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                                            Abstract 
 

 

This study focused on analysing effects of thinning prescriptions for tolerant 

hardwood sawlog production, more specifically on sugar maple (Acer saccharum) and 

yellow birch (Betulla aleghaniensis). Prescriptions tested considered a range of 

thinning intensities and timings based on a stand Relative Density (RD) measure. The 

main attributes analysed were gross merchantable volume, sawlog production, and 

sugar maple and yellow birch sawlog content. The Open Stand Model (OSM), a tree 

list growth simulation model, was used to simulate and project growth of hardwood-

dominated plots. In total, 40 plots were selected from the permanent sample plots 

dataset (PSP) – Plot Co-op data from the Department of Energy Resource and 

Resource Development (ERD) of New Brunswick.  Only the first measurement for 

each plot was considered, and the selection criteria were based on high-value species 

content and development stage. The best scenario in terms of total gross merchantable 

volume, sawlog volume production and yellow birch and sugar maple sawlog content 

was thinning stands when they reached 80% of RD and reducing RD to 60%. This 

option was the lightest thinning simulated. Average gain in volume of sugar maple and 

yellow birch was 8% across all plots.  
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1. Introduction 
 

 

Northern hardwood and associated mixed-wood forests present a great 

variety of species and tree qualities which provides opportunity for a range of 

silvicultural management practices involving even-aged systems (e.g., 

clearcutting and shelterwood), uneven-aged systems (e.g., single-tree and group 

selection), and intermediate treatments such as commercial thinning. These 

systems can be applied to produce a wide range of products such as veneer, 

sawlogs, boltwood, pulpwood, fuelwood, and biomass. Northern hardwood 

forests are also habitat for more than 200 vertebrate wildlife species, and they 

provide recreational opportunities, water catchment protection, and ecosystem 

diversity. (Leak et al., 2014) 

A good understanding of the dynamics and relationships between trees, stands, 

and site characteristics, and responses to silvicultural treatments is necessary to design 

effective silvicultural prescriptions (Ministry of Forests Best Practices Branch, 1999).  

Commercial thinning is an intermediate harvest treatment that involves 

removal of merchantable timber. It can increase total yield by salvaging volume in 

trees that would otherwise die. In addition, commercial thinning can increase value 

yield by increasing growth (reducing rotation length) and concentrating growth on the 

highest value stems in the stand (Marquis et al. 1992). The main objectives of 

commercial thinning are: 

• Increase volume of high-quality stems for sawlog and veneer products, 

• Reduce mortality loss,  
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• Facilitate conversion of an even-aged to uneven-aged stand by providing 

establishment of regeneration and recruitment into the canopy layer, and 

• Shorten harvest rotations considering an even-aged silvicultural system. (Swift 

et al., 2013) 
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2. Objectives 
 

 

The focus of this study was the evaluation of commercial thinning regimes in 

hardwood dominated stands in New Brunswick, Canada. This was undertaken 

considering a series of residual stand density level scenarios and analysing individual 

treatment responses in terms of key stand and harvest out-turn characteristics.  The aim 

was to answer the following questions: 

1) Considering hardwood forest stands in New Brunswick, to what extent can 

commercial thinning improve gross merchantable volume (m3/ha), sawlog 

volume (m3/ha), and volume of high-quality tolerant hardwood species 

components?  

2) By using relative density (RD) to define thinning timing and intensity, what are 

the best timing and intensity combinations for improving species content, gross 

merchantable volume (m3/ha) and sawlog volume (m3/ha)? 

Thinning is a crucial tool for growing hardwood to produce high-quality 

timber. As such, it is important for forest managers to possess a good understanding of 

when and how much to thin within different stand structures to obtain maximum 

possible benefits. This research project focused on defining and evaluating a set of 

thinning prescriptions based on stand density management.  
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3. Background 
 

 

The Acadian Forest region (ARF) is in eastern North America. It is one of the 

eight forest regions in Canada covering most of the area of the Maritimes provinces 

(Rowe, 1972). Situated between the northern boreal coniferous forest and the primarily 

deciduous forest to the south and west, the ARF (Figure 1) is a rich blend of tolerant 

hardwood, spruce-fir forest, with an array of coniferous, deciduous, and mixed 

intermediate types (Loo & Ives 2003).   

As stated by the Management Alternatives for New Brunswick’s Public Forests 

report (2008), hardwood species are becoming more and more important, particularly 

high-quality species such as sugar maple and yellow birch, which are a great source of 

veneer and lumber products in New Brunswick (Brunsdon et al., 2008). 

Figure 1. The Acadian Forest Region, including the three Canadian Maritime 

Provinces: Nova Scotia, Prince Edward Island, and all but the north-wester corner of 

New Brunswick. 

 

Note: Map by Loo, J., & Ives, N. (2003). The Acadian Forest: Historical Condition and 

Human Impacts. The Forestry Chronicle, 79, 462-474. 

http://dx.doi.org/10.5558/tfc79462-3 
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In 2008, 32% of New Brunswick’s public forest inventory was hardwood 

content and was dominated by red maple with 8% (Acer rubrum L.), followed by sugar 

maple (7%), white birch (Betula papyrifera) (5%), poplar (Populus tremuloides) (5%), 

and yellow birch (4%), the other 4% was dominated by several rarer species. 

(Brunsdon et al., 2008).  

According to Lees (1978) sugar maple and yellow birch are a highly important 

part of the hardwood and mixed wood stands in the Maritimes. In the Acadian Forest 

Region, yellow birch is part of stable forest communities in most of the Rowe's forest 

sections, apart from the South Atlantic Shore, East Atlantic Shore, and Fundy Coast 

sections. Associated species are sugar maple, red maple, beech (Fagus grandifolia), 

white birch (Betula papyrifera), white ash (Fraxinus Americana), red spruce (Picea 

rubens), eastern white pine (Pinus strobus), and eastern hemlock (Tsuga canadensis). 

Sugar maple is also a typical part of many forest types, except for the East Atlantic 

Shore, South Atlantic Shore, Cape Breton Plateau, and the Atlantic Uplands sections. 

Associated species include beech, yellow birch, white birch, red maple, white ash, 

white pine, red spruce, white spruce (Picea glauca), and balsam fir (Abies balsamea) 

(Lees, 1978).  
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4. Literature Review 
 

 

4.1 Commercial thinning 

According to Marquis et al. (1992), the main objective of commercial thinning 

is to reduce density, improve individual tree growth and decrease mortality. Thinning 

increases the average stand diameter and shortens the time required for larger and 

better-quality trees to develop. Furthermore, the proportion of the most valuable 

species can be increased by removing poorer quality stems.  

According to the Ministry of Forests Best Practices Branch (1999), commercial 

thinning is commonly conducted during the active height growth period of a stand to 

foster response in residual trees. The timing of entry or entries, relative to stand age or 

stage of development, influences tree response, the volume and value of the final 

stand. Delayed thinning results in a decline of release potential, a higher risk of 

windthrow, and volume lost due to natural mortality (Ministry of Forests Best 

Practices Branch, 1999). 

Effects of thinning vary depending on tree vigour. For a vigorous tree, the 

growth is proportional to the growing space, up to the point where a tree is growing at 

full potential and is not impacted by its neighbours. The highest growth rate per 

hectare is linked to full stand occupancy. Stands heavily thinned will commonly 

produce less volume than stands lightly thinned, and although individual tree growth is 

typically greater with heavy thinning, site resources will not be fully utilized (Ministry 

of Forests Best Practices Branch, 1999). 
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According to the Northern Hardwood Research Institute (2017), even-aged 

stands are thinned to improve individual trees growth, alter species composition, and 

increase the proportion of higher quality stems in the residual stand. Adjustment of 

stand density also affects natural pruning of lower branches which is important for 

individual tree stem quality. The Northern Hardwood Research Institute (2017) 

recommends a light thinning until the crop trees have at least 5m of clear bole. In New 

Brunswick, the quadratic mean diameter on average should be ≥ 15cm for most trees to 

have 5m of clear bole.  

According to Stewart & Dawson (2013) hardwood stands should be thinned 

when the rate of growth in diameter of the dominant and co-dominant trees is reduced.  

Some crowding is acceptable since it may be beneficial to produce straight trunks free 

of branches, which in turn increases the volume of high-quality saw timber. As trees 

increase in size, crowding may restrict availability of sunlight, reduce growth, and 

thinning at this point may be beneficial. 

To analyse commercial thinning responses, an experiment was established by 

the Northern Hardwood Research Institute (2017) in northwest New Brunswick in a 

stand dominated by yellow birch which was previously clear-felled.  In that study a 

free thinning approach was applied removing trees from all diameter classes and 

releasing the crop trees from dominant and co-dominant crown positions (Smith, 

1997). Four treatments were randomly applied (control, light, moderate, and heavy 

thinning), with 0%, 15-25%, 26-35%, and 36-40% of basal area removal, respectively. 

Basal area growth was significantly higher in thinned plots than in the control plots, 
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and a higher proportion of sugar maple and yellow birch was observed in the thinned 

plots (NHRI, 2017). 

Roberge (1975) reported the effects of thinning on the production of high-

quality wood in northern Quebec. The experiment was initiated in 1963 in an even-

aged sugar maple-yellow birch-beech stand. Yellow birch made up as much as 40% of 

the total number of trees ≥ 9cm of DBH, and about 28% of standing basal area. There 

were two thinning intensities: 20% and 40% of basal area removal.  Sugar maple and 

yellow birch both responded positively to thinning, with sugar maple response greater 

than yellow birch. An increase of 5.4, 7.6, and 8.1 m2/ha occurred during a 10-year 

period in the unthinned, lightly thinned and heavily thinned areas, respectively. The 

basal area of yellow birch constituted 39%, 30%, and 22% of this increase and sugar 

maple represented 42%, 49% and 53% of the respective increase. 

4.1.1 Thinning types 

 

The thinning process needs to first define the trees to be removed, this is generally 

based on canopy position or crown class. (Ministry of Forests Best Practices Branch, 

1999). There are five primary selection methods:  

1) Free thinning: trees are removed from all diameter classes primarily releasing 

desired trees. Depending on tree spacing, species, and vertical structure, the free 

thinning criteria can be highly flexible, producing stands with large amounts of 

diversity and creating various stand structures and compositions. In free thinning, 

fewer desirable trees species are removed while higher proportions of poor-quality 

trees are removed to reduce competition for the high-quality trees (Graham et al., 

1999). 
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2) Thinning from below or low thinning:  in low thinning (thinning from below) 

trees are removed from the lower canopy. This method mimics mortality caused by 

competition or low intensity fires and concentrates growth on dominant trees. (Graham 

et al., 1999). 

3) Crown thinning or thinning from above: trees in the middle and upper crown 

classes are removed to promote growth in the best dominant and codominant trees by 

removing competing trees. Crown thinning encourages growth of the remaining trees, 

but it opens the canopy more than thinning from below (Cameron, 2002). 

4) Selection or high thinning: this type of treatment removes dominant and 

codominant trees to release trees in the lower crown classes. (Ministry of Forests Best 

Practices Branch, 1999). This method is often applied by removing trees greater than a 

pre-determined diameter. (Graham et al.,1999). 

5)  Systematic or geometric thinning: this thinning removes trees according to 

some predetermined pattern, such as rows, without attention to crown class. (Ministry 

of Forests Best Practices Branch, 1999). 

4.2 Stand density management 

 

According to Gingrich (1967) the dominant factor that controls growth rates is 

the growing space or the space occupied by individual trees which is described in 

terms of stand density. Thinning can be applied to support the regulation of stand 

density with focus on the production of high-quality timber (Gingrich, 1967). 

Stand density can be measured by absolute variables such as number of trees 

per ha or total basal area. According to Weiskittel et al. (2011), the number of trees per 
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ha is generally not a sufficient index of competition. Basal area tends to be a better 

measure since it includes the number of trees within a stand and their diameters. 

However, basal area is not a perfect measure of competition if not combined with 

some measure of stand development such as average diameter, height, or site and age. 

Curtis (2010) demonstrated that basal area or number of trees may represent different 

conditions in a young stand in comparison with an old stand, or when comparing a 

good site with a poor site.  

According to Kershaw et al. (2016) many of the density measures used world-

wide can be derived from the growth and yield theory or principles of stem mechanics. 

In the United States, Reinecke’s stand density index is generally used; however, in 

Canada diagrams derived from the -3/2 rule (Yoda et al., 1963) are more common. In 

addition, in Europe relative spacing is commonly applied (Kershaw at al., 2016). These 

measures can improve our understanding about site productivity and stand structure 

and stand dynamics to maximize the use of forest resources and create new 

management opportunities.  

4.2.1 Reinecke’s stand density index  

 

One of the most widely used stand density indices in North America is the 

Reinecke Stand Density Index (SDI). Reinecke (1933) expressed the relationship 

between density and quadratic mean stand diameter for single species even-aged pine 

stands as:   

 𝐿𝑜𝑔 𝑁 =  −1.605 log 𝐷 + 𝑘 
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N is the number of trees per hectare, D is their quadratic mean diameter and k 

is a species-specific maximum constant. The -1.605-slope coefficient was a species-

specific, site independent value determined from visual inspection of log-log plots of 

N and D.  

Reinecke (1933) developed a stand density index standardized at D = 10 inches 

(25.4 cm) and Woodall at al. (2005) suggested the following metric version:  

 

 

SDI expresses the equivalent number of 25.4 cm trees needed to be at the same 

relative density as D cm trees. A maximum SDI can be determined for most even-age, 

single species stand types. 

Relative Density is expressed as a relationship between the average density 

observed in an existing undisturbed stand in comparison with the maximum density 

that could occur in a stand with similar average tree size and species composition.  

(Helms, 1998 and Smith et al., 1997).  Using Reinecke’s approach relative density 

(RD), can then be represented as: RD = SDI/SDImax (). 

4.2.2 Additive stand density index (ASDI) 

 

According to Long and Daniel (1990), the calculation of SDI for an even-aged 

stand is possible because the SDI of the tree of average basal area multiplied by N is 

nearly equal to the summed SDIs of each tree. However, the calculation may need 

some adaptation in stands with irregular or skewed DBH distribution.  Long and 

Daniel (1990) suggested that to determine SDI in stands with non-normal diameter 

distributions, the SDI for individual trees or DBH classes should be defined and then 

𝑆𝐷𝐼 =   𝑁 (
𝐷

25.4
)

1.605

 



12 

 

added to the entire stand (Long and Daniel, 1990).  This resulted in an additive 

alternative to Reinecke’s SDI: 

 

𝑆𝐷𝐼𝑠𝑢𝑚 =  ∑ 𝑇𝑃𝐻𝑖 (
𝐷𝐵𝐻𝑖

25.4
)

1.605

 

 

Where SDIsum is the additive stand density index, TPHi is the number of trees 

per hectare represented by the ith tree and DBHi is the diameter at the breast height of 

the ith tree. The slope coefficient of 1.605 can vary by species. Pretzsch & Biber 

(2005) suggested that a slope coefficient of 1.6 is acceptable for most species and 

applicable to many mixed species stands.  

4.2.3 The maximum stand density index (SDI max) and relative 

density  

 

Woodall (2005) suggested using specific gravity as a variable to account for 

species contribution to stand density. Specific gravity is a good index of mechanical 

properties and is negatively correlated with maximum SDI: species with higher 

specific gravity support more foliar biomass per tree, thus reducing the number of trees 

required to achieve full occupancy and lowering maximum SDI. 

According to Woodall et al. (2005) the maximum stand density can be 

predicted based on the mean specific gravity of the tree species on each plot in mixed-

species stands for application in strategic-scale assessments. The maximum SDI was 

estimated using the following model: 

 

𝐸(𝑆𝐷𝐼𝑚𝑎𝑥) = 𝑏0 + 𝑏1(𝑆𝐺) + 𝑒 
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Where E(.) is the statistical expectation, SG is the specific gravity for the 

studied species, 𝑒 is the random error, and b0 and b1 are the parameters to be estimated.  

According to Woodall et al. (2005) the relative density at the 99th percentile has 

the greatest predictive power, and can be expressed by: 

 

𝐸(𝑆𝐷𝐼99) = 𝑏0 + 𝑏1(𝑆𝐺m) + 𝑒 

 

Following Woodall’s methodology, relative density can be derived using the 

ratio between the additive form of the SDI (ASDI) and the maximum SDI. 

4.3 Relative density as a measure to determine commercial thinning 

regimes 

In common usage, relative density is an expression of how existing density 

relates to either a biological maximum density at species level (Drew and Flewelling, 

1979), or to a normal density that represents an “average-maximum” level of 

competition (Ernst and Knapp, 1985).  

According to Greenway (2006), the goal of optimal stand density management 

through thinning is to maintain a stand within the zone of optimum stocking (relative 

density between 0.40 and 0.55). Considering cases where reductions in density caused 

by mortality comes from the loss of trees of a merchantable size, this loss can be 

captured before its occurrence by harvesting trees in a commercial thinning.  

According to Weiskittel et al. (2011) although indices of relative competition 

are different; they are conceptually analogous. For example, generally a relative 
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density of 25% is associated with the onset of competition, 35% would represent the 

lower limit of full site occupancy and 60% the lower limit of self-thinning. Drew and 

Flewelling (1979) suggested that the optimum relative densities for most combinations 

of factors are between 75 and 120 % of the proposed standard, or at relative densities 

of 0.34 and 0.55. Stands with relative densities of 0.15 are not fully utilizing site 

capacity, 0.40 would be the lower limit of onsite competition, and 0.55 would be the 

imminent competition zone. 

 Marquis et al. (1992) suggested that commercial thinning should be conducted 

in stands managed under even-aged silviculture systems and with relative stand density 

around 80 % or more. Stands with less than 80% of relative density do not need 

reduced densities to decrease mortality. In addition, Marquis et al. (1992) explains that 

in stands with relative density lower than 80%, there likely will be not enough volume 

available to make a commercial cut without reducing relative density below minimum 

recommended levels, which are around 60%. 

Marquis et al. (1992) when prescribing silvicultural treatments in hardwood 

stands of the Alleghenies region recommended thinning stands to a relative density 

index of 60 %, and once a treated stand has again reached a relative density of 80 % or 

greater, growth will slow, mortality will increase, and there usually will be sufficient 

volume to make another commercial thinning. However, it is important to not remove 

more than 35 % of the growing stock in any entry. At very low relative stand densities 

(0 – 30%) the trees are so far apart that they do not influence each other; each tree is 

essentially open-growth. This study intends to simulate thinning considering a range of 

relative densities to define the optimal regimes for New Brunswick hardwood stands. 
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5. Methodology 
 

 

5.1 Open Stand Model (OSM) 

The Open Stand Model (OSM) is a tree list growth simulation model calibrated 

for the Acadian region that forecasts forest vegetation changes in response to stand 

development for a range of management types and site situations (Lamb et al., 2018). 

OSM is in use by the NB Natural Resources and Energy Department, and it has been 

designed as a generic platform from which any growth model can be implemented.  

Simulation models of tree growth have been developed and improved to enable the 

projection of future timber production. 

This study is focused on examining forest management regimes for hardwood-

dominated plots using empirical data and the Open Stand Model (OSM) software to 

simulate and project growth. Forecasts of growth and mortality of individual trees on a 

periodic 5-year basis are made, using species-specific equations developed for the 

Acadian region and a range of management scenarios. 

The Open Stand Model was developed by FORUS Research in conjunction 

with the New Brunswick Department of Energy and Resource Development, and the 

NHRI has been a major contributor to the hardwood component, validation, and 

calibration. 

According to C. R. Hennigar (personal communication, November 6, 2019), 

OSM was calibrated with provincial (NB, NS, PEI) and Maine state plot networks, and 

a significant number of research plots in managed stands to calibrate individual-tree 

species-specific DBH, height, and survival functions. In total, approximately 20,000 
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plots were used in the calibration, of which approximately 5,000 are in managed 

stands.  

5.2 Plot selection 

This study was conducted using the permanent sample plots database (PSP) – 

Plot Co-op data from the Department of Energy Resource and Resource Development 

(ERD) of New Brunswick.  Only the first measurement was considered, and the plot 

selection criteria were based on the high-value species content, the development stage, 

and relative density. In total 40 plots were selected (Table 1) according to the 

following rules: 

1) Sugar Maple and Yellow Birch basal area (BA) content (% YB + SM): The 

plots should have more than 40% of Sugar Maple and Yellow Birch basal area 

content.  

2) Young to immature development stage: The plots should have the quadratic 

mean diameter (QMD) ≤18 cm.  

3) The plots should reach 80% of relative density through their cycle until the 

final cut:  80% is the upper limit of the relative density for the definition of the 

thinning cycle or timing in half of the scenarios. Stands that did not reach 80% 

of relative density were not considered in this study. 

Forty plots met these criteria and were analysed in this study. The plot stand 

level averages are summarized in Table 1 by QMD class (cm). 
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Table 1. The plots summary including the average quadratic mean diameter (QMD - 

cm), the basal area (BA - m2/ha), the percentage of yellow birch and sugar maple BA 

content (%), the number of stems/ha and the average relative density (RD - %) by 

QMD class (cm).  

QMD 

Class 

(cm) 

Avg QMD 

(cm) 

BA 

(m2/ha) 

BA 

YB + SM 

(%) 

Nº 

Stems/ha 

Avg of 

RD (%) 

Nº of 

Plots 

5 9.1 15.3 53% 2,288 48% 2 

10 12.8 23.4 63% 1,846 69% 21 

15 17.7 30.4 81% 1,251 79% 17 

 

5.2.1 Harvesting priority  

 

OSM uses a tree-–list cutting order to apply user-defined harvest priorities. The 

objective is to favour and increase the content of high-value species such as sugar 

maple and yellow birch. The following species priority order was applied to the 

simulations: 

Table 2. The species cut order priority. 

Priority Species 

1 (highest priority for harvest) American beech 

2 intolerant hardwoods 

3 balsam fir 

4 jack pine 

5 eastern cottonwood 

6 eastern white pine 

7 spruce 

8 oak 

9 yellow birch 

10 (highest priority for retention) sugar maple 
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According to the OSM user guide (2017), trees are cut in order of the highest to 

the lowest harvest priority, and subject to stand-level tree retention constraints.  Since 

one of the main goals of this study was to increase the sawlog volume content, 

thinning from below was the harvesting type selected. To assure that trees with the 

smallest diameter at breast height (DBH) were harvested first, DBH was multiplied by 

-1. The harvest priority rules were applied by using a combination of species and DBH 

rank list. Species of trees with the highest removal priority were cut first, starting with 

the smallest diameter trees of that species, and proceeding to successively larger 

diameters until the total removal target is met.  

5.2.2 Number of Interventions 

 

In total eight scenarios were simulated including a thinning treatment followed by a 

clear-cut applied after 6 periods (5-year time steps). 

5.2.3 Scenarios 

 

To simulate the scenarios, relative density was chosen as the variable to define 

thinning timing since it is independent of stand age and site quality.  According to the 

OSM user guide (2017), as a default, OSM is set to consider 85% of relative density 

(RD) as the maximum relative density limit where the self-thinning is to be applied.  

According to the OSM user’s guide (2017), the maximum stocking relationship 

was developed as a function of basal area weighted species-specific gravity which was 

fit following methods from Woodall et al. (2005). 

To evaluate the effect of the management prescriptions in increasing the 

sawlog volume content, thinning was simulated at 70% and 80% of RD. Regarding 
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thinning intensity four options were selected: 15%, 20%, 25% and 30% of RD as the 

removal rates. The objective was to test the ability of the management prescriptions in 

maintaining stands within the optimum management zone for sawn timber production, 

promoting stand growth but keeping the relative density out of the self-thinning zone. 

In total, eight scenarios were analysed considering one entry and varying timing and 

retention levels (Table 3). 

Table 3. The scenario’s description. 

Scenario  

Code 
Description 

S70/15 Thinning from below with 70% of RD trigger and 55% of RD as Residual Level 

S70/20 Thinning from below with 70% of RD trigger and 50% of RD as Residual Level 

S70/25 Thinning from below with 70% of RD trigger and 45% of RD as Residual Level 

S70/30 Thinning from below with 70% of RD trigger and 40% of RD as Residual Level 

S80/15 Thinning from below with 80% of RD trigger and 65% of RD as Residual Level 

S80/20 Thinning from below with 80% of RD trigger and 60% of RD as Residual Level 

S80/25 Thinning from below with 80% of RD trigger and 55% of RD as Residual Level 

S80/30 Thinning from below with 80% of RD trigger and 50% of RD as Residual Level 
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5.3 Stand growth analysis 

Forecasted outcomes were analysed by plot and the range of prescriptions 

compared considering species distributions and productivity rates (gross merchantable 

and sawlog volume). The following steps were conducted for each of the 40 plots: 

1. Run Open Stand Model for the control scenario (no thinning). 

2. Run the eight scenarios. 

3. Calculate the prescription outcomes in terms of total gross merchantable 

volume (GMV), sawlog volume (trees ≥ 20 cm of DBH) and sugar maple and yellow 

birch sawlog volume. The total volume for the three variables, GMV, sawlog GMV, 

and sugar maple and yellow birch sawlog GMV, were considered summing up the 

thinning and the clear-cut volume (GMVt + GMVf = GMVh). 

4. Select the best prescriptions considering thinning timing and intensity.  

5. Calculate the delta between the control scenario and the scenarios generated for 

all the prescriptions after the clearcutting treatment. 

6. Rank the prescriptions according to the attribute measures. 
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6. Results 
 

 

6.1 Comparison between scenarios 

Thinning in the four scenarios with thinning at 70% of RD occurred, on 

average, 10 years earlier than that in the four scenarios with thinning at 80% of RD. 

For scenarios with light thinning (S80/20, S80/15, S70/20, and S70/15) the average 

BA removal rates ranged between 9% and 19%. For scenarios with heavy thinning 

(S80/25, S80/30, S70/25, and S70/30) the average BA removal rates ranged between 

21% and 33%. The number of stems removed in the light thinning scenarios ranged 

between 474 and 597 per ha and for heavy thinning the number of removed stems 

ranged between 639 and 771 per ha (Table 4). 

Table 4. The number of stems/ha and basal area (m2/ha) removed in the thinning 

scenarios. 

Scenarios Stems/ha removed BA removal (m2/ha) 

S70/15 494 12% 

S70/20 597 19% 

S70/25 688 26% 

S70/30 771 33% 

S80/15 474 9% 

S80/20 561 15% 

S80/25 639 21% 

S80/30 710 28% 

 

 

6.1.1 The total harvested volume (GMV - m3/ha):  

 

Comparing the thinning scenarios against the control (no thinning), scenarios 

considering thinning at 80% of RD were the best choice in all the plots analysed 

(Figure 2). Scenario S80/20 showed the best outcome in total harvested GMV (GMVh) 
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in 43% of the plots (17 plots). In addition, scenario S80/15 was the best choice in 30% 

of the plots (12), followed by scenario S80/25 with 25% (10), and scenario S80/30 

with 3% (1).  

On average considering the scenarios with the best outcome for each plot, 

thinning improved the GMVh by 10% compared to the base case.  

Figure 2. The distribution of the plots with the best outcome in total harvested GMV 

(m3/ha) by scenarios in comparison to the base scenario (no thinning).  

 
  

Table 5 depicts the average cumulative mortality by scenario (GMVm). Even 

though the mortality is greater in the scenarios with thinning at 80% of RD, because 

scenarios with thinning at 80% allowed for more time for the stand to grow, the GMVh 

was greater in the later thinning scenarios (S80).  
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Table 5. The cumulative mortality (GMVm - m3/ha), the thinned GMV (GMVt - 

m3/ha), the GMV at the final cut (GMVf – m3/ha), and the total harvested GMV 

(GMVh - m3/ha). 

Scenarios GMVm (m3/ha) GMVt (m3/ha) GMVf(m3/ha) GMVh (m3/ha) 

S70/15 31.5 20.5 230.9 251.5 

S70/20 28.4 29.2 217.5 246.7 

S70/25 26.7 38.7 201.2 239.8 

S70/30 25.3 48.8 184.1 232.9 

S80/15 53.7 18.9 256.9 275.9 

S80/20 43.3 28.4 252.0 280.4 

S80/25 38.4 38.5 239.3 277.8 

S80/30 36.6 49.2 222.5 271.7 

 

Scenarios with light thinning (15% and 20% of removal rates), had a greater number of 

stems left to grow into sawlog classes (Table 6). 

Table 6. The average number of stems/ha per scenario considering pre-thinning 

(Stems pre), post-thinning (Stems post), at the final cut (Stems final), and the 

percentage of stems removed (Stems removal). 

Scenarios Stems/ha pre Stems/ha post Stems/ha final Stems/ha removal (%) 

S70/15 1,544 1,050 806 32% 

S70/20 1,544 947 788 39% 

S70/25 1,544 856 745 45% 

S70/30 1,544 773 693 50% 

S80/15 1,349 875 627 35% 

S80/20 1,349 788 635 42% 

S80/25 1,349 710 626 47% 

S80/30 1,349 639 589 53% 

 

Figures 3 and 4 depict distributions of the marginal GMVh gain (m3/ha) by 

scenario in comparison to the base case. The marginal GMVh gain was greater for the 

light thinning scenarios. In addition, scenarios with thinning at 80% of RD showed the 

best outcomes for marginal gain in comparison to the scenarios thinned at 70% of RD. 
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Figure 3. The distribution of the marginal gain in total harvested gross merchantable 

volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 - 15 m3/ha, 15 - 20 m3/ha, and > 20 

m3/ha) by scenario for thinning at 70% of RD in comparison to the base case.  

 

Figure 4.  The distribution of the marginal gain in total harvested gross merchantable 

volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 - 15 m3/ha, 15 - 20 m3/ha, and > 20 

m3/ha) by scenario for thinning at 80% of RD in comparison to the base case.  
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6.1.2 Sawlog volume (m3/ha):  

 

When comparing thinning scenarios against the control, thinning at 80% of RD 

represented the best outcomes in 65% (26 plots) of the plots. Scenario S80/15 which 

thinned the stand at 80% of RD and retained 65% of RD, produced the best outcomes 

for total sawlog production in 38% of the plots (15 plots), followed by scenario S80/20 

in 25% of the plots, and scenario S70/15 in 18% (Figure 5). 

On average considering the scenarios with the best outcome for each plot, 

thinning improved the total sawlog GMVh in 5% comparing the scenarios against the 

base case.  

Figure 5. The distribution of the plots with the best outcome in total harvested sawlog 

GMV (m3/ha) by scenario in comparison to the base scenario (no thinning). 
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improvement in the following light thinning scenarios S70/15, S80/15, and S80/20 

(Table 7). 

Table 7. The average total sawlog volume (Saw final - m3/ha) by scenario in 

comparison to the base case (Saw base - m3/ha). 

Scenario Saw final (m3/ha) Saw base (m3/ha) 

 S70/15  215.39 

212.1 
 S70/20  207.31 

 S70/25  196.43 

 S70/30  184.36 

 S80/15  249.83 

241.3 
 S80/20  248.47 

 S80/25  239.42 

 S80/30  227.02 

 

Table 8 depicts the average DBH before, after thinning and at the clear-cut. It is 

possible to observe that the final gain in DBH was slightly greater in the more intense 

scenarios and the average cumulative sawlog mortality (Table 10) was lower; however, 

it didn’t result in an increase in sawlog volume as it is possible to observe in Table 7. 
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Table 8. The average DBH (cm) (excluding recruitment) before thinning (cm), after 

thinning (cm), and at the final cut (cm), and a comparison against the control scenario 

in an equivalent period after thinning (DBH (cm) control) and at the final cut (DBH 

(cm) final control). 

Scenario 

DBH (cm) 

before 

thinning 

DBH 

(cm) after 

thinning 

DBH 

(cm) 

control  

% 
DBH 

(cm) final 

 DBH 

(cm) 

final 

control 

% 

S70/15 

14.2 

16.2 

15.0 

7% 20.9 

19.4 

8% 

S70/20 16.2 8% 21.1 9% 

S70/25 16.1 7% 21.3 9% 

S70/30 16.0 6% 21.3 10% 

S80/15 

15.8 

18.9 

16.7 

14% 23.6 

21.1 

12% 

S80/20 19.3 16% 24.1 15% 

S80/25 19.4 17% 24.4 16% 

S80/30 19.6 17% 24.7 17% 

 

As expected, scenarios with 25 and 30% of RD as removal rates (heavy 

thinning) had fewer stems left for the final cut (Table 9). 

Table 9. The average number of stems/ha from sawlog classes per scenario 

considering pre-thinning (Stems pre), post-thinning (Stems post), at the final cut 

(Stems final), and the percentage of stems removed. 

Scenario Stems/ha pre Stems/ha pos Stems/ha final 

S70/15 265 293 463 

S70/20 265 283 424 

S70/25 265 267 376 

S70/30 265 248 321 

S80/15 347 382 501 

S80/20 347 373 482 

S80/25 347 355 435 

S80/30 347 334 378 

 

Figures 6 and 7 contain the distribution of the plots by scenario considering the 

marginal sawlog volume gain classes (m3/ha). It is possible to observe that for both 

cases, with thinning at 70% and 80% of RD, the light thinning scenarios resulted in the 

best outcomes. 
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Table 10.The average cumulative mortality (GMVm (m3/ha)) of sawlog classes per 

scenario. 

Scenario GMVm (m3/ha) 

S70/15 19.3 

S70/20 19.0 

S70/25 18.9 

S70/30 18.7 

S80/15 36.2 

S80/20 29.7 

S80/25 26.6 

S80/30 25.8 

 

Figure 6.The distribution of the marginal gain in total harvested sawlog gross 

merchantable volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 - 15 m3/ha, 15 - 20 

m3/ha, and > 20 m3/ha) by scenario for thinning at 70% of RD in comparison to the 

base case.  
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Figure 7. The distribution of the marginal gain in total harvested sawlog gross 

merchantable volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 - 15 m3/ha, 15 - 20 

m3/ha, and > 20 m3/ha) by scenario for thinning at 80% of RD in comparison to the 

base case.   

 

 

6.1.3 The yellow birch and sugar maple sawlog volume (m3/ha):  

 

 

Thinning at 80% of RD was the best option in 65% of the plots considering 

sugar maple and yellow birch sawlog GMVh. The best scenario was S80/15 in 30% of 

the plots, followed by scenario S80/20 with 28% and scenario S70/15 with 15%. 

Again, light thinning was the best option for sawlog content, in total 78% of the plots 

showed the best outcomes considering 20% and 15% as removal rates. Figure 8 depicts 

the plots distribution with scenarios S80/15 and S80/20 showing the best results. 

On average considering the scenarios with the best outcome for each plot, 

thinning improved the total sawlog GMV in 8% comparing it against the base case.  
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Figure 8. The distribution of the plots with the best outcome in total harvested sawlog 

GMV (m3/ha) by scenario in comparison to the base scenario (no thinning).   

 

 

Figures 9 and 10 contain the distribution of the marginal yellow birch and sugar maple 

sawlog volume gain by scenario (thinning at 70% and 80% of RD) showing that the light 

thinning scenarios (S70/15, S70/20, S80/15, and S80/20) had the best outcomes. 
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Figure 9. The distribution of the marginal gain in yellow birch and sugar maple total 

harvested sawlog gross merchantable volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 

- 15 m3/ha, 15 - 20 m3/ha, and > 20 m3/ha) by scenario for thinning at 70% of RD in 

comparison to the base case.   

 

 
 

 

Figure 10. The distribution of the marginal gain in yellow birch and sugar maple total 

harvested sawlog gross merchantable volume for classes 0 - 5 m3/ha, 5 - 10 m3/ha, 10 

- 15 m3/ha, 15 - 20 m3/ha, and > 20 m3/ha) by scenario for thinning at 80% of RD in 

comparison to the base case.   
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According to Table 11, the average sawlog volume was the greatest for 

scenarios S80/15 and S80/20 (Table 11). The more intense the scenarios the greater the 

number of yellow birch and sugar maple stems harvested, which ended up reducing the 

number of stems that could grow into sawlog classes (Table 12).   

 

Table 11.The average yellow birch and sugar maple total sawlog GMV results (Saw 

GMVh) for the thinning scenarios and the base case. 

Scenario Saw GMVh (m3/ha) Saw Base (m3/ha) 

S70/15 165.2 

161.2 
S70/20 159.3 

S70/25 151.7 

S70/30 143.4 

S80/15 194.9 

187.4 
S80/20 194.8 

S80/25 188.3 

S80/30 178.9 

 

 

Table 12. The average number of sugar maple and yellow birch sawlog stems/ha (>= 

20 cm of DBH)) per scenario considering pre-thinning (Stems pre), post- thinning 

(Stems post), and at the clear-cut intervention (Stems final). 

Scenario Stems/ha pre Stems/ha pos Stems/ha final 

S70/15 94 113 227 

S70/20 94 111 222 

S70/25 94 108 210 

S70/30 94 104 196 

S80/15 124 143 279 

S80/20 124 143 284 

S80/25 124 143 277 

S80/30 124 139 261 

 

Because most of the plots already had a high content of sugar maple and yellow 

birch sawlog volume, (Table 1), the outcomes for sugar maple and yellow birch 

sawlog volume were similar to the sawlog volume results. The heavy thinning 
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scenarios took a greater number of stems from the DBH classes that would otherwise 

grow into sawlog classes. Even though the cumulative mortality was reduced, the 

heavy thinning scenarios had the least favourable outcomes in sugar maple and yellow 

birch sawlog volume in comparison to the light thinning scenarios. 

 

6.2 Some examples at plot level 

Three plots (1_10202_1_1, 1_7528_1_1, and 4_3195_9128_1) were selected to 

illustrate plot level responses to thinning. For each plot the GMVh, the average DBH 

at the final cut, the GMVm, and the number of stems at the final cut were calculated. 

Figures between 11 and 16 show the 5 year-period GMV by scenario (thinning 

at 70% and 80% of RD) including the thinning removal for the 3 plots analysed. In 

plots 1_10202_1_1 and 1_7528_1_1 thinning occurred 2 periods in advance in the 

scenario with thinning at 70% comparing to the scenario with thinning at 80%. For 

plot 4_3195_9128_1 the difference was 1 period. 
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Figure 11.The GMV (m3/ha) for plot 1_10202_1_1 for scenarios including thinning at 

70% of RD. 

 

 

Figure 12.The GMV (m3/ha) for plot 1_10202_1_1 for scenarios including thinning at 

80% of RD. 

 
 

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7

G
M

V
 (

m
3

/h
a)

CYCLE (YEARS)

S70/15 S70/20 S70/25 S70/30

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9

G
M

V
 (

m
3

/h
a)

CYCLE (YEARS)

S80/15 S80/20 S80/25 S80/30



35 

 

Figure 13.The GMV (m3/ha) for plot 1_7528_1_1 for scenarios including thinning at 

70% of RD. 

 
 

 

Figure 14.The GMV (m3/ha) for plot 1_7528_1_1 for scenarios including thinning at 

80% of RD. 
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Figure 15.The GMV (m3/ha) for plot 4_3195_9128_1 for scenarios including thinning 

at 70% of RD. 

 

 

Figure 16.The GMV (m3/ha) for plot 4_3195_9128_1 for scenarios including thinning 

at 80% of RD. 
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is possible to observe that the light thinning scenario (15 to 20% RD as removal rate) 

had the lowest DBH at the clear-cut. In addition, those scenarios presented the greatest 

cumulative mortality (Table 14). 
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Table 13.The average DBH (cm) (excluding recruitment) at the clear-cut per scenario. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S70/15 21.3 24.7 27.6 

S70/20 21.6 25.0 28.1 

S70/25 21.8 25.1 28.4 

S70/30 21.9 25.2 28.5 

S80/15 24.3 27.2 27.7 

S80/20 24.7 27.6 28.3 

S80/25 25.0 27.9 28.8 

S80/30 25.3 28.1 29.1 

  

 

Table 14.The average cumulative mortality (m3/ha) per scenario for the each of the 

three plots. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S70/15 15.4 7.2 4.6 

S70/20 12.8 6 3.7 

S70/25 11.4 5.2 3.1 

S70/30 10.2 4.5 2.6 

S80/15 39.1 29.5 24.9 

S80/20 23.1 12 7.9 

S80/25 18 9.1 5.9 

S80/30 16.3 8.5 5.2 

 

According to Table 15, the sawlog GMV at the clear-cut was the greatest in the 

light thinning scenarios. Table 16 shows the number of stems in the sawlog classes, 

heavy thinning left less stems to grow into sawlog classes, which ended up reducing the 

total sawlog volume. Even though scenarios with heavy thinning had their mortality 

reduced and had the greatest average DBH at the clear-cut, the reduction in the number 

of stems that could potentially grow into sawlog classes resulted in a lower level of 

sawlog volume at the clear-cut (Table 15).   
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Table 15.The total GMV (m3/ha) at the clear-cut per scenario for each of the three 

plots. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S70/15 238.4 248.9 254.9 

S70/20 223.2 231.4 236.8 

S70/25 206.6 213.5 217.9 

S70/30 188.8 194.5 198 

S80/15 263.3 273.5 275.6 

S80/20 263.5 274.3 276.4 

S80/25 250.2 258 259.6 

S80/30 233.3 239.8 240.7 

 

 

 

Table 16.The number of stems/ha in the sawlog classes at the clear-cut for each of three 

plots. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S70/15 602 494 407 

S70/20 525 428 349 

S70/25 445 368 298 

S70/30 368 313 253 

S80/15 549 462 435 

S80/20 537 451 421 

S80/25 483 403 367 

S80/30 419 352 318 

 

Figures 17, 18, and 19 show the number of stems by thinning scenarios pre- and 

post-thinning for the three plots analysed. It is possible to observe that the heavier the 

thinning the lower are the number of stems left in DBH 15 cm class, which part of the 

lowest DBH classes target by the system when applying thinning from below. 
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Figure 17.The number of stems per hectare by DBH class (0-5 cm, 5-10 cm, 10-15 cm, 

15-20 cm, 20-25 cm, 25-30 cm 30-35 cm, and > 35cm) pre- and post-thinning for plot 

1_10202_1_1. 

 
 

 

 

Figure 18.The number of stems per hectare by DBH class (0-5 cm, 5-10 cm, 10-15 cm, 

15-20 cm, 20-25 cm, 25-30 cm 30-35 cm, and > 35cm) pre- and post-thinning for plot 

1_7528_1_1. 
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Figure 19.The number of stems per hectare by DBH class (0-5 cm, 5-10 cm, 10-15 cm, 

15-20 cm, 20-25 cm, 25-30 cm 30-35 cm, and > 35cm) pre- and post-thinning for plot 

4_3195_9128_1. 

 
 

Regarding the yellow birch and sugar maple content, as the plots 1_10202_1_1, 

1_7528_1_1, and 4_3195_9128_1 were already comprised of 99%, 100% and 91% of 

sugar maple and yellow birch basal area content, the results followed the sawlog 

volume pattern. Since there were more stems left in the light thinning scenarios (Table 

18), scenarios S80/15, S80/20, S70/15, and S70/20 showed the best results in sugar 

maple and yellow birch sawlog GMVh (Table 17). 

Table 17. The total yellow birch and sugar maple sawlog GMV (m3/ha) for each of the 

three plots by scenario. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S80/30 233.3 257.4 220.8 

S80/25 248.6 264.3 228.2 

S80/20 259.9 274.3 245.4 

S80/15 260.1 273.5 244.8 

S70/30 188.8 200.4 195.7 

S70/25 206.6 213.5 203.4 

S70/20 223.2 231.4 210.9 

S70/15 234.8 248.9 225.6 
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Table 18.The number of yellow birch and sugar maple stems (>= 20 cm) at the clear-

cut for each of the three plots by scenario. 

Scenario 1_10202_1_1 1_7528_1_1 4_3195_9128_1 

S70/15 589 494 383 

S70/20 525 428 325 

S70/25 445 368 274 

S70/30 368 313 229 

S80/15 540 462 411 

S80/20 527 451 397 

S80/25 478 403 343 

S80/30 419 352 294 
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7. Conclusion 
 

 

Forest growth simulation models are important since they allow for testing 

forest vegetation changes in response to natural succession, disturbances, and the 

application of management prescriptions. In this analysis, the permanent sample plots 

dataset (PSP) was analysed, and thinning candidate plots were selected. The candidates 

plot dataset had their growth forecasted with the objective of testing the application of 

pre-defined management prescriptions. The main goal was to evaluate the effects of 

thinning on sawlog production specifically considering yellow birch and sugar maple 

which are high-quality tolerant hardwood species. In summary, the major conclusions 

to the initial research questions are: 

 

Research Question 1: Considering hardwood forest stands in New Brunswick, 

to what extent can commercial thinning improve the gross merchantable volume 

(m3/ha) and the high-quality tolerant hardwood species? 

On average, thinning increased the gross merchantable volume by 10% 

considering the best scenarios and the sawlog volume by 5%. Regarding the proportion 

of sugar maple and yellow birch, since most of the plots already had a high content of 

these species, the increase in sawlog GMV was limited to 8%.  

Research Question 2: By using relative density to define thinning timing and 

intensity, what are the best timing and intensity combinations for improving species 

content, gross merchantable volume (m3/ha) and sawlog volume (m3/ha)?  

Light thinning was the best option for improving GMV, sawlog volume and the 

sugar maple and yellow birch sawlog content. Stands that had the thinning trigger 
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around 80% of relative density had more time for the stands to grow before the 

thinning, which ended up increasing the length of the simulation and presented the best 

outcome even with an increased mortality. The lightest thinning scenario exhibited the 

best volume outcomes since it maintained enough stems to produce considerable 

sawlog volume, whilst also showing some reduction in mortality.  

This analysis only focused on developing prescriptions for thinning from 

below, where trees are removed mainly from the lower canopy. Since OSM allows for 

the simulation of other prescriptions such as thinning from above, future studies could 

explore a wider range of silvicultural treatments.   

The present study only focused on the application of thinning prescriptions for 

producing sawlog timber in an even-aged system in preparation for clear-felling. OSM 

also allows for testing the effects of sequential thinning interventions and a range of 

removal methods. Future studies could explore the use of thinning on an uneven-aged 

management system and its capacity to increase structural heterogeneity. 
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