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Abstract 

Climate change will impact forest dynamics in the Acadian (Wabanaki) Forest Region, 

necessitating adaptive strategies for sustainable forest management of small woodlots of 

the Maritime provinces. Using strategic forest management model Remsoft® Woodstock, 

this study explores the multifaceted impacts of climate change on forest dynamics, 

management regimes, and revenue in UNB’s Taymouth Woodlot. A comparison of 

results between the ‘baseline’ and ‘climate adjusted’ scenarios found that climate 

informed forest management practices may allow small woodlot owners to maintain 

nearly equivalent annual revenues under conditions of RCP 8.5, with sustainable harvest 

levels within 5% of baseline conditions. Despite declining productivity in softwood-

dominant stand types, harvest levels were maintained by balancing selection harvesting in 

mixedwood stands, and clearcutting in increasingly productive hardwood stands. 

However, the declining availability of spruce-fir forest products highlights the potential 

for supply constraints if local value chains are not adjusted to adapt to the changing 

climate. 

 

Keywords: climate-sensitive optimization, dynamic transition rules, dynamic yield tables, 

species composition shift, strategic forest planning 
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INTRODUCTION 

Small woodlots in the Maritime provinces of Eastern Canada  

The Acadian (also known as the Wabanaki) Forest Region includes the provinces of 

Nova Scotia (NS), New Brunswick (NB), and Prince Edward Island (PEI) (Rowe, 1972; 

Baldwin et al., 2020). It is part of an ecological transition zone that includes a unique and 

diverse assemblage of over 32 boreal and temperate tree species found nowhere else on 

the planet (Rowe, 1972; Basquill and Baldwin, 2020). This ecosystem is of high 

ecological and cultural value (Loo & Ives, 2003) and of significant socioeconomic 

importance as forestry, pulp and paper, and wood products manufacturing currently 

contribute approximately two percent of annual gross domestic product (GDP) of the 

Maritime provinces (NRCan, 2026). Relative to many other forest regions in Canada, it is 

an inhabited forest, surrounding and embracing communities, and dotted with tens of 

thousands of small, privately owned woodlots (“small woodlots”).  

Small woodlots are a key part of the forest industry in the Maritime provinces. 

There is a uniquely high proportion of private ownership in this region, with 90,000 

private landowners (owning between 10 and a few thousand acres) controlling roughly 

40% of the forests (5 million hectares) (Allaby, 2023). There is also a long history of 

forest management, with small woodlots typically managed by rural families over many 

generations, for a wide range of ecological, social, and economic values (Nadeau et al., 

2012). Although majority of the economic value is derived from softwood lumber, pulp, 

and paper (NBFPC, 2022; NSDNR, 2016) the extracted wood products include a variety 

of other timber and non-timber forest products (firewood, berries, maple syrup) (Nadeau 

et al., 2012). Despite their importance in the forest product supply chain, small, private 
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woodlots rarely have written management plans, and managers often rely on generalized 

historical trends to choose management regimes and estimate wood supply (Floyd et al., 

2012). However, these trends may no longer be reliable due to the predicted effects of 

climate change on the Acadian Forest (Taylor et al., 2017; Albert et al., 2023).   

The effects of climate change on the Acadian Forest 

The Earth’s global mean near-surface temperature has hit record highs for the 

second year in a row, surpassing the 1.5°C threshold set in the 2015 Paris Agreement for 

the first time in 2024 (WMO, 2024). Canada is warming at over twice the global rate, and 

the effects of widespread warming are projected to continue to intensify unless global 

carbon emissions are reduced to near-zero (Bush & Lemmen, 2019). It is expected that 

the mean annual temperature in the Maritime provinces will increase by 4-6°C by the end 

of the 21st century (relative to 1981-2010 baseline) under the business-as-usual 

Representative Concentration Pathway (RCP) 8.5 (Albert et al., 2023). A predicted 

moderate increase in annual precipitation will be counteracted by higher temperatures, 

leading to a reduction in summer available moisture (Albert et al., 2023). The cumulative 

impact will be more growing degree-days and atmospheric water deficits (Bush & 

Lemmen, 2019; Albert et al., 2023) impacting the many tree species in the Acadian 

Forest existing at their climatic limit (Heyder et al., 2011).   

Climate is one of the most important drivers of stand succession in the Acadian 

Forest (Taylor et al., 2020) and an increase in temperature and decrease in available 

moisture would significantly impact its forest composition and growth (Boulanger et al., 

2016; Taylor et al., 2017). If atmospheric carbon levels continue to rise, late-century 

conditions will support a higher abundance of warm-adapted temperate species (white 
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pine, red maple and American beech) compared to cold-adapted, commercially valuable 

boreal softwoods (spruce and balsam fir) (Taylor et al., 2017; Vaughn et al, 2021; Albert 

et al., 2023). This change is expected to be especially apparent in mixed-species stands, 

where regenerating shade-intolerant hardwoods can easily outcompete boreal conifers, 

especially following low-retention harvests (Taylor et al., 2017; Taylor et al., 2020). 

Although the growth rates of warm-adapted species are expected to initially increase, 

there will be a more significant reduction in conifer productivity, leading to eventual 

displacement (Simons-Legaard et al., 2025). The long-term result is an overall decrease 

in net productivity and gradual shift toward temperate hardwoods in the Acadian Forest 

(Steenberg et al., 2013; Albert et al., 2023).  

A changing climate is also expected to increase the frequency and severity of 

natural disturbances in the Maritime provinces (Taylor et al., 2020; Brecka et al., 2020). 

Warmer summers will increase the likelihood of heatwaves (Bush & Lemmen, 2019) 

leading to more low-intensity droughts, and a predicted doubling of the annual area 

burned by wildfire (Boulanger et al., 2014; Hanes et al., 2019). Rising ocean 

temperatures will fuel tropical storms along the Atlantic coast (WMO, 2024) putting 

additional stress on wind-susceptible red spruce. There may also be a northward 

migration of new insects and diseases, including the Hemlock Woolly Adelgid (HWA) 

currently impacting Southwestern Nova Scotia (Paradis et al., 2008). The combined 

effects will lead to a significant reduction in regional softwood supply and quality by the 

end of the 21st century (Brecka et al., 2020; McMonagle et al., 2024) rendering many 

current management plans unsustainable (Albert et al., 2025).  
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Accounting for climate change in small woodlot forest management 

It is critical that small woodlot owners integrate climate change into long-term 

strategic management planning to better predict future wood supply and mitigate 

economic risk (Albert et al., 2025). With almost half of the region’s forested area 

managed by small, private landowners (commonly referred to as “woodlot owners”) 

(Allaby, 2022) there could be a tremendous cost associated with inaction on climate 

adaptation. Some studies predict a reduction in the value of the region’s forest sector 

outputs by up to 50% by 2150 (McMonagle et al, 2024). However, the uncertainty in the 

magnitude and timing of climate change poses an enormous challenge to managers 

wishing to adapt, as does our limited knowledge of the forests’ vulnerability to the 

changing conditions (Keenan, 2015; Spittlehouse, 2005). Incorporating climate change 

considerations into woodlot forest management is often informal and improvisational, 

increasingly applied by forest managers out of necessity, without strategic-level oversight 

(Ogden & Innes, 2007).  

While forest managers in the Maritime provinces have been engaged in 

conversation about climate change, they are challenged to generate on-the-ground actions 

without adequate supports (Laatsch & Ma, 2015). There are few dedicated local resources 

within the various provincial agencies or territorial governments to provide ongoing 

support for vulnerability assessments (Halofsky et al., 2018), and even fewer for 

providing guidance on adaptive management to build resilience, apart from the 

occasional workshop or case study (NBFWO, 2022; NSWOOA, 2023). While woodlot 

owners are aware that climate-informed management must be considered, there are 

limited studies that utilize modern techniques to identify which strategies might better 
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capitalize on predicted future forest composition and growth trends. This research 

addresses this gap by presenting a case study in which a small private woodlot is used to 

develop a strategic forest management plan that integrates conventional financial woodlot 

objectives with considerations of climate change.  

The purpose of this report is to identify financially feasible, climate informed 

management strategies for small, private woodlots using the Remsoft® Woodstock 

decision support system software. A strategic forest planning model was created based on 

a small woodlot in central New Brunswick, using baseline yields from the Open Stand 

Model (OSM) (Hennigar, 2013), an open-source tree-list modelling platform calibrated 

for the Acadian Forest Region, and the Nova Scotia Growth and Yield Model Version 3.0 

(Steenberg et al., 2023). Climate informed yield tables and successional rules were 

adapted from Taylor et al. (2017) and based on the stand simulation model PICUS (Lexer 

and Hönninger, 2001). A comparison of the strategic management planning schedules for 

the ‘baseline’ and ‘climate informed’ scenarios will provide insight into the (1) impacts 

on species composition and growing stock over time, (2) optimal type and timing of 

harvesting and silviculture treatments for climate-informed forest management and (3) 

differences in sustainable harvest levels, net revenue and end-product mix under 

predicted climate change conditions.  
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METHODS 

Study area 

The study area was a 36-hectare (90 acre) woodlot north of Fredericton, New 

Brunswick (near the community of Taymouth, hereafter referred to as the “Taymouth 

Woodlot”) owned and managed by the University of New Brunswick’s (UNB) Office of 

Forest Lands (Figure 1). It was acquired by the university through a land trade with the 

Government of New Brunswick in 2020, and previously under private ownership. There 

has been minimal use of the woodlot in recent years, for academic or recreational 

purposes, apart from maintenance to the main access point and adjoining trails. The forest 

has not been managed for timber (except for light firewood harvesting by previous 

private owners) since the 1960’s, when field observations suggest that a large portion of 

the area was harvested. There is currently no management plan in place.  

The Taymouth Woodlot is situated on a gradual, west-facing slope within the 

Nashwaak River valley, bordered by private residences to the west, a highway to the east, 

and public and privately owned woodlots to the north and south, respectively (Figure 1). 

The climate in this region is humid-continental, typical of inland areas within the Acadian 

Forest Region (Basquill and Baldwin, 2020) with average temperatures ranging from 

−6ௗ°C in the winter to 18ௗ°C in the summer. The area receives substantial precipitation 

(approximately 1,100ௗmm annually) including significant snowfall, although the winter 

snowpack has been decreasing in recent years. The Maritime provinces are also 

susceptible to a range of extreme weather events, including thunderstorms, nor-easters 

and post-tropical storms, often bringing intense precipitation and strong winds (Taylor et 
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al. 2020). Despite this, the Taymouth Woodlot remains relatively intact, with very 

minimal damage caused by natural disturbance events in recent history.  

 

Figure 1 Location of the study area (Taymouth Woodlot) within the Maritime provinces. 

The Taymouth Woodlot was selected as the study area based on its species 

composition and age structure, characteristic of many woodlots in the Acadian Forest 

Region (Rowe, 1972; Baldwin et al., 2020). There are a total of 12 stands on this 

property, as interpreted and mapped by the New Brunswick Department of Energy and 

Resource Development (2023). The trees are a combination of tolerant and intolerant 

hardwood and softwood species, dominated by balsam fir (Abies balsamea) (34%), red 

maple (Acer rubrum) (16%), yellow birch (Betula alleghaniensis) (11%), large-tooth and 

trembling aspen (Populus grandidentata and Populus tremuloides) (10%) and eastern 

hemlock (Tsuga canadensis) (9%). There is also white birch (Betula papyrifera) (6%), 

sugar maple (Acer saccharum) (4%) red spruce (Picea rubens) (4%) and American beech 
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(Fagus grandifolia) (4%) present to a lesser extent. Although much of the forest 

composition reflects an early-mid successional state, there are a significant number of 

super-canopy Eastern hemlock (Tsuga canadensis) trees remaining, with sampled ages 

ranging up to 125 years old. According to the local Biomass Growth Index (BGI) model 

(Hennigar et al. 2016), the soils are considered moderately productive, with minimal 

variation across the site (maximum growth of 3,264 – 3,923 kg/ha/yr) and moisture 

conditions ranging from well-drained slopes to imperfectly drained small depressions, 

creating seasonal wetlands along the southern boundary. The characteristics of this study 

area were used to form the basis of the strategic forest planning model in the Woodstock 

Optimization Studio decision support system software.  

Forest Management Decision Support Systems (DSS) 

Woodstock Optimization Studio (Remsoft®, 2024) is a forest planning and 

decision support system developed to provide analytical solutions to resource 

management planning questions. It provides a means for comparing multiple forest 

management planning outcomes based on user provided inputs and produces strategic 

planning schedules to help guide forestry decision making. The optimization module 

within Woodstock uses linear programming to identify the optimal combination of 

management actions to achieve an objective function, while also satisfying various 

potential management constraints, providing important insight into the trade-offs of 

alternative management scenarios.  

Field data collection and preparation 

A forest inventory was conducted by undergraduate students using a systematic, 

variable radius sampling method, following a 100-meter grid (one point per hectare) 
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across the woodlot (Figure 2). At each of the 41 sample points, a 2 basal area factor prism 

was used to identify sample trees, and a unique ID, species, and diameter at breast height 

(DBH) was recorded for each one. The crown height and total height of a random subset 

of sampled trees were measured using a clinometer, and the age of a stand-representative, 

canopy co-dominant tree was estimated using an increment borer. This inventory data 

was used to calculate the stand-level basal area (BA), stem density and average DBH by 

species, and combined with other field observations (presence of regeneration and/or 

tolerant species) to classify and estimate the average age of each stand.  

Using the local Nova Scotia Forest Ecosystem Classification (FEC) (Neily et al., 

2023), a hardwood-softwood and intolerant-tolerant matrix was employed to stratify all 

stands into unique stand types. A stand was classified as ‘hardwood’ or ‘softwood’ if it 

contained greater than 70% (by basal area) hardwood or softwood species, and was 

otherwise ‘mixedwood’. Similarly, a stand was classified as ‘tolerant’ if it contained 

greater than 50% long-lived, shade-tolerant species (such as eastern hemlock, red spruce, 

sugar maple, yellow birch, or American beech). A total of four stand types were 

identified, including Intolerant Hardwood, Intolerant Mixedwood, (Intolerant) Balsam Fir 

Softwood, and (Tolerant) Eastern Hemlock Mixedwood. The stand classification was 

mapped on to the stand boundary polygons mapped by NBDNRED (2023) (Figure 2).  
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Figure 2 Stand types and sample points in the Taymouth Woodlot (NBDNRED, 2023).  

 

Woodstock planning model parameters and management design 

Spatial set up, areas, landscape, and control  

The first step of the model set-up was importing the forest stand classification 

map, including attributes on stand type, age, and area (Table 1). The ‘areas’ and 

‘landscape’ model sections were built based on the spatial information, containing stand 

type descriptions and basic age and area statistics. In the ‘control’ section, the planning 

horizon was set to 100 years, divided into 5-year planning periods. The manual queue 

was turned off, allowing the model to utilize its optimization function to create a schedule 

of harvest treatments using the Mosek Solver. A ‘lifespan’ was set for each stand type, 
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indicating the age at which natural senescence would occur (95 years for intolerant forest 

types, 145 years for tolerant forest types).  

Table 1 Existing stand types and attributes in the Taymouth Woodlot.   

Stand Type Age (Yrs) Area (Ha)   Species Composition 
Intolerant 
Hardwood 

70 8.7 
largetooth aspen (35%), red maple (30%), 

white birch (25%), yellow birch (10%) 
Intolerant 

Mixedwood 
70 13.4 

balsam fir (35%), red maple (25%), white 
birch (20%), largetooth aspen (20%) 

Balsam Fir 
Softwood 

70 5.8 
balsam fir (70%), red maple (20%),  

red spruce (10%) 

Eastern Hemlock 
Mixedwood 

100 8.3 
eastern hemlock (35%), sugar maple (25%), 

yellow birch (25%), balsam fir (10%),  
American beech (5%) 

 

Actions, eligibility, and potential future stand types  

Next, the model was provided with a set of harvesting and silviculture treatment 

model ‘actions’ based on common practices in the Maritime provinces. Potential actions 

included clearcutting, selection, and shelterwood harvesting; as well as planting and per-

commercial thinning. These treatments were selected to provide the model with enough 

options to achieve diverse woodlot management objectives, including even-aged 

management, un-even aged management, and natural or artificial regeneration (Table 2). 

An additional 12 potential future stand types were identified as likely to occur following 

the treatment actions, or as a result of natural succession from existing stand types (Neily 

et al., 2023). The origins and descriptions of all stand types are included in Table 3.   

Table 2 Stand level action (treatment) description and purpose. 

Action Description Management Objective 

Clearcut 
Harvest 

Harvest all merchantable 
stems 

 Produce maximum amount of 
merchantable wood fiber 

 Regenerate an even-aged forest  
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Uniform 
Shelterwood 

Harvest 

 
Harvest 30% on first entry 
(all species) 
 
Return in 10 years (once 
shade- tolerant regeneration 
established) to clearcut 
harvest canopy 
 

 Produce merchantable timber in two stages 
 Naturally regenerate shade-tolerant 

understory (based on original composition)  
 Capture overstory mortality   

Selection 
Harvest 

 
30% volume removal (all 
species) at 15-year 
intervals, in perpetuity 
 

 Produce continuous flow of merchantable 
timber 

 Maintain uneven-aged stand 
 Naturally regenerate shade-tolerant 

understory (based on original composition)  
 

Plant 
 

Red spruce 
OR 

White pine 

 
Planting at 1,800 stems/ha 
 
Includes site preparation 
and early competition 
control (herbicide) 
 

 Initiate even-aged, fully stocked stand of 
ideal density  

 Includes early competition control  
 Produce maximum amount of 

merchantable wood fiber 

Pre-
commercial 

Thinning 
(PCT) 

 
Reduce density to 2000 
stems/ha in 10–15-year-old 
natural stands  
 

 Accelerate crop tree growth to increase 
individual piece size   

 Remove undesirable species  

 

Table 3 Potential future stand types (resulting from natural succession or 
harvest/silviculture actions) in the Taymouth Woodlot (Neily et al., 2023). 

Stand Type Origin Description 

Intolerant Hardwood 
Clearcutting 

(intolerant, tolerant or thinned 
hardwood) 

Naturally occurring. Existing. 
Large-tooth aspen, red maple, 

white birch, yellow birch 

Intolerant Mixedwood 
Clearcutting 

(any mixedwood, any planted or 
young balsam fir softwood) 

Naturally occurring. Existing. 
Balsam fir, red maple, white 

birch, large-tooth aspen 

Balsam Fir Softwood 
Clearcutting 

(mature or thinned balsam fir 
softwood or planted spruce) 

Naturally occurring. Existing. 
Balsam fir, red maple, red 

spruce 

Eastern Hemlock 
Mixedwood 

Natural succession 
(from intolerant mixedwood or 

balsam fir softwood) or 
clearcutting in mature (75+) 
eastern hemlock mixedwood 

Naturally occurring. Existing. 
Eastern hemlock, sugar maple, 

yellow birch, balsam fir, 
American beech 

Red Spruce 
Mixedwood 

Natural succession 
(from intolerant mixedwood or 

balsam fir softwood) or 

Naturally occurring. Potential. 
Red spruce, yellow birch, sugar 

maple, balsam fir 
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clearcutting in mature (75+) red 
spruce mixedwood 

Tolerant Hardwood 

Natural succession (from 
intolerant hardwood) or 

clearcutting in mature (75+) 
tolerant hardwood  

Naturally occurring. Potential. 
Sugar maple, yellow birch, 
American beech, red maple 

Spruce Plantation Plant (Spruce) 
red spruce planted at 1,800 

stems/ha 

Pine Plantation Plant (Pine) 
white pine planted at 1,800 

stems/ha 

Thinned natural 
softwood  

Pre-commercial thinning of 
balsam fir softwood 

1,800 stems per ha (2.4m 
spacing) of balsam fir, red 

spruce 
Thinned natural 

hardwood  
Pre-commercial thinning of any 

hardwood 
1,800 stems per ha (2.4m 

spacing) red maple, yellow birch 
Uneven-aged tolerant 

hardwood  
Selection harvest of 
tolerant hardwood 

Multi-age tolerant hardwood 
created by selection harvest 

Uneven-aged hemlock 
mixedwood 

Selection harvest of 
hemlock mixedwood 

Multi-age hemlock mixedwood 
created by selection harvest 

Uneven-aged red 
spruce mixedwood 

Selection harvest of 
red spruce mixedwood 

Multi-age spruce mixedwood 
created by selection harvest 

Post-regeneration cut in 
hemlock mixedwood 

Shelterwood harvest of hemlock 
mixedwood 

Residual overstory of hemlock 
and tolerant hardwood after 30% 

volume removal 

Post-regeneration cut in 
red spruce mixedwood 

Shelterwood harvest of red 
spruce mixedwood 

Residual overstory of spruce and 
tolerant hardwood after 30% 

volume removal 

Non-sufficient 
regeneration  

Clearcutting early-successional 
or young stands 

Poorly stocked stand of grey 
birch, pin cherry and speckled 

alder 
 

Eligibility for a specific treatment type was determined based on the suitability of 

the stand type to the objective of the treatment (Table 4). Almost all stand types were 

eligible to be clearcut at maturity (between 40-60 years old). However, only mature (60+ 

years old) tolerant softwood-dominant stand types (eastern hemlock and red spruce 

mixedwood) were eligible for shelterwood harvesting, to ensure a sufficient seed source 

for the natural regeneration of species present in the original overstory. Following a 

shelterwood harvest, stands were left for 10 years to establish shade-tolerant 

regeneration, then the overstory was clearcut (post-regeneration cut). Similarly, only 
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mature (80+ years old) tolerant stand types (both mixedwood and hardwood) were 

eligible for selection harvesting, as these stands had the potential to produce a continuous 

flow of merchantable timber while maintaining canopy cover and age-class diversity. 

Following a selection harvest, the uneven-aged stand was required to be selection 

managed in perpetuity, eligible for re-entry every 20 years. The plant action, for both red 

spruce and white pine, accounted for the effects of early competition control (herbicide) 

and was only available in intolerant stand types less than 5 years old. Natural softwood or 

hardwood stands were eligible for pre-commercial thinning between 10-15 years of age.  

Table 4 Treatment eligibility by stand type. 

 Treatment 
Stand Type Clearcut Shelterwood Selection Plant PCT 

Intolerant Hardwood ✔   ✔ ✔ 
Intolerant Mixedwood ✔   ✔  

Balsam Fir Softwood ✔   ✔ ✔ 
Eastern Hemlock 
Mixedwood ✔ ✔ ✔   

Red Spruce Mixedwood ✔ ✔ ✔   

Tolerant Hardwood  ✔  ✔  ✔ 
Spruce Plantation ✔     

Pine Plantation ✔     

Thinned natural softwood ✔     

Thinned natural 
hardwood ✔     

Uneven-aged tolerant 
hardwood 

  ✔   

Uneven-aged hemlock 
mixedwood 

  ✔   

Uneven-aged red spruce 
mixedwood 

  ✔   

Post-regeneration cut in 
hemlock mixedwood ✔     

Post-regeneration cut in 
red spruce mixedwood ✔     

Non-sufficient 
regeneration (NSR) ✔   ✔  
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Baseline yields and transitions 

The OSM (Hennigar, 2013) was used to generate baseline yield tables for all 

naturally occurring stands (Table 3) based on the forest inventory (existing types) or 

generalized species compositions described in the FEC (potential types) (Neily et al., 

2023). The tree- and stand-level forest inventory was loaded into a Microsoft database, 

including all sampled tree data, BGI, zone (NB) and management history of each stand. 

The simulation parameters were defined in OSM’s Notepad++ user interface, identifying 

the input database, output file locations, and regionally calibrated tree height model 

(Figure 3). In order to produce yield tables starting from stand inception, the simulation 

needed to ‘cut’ the existing stand and ‘recruit’ a new stand using the ‘plant’ function. For 

each natural stand type, 5-year old saplings between 1-3cm DBH were planted at a 

density of 5,000 stems per hectare and grown for 150 years, using 5-year periods. The 

simulation generated tree- and stand-list projections into a .csv file. 

 

Figure 3 The stand simulation parameters for balsam fir softwood stands as seen in 
OSM’s Notepad++ user interface (Hennigar, 2013). 
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In each period, outputs from the OSM-generated tree list (including the species, 

DBH, and height) were inputted into the Kershaw et al. (2007) Product Ratio Calculator 

(PRCalc) which was calibrated based on averaged specifications for wood products from 

local mills (Table 6, Appendix B). Based on the minimum required diameter and length 

for each product, the PRCalc calculated the proportion of each individual tree’s gross 

total volume (GTV) that qualified as sawlogs and/or pulpwood for six unique product 

categories (spruce-fir sawlogs, eastern hemlock sawlogs, white pine sawlogs, hardwood 

sawlogs, mixed softwood pulp, and mixed hardwood pulp). The sawlog and pulpwood 

proportions were multiplied by OSM’s GTV (m3) for every tree, and then the number of 

stems per ha, to get the total volume (m3) of sawlogs and pulpwood per hectare 

represented by each sampled tree. These values were averaged across all plots in each 

stand type and inputted (by product category) into the final yield tables in Woodstock 

Optimization Studio.  

Table 5 Wood product categories, species, specifications and provincial stumpage price 
(NBDNRED, 2024) used to calibrate Kershaw’s (2007) PRCalc. 

Product Category Species 
Min.  

Diameter (in) 
Min.  

Length (ft) 
Stumpage 

Price ($/m3) 
Spruce-Fir Sawlogs R. Spruce, B. Fir 8” 12’ $29.54 
Hemlock Sawlogs E. Hemlock 8” 12’ $17.57 

Pine Sawlogs W. Pine 8” 12’ $24.87 

Hardwood Sawlogs 
S. Maple, R. 
Maple, Y. Birch, 
W. Birch  

10” 12’ $29.25 

Softwood 
Pulpwood 

R. Spruce, B. Fir, 
E. Hemlock, W. 
Pine 

4” 8’ $6.29 

Hardwood 
Pulpwood 

S. Maple, R. 
Maple, Y. Birch, 
W. Birch, L. 
Aspen, A. Beech  

4” 8’ $14.87 
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Following a shelterwood or selection harvest, a new set of yield tables were 

created based on the original stand yields, modified to reflect the volume removed during 

the harvest (Table 2) and resulting change in growth dynamics. In the case of selection 

harvesting, the resulting un-even-aged yield tables reduced volume according to product 

category (higher levels of pulp removed than sawlogs) by an average of 30% at each 

entry, for both hardwood and mixedwood stand types. The subsequent increase in 

merchantable volume allowed for re-entry every 15 years while maintaining the growing 

stock. The post-regeneration shelterwood yield tables were identical to the original stand 

yields, but used a growth modifier (*P 70) to denote a 30% removal across all product 

categories (evenly) at the time of harvest.  

In the case of plantations and pre-commercially thinned stands, the Nova Scotia 

Growth and Yield Model – Version 3.0 (Steenberg et al., 2023) was employed due to its 

increased level of applicability in even-aged, managed stands. The graphical user 

interface required general inputs for all stand types (including the dominant species, 

spacing, site index, rotation age) and additional treatment-specific values for thinned 

stand types (treatment age, thinned spacing) (Table 5). It outputted a simple table with the 

volume (m3) per product category (sawlogs, pulp) by stump age (in 5-year intervals). All 

simulations were run for 100 years, with site indices corresponding to averaged BGI 

values in existing stands. The PCT treatment was simulated at 15 years, increasing 

merchantable sawlog volume (relative to pulp) for both hardwood and softwood stand 

types. The resulting table of volumes by product category was imported into in 

Woodstock Optimization Studio. In some cases, yield curves were slightly modified 

based on expert opinion to improve accuracy under local conditions. 
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Table 6 Input parameters to the NSGNY 3.0 (Steenberg et al., 2023) for plantations and 
thinned natural stands. 

Stand Type 
Dominant 

species 
Spacing 

(m) 
Density 

(stems/ha) 
Site 

Index 
Thinned 
age (y) 

Thinned 
spacing (m) 

Spruce 
plantation 

Red spruce 2.4 1,800 13   

Pine 
plantation 

White pine 2.4 1,800 13   

Thinned 
natural 

softwood 
Red spruce 1.4 5,000 13 15 2.4 

Thinned 
natural 

hardwood 
Red maple 1.4 5,000 16 15 2.4 

 

Following each action, a set of transition rules were defined to determine the 

future of that stand, depending on the species composition and age of the original stand. 

If the model elected to clearcut harvest a mature (75+ years) red spruce mixedwood 

stand, it would primarily regenerate red spruce mixedwood (90%) with small component 

of non-sufficient regeneration (10%). Similar rules applied to other mature, tolerant stand 

types, due to the age of the original stand creating a viable seed source (Table 3). 

However, in the case of a clearcut in an immature (<75 years) tolerant, or intolerant stand 

type, it was more likely to transition to intolerant mixedwood, or ‘non-sufficient 

regeneration’, and require artificial regeneration (planting). The transition rules for 

selection harvesting dictated a perpetual return to the uneven-aged version of stand type 

(Table 3) with re-entry allowed every 15 years, and a shelterwood harvest was followed 

by a clearcut of the remaining volume after regeneration establishment (10+ years).   

Climate-informed yields and transitions 

Once the standard actions, transitions, and yields were determined, a second 

scenario was created to compare the model’s recommended management actions between 
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‘baseline’ (volume yields and transitions based on historical climate conditions) and 

‘climate change’ (volume yields and transitions adjusted based on predicted climate 

conditions). The two scenarios were exactly alike except for the ‘yields’ and ‘transition’ 

sections, which were modified based on predicted changes in forest growth and 

composition from Taylor et al. (2017) under RCP 8.5. This included implementing 

independent yield modifiers for each product category and adjusting transition rules to 

heavily favour intolerant hardwood (relative to both intolerant and tolerant mixedwood 

forest types) for natural regeneration following a clearcut harvest (Taylor et al., 2020) 

The independent growth modifiers were derived from the Taylor et al. (2017) predicted 

departure in relative abundance from baseline conditions (by species) based on the 

proportion of each species in each product category (Table 7).  

Table 7 Predicted departure from baseline conditions under RCP 8.5 for the first 50 years 
of model planning horizon (expressed as a ratio) derived from Taylor et al. (2017). 

 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 
Spruce-Fir 
Sawlogs 

1 1 0.9 0.9 0.9 0.8 0.8 0.7 0.7 0.6 

Hemlock 
Sawlogs 

1 1 1 1 1 1 1 1 1 1 

White Pine 
Sawlogs 

1 1 1 1 1 1.1 1.1 1.1 1.2 1.2 

Hardwood 
Sawlogs 

1 1 1 1 1 1.1 1.1 1.1 1.1 1.2 

Softwood 
Pulpwood 

1 1 1 1 0.9 0.9 0.9 0.9 0.9 0.8 

Hardwood 
Pulpwood 

1 1 1 1 1 1.1 1.1 1.1 1.1 1.2 

 

Optimization  

The primary objective of the optimization was to maximize non-declining net 

revenue throughout the 100-year planning horizon, while maintaining mature canopy 

cover on at least half the woodlot (18 hectares). The canopy cover constraint ensured that 
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ecological values (wildlife habitat, water and soil health, climate resilience) would be 

maintained alongside the primarily financial objective. Net revenue was calculated by 

summing the total stumpage revenue for all product categories (Table 5) and subtracting 

the associated costs (Table 8) in each period. The mature canopy cover was calculated by 

summing the total area with forest stands greater than 70 years old. Several additional 

outputs were calculated, including the total volume of growing stock, area and volume 

harvested by treatment, and stumpage value by product category.  

Table 8 Costs associated with harvesting and silviculture actions (NBDRED, 2024; 
SENB Wood Marketing Board, 2024) and property cost allowance (for fixed costs such 
as road building, property taxes).  

Description Cost ($) 
Shelterwood harvesting $385 per hectare 

Selection harvesting $550 per hectare 
Planting $933 per hectare 

Pre-commercial thinning (PCT) $985 per hectare 
Property costs $3000 per 5-year period 

 

The results, including key indicators related to forest stand composition over time, 

harvest area and volume (by treatment and species), sustainable harvest volume, and net 

revenue were analyzed using Microsoft Excel. The differences in the optimized 

harvesting and silviculture schedules were also explored. A trade off analysis of 

Woodstock’s recommended management regimes between the ‘baseline’ and ‘climate-

informed’ scenarios was compared using summary graphs and tables of key indicators. In 

some cases, the “mid-point” (50 years) of the planning horizon was used to compare 

values due to the model’s tendency to limit actions in later stages (since the financial 

value won’t be realized during the 100-year planning horizon).  
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RESULTS 

Forest inventory  

Simulated differences in forest composition could be observed within 50 years 

under the RCP 8.5 climate change scenario, when compared with the baseline climate. 

The climate change scenario yielded less area of balsam fir softwood, planted red spruce, 

red spruce mixedwood, and un-even aged red spruce mixedwood than the baseline 

scenario. There was also a higher proportion of intolerant mixedwood, tolerant hardwood, 

un-even aged hardwood, planted white pine and non-sufficient regeneration. The 

resulting forest composition reflected these shifts, with a reduction in softwood-dominant 

stand area from 21% to 5% (7.6 ha to 1.8 ha) and increase in hardwood-dominant stand 

area from 20% to 30% (7.2 to 10.9 ha). (Figure 3).  

 

Figure 3 The proportion of softwood, mixedwood, and hardwood stand types (by area) at 
the mid-point of the planning horizon (50 years).   

 

Despite differences in the forest composition, trends in overall growing stock and 

mature canopy-covered area were almost identical between the baseline and climate 
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change scenarios (Figure 4). In both cases, the starting growing stock steadily declined 

for the first 25 years from 10,425 m3 (289 m3 per ha) to approximately 7,500 m3 (200 m3 

per ha) where it was maintained for the remainder of the 100-year planning horizon. The 

canopy-covered area (stand age of > 70 years) also steadily declined for the first nine 

periods (45 years) from 36 ha at the model inception, before stabilizing at 18 ha (as 

constrained by the model set-up).  

 

Figure 4 Trends in mature canopy covered area and growing stock over time. 

 

Harvesting and silviculture treatments  

Similar harvesting intensities were simulated in both scenarios, with a difference 

in average annual harvest area of only 2.5% (baseline, 1.21 ha vs. climate change, 1.18 

ha). Over the 100-year planning horizon, the total area harvested (including multiple re-

entries on the same area) was 121 ha in the baseline scenario, and 117 ha in the climate 

change scenario.  However, there were significant fluctuations in harvest area by 

treatment type in both scenarios, where periods with less selection harvesting saw an 

increase in clearcutting, and vice versa (Figure 5). Despite these fluctuations, there were 
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no major positive or negative trends in harvested area over time, under either climate 

scenario. In both cases, selection harvesting accounted for about two-thirds of the average 

annual harvested area, with the remainder of the area being clearcut. Shelterwood 

harvesting was not employed in the optimized schedule for either climate scenario. 

 

 

 

 

 

 

 

 

 

 

Figure 5 The per-period (5 year) harvest area by treatment type over the 100-year 
planning horizon.     

 

While no discernable difference was observed in the overall treated area, there 

was a notable difference in the timing and area of treatments employed. Clearcutting was 

typically scheduled later under the RCP 8.5 climate change scenario (79 years old) then 

the baseline scenario (65 years old) (Table 9). The average individual harvest area was 

also slightly smaller under predicted climate conditions, for both selection and clearcut 
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harvests (Table 9). The average stand age of selection harvest treatments was the same in 

both scenarios (as soon as they were eligible at 100 years old).  

Table 9 Average age and area of individual harvest treatments under baseline and RCP 
8.5 climate scenario. 

Harvest Treatment 
Average Age (yrs) Average Area (ha) 

Baseline Climate Change Baseline Climate Change 
Selection 101 101 3.1 1.8 
Clearcut 65 79 1.2 1.0 

 

The frequency of harvests by stand type also changed considerably under 

conditions of RCP 8.5. One key change was that tolerant hardwood stands were selected 

for both clearcut and selection harvests, which did not occur under baseline conditions 

(Table 10). Under the baseline scenario, clearcutting was employed in planted spruce and 

balsam fir softwood stands, replaced by tolerant hardwood and planted white pine stands 

under climate change conditions. In both climate scenarios, the most commonly clearcut 

stand type was intolerant hardwood. Overall, the frequency of selection harvests showed 

less variability between the two scenarios when compared to clearcut harvesting. 

Table 10 Frequency of harvest (clearcut and selection) by stand type for baseline and 
climate change scenarios. Gray shading reflects each stand type’s eligibility for harvest. 
Key differences are indicated with bold font.   

Stand Type 
Selection Clearcut 

Baseline Climate Change Baseline Climate Change 
BFSW   7 1 

INTHW   10 14 
INTMX   4 4 
EHMIX 5 5 0 0 
RSMIX 1 1 4 2 
TOLHW 0 1 0 5 

PSP   8 0 
PWP   0 5 

UNEHMIX 18 18   
UNRSMIX 3 3   

UNHW 0 2   
NSR   0 1 



 

25 

The planting of exclusively white pine under the RCP 8.5 climate scenario, as 

opposed to exclusively red spruce under baseline conditions, was the most prominent 

silvicultural change observed. However, the total area planted over the entire planning 

horizon was only 3.86 ha under the baseline scenario, and 1.63 ha under the climate 

change scenario. In both cases, all planting occurred within the first 35 years of the 100-

year planning horizon, which could have been due to the model’s inability to recognize 

the value if not harvested within the 100-year planning horizon. No pre-commercial 

thinning was conducted under either climate scenario. The full schedule of harvesting and 

silviculture actions is available in Appendix A.  

Sustainable harvest level, net revenue and end-product mix 

The maximum, sustainable annual allowable cut (AAC) was almost equal 

between scenarios. It averaged 195 m3 under the baseline climate, and 192 m3 under the 

RCP 8.5 climate, a difference of only 3 m3 (2%) per year. However, the volume harvested 

by product category saw a significant change (Table 11). The average annual harvest 

volume of spruce-fir sawlogs exhibited the largest difference, from 25 m3 under the 

baseline scenario to 8 m3 under the climate change scenario – a reduction of 103%. A 

significant decrease (62%) was also observed in softwood pulp harvest volume, from 36 

m3 (baseline) to 19 m3 (climate change). Conversely, the average annual harvest volume 

of hardwood sawlogs and pulp increased under the climate change scenario, from 15 m3 

to 21 m3 (33%) and 31 m3 to 50 m3 (47%), respectively. There were no major changes 

observed in eastern hemlock or white pine sawlogs.  
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Table 11 The average annual harvest volume (m3) and percent of total harvest volume 
(%) by product category 

Product Category 
Baseline Climate Change 

Volume (m3) Percent (%) Volume (m3) Percent (%) 
Spruce – Fir Sawlog 25 12.8 8 4.2 

Eastern Hemlock Sawlog 88 45.1 91 47.4 
White Pine Sawlog 0 0 3 1.6 
Hardwood Sawlog 15 7.7 21 10.9 

Softwood Pulp 36 18.5 19 9.9 
Hardwood Pulp 31 15.9 50 26.0 

Total 195 100 192 100 

 

The RCP 8.5 climate conditions had no significant effect on annual or overall net 

revenue. The maximum, non-declining annual net stumpage revenue was $2,348 under 

the baseline scenario, and $2,330 under the climate change scenario– a difference of only 

$18 less per year. Over the course of the 100-year planning horizon, the total net revenue 

was $234,846 under the baseline scenario, and $232,981 under the climate change 

scenario (0.8% difference). The annual costs were also very similar, averaging $1,078 

under the baseline scenario and $1,056 under the climate change scenario. The per-period 

trends for costs and revenues followed a similar pattern over time, with no major changes 

or trends identified under conditions of climate change (Figure 6).  
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Figure 6 Costs, total and net revenue measured per-period for the 100-year planning 
horizon. 

 

Despite minimal differences in total and annual revenue between the two climate 

scenarios, the proportion earned by product category did vary substantially (Figure 5). 

The largest change was observed in spruce-fir sawlogs, which went from comprising 

22% of total revenue under the baseline scenario to only 7% under climate change 

scenario. Softwood pulp also saw a reduction from 7% to 3% of total revenue. Hardwood 

products increased in share from 27% (13% sawlogs, 14% pulp) to 40% (18% sawlogs, 

22% pulp) under climate change scenario. Eastern hemlock saw little change (45% to 

47%) and white pine grew from 0% to 2% of the proportion of total stumpage revenue 

under climate change.  
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Figure 7 The proportion of total revenue by product category between the baseline and 
climate change scenarios 

 

 

DISCUSSION 

Overall findings 

These findings suggest that climate-informed forest management strategies may 

permit small woodlot owners to achieve similar levels of annual revenue under future 

climate change, despite predicted changes in forest structure and composition. Indeed, 

even with changes in the productivity of key forest stand types, the Taymouth Woodlot 

maintained a sustainable harvest level (AAC) within 5% of baseline climate levels by 

leveraging the natural shift in forest composition away from cold-adapted boreal 

softwoods (e.g., red spruce and balsam fir) in favour of climate-adapted, temperate 

species (e.g white pine, hardwood).  

Baseline Climate Change 
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Under the climate change scenario, the Woodstock optimization software found a 

harvesting regime that balanced uneven aged, selection management with small, frequent 

clearcuts in it’s most productive stands, which may represent a viable climate adaptation 

pathway for small woodlot owners. The planting of white pine (as opposed to red spruce) 

generated a consistent supply of climate-adapted softwood, which helped fill the gap left 

by a reduction in spruce and fir productivity. However, the declining availability of 

spruce-fir forest products highlights the potential for supply constraints if local value 

chains are not adjusted to adapt to the changing climate.  

Forest inventory  

The combined effects of climate and management resulted in notable shift toward 

mixedwood and hardwood-dominant stand types. Balsam-fir softwood was no longer 

present in the stand type mixture, replaced by intolerant hardwood and mixedwood in 

regenerating clearcut harvests (Taylor et al., 2017). Subsequently, intolerant mixedwood 

forest types were less likely to succeed to red spruce or eastern hemlock mixedwood, 

leading to more hardwood-dominant stand area under climate change conditions (Figure 

3). The resulting forest composition reflected these shifts, with a significant reduction in 

softwood-dominant stand area, and gradual increase in intolerant and tolerant hardwood 

species. This shift in forest composition is aligned with predictions from the literature 

(Steenberg et al., 2013; Taylor et al., 2020; Albert et al., 2023).  

Despite changes to the composition of the forest, the non-declining trends in 

growing stock (m3) and mature canopy-covered area demonstrate the long-term 

ecological sustainability of the climate-adapted management regime. A strong component 

of selection harvesting in tolerant mixedwood stand types generates a consistent sawlog 
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supply, while partial canopy cover creates an ideal environment for natural regeneration 

of long-lived, shade tolerant species. A mature, multi-age forest also has higher levels of 

structural complexity, biodiversity, and overall resilience to natural disturbances 

associated with climate change (Albert et al., 2023). Further testing of the model’s 

capability revealed that attempting to maintain additional mature forest area would result 

in an unsuccessful model run (impossible to reach any level of non-declining revenue).  

Harvesting and silviculture treatments  

The optimal type and timing of harvesting treatments saw a few key responses to 

climate-induced changes in stand productivity and growth. Selection harvesting 

continued to represent approximately two-thirds of the average annual harvest area, 

primarily performed in eastern hemlock mixedwood stands (Table 9). Approximately 

every period (five years), the primary harvest type alternated between clearcut and 

selection, with many periods seeing no clearcut harvesting at all (Figure 3). When they 

did occur, clearcut harvests were smaller in size on average (18%) and primarily 

performed in more mature stands (79 years old) of intolerant and tolerant hardwood 

(Table 8, Table 9). The combination of ongoing, un-even aged management in tolerant 

mixedwood stands, and even-aged management (clearcutting) in more productive 

hardwood stands may represent a viable adaptation strategy for small woodlot owners.  

Following clearcut harvests, the likely natural regeneration of hardwood species 

(Taylor et al., 2020) was favourable and cost-effective for climate adaptive management. 

The absence of pre-commercial thinning naturally regenerated hardwood stands could be 

attributed to the heightened cost, or relatively strong stumpage price of hardwood pulp 

(Table 7). In the limited number of instances (a total of 1.63 ha) where artificial 
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regeneration was utilized, the planting of white pine was selected in every case, likely 

due to predictions that productivity will increase (rather than decrease, as predicted for 

red spruce) as climatic conditions change over time (Table 7). White pine is among the 

few softwood species that is expected to see steady increases in productivity with 

increasing temperatures and less moisture availability (Taylor et al., 2017). It is also 

currently a locally valuable species in the Maritime provinces, with many manufacturers 

of value-added products (such as panelling, moulding, and siding).  

Sustainable harvest level, net revenue and end-product mix 

There were no major changes observed in the 100-year AAC under climate 

change conditions, suggesting that adaptive management could help alleviate the 

predicted effects of climate change on overall wood supply (McMonagle et al., 2024; 

Albert et al., 2025). Similarly, a very similar level of non-declining annual revenue was 

achieved in the model, partly due to the strong stumpage price of increasingly productive 

hardwood sawlogs and pulpwood (Table 2). However, a drastic change in end-product 

mix highlights the need for significant changes in local supply chains and markets to 

realize the values found in this study. The significant decrease in production of 

commercially important spruce – fir sawlogs and softwood pulp was primarily replaced 

by hardwood sawlogs and pulp in the end-product revenue mix, which currently only 

make up a small fraction of market demand.  

Limitations of results  

The results of this study may help to guide climate-adaptive management 

decisions for small woodlot owners, but are limited by the availability of input 

information to the Remsoft Woodstock model. The key limitation of the model is the use 
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of static stumpage prices throughout the 100-year planning horizon. The changing 

abundance of both hardwood and softwood primary forest products is likely to have an 

impact on both wood supply and stumpage prices, and there was no mechanism used to 

account for this. Future research should aim to build upon this model with more detailed 

economic inputs. Despite these limitations, the results still apply to many small woodlots 

in the Maritime provinces, and implementation should be adjusted based on individual 

circumstances and future market conditions.  

Management implications for small woodlots in the Maritimes 

Climate change will have appreciable consequences for the Maritime province’s 

traditionally spruce-fir dependant local industry if forest managers don’t take steps to 

adapt to the new conditions (Taylor et al., 2017). The combined effects of changes in 

individual tree-species range, relative abundance and growth rates will lead to an overall 

shift in forest composition, requiring forest managers to consider climate-adaptive 

management strategies that favour temperate tree species (Taylor et al., 2017; Vaughn et 

al., 2021). The climate-adapted strategy identified in this study prioritized a balance of 

selection harvesting in tolerant mixedwood stands, and clearcutting in more productive 

hardwood-dominant stands, which may allow small woodlot owners to maintain annual 

revenues while preserving ecological value. Traditional silvicultural systems will also 

require adaptation (Vaughn et al., 2021) including the planting of white pine as the 

primary softwood species.  
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Appendix A 

Schedule 

BASELINE 
PERIOD FORTYPE AGE AREA  TREATMENT 

1 BFSW 14 1.55 aCC 
1 EHMIX 20 4.82 aSelect 
1 NSR 0 0.16 aPlantSpruce 
1 BFSW 0 1.4 aPlantSpruce 
2 BFSW 15 1.97 aCC 
2 EHMIX 21 2.92 aSelect 
2 NSR 0 0.2 aPlantSpruce 
3 INTHW 16 1.6 aCC 
3 BFSW 16 2.31 aCC 
3 EHMIX 22 0.57 aSelect 
3 NSR 0 0.55 aPlantSpruce 
4 INTMX 17 0.66 aCC 
4 INTHW 17 3.81 aCC 
4 NSR 0 0.89 aPlantSpruce 
5 INTHW 18 1.3 aCC 
5 UNEHMW 20 4.82 aSelect 
5 NSR 0 0.26 aPlantSpruce 
6 INTHW 19 2.01 aCC 
6 UNEHMW 20 2.92 aSelect 
6 NSR 0 0.16 aPlantSpruce 
7 RSMIX 20 3.33 aSelect 
7 EHMIX 20 3.53 aSelect 
7 NSR 0 0.25 aPlantSpruce 
8 RSMIX 21 1.03 aCC 
8 UNEHMW 21 0.57 aSelect 
8 EHMIX 21 2.84 aSelect 
9 RSMIX 22 2.01 aCC 
9 UNEHMW 20 1.29 aSelect 

10 UNEHMW 21 3.52 aSelect 
10 UNEHMW 20 2.66 aSelect 
11 UNRSMW 20 3.33 aSelect 
11 UHEHMW 21 0.25 aSelect 
11 UHEHMW 20 3.52 aSelect 
12 INTMX 8 0.39 aCC 
12 INTHW 9 1.27 aCC 
12 INTHW 8 2.15 aCC 
12 BFSW 10 1.7 aCC 
12 UHEHMW 20 3.4 aSelect 
13 PSP 12 1.55 aCC 
13 PSP 11 0.19 aCC 
13 BFSW 10 1.53 aCC 
13 UHEHMW 20 1.29 aSelect 
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14 INTHW 10 0.89 aCC 
14 UHEHMW 20 6.18 aSelect 
15 BFSW 12 0.04 aCC 
15 UNRSMW 20 3.32 aSelect 
15 UHEHMW 20 3.78 aSelect 
16 PSP 13 0.55 aCC 
16 INTHW 11 1.03 aCC 
16 BFSW 13 0.49 aCC 
16 UHEHMW 20 3.4 aSelect 
17 PSP 13 0.89 aCC 
17 PSP 12 0.25 aCC 
17 PSP 11 0.15 aCC 
17 INTMX 13 0.12 aCC 
17 INTHW 11 1.6 aCC 
17 UHEHMW 20 1.29 aSelect 
18 PSP 11 0.13 aCC 
18 RSMIX 10 0.92 aCC 
18 UHEHMW 20 6.18 aSelect 
19 PSP 12 0.1 aCC 
19 RSMIX 10 1.81 aCC 
19 UNRSMW 20 3.32 aSelect 
19 UHEHMW 20 2.51 aSelect 
20 INTMX 8 1.55 aCC 
20 INTHW 8 2.7 aCC 
20 UHEHMW 21 1.2 aSelect 
20 UHEHMW 20 3.4 aSelect 

          
CLIMATE CHANGE 

PERIOD FORTYPE AGE AREA  TREATMENT 
1 BFSW 14 0.01 aCC 
1 EHMIX 20 6.55 aSelect 
1 NSR 0 0.01 aPlantPine 
1 BFSW 0 0.01 aPlantPine 
2 INTHW 15 3.38 aCC 
2 EHMIX 21 1.74 aSelect 
2 NSR 0 0.67 aPlantPine 
3 INTMX 16 4.51 aCC 
3 NSR 0 0.9 aPlantPine 
4 INTMX 17 1.34 aCC 
4 INTHW 17 2.87 aCC 
5 INTHW 18 0.17 aCC 
5 UNEHMIX 20 6.55 aSelect 
5 NSR 0 0.03 aPlantPine 
6 INTHW 19 2.28 aCC 
6 UNEHMIX 20 1.74 aSelect 
6 INTMX 19 7.54 _Death  
6 BFSW 19 5.81 _Death  
7 TOLHW 20 0.25 aSelect 
7 RSMIX 20 2.34 aSelect 
7 EHMIX 20 4.58 aSelect 
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8 RSMIX 21 1.66 aCC 
8 EHMIX 21 2.49 aSelect 
9 TOLMX 22 0.08 aCC 
9 UNEHMIX 20 6.55 aSelect 

10 TOLHW 23 1.77 aCC 
10 UNEHMIX 20 1.21 aSelect 
11 UNRSMW 20 2.34 aSelect 
11 UNEHMIX 21 0.52 aSelect 
11 UNEHMIX 20 4.58 aSelect 
12 TOLHW 25 0.14 aCC 
12 INTHW 10 2.68 aCC 
12 UNEHMIX 20 2.49 aSelect 
12 INTHW 21 0.25 aSelect 
13 INTHW 11 0.02 aCC 
13 UNEHMIX 20 6.55 aSelect 
14 TOLHW 27 0.01 aCC 
14 INTMX 11 3.61 aCC 
14 INTHW 10 2.02 aCC 
14 UNEHMIX 20 1.21 aSelect 
15 PWP 14 0.01 aCC 
15 INTHW 11 0.06 aCC 
15 UNRSMW 20 2.34 aSelect 
15 UNEHMIX 20 5.11 aSelect 
16 PWP 14 0.67 aCC 
16 PWP 13 0.35 aCC 
16 INTMX 12 1.07 aCC 
16 INTHW 12 0.2 aCC 
16 INTHW 12 0.13 aCC 
16 UNEHMIX 11 2.49 aSelect 
16 UNHW 20 0.25 aSelect 
17 PWP 14 0.54 aCC 
17 INTHW 11 1.82 aCC 
17 UNEHMIX 20 2.59 aSelect 
18 PWP 13 0.03 aCC 
18 RSMIX 10 1.49 aCC 
18 UNEHMIX 21 3.96 aSelect 
18 UNEHMIX 20 0.81 aSelect 
19 INTHW 10 0.02 aCC 
19 UNRSMW 20 2.34 aSelect 
19 UNEHMIX 21 0.4 aSelect 
19 UNEHMIX 20 4.73 aSelect 
20 NSR 16 0.84 aCC 
20 TOLHW 11 0.04 aCC 
20 TOLHW 10 0.88 aCC 
20 INTHW 10 0.53 aCC 
20 INTHW 8 2.19 aCC 
20 UNEHMIX 21 0.37 aSelect 
20 UNEHMIX 20 2.49 aSelect 
20 UNHW 20 0.25 aSelect 
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Appendix B 

Wood product specifications 
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