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1 INTRODUCTION 
 

This report is a literature review on the effect of time – forest growth – on 

selected Sustainable Forest Management criteria and indicators. These 

indicators were used in a multi-objective optimization model created as a tool to 

assist in sustainable forest development planning in the East Kootenay area of 

British Columbia. This multi-objective, multi-period optimization model was 

created for tactical forest planning for two integrated forest products companies 

located in the Invermere Timber Supply Area (TSA).  A set of SFM criteria and 

indicators were developed based on information that could be collected from 

regional GIS databases, and potential outputs from the model. The study area 

was the Invermere Timber Supply Area – an area of 1,110,700 hectares located 

in the interior dry belt of Southeastern British Columbia. More detailed 

information on this model can be found in Maness (2004). 

 

A target and threshold oriented approach to multi-period forest planning is 

inherently dynamic since most criteria and indicators of sustainable forest 

management are dependent on forest growth. This literature review provides a 

brief overview of the effects of forest growth on biodiversity (criterion I), 

economics and forest productivity (criterion II+III), and quality of life (Criterion IV). 

 

2 BIOLOGICAL DIVERSITY INDICATORS 
 

Species richness is one of the main factors of biodiversity, and systems with a 

large number of represented species are considered to have the highest degree 

of biodiversity (Bunnell et al. 1999; Delong 1996). The most commonly used 

features in biodiversity monitoring in the Pacific Northwest are large live trees, 
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snags, down wood, coarse woody debris, canopy cover, shrub cover, and ground 

cover layers, since the habitat requirements of many forest dwelling species 

(particularly those considered to be “at risk”) correspond well with these age 

dependent stand characteristics. The changes in species composition over time 

are primarily induced by changes in forest structure, and not by the passing of 

time itself (Bunnell et al. 2003). In temperate forests, the species richness is 

usually higher in well-stratified regions (Bunnell & Kremsater 1990). 

 

Due to the natural disturbances that occur in forests at varying intervals, both 

managed and unmanaged forests will display some range of stand structures 

and ages (Bunnell et al. 1999).  Therefore, for forest management applications, 

this concept of richness is frequently being translated into targets for maintaining 

a particular spatial and temporal representation of the succession stages for all 

relevant forest types. While this approach works relatively well with even-aged 

forest management systems, stand age is a relatively poor indicator for stand 

structure in cases where partial harvesting systems are being used. Since some 

elements of stand structures are retained in partial harvesting, the resulting 

overall structure (and the associated habitat conditions) are a mixture of 

components contributed by trees of different age (Bunnell et al. 2003). In 

addition, the commonly used growth and yield curves rely heavily on average 

data for tree height, volume, and age and therefore do not fully account for the 

variability of structures that exist within a forest stand. To accurately monitor 

biological diversity information on small-scale variations within stands, such as 

structural effects caused by inter-tree competition and unevenly distributed 

regeneration in mature stands would be necessary. It should be noted that this 

representation approach to biodiversity management may result in forest 

structure that are heterogeneous at the local level, but more homogeneous at 

higher levels (Levin 1992). For example, green-up and adjacency rules were 

designed to avoid large areas of uniform immature plantations. At the local level 

this will result in a heterogeneous checkerboard pattern of forest age classes. 
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When combining several such units at the larger landscape or ecosystem level 

the result will be relatively homogeneous since the age class structures of each 

subunit will be similar (Bunnell & Huggard 1999). 

 

Due to the inability of current models to track biodiversity features at a more 

disaggregated level, maintaining a spatial and temporal representation of the 

development stages of all forest types is considered to be the best currently 

available option for biodiversity management at the operational scale (Bunnell et 

al. 2003). Although the habitat conditions provided by an individual stand change 

as the forest ages, representation of different serial stages at the local level will 

ensure that adequate habitat for forest dependent species will be maintained.  

 

 

3 PRODUCTIVITY AND ECONOMICS INDICATORS 
 

The indicators of economic benefits (net profitability, employment, benefits to 

provincial government) are closely linked to the continued productivity of the 

landbase. Forest growth is the key factor determining the level at which these 

benefits can be provided. Scientifically based harvest regulation was 

implemented to protect against the short-term political influence of single 

interests and the short-term exploitative forces of economic development (Dellert 

1998). Classical harvest regulation aims to organize a forest in such a way that 

an even flow of timber is provided in perpetuity. The forest that results is 

frequently referred to as the “normal forest”. Stability and regularity of timber 

supply is the overriding principle. The major concern in the past was to prevent 

depletion of the growing stock and/or to create a desirable age structure. 

 

Initially the concept of harvest regulation was focussed on sustaining timber 

harvest. Based on the relatively simple concepts of managing the forest through 
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area or volume regulation, both the scope and the reliability of the harvest 

regulation systems evolved. In recent times the concepts of harvest regulation 

has expanded, and now attempts to integrate the management of non-timber 

forest products such as the protection of water, soil, and air, wildlife habitat, 

genetic resources, and biodiversity.  

Sustainable harvesting implies that similar amounts and types of products 

(dimensions, quality, species) continue to be harvestable at periodic intervals in 

perpetuity. Harvesting must therefore be organized in such a way that it remains 

within the renewability capacity of the forest system both in respect of growth as 

well as the success and type of regeneration. Coupled with the demands for 

environmental services and maintenance of biodiversity, this can only be 

achieved if harvesting remains both spatially and temporally in accord with the 

natural disturbance regime (Seydack 1995). Volume control determines the 

allowable cut and attempts to bring an unregulated forest to regulation by 

specifying the volume to harvest each year or time period. Volume control 

allowable cuts can often be estimated based on very limited information, which 

makes it possible to apply the concept where accurate inventory information is 

not available. The implementation of volume control is supposed to result in an 

equal periodic harvest. However, since the volume control formulae do not 

consider the area scheduled for harvest it can be difficult to reach a regulated 

forest structure. The resulting differences in area harvested per year can cause 

problems at an operational scale, when the existing harvesting crews and 

equipment may not be fully utilized in any given year (Leuschner 1990). The 

same problem may arise at a national/provincial scale where governments desire 

an even-flow of revenue from stumpage and taxation. The Hanzlik formula has 

been used frequently in combination with an area volume allotment check, where 

the sustainability of any given rate of harvest is checked over the length of one 

rotation (Watts 1983).  
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Indicated Cut =  ∑(VM/rj) + Ij 

with  rj  =  rotation age of volume class j 

VMj  =  total volume in mature age classes of volume class j 

Ij  =  total MAI, at culmination, of immature age classes in 

volume class j 

 

This indicated cut is then adjusted upward or downward to a rate of harvest 

which will take one full rotation to liquidate the present growing stock plus the 

projected growth of currently immature age classes. 

 

The British Columbia Ministry of Forests is currently using linear programming 

based models to establish the AAC. Although these models make use of 

formulas, they do not simply generate figures that are translated into AACs. 

Whereas formula calculations looked at only one rotation when determining a 

given AAC, and failed to consider factors as differences in site or volume class 

and wood quality, the computer models allow a long-term analysis and the 

consideration of many different scenarios. Computer modelling as a means for 

organizing the data necessary to establish the AAC is generally seen by the 

Ministry of Forest as a significant improvement in AAC determination over the 

more rudimentary formulas. However, the model outputs are only a technical 

guide to assist the Chief Forester in his determination. Based on Section 7 of the 

British Columbia Forest Act, the Chief Forester establishes AACs based on 

considerations of factors such as the composition of the forest and its expected 

rate of growth in the area, the expected time it will take the forest to become re-

established following harvesting, the standards of timber utilization and 

allowances for decay, wastage, and breakage, and any other information that in 

his opinion relates to the capability of the area to produce timber (British 

Columbia Ministry of Forests 2004). While this section compels the Chief 

Forester to consider certain factors in determining the AAC, the ultimate balance 

of considerations is left to the discretion of government officials (Hoberg 1997).  
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4 QUALITY OF LIFE INDICATORS 
 

4.1 Visual Quality 
The visual appearance of forested landscape is the main criterion in determining 

the public perception of forest management activities (Sheppard & Harshaw 

2001). The existing visual condition of a landscape is described through the level 

of human alteration that is visible in a landscape. The impact of these human 

alterations to the landscape is measured through visual landscape design, site 

disturbance, and the vegetative color and texture (British Columbia Ministry of 

Forests 1994b). Landscape design refers to the extend to which harvesting 

activities mimic naturally occurring shapes and patterns, site disturbance is the 

extend to which disturbances such as roads and landings are visible, and 

vegetative color and texture refers to the amount of visually effective green-up 

[VEG] (Harshaw & Meitner. 2004). 

 

Over time, the establishment of visually effective green-up will reduce the 

negative effects that poor landscape design and high degrees of site disturbance 

can have on the visual quality of the landscape. In British Columbia, visually 

effective green-up refers to the stage at which, in the public opinion, regeneration 

on a cutblock is perceived as a newly established forest. Visually effective green-

up is achieved when the forest cover on the cutblock is sufficient to soften edge 

contrasts and block logging debris and disturbed soil from view (British Columbia 

Ministry of Forests 1999). Differences in tree height, color, and stand texture may 

remain between the cutblock and adjacent areas once visually effective green-up 

is achieved1 (British Columbia Ministry of Forests 1994a). The stand density and 

                                            
1 A different concept of visually effective green-up is being used by the U.S. Forest Service. The 
US Forest Service uses the concept of effective alteration, which limits the percentage of the 
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tree height necessary to achieve visually effective green-up will vary depending 

on factors such as the exposure and slope of the harvested site, as well as the 

vegetative color and texture of adjacent areas (British Columbia Ministry of 

Forests 2001) (Picard & Sheppard 2001a). The Forest Practices Code of British 

Columbia provides some guidelines for minimum tree heights to achieve VEG: 

 

Slope Class (%) 

 0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-45 46-50 51-55 56-60 60+ 

Height 

(m) 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 

Source: (British Columbia Ministry of Forests 1999) 

 

Under conditions where the maximum allowable visible human disturbance 

constrains the timber harvest, the time required to achieve visually effective 

green-up for a cutblock has a significant impact on the availability of other 

cutblocks within the same area for harvest.  

As described earlier, the visual impact of harvesting activities is being determined 

by the cumulative effect of landscape design, site disturbance, and vegetative 

color and texture. Forest growth is the dominant factor in mitigating the effects of 

poor landscape design and high degrees of site disturbance and reducing the 

contrasts in vegetation color and texture between the cutblock and adjacent 

areas over time. To describe the relationship between visually effective green-up 

and stand height more accurately, Visually Effective Green-Up Probability Curves 

were developed empirically. These curves describe the probability that a stand of 

a certain height meets VEG criteria. A combination of growth curves and VEG 

probability curves was found to be most accurate in estimating the time required 

                                                                                                                                  
landscape that may be visually altered at any given time. Using this definition the requirements of 
VEG become more restrictive to harvesting activities since it will require more time for the 
secondary stand to reach a similar vegetative color and texture as the adjacent stands (United 
States Forest Service, 1981). 
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for a site to reach visually effective green-up (British Columbia Ministry of Forests 

1994a).   

 

The concepts introduced above apply to both clearcuts and partial cuts. 

However, perception studies conducted by the British Columbia Ministry of 

Forests indicate that, for the same volume harvested, people react more 

adversely clearcuts than to partial cuts (British Columbia Ministry of Forests 

1998a). The main reason for this difference in perception can be attributed to the 

screening effect of residual trees (Picard & Sheppard 2001b). A relatively low 

number of residual trees is often sufficient to substantially lower the visual effect 

of harvesting activities by eliminating sharp edge contrasts between the cutblock 

and adjacent areas, as well as by partially blocking soil disturbances and logging 

debris from view (Picard & Sheppard 2001b). Even in those cases where the 

residual stand is either distributed unevenly (e.g. in the form of wildlife patches or 

riparian strips), or where the residual stand density is too low to maintain VEG, 

the time required to reach VEG may be reduced substantially due to the ability of 

residual trees to provide a visual transition between areas with and without 

human alterations.  

 

4.2 Recreation 
 

Over the last 50 years, the demand for outdoor recreation has grown 

substantially, mainly due to increases in population, income, leisure time, and 

access (Stankey et al. 1990).  Since outdoor recreation is one of the primary 

instances where the general public interacts with forested landscapes it has 

emerged as an important issue in forest management and planning. According 

the British Columbia Ministry of Forests, in 1994 more than 30% (approximately 

18 million hectares) of provincial forest lands had special recreation values 

associated with them (British Columbia Ministry of Forests 1995). In order to 

maximize the benefits associated with outdoor recreation activities it is necessary 
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to provide suitable settings for a wide range of activities. Some activities, such as 

motorized recreation (e.g. snowmobile, ATV) require road access, while 

wilderness experiences such as backcountry hiking and skiing depend on the 

absence of human disturbances (Harshaw & Meitner. 2004). Since the majority 

of recreation users have a strong preference for natural (and in some cases 

wilderness) settings, it became necessary to develop new tools for resolving 

conflicts that were occurring between timber harvesting activities and the 

increasing demand for outdoor recreation. 

The Recreation Opportunity Spectrum [ROS] has been developed by the U.S. 

Forest Service as a robust tool for the identification and management of outdoor 

recreation resources; it has subsequently been adapted for use in British 

Columbia (British Columbia Ministry of Forests 1998b). Using the ROS, forest 

managers are able to assess outdoor recreation opportunities based on the 

remoteness, naturalness, and social experience associated with a particular area 

(British Columbia Ministry of Forests 1998b). Remoteness refers to the 

accessibility and size of the area, naturalness is measured through the presence 

and degree of human influences (e.g. motorized use, infrastructure), and the 

social experience is assessed through the ability of recreation users to 

experience solitude and closeness to nature. Proxies used to assess this 

inherently difficult to measure social dimension are the degree of physical and 

mental challenge that is available, and the level of self-reliance necessary to use 

a particular recreation resource (Harshaw & Meitner. 2004; British Columbia 

Ministry of Forests 1995).  

 

Time – through forest growth – has a relatively minor effect on the presence of 

recreation opportunities in a forested landscape. As outlined above, the main 

factors in determining the presence and type of recreation opportunities are 

remoteness, naturalness, and social experience. The most rapid way in which 

forest management activities can affect recreation opportunities is by changing 

the recreation setting from a primitive stage (e.g. remote wilderness) to a more 
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developed stage (e.g. by enabling motorized access through the construction of 

logging roads); in a similar fashion the presence of recently harvested cutblocks 

can reduce the naturalness of a landscape (Harshaw & Meitner. 2004). In 

contrast, changing the recreation setting of an area from a developed to a more 

primitive stage is a very slow process. While it is theoretically possible for natural 

processes (such as forest growth) to eliminate evidence of human influences in 

an area if access is discontinued for a sufficiently long time, the benefits of re-

establishing primitive recreation settings may not occur until well beyond the 

range of even long-term land planning processes (Harshaw & Meitner. 2004).  
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