kangas. 2004. Probability, possibility and evidence: Approaches to
consider risk and uncertainty in forestry decision analysis. Forest Policy and
Economics 6:169-188.

Keeney, R. L. 1982. Decision analysis: An overview. Operations Research 30:803-838.

Keith, H., B. G. Mackey, and D. B. Lindenmayer. 2009. Re-evaluation of forest biomass
carbon stocks and lessons from the world's most carbon-dense forests.
Proceedings of the National Academy of Sciences 106:11635-11640.

Keles, S. 2010. Forest optimisation models including timber production and carbon
sequestration values of forest ecosystems: A case study. International Journal of
Sustainable Development & World Ecology 17:468-474.

62


http://www.hcec.ca/
http://www.for.gov.bc.ca/haa/Docs/heiltsuk_forestry_agreement.pdf

Kirilenko, A. P., and R. A. Sedjo. 2007. Climate change impacts on forestry. Proceedings
of the National Academy of Sciences 104:19697-19702.

Klinsky, S. 2013. Bottom-up policy lessons emerging from the Western Climate
Initiative’'s development challenges. Climate Policy 13:143-169.

Knowler, D., and K. Dust. 2008. The economics of protecting old growth forest: An
analysis of Spotted Owl habitat in the Fraser Timber Supply Area of British
Columbia. Final Report.

Krcmar, E., and G. C. van Kooten. 2005. Boreal forest carbon sequestration strategies:
A case study of the Little Red River Cree First Nation land tenures. Canadian
Journal of Agricultural Economics 53:325-341.

Kurz, W. A, G. Stinson, G. J. Rampley, C. C. Dymond, and E. T. Neilson. 2008a. Risk of
natural disturbances makes future contribution of Canada’s forests to the global
carbon cycle highly uncertain. Proceedings of the National Academy of Sciences
105:1551-1555.

Kurz, W. A, C. C. Dymond, G. Stinson, G. J. Rampley, E. T. Neilson, A. L. Carroll, T.
Ebata, and L. Safranyik. 2008b. Mountain pine beetle and forest carbon feedback
to climate change. Nature 452:987-990.

Kurz, W. A, C. C. Dymond, T. M. White, G. Stinson, C. H. Shaw, G. J. Rampley, C.
Smyth, B. N. Simpson, E. T. Neilson, J. A. Trofymow, J. Metsaranta, and M. J.
Apps. 2009. CBM-CFS3: A model of carbon-dynamics in forestry and land-use
change implementing IPCC standards. Ecological Modelling 220: 480-504.

Lempriére, T. C., P. Y. Bernier, A. L. Carroll, M. D. Flannigan, R. P. Gilsenan, D. W.
McKenney, E. H. Hogg, J. H. Pedlar, and D. Blain. 2008. The importance of
forest sector adaptation to climate change. Natural Resources Canada,
Canadian Forest Service, Northern Forest Centre, Edmonton, Alberta. Inf. Rep.
NOR-X-416E.

Lertzman, K., T. Spies, and F. Swanson. 1997. Chapter 14: From Ecosystem Dynamics
to Ecosystem Management, pp 361-382. In The rain forests of home: profile of a
North American bioregion. P. K. Schoonmaker, B. von Hagen, and E. C. Wolf
(Eds). Island press, Washington, D.C., USA.

Lertzman, K. P., G. D. Sutherland, A. Inselberg, and S. C. Saunders. 1996. Canopy
gaps and the landscape mosaic in a coastal temperate rain forest. Ecology
77:1254-1270.

Loulou, R. and A. Kanudia. 1999. Minimax regret strategies for greenhouse gas
abatement: Methodology and application. Operations Research Letters 25:219-
230.

63



Luckert, M. 2005. In search of optimal institutions for SFM. In: Sustainability, institutions,
and natural resources: Institutions for sustainable forest management. S. Kant
and R. A. Berry (Eds). Kluwer, Dordrecht, Netherlands.

Luyssaert, S., E. D. Schulze, A. Borner, A. Knohl, D. Hessenmodller, B. E. Law, P. Ciais,
and J. Grace. 2008. Old-growth forests as global carbon sinks. Nature 455:213-
215.

MacKinnon, A. 2003. West coast, temperate, old-growth forests. The Forestry Chronicle
79:475-484.

Malmsheimer, R. W., J. L. Bowyer, J. S. Fried, E. Gee, R. L. Izlar, R. A. Miner, I. A.
Munn, E. Oneil, and W. C. Stewart. 2011. Managing forests because carbon
matters: Integrating energy, products, and land management policy. Journal of
Forestry 109(7S):S7-S50.

Man, C. D., K. C. Lyons, J. D. Nelson, and G. Q. Bull. 2013. Potential of alternate forest
management practices to sequester and store Carbon in two forest estates in
British Columbia, Canada. Forest Ecology and Management 305:239-247.

Martell, D. L., and J. M. Fullerton. 1988. Decision analysis for jack pine management.
Canadian Journal of Forest Research 18:444-452.

Mathey, A.,and H. Nelson. 2010. Assessing forest management strategies under a
mountain pine beetle attack in Alberta: Exploring the impacts. Canadian Journal
of Forest Research 40:597-610.

McKinley, D. C., M. G. Ryan, R. A. Birdsey, C. P. Giardina, M. E. Harmon, L. S. Heath,
R. A. Houghton, R. B. Jackson, J. F. Morrison, B. C. Murray, D. E. Pataki, and K.
E. Skog. 2011. A synthesis of current knowledge on forests and carbon storage
in the United States. Ecological Applications 21:1902-1924.

McLaughlin, G. 2013. Assessing the potential impacts of forest management practices
on wildlife habitat, carbon sequestration, and timber harvesting in Coastal British
Columbia. Unpublished master’s thesis, University of British Columbia,
Vancouver, Canada.

Meidinger, D. and J. Pojar. 1991. Ecosystems of British Columbia. British Columbia
Ministry of Forests, Victoria, BC Spec. Rep. Series 6.

Mendoza, G. A., and H. Martins. 2006. Multi-criteria decision analysis in natural resource
management: A critical review of methods and new modelling paradigms. Forest
Ecology and Management 230:1-22.

64



Metsaranta, J. M., C. C. Dymond, W. A. Kurz, and D. L. Spittlehouse. 2011. Uncertainty
of 21st century growing stocks and GHG balance of forests in British Columbia,
Canada resulting from potential climate change impacts on ecosystem
processes. Forest Ecology and Management 262:827-837.

Millar, C. I., N.L. Stephenson, and S. L. Stephens. 2007. Climate change and forests of
the future: Managing in the face of uncertainty. Ecological Applications 17:2145-
2151.

Moore, A. L., C. E. Hauser, and M. A. McCarthy. 2008. How we value the future affects
our desire to learn. Ecological Applications 18:1061-1069.

Moore, M. L., and O. Tjornbo. 2012. From coastal timber supply area to Great Bear
Rainforest: Exploring power in a social-ecological governance innovation.
Ecology and Society 17:26.

Morgan, M. G., and M. Henrion. 1990. Uncertainty: A Guide to dealing with uncertainty in
guantitative risk and policy analysis. Cambridge University Press. New York,
USA.

Murray, B. C. 2000. Carbon values, reforestation, and ‘perverse’ incentives under the
Kyoto protocol: An empirical analysis. Mitigation and Adaptation Strategies for
Global Change 5:271-295.

Murray, B. C., B. A. McCarl, and H. C. Lee. 2004. Estimating Leakage from forest
carbon sequestration programs. Land Economics 80:109-124.

Nordhaus, W. 2007. A review of the “Stern Review on the Economics of Climate
Change”. Journal of Economic Literature 45:686-702.

Nunery, J. S., and W. S. Keeton. 2010. Forest carbon storage in the northeastern United
States: Net effects of harvesting frequency, post-harvest retention, and wood
products. Forest Ecology and Management 259:1363-1375.

Offsetters. 2012. The Great Bear (South Central Coast) Forest Carbon Project Report
Summary to Pacific Carbon Trust. Prepared on behalf of Mamalilikulla-
Qwe’'Qwa’Sot’Em First Nation, Tlowitsis First Nation, Da’naxda’xw Awaetlala
First Nation, Gwa’sala-‘Nakwaxda'xw First Nations, and K'omoks First Nation.
<http://mer.markit.com/br-reg/public/project.jsp?project_id=103000000003094>

Operational Core Services Network Learning and Leadership Center. 1998. Handbook
on Economic Analysis of Investment Operations. The World Bank, Washington,
DC.

Orians, G. H., and J. W. Schoen (Eds). 2013. North Pacific Temperate Rainforests:
Ecology and Conservation. University of Washington Press, Seattle, WA, USA.

65


http://mer.markit.com/br-reg/public/project.jsp?project_id=103000000003094

Pacific Carbon Trust. 2013. <http://www.pacificcarbontrust.com>

Pan, Y., R. A. Birdsey, J. Fang, R. Houghton, P. E. Kauppi, W. A. Kurz, O. L. Phillips, A.
Shvidenko, S. L. Lewis, J. G. Canadell, P. Ciais, R. B. Jackson, S. W. Pacala, A.
D. McGuire, S. Piao, A. Rautiainen, S. Sitch, and D. Hayes. 2011. A large and
persistent carbon sink in the world’s forests. Science 333:988-993.

Pasalodos-Tato, M., A. Makinen, J. Garcia-Gonzalo, J. G. Borges, T. Lamas, and L. O.
Eriksson. 2013. Review. Assessing uncertainty and risk in forest planning and
decision support systems: Review of classical methods and introduction of new
approaches. Forest Systems 22:282-303.

Pearson, A. F. 2010. Natural and logging disturbances in the temperate rain forests of
the Central Coast, British Columbia. Canadian Journal of Forest Research
40:1970-1984.

Peng, Y., V. K. Arora, W. A. Kurz, R. A. Hember, B. J. Hawkins, J. C. Fyfe, and A. T.
Werner. 2014. Climate and atmospheric drivers of historical terrestrial carbon
uptake in the province of British Columbia, Canada. Biogeosciences 11:635-649.

Peterman, R. M., and C. N. Peters. 1998. Decision analysis: Taking uncertainties into
account in forest resource management. Statistical methods for adaptive
management studies. Land Management Handbook 42:105-128.

Peters-Stanley, M., and D. Yin. 2013. Maneuvering the Mosaic—State of the Voluntary
Carbon Markets 2013. Forest Trends' Ecosystem Marketplace & Bloomberg New
Energy Finance.

Petrasek, S., J. Perez-Garcia, and B. B. Bare. 2013. Valuing forestlands with stochastic
timber and carbon prices. Annals of Operations Research 1-18.

Pierce Lefebvre Consulting, D.A. Ruffle and Associates Ltd. 2003. Analysis of Woodflow
in the Coast Forest Region. Presented to the British Columbia Ministry of
Sustainable Resource Management.

Pojar, J. 2010. A new climate for conservation: Nature, carbon and climate change in
British Columbia. David Suzuki Foundation.

Polasky, S., S. R. Carpenter, C. Folke, and B. Keeler. 2011. Decision-making under
great uncertainty: Environmental management in an era of global change. Trends
in Ecology & Evolution 26:398-404.

Post, W. M., R. C. Izaurralde, T. O. West, M. A. Liebig, and A. W. King. 2012.
Management opportunities for enhancing terrestrial carbon dioxide sinks.
Frontiers in Ecology and the Environment 10:554-561.

66


http://www.pacificcarbontrust.com/

Prescott-Allen, R. 2005. Coast Information Team Review Report.
<http://www.citbc.org/c-citreview-jan05.pdf>

Price, C. 1988. Investment, reinvestment, and the social discount rate for forestry. Forest
Ecology and Management 24:293-310.

Price, C. 1991. Do high discount rates destroy tropical forests. Journal of Agricultural
Economics 42:77-85.

Price, K., A. Roburn, and A. MacKinnon. 2009. Ecosystem-based management in the
Great Bear Rainforest. Forest Ecology and Management 258:495-503.

Price Waterhouse Coopers. 2006. Coast Forest Products Association Economic Impact
of Five Coastal British Columbia Communities.

Puerta-Ortega, C., J. E. Bickel, and S. Hovorka. 2013. Assessing the value of
permeability data in a carbon capture and storage project. International Journal
of Greenhouse Gas Control 17:523-533.

Raitio, K. and H. Saarikoski. 2012. Governing old-growth forests: The interdependence
of actors in Great Bear Rainforest in British Columbia. Society and Natural
Resources 25:900-914.

Raymond, C. L., and D. McKenzie. 2012. Carbon dynamics of forests in Washington,
USA: 21st century projections based on climate-driven changes in fire regimes.
Ecological Applications 22:1589-1611.

Reconciliation Protocol. 2010. Agreement between Wuikinuxv Nation, Metlakatla First
Nation, Kitasoo Indian Band, Heiltsuk Nation, Haisla Nation, Gitga’at First Nation
and the Province of British Columbia. <
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCO
QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdo
wnloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-
FogTjnYLIDwW&uUsg=AFQjCNGVYMKNOQg4 UpiXRkZB4y5cNwR7w&sig2=uJmT
5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja>

Richards, K. R., and C. Stokes. 2004. A review of forest carbon sequestration cost
studies: a dozen years of research. Climatic change 63:1-48.

Riddell, D., O. Tjornbo, and F. Westley. 2012. Chapter 8: Agency and Innovation in a
Phase of Turbulent Change: Conservation in the Great Bear Rainforest, pp155-
180. In Using a positive lens to explore social change and organizations: Building
a theoretical and research foundation. K. Golden-Biddle and J.E. Dutton (Ed).
Routledge, New York USA.

67


http://www.citbc.org/c-citreview-jan05.pdf
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdownloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-FogTjnYLIDw&usg=AFQjCNGVyMkN0Qg4_UpiXRkZB4y5cNwR7w&sig2=uJmT5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdownloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-FogTjnYLIDw&usg=AFQjCNGVyMkN0Qg4_UpiXRkZB4y5cNwR7w&sig2=uJmT5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdownloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-FogTjnYLIDw&usg=AFQjCNGVyMkN0Qg4_UpiXRkZB4y5cNwR7w&sig2=uJmT5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdownloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-FogTjnYLIDw&usg=AFQjCNGVyMkN0Qg4_UpiXRkZB4y5cNwR7w&sig2=uJmT5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.newrelationship.gov.bc.ca%2Fshared%2Fdownloads%2Fcfn_bc_reconciliation_framework.pdf&ei=9Nh2U6SwCs-FogTjnYLIDw&usg=AFQjCNGVyMkN0Qg4_UpiXRkZB4y5cNwR7w&sig2=uJmT5DDH5pIS4pGXBXtUxA&bvm=bv.66917471,d.cGU&cad=rja

Rodrigues, L. L. 2011. A cost-effectiveness analysis of managing small forestland for
carbon credits and timber. Unpublished master’s thesis, The Evergreen State
College, Olympia, USA.

Ryan, M. G., M. E. Harmon, R. A. Birdsey, C. P. Giardina, L. S. Heath, R. A. Houghton,
R. B. Jackson, D. C. McKinley, J. F. Morrison, B. C. Murray, E. E. Pataki, and K.
E. Skog. 2010. A synthesis of the science on forests and carbon for US forests.
Issues in Ecology 13:1-16.

Saarikoski, H., K. Raitio, and J. Barry. 2013. Understanding ‘successful’ conflict
resolution: Policy regime changes and new interactive arenas in the Great Bear
Rainforest. Land Use Policy 32:271-280.

Schoonmaker, P. K., B. von Hagen, and E. C. Wolf (Eds). 1997. The Rain Forests of
Home: Profile of a North American Bioregion. Island Press, Washington, DC.

Schwenk, W. S., T. M. Donovan, W. S. Keeton, and J. S. Nunery. 2012. Carbon storage,
timber production, and biodiversity: comparing ecosystem services with multi-
criteria decision analysis. Ecological Applications 22:1612-1627.

Seidl, R., and M. J. Lexer. 2013. Forest management under climatic and social
uncertainty: Trade-offs between reducing climate change and fostering adaptive
capacity. Journal of Environmental Management 114:461-469.

Seidl, R., W. Rammer, D. Jager, W. S. Currie, and M. J. Lexer. 2007. Assessing trade-
offs between carbon sequestration and timber production within a framework of
multi-purpose forestry in Austria. Forest Ecology and Management 248:64-79.

Sharma, T., W. A. Kurz, G. Stinson, M. G. Pellatt, and Q. Li. 2013. A 100-year
conservation experiment: Impacts on forest carbon stocks and fluxes. Forest
Ecology and Management 310:242-255.

Shaw, C. H., A. B. Hilgar, J. Metsaranta, W. A. Kurz, G. Russo, F. Eichel, G. Stinson, C.
Smyth, and M. Filiatrault. 2014. Evaluation of simulated estimates of forest
ecosystem carbon stocks using ground plot data from Canada’s National Forest
Inventory. Ecological Modelling 272:323-347.

Simons, H. A. 1993. Historical and Future Log, Lumber, and Chip Prices in British
Columbia. Strategic Services Division & Cortex Consultants Inc. Forest
Development Association report 207.

Smith, J. E., L. S. Heath, K. E. Skog, and R. A. Birdsey. 2006. General Technical Report
NE-343. Methods for Calculating Forest Ecosystem and Harvested Carbon with
Standard Estimates for Forest Types of the United States, USDA Forest Service.
<http://www.fs.fed.us/ne/durham/4104/papers/ne_gtr343.pdf>

68


http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/35129.pdf
http://cfs.nrcan.gc.ca/pubwarehouse/pdfs/35129.pdf
http://www.fs.fed.us/ne/durham/4104/papers/ne_gtr343.pdf

Smith, M., A. Sterritt, and P. Armstrong. 2007. From conflict to collaboration: The story of
the Great Bear Rainforest.
<http://www.google.ca/url?sa=t&rct=j&gq=&esrc=s&source=web&cd=1&ved=0CC
SQFjAA&uUrl=http%3A%2F%2Fsfigreenwash.org%2Fdownloads%2FWWFpaper.
pdf&ei=tqJYU_vfKgn_yQHO90HADw&Usg=AFQjCNHZXA-799AKyp-hHVPdIZ4-
MdygAQ&sig2=gemiuSYr-wwGtjeW-k0ITw&bvm=bv.65397613,d.aWc,>

Smyth, C. E., G. Stinson, E. Neilson, T. C. Lempriére, M. Hafer, G. J. Rampley, and W.
A. Kurz. 2014. Quantifying the biophysical climate change mitigation potential of
Canada'’s forest sector. Biogeosciences Discussions 11:441-480.

Sohngen, B., and S. Brown. 2008. Extending timber rotations: Carbon and cost
implications. Climate Policy 8:435-451.

South Central Coast Order. 2009. Under Land Act, R.S.B.C., 1996, c. 245, S. 93.
<http://archive.ilmb.gov.bc.ca/slrp/lrmp/nanaimo/cencoast/docs/2013/scc/South-
Central-Coast-Order-Consolidated-Version-2013.pdf>

Sparrow, L. 2012. Carbon offsets and First Nations in British Columbia. The Forestry
Chronicle 88:609-612.

Spies, T. A,, Giesen, T. W, F. J. Swanson, J. F. Franklin, D. Lach, and K. N. Jounson.
2010. Climate change adaptation strategies for federal forests of the Pacific
Northwest, USA: Ecological, policy, and socio-economic perspectives.
Landscape Ecology 25:1185-1199.

Spittlehouse, D. L., and R. B. Stewart. 2003. Adaptation to climate change in forest
management. BC Journal of Ecosystems and Management 4:1-11.

Stern, N. 2006. Stern Review on the Economics of Climate Change. N. Herbert (Ed).
Cambridge University Press.

Stinson, G., W. A. Kurz, C. E. Smyth, E. T. Neilson, C. C. Dymond, J. M. Metsaranta, C.
Boisvenue, G. J. Rampley, Q. Li, T. M. White, and D. Blain. 2011. An inventory-
based analysis of Canada's managed forest carbon dynamics, 1990 to 2008.
Global Change Biology 17:2227-2244.

Susaeta, A., S. J. Chang, D. R. Carter, and P. Lal. 2013. Economics of carbon
sequestration under fluctuating economic environment, forest management and
technological changes: An application to forest stands in the southern United
States. Journal of Forest Economics 20:47-64.

69


http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fsfigreenwash.org%2Fdownloads%2FWWFpaper.pdf&ei=tqJYU_vfKqn_yQH09oHADw&usg=AFQjCNHZxA-799AKyp-hHVPdlZ4-MdyqAQ&sig2=gemiuSYr-wwGtjeW-k0lTw&bvm=bv.65397613,d.aWc
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fsfigreenwash.org%2Fdownloads%2FWWFpaper.pdf&ei=tqJYU_vfKqn_yQH09oHADw&usg=AFQjCNHZxA-799AKyp-hHVPdlZ4-MdyqAQ&sig2=gemiuSYr-wwGtjeW-k0lTw&bvm=bv.65397613,d.aWc
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fsfigreenwash.org%2Fdownloads%2FWWFpaper.pdf&ei=tqJYU_vfKqn_yQH09oHADw&usg=AFQjCNHZxA-799AKyp-hHVPdlZ4-MdyqAQ&sig2=gemiuSYr-wwGtjeW-k0lTw&bvm=bv.65397613,d.aWc
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fsfigreenwash.org%2Fdownloads%2FWWFpaper.pdf&ei=tqJYU_vfKqn_yQH09oHADw&usg=AFQjCNHZxA-799AKyp-hHVPdlZ4-MdyqAQ&sig2=gemiuSYr-wwGtjeW-k0lTw&bvm=bv.65397613,d.aWc

Sutherland, W. J., W. M Adams, R. B. Aronson, R. Aveling, T. M. Blackburn, S. Broad,
G. Ceballos, I. M. C6té, R. M. Cowling, G. A. B. Da Fonesca, E. Dinerstein, P. J.
Ferraro, E. Fleishman, C. Gascon, M. Hunter Jr., J. Hutton, P. Kareiva, A. Kuria,
D. W. MacDonald, K. MacKinnon, F. J. Madgwick, M. B. Mascia, J. McNeely, E.
J. Milner-Gulland, S. Moon, C. G. Morley, S. Nelson, D. Osborn, M. Pai, E. C. M.
Parsons, L. S. Peck, H. Possingham, S. V. Prior, A. S. Pullin, M. R. W. Rands, J.
Ranganathan, K. H. Redford, J. P. Rodriguez, F. Seymour, J. Sobel, N. S. Sodhi,
A. Stott, K. Vance-Borland, and A.R. Watkinson. 2009. One hundred questions of
importance to the conservation of global biological diversity. Conservation
Biology 23:557-567.

Tol, R. 2009. The economic effects of climate change. The Journal of Economic
Perspectives 23:29-51.

Treasury Board of Canada Secretariat. 2007. Canadian cost-benefit analysis guide:
regulatory proposals. Catalogue No. BT58-5/2007.

Trofymow, J. A., G. Stinson, and W. A. Kurz. 2008. Derivation of a spatially explicit 86-
year retrospective carbon budget for a landscape undergoing conversion from
old-growth to managed forests on Vancouver Island, BC. Forest Ecology and
Management 256:1677-1691.

van Kooten, G. C., and E. H. Bulte. 1999. How much primary coastal temperate rain
forest should society retain? Carbon uptake, recreation, and other values.
Canadian Journal of Forest Research 29: 1879-1890.

van Kooten, G. C., A. J. Eagle, J. Manley, and T. Smolak. 2004. How costly are carbon
offsets? A meta-analysis of carbon forest sinks. Environmental Science & Policy
7:239-251.

van Kooten, G. C., C. Johnston, and Z. Xu. 2012. Economics of forest carbon
sequestration. Resource Economics and Policy Analysis (REPA) Research
Group, Department of Economics, University of Victoria, 25.

van Kooten, G. C., C. Johnston, and Z. Xu. 2014. Chapter 16: Economics of Forest
Carbon Sequestration, pp 243-257. In Handbook of Forest Resource Economics.
S. Kant and J. Alavalapati (Eds). Routledge, New York.

van Kooten, G. C., S. B. Clark, and G. Delcourt. 1995. Effect of carbon taxes and
subsidies on optimal forest rotation age and supply of carbon services. American
Journal of Agricultural Economics 77:365-374.

Victor, P. A. 1991. Indicators of sustainable development: some lessons from capital
theory. Ecological Economics 4:191-213.

70



Voluntary Carbon Standard Association. 2012. Agriculture, Forestry and Other Land Use
Non-Permanence Risk Tool: Voluntary Carbon Standard Version 3.2. Procedural
Document. <http://www.v-c-s.org/sites/v-c-s.org/files/AFOLU%20Non-
Permanence%20Risk%20T001%2C%20v3.2.pdf>

Walters, C. J., and R. Hilborn. 1976. Adaptive control of fishing systems. Journal of the
Fisheries Board of Canada 33:145-159.

Walters, C. J. 1986. Adaptive Management of Renewable Resources. New York,
MacMillan.

Wear, D. N., and B. C. Murray. 2004. Federal timber restrictions, interregional spillovers,
and the impact on U.S. softwood markets. Journal of Environmental Economics
and Management 47:307-330.

Williams, D., and M. Buell. 2006. Analysis of the Impact on Timber Supply and Critical
Habitat of the Central Coast LRMP Government-to-Government Draft Proposed
Interim Legal Objectives. Report to British Columbia Ministry of Agriculture and
Lands.

Williamson, T. B., S. J. Colombo, P. N. Duinker, P.A. Gray, R. J. Hennessey, D. Houle,
M. H. Johnston, A. E. Ogden, and D. L. Spittlehouse. 2009. Climate change and
Canada's forests: From impacts to adaptation. Natural Resources Canada,
Canadian Forest Service, Northern Forestry Centre, Edmonton, Alberta,
Sustainable Forest Management Network, University of Alberta, Edmonton,
Alberta. 112 p.

Wimberly, M. C., and Z. Liu. 2013. Interactions of climate, fire, and management in
future forests of the Pacific Northwest. Forest Ecology and Management, in
press, http://dx.doi.org/10.1016/j.foreco.2013.09.043

Yager, R. R. 2004. Decision making using minimization of regret. International Journal of
Approximate Reasoning 36:109-128.

Yousefpour, R., J. B. Jacobsen, H. Meilby, and B. J. Thorsen. 2014. Knowledge update
in adaptive management of forest resources under climate change: A Bayesian
simulation approach. Annals of Forest Science 71:301-312.

3Green Tree Ecosystem Services Ltd. 2013. Darkwoods Forest Carbon Project
Description Document: Climate, Community and Biodiversity Standards.
Prepared on behalf of The Nature Conservancy of Canada.
<https://s3.amazonaws.com/CCBA/Projects/The_Darkwoods_Forest_Carbon_Pr
oject/Darkwoods+CCBA+PDD+v.1.6+-+Final.pdf>

71


http://www.v-c-s.org/sites/v-c-s.org/files/AFOLU%20Non-Permanence%20Risk%20Tool%2C%20v3.2.pdf
http://www.v-c-s.org/sites/v-c-s.org/files/AFOLU%20Non-Permanence%20Risk%20Tool%2C%20v3.2.pdf
http://dx.doi.org/10.1016/j.foreco.2013.09.043
https://s3.amazonaws.com/CCBA/Projects/The_Darkwoods_Forest_Carbon_Project/Darkwoods+CCBA+PDD+v.1.6+-+Final.pdf
https://s3.amazonaws.com/CCBA/Projects/The_Darkwoods_Forest_Carbon_Project/Darkwoods+CCBA+PDD+v.1.6+-+Final.pdf

Appendix A.

Forest Carbon Offset Projects in British Columbia
through the Pacific Carbon Trust

Project Title | Crediting | Credits |Land-base| Location Standard Protection
Period Issued (ha)
(t COz-e)
Darkwoods Forest |April 1, 849,016 54,792 Private Land, |Verified Improved forest
Carbon Project {2008 to Southeastern |Carbon management
(3Green Tree December BC Standard  |prevents
Ecosystem 31,2010 “liquidation
Services Ltd. harvest’
2013)
TimberWest January 1, 1,273,953 |24,639 Private Land, |BC FCOP (Improved forest
Strathcona 2009 to Vancouver management
Ecosystem December Island protects old
Conservation 31,2012 growth forest from
Program Project harvest
(Cortex
Consultants 2013)
The Great Bear  |April 1, 246,725  |1,560,000 |CrownLand, [BCFCOP |Improved forest
(South Central 2009 to (total) South Central management
Coast) Forest December Coast (EBM
Carbon Project |31, 2011 780,000 implementation
(Offsetters 2012) (productive through South
forest) Central Coast
Order (2009))
protects forest
from commercial
harvest
The Great Bear  |April 1, 315,815  |4,727,000 |CrownLand, [BCFCOP |Improved forest
(North and 2009 to (total) North and management
Central-Mid Coast)|December Central-Mid (EBM
Forest Carbon 31,2011 1,918,000 Coast implementation
Project (productive through Central
(Carbon Credit forest) and North Coast
Corporation 2011) Order (2009))

protects forest
from commercial
harvest

72




Appendix B.

Harvested Wood Product Calculations

Long term (100-year) carbon storage in harvested wood products (HWP) in-use and in-
landfill are calculated following the equations and assumptions outlined in the British
Columbia Forest Carbon Offset Protocol (British Columbia Ministry of Environment 2011;
Smith et al. 2006). Both equations (1 and 2) are shown below as well as data sources for
the variables.

MW o,
COZ,HWPin_use,t = mk,t X (1 _fProduction loss,k) X fC,wood X fC,in—use,k X MW
[o

(1)

MWco,
MW¢

COZ,HWPinlandﬁu,t = Myt X (1 - fProduction loss,k) X fC,wood X fC,in landfill,k X

(2)

where,

COzuwp,, ..t =tonnes of Carbon dioxide stored in in-use HWP that will
endure for 100 years

CO2,uWP iy, 1anaput = tONNES of Carbon dioxide stored in in-landfill HWP that
will endure for 100 years

my, = tonnes of harvested wood dry mass minus bark processed into HWP
(volume harvested results from SELES-STSM and fraction calculated and
approved under BC FCOP for The Great Bear (North and Central-Mid
Coast) Forest Carbon Project from Carbon Credit Corporation, 2011)

fproduction 10ss,x = fraction of wood mass lost as waste during HWP

production (use same value calculated and approved under BC FCOP for
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The Great Bear (North and Central-Mid Coast) Forest Carbon Project
from Carbon Credit Corporation, 2011)

fcwooa = fraction of dry mass of wood that is carbon (BC FCOP default)

fc,in—usex = fraction of carbon in in-use HWP that remains after 100 years
(Table 9, Smith et al. 2006)

fcin 1anaginx = fraction of carbon in in-landfill HWP that remains after 100
years (Table 9, Smith et al. 2006)

MW¢,, = molecular weight of CO, (44 g/mole)

MW, = molecular weight of carbon (12 g/mole)
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Appendix C.

Permanence Buffer Calculations

Permanence buffer of 10%, also referred to as “non-permanence risk rating”, is
calculated using the Voluntary Carbon Standard Association (2012) non-permanence
risk tool recommended by BC FCOP to account for risk of natural or human-induced

events reversing the emission reductions in the first 100 years.

The risk rating is based on an assessment of several risk factors (internal risks, external
risks, and natural risks) which are added to determine the total risk rating. The tables

from the tool are conservatively filled out below.

Internal Risk

Project Management

a)

Species planted (where applicable) associated with more than 25% of the stocks on which GHG
credits have previously been issued are not native or proven to be adapted to the same or
similar agro-ecological zone(s) in which the project is located.

Ongoing enforcement to prevent encroachment by outside actors is required to protect more
than 50% of stocks on which GHG credits have previously been issued.

Management team does not include individuals with significant experience in all skills necessary
to successfully undertake all project activities (ie, any area of required experience is not covered
by at least one individual with at least 5 years experience in the area).

Management team does not maintain a presence in the country or is located more than a day of
travel from the project site, considering all parcels or polygons in the project area.

Mitigation: Management team includes individuals with significant experience in AFOLU project
design and implementation, carbon accounting and reporting (eg, individuals who have
successfully managed projects through validation, verification and issuance of GHG credlits)
under the VCS Program or other approved GHG programs.

Mitigation: Adaptive management plan in place.

Total Project Management (PM) [as applicable, (@+b+c+d+e +1)]

75




Financial Viability

a)

Project cash flow breakeven point is greater than 10 years from the current risk assessment.

b)

Project cash flow breakeven point is greater than 7 and up to 10 years from the current risk
assessment.

Project cash flow breakeven point greater than 4 and up to 7 years from the current risk
assessment.

Project cash flow breakeven point is 4 years or less from the current risk assessment.

Project has secured less than 15% of funding needed to cover the total cash out before the
project reaches breakeven.

Project has secured 15% to less than 40% of funding needed to cover the total cash out required
before the project reaches breakeven.

Project has secured 40% to less than 80% of funding needed to cover the total cash out required
before the project reaches breakeven.

Project has secured 80% or more of funding needed to cover the total cash out before the
project reaches breakeven.

Mitigation: Project has available as callable financial resources at least 50% of total cash out
before project reaches breakeven.

Total Financial Viability (FV) [as applicable, ((a, b, ¢, or d) + (e, f, g, or h) +1)]

Opportunity Cost

a)

NPV from the most profitable alternative land use activity is expected to be at least 100% more
than that associated with project activities; or where baseline activities are subsistence-driven,
net positive community impacts are not demonstrated.

NPV from the most profitable alternative land use activity is expected to be between 50% and up
to 100% more than from project activities.

NPV from the most profitable alternative land use activity is expected to be between 20% and up
to 50% more than from project activities.

NPV from the most profitable alternative land use activity is expected to be between 20% more
than and up to 20% less than from project activities; or where baseline activities are subsistence-
driven, net positive community impacts are demonstrated.

NPV from project activities is expected to be between 20% and up to 50% more profitable than
the most profitable alternative land use activity.

NPV from project activities is expected to be at least 50% more profitable than the most
profitable alternative land use activity.

Mitigation: Project proponent is a non-profit organization.

Mitigation: Project is protected by legally binding commitment to continue management practices
that protect the credited carbon stocks over the length of the project crediting period.

Mitigation: Project is protected by legally binding commitment to continue management practices
that protect the credited carbon stocks over at least 100 years.

Total Opportunity Cost (OC) [as applicable, (a, b, ¢, d, e orf) + (g + h ori)]
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Project Longevity

a)

Without legal agreement or requirement to continue the management practice.

b)

With legal agreement or requirement to continue the management practice.

Total Project Longevity (PL)

Total Internal Risk

Total Internal Risk (PM + FV + OC + PL) |

External Risk

Land Tenure and Resource Access/Impacts

Ownership and resource access/use rights are held by same entity(s).

Ownership and resource access/use rights are held by different entity(s) (eg, land is government
owned and the project proponent holds a lease or concession).

In more than 5% of the project area, there exist disputes over land tenure or ownership.

There exist disputes over access/use rights (or overlapping rights).

WRC projects unable to demonstrate that potential upstream and sea impacts that could
undermine issued credits in the next 10 years are irrelevant or expected to be insignificant, or
that there is a plan in place for effectively mitigating such impacts.

Mitigation: Project area is protected by legally binding commitment (eg, a conservation easement
or protected area) to continue management practices that protect carbon stocks over the length
of the project crediting period.

Mitigation: Where disputes over land tenure, ownership or access/use rights exist, documented
evidence is provided that projects have implemented activities to resolve the disputes or clarify
overlapping claims.

Total Land Tenure (LT) [as applicable, (aorb)+c+d+e+f+(]

Community Engagement

Less than 50 percent of households living within the project area who are reliant on the project
area, have been consulted.

Less than 20 percent of households living within 20 km of the project boundary outside the
project area, and who are reliant on the project area, have been consulted.

Mitigation: The project generates net positive impacts on the social and economic well-being of
the local communities who derive livelihoods from the project area.

Total Community Engagement (CE) [where applicable, (a + b + ¢)]
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Political Risk

a) |Governance score of less than -0.79
b) |Governance score of -0.79 to less than -0.32
c) |Governance score of -0.32 to less than 0.19
d) |Governance score of 0.19 to less than 0.82
e) |Governance score of 0.82 or higher 0
f)  [Mitigation: Country is implementing REDD+ Readiness or other activities, as set out in this
Section 2.3.3.
Total Political (PC) [as applicable ((a, b, c, dore) +f)]| 0
Total External Risk
Total External Risk (LT + CE + PC)| 0
Natural Risk
Natural Risk
Score for each natural risk applicable to the project (determined by (LS x M))
Fire (F) 0
Pest and Disease Outbreaks (PD) 1
Extreme Weather (W) 0
Geological Risk (G) 0
Other natural risk (ON)
Total Natural Risk (as applicable, F+PD +W+ G +ON)| 1

Total Risk
Risk Category Rating
a) |Internal Risk 6
b) |External Risk 0
c¢) |Natural Risk 1
Overall risK rfiting (a+ b + ) 10
where the minimum vale is 10
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Appendix D.

British Columbia Central Coast Old Growth Historical
Average Monthly Timber Prices

The historical average monthly old timber prices | calculated for 1998 to 2013 are
graphically shown and have been weighted by species- and grade-volume profiles.
Western redcedar (Thuja plicata), yellow-cedar (Callitropsis nootkatensis), and western
hemlock (Tsuga heterophylla) are shown as well as all species combined prices that
have been weighted by the volume, grade and species profile harvested. The following
data sources were used to calculate the prices:

» Average monthly old growth timber prices by species and grade for 1998 to
2013 in the Central Coast of British Columbia were obtained from Coastal
Log Market Reports (British Columbia Ministry of Forests, Lands and Natural
Resource Operations, 1998-2013).

» Harvested volume data by grade and species for the North Island and Central
Coast Forest District was obtained from the Harvest Billing System (British
Columbia Ministry of Forests, Lands and Natural Resource Operations,
2013b).

» Prices were adjusted for inflation to the reference year of this study (2008)
using the Consumer Price Index (Bank of Canada, 2013a).
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Appendix E.

British Columbia Central Coast Second Growth
Historical Average Monthly Timber Prices

Second growth historical average monthly timber prices | calculated for 1998 to 2013 are
graphically shown. As price and volume data are not yet available for second growth
logs, these second growth prices were calculated using the old growth prices in
Appendix D and conversion parameters developed by the Coastal Appraisal Advisory
Committee (British Columbia Ministry of Forests, 2004).
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Appendix F.

Division of Economic Benefits

Results tables are produced in this Appendix where the division of economic benefits
derived from the study area follows current established agreements as described below
and assumes they continue into the future for the 100 year planning horizon of this
study.

British Columbia Provincial Government

» 33% from 2009-2010, and 50% from 2011-2025, revenue from carbon offset
sales (Atmospheric Benefit Sharing Agreement Section 3.2)

» 25% of stumpage from First Nation Forest Tenures (Heiltsuk First Nation
Forest Consultation and Revenue Sharing Agreement 2011-2014, Appendix
B Section 2.0 and 2.1)

* 95% of stumpage (Heiltsuk First Nation Forest Consultation and Revenue
Sharing Agreement 2011-2014, Appendix B Section 1.0 to 1.4)

First Nations

e 77% from 2009-2010, and 50% from 2011-2025, revenue from carbon offset
sales (Atmospheric Benefit Sharing Agreement Section 3.2)

* 5% of stumpage (Heiltsuk First Nation Forest Consultation and Revenue
Sharing Agreement 2011-2014, Appendix B Section 1.0 to 1.4)

* 75% of stumpage from First Nation Forest Tenures (Heiltsuk First Nation
Forest Consultation and Revenue Sharing Agreement 2011-2014, Appendix
B Section 2.0 and 2.1)

» First Nation Forest Licence estimated (14.2%) using the current commitments
to First Nations in the study area as listed below, averaged over 5 years as a
percent of the total volume harvested under the first year of the EBM option
with “risk-managed” old growth targets as this is the option currently in effect
as of 2009 (Reconciliation Protocol 2010, Schedule D Section 1.1 and 1.7)

o 47,000 m3/yr replaceable long term volume based forest licence Mid
Coast TSA Heiltsuk

o 5,600 m3/yr replaceable long term volume based forest licence Mid Coast
TSA Wuikinuxv

o 299,000 m3® over 5 years additional tenure of non-replaceable volume from
Mid Coast TSA Heiltsuk

o 35,600 m3 over 5 years additional tenure of non-replaceable volume from
Mid Coast TSA Wuikinuxv
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Non-First Nation Timber Harvesting Companies

» All remaining non-First Nation Forest Licence

The stumpage rate used (1.9%) was calculated for coastal British Columbia as a
percentage of log price using the average monthly sawlog stumpage rates by species for
the Coast Region from 2010 to 2013 weighted by the monthly harvested volumes by
species for the North Island and Central Coast Forest District where data was obtained
from the Harvest Billing System (British Columbia Ministry of Forests, Lands and Natural
Resource Operations, 2013b) and the 10 year average old growth price was used as
calculated in Appendix D.
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Scenarios for each Entity

Optimal Management Options with Maximum Net Present Value for all Combinations of Price

British Columbia Non-First Nation T
T . . : X otal
Provincial First Nations Timber Harvesting .
Government Companies (All Entities)
Carbon Offset Price Scenarios (CP1-CP10, $/tCO.-elyr)
12345678910|{123456789 12345678910/1{12345678910
* 1 1 1111111111(j11111111111
S 2 1 1111111111(j]1111111111
B 3 1 111111111 1(]1111111111
g 4 1 1111111111 111
GEJ 5 1 1111111111 111
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© 7 1 1111111111 111
2/_«8 1 1111111111 1
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o 1 2 1111111111(|122222222
E'Z 2 11111111111((22222222
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-%_%4 2 1111111111
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Note.  Optimal management options based on maximum net present value (NPV) across all 100

combinations of carbon price scenarios (CP1-CP10) and log price scenarios (LP1-LP10) for a
planning horizon of 100 years where all management options are considered (M1 Pre-EBM, M2
EBM “Risk-managed” Old Growth Targets, M3 EBM “Low Risk” Old Growth Targets, and M4 No
Harvest), Pre-EBM (M1) is excluded, and EBM options are compared (M2 and M3).
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Portion of Timber Harvest First Nation

Stumpage as a % of Log Price
=

Forest License %
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Portion of Timber Harvest First Nation Stumpage as a % of Log Price
= Forest License %
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Note.  Optimal management options across portion of timber harvest First Nation License and

stumpage rates, with base values in bold, for management objectives “maximizing
expected net present value (ENPV)” using “disinterested” probability density functions,
considering all management options (M1 Pre-EBM, M2 EBM “Risk-managed” Old
Growth Targets, M3 EBM “Low Risk” Old Growth Targets, and M4 No Harvest),
excluding M1, and comparing EBM (M2 and M3).
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