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ABSTRACT 

To satisfy public demands for environmental values, forest companies face the prospect 

of reduced timber supply and increased costs. Some Canadian provincial governments have 

proposed intensifying silviculture in special zones dedicated to timber production as the means 

for pushing out the forest possibilities frontier. In this study, the traditional integrated forest 

management approach is compared with the triad forest zoning. In addition to an integrated 

management zone, the triad approach includes two zones: an intensive timber production zone 

and ecological reserve (additional to existing reserves such as parks). A bioeconomic model is 

developed and solved as a mixed-integer linear program. Sensitivity analysis is used to 

investigate the conditions under which the Triad regime can offset the impact on timber 

production from increased environmental demands. Using data from the central Coast of British 

Columbia, the results indicate that higher environmental demands may be satisfied under the 

Triad regime without increasing the financial burdens on the industry or reducing its wood 

supply. This occurs, however, only if regulatory constraints in timber production zone are 

sufficiently lax, an outcome that may not be acceptable. 
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1. INTRODUCTION 

Forests are increasingly managed for multiple values. Among the multiple benefits of 

forests, we center our attention on timber production and the ecological services that are often in 

a direct conflict with commercial timber operations. In this regard, nature reserves are critical for 

protecting ecological values, but, in many cases, protection of ecological values cannot be 

achieved merely by setting aside forestlands. A combination of some fully protected reserves 

plus management of remaining forestland for commercial timber production and maintenance of 

ecological values is considered the “best” approach to biological conservation (Noss 1987; 

Franklin 1988). This approach is referred to in literature by such terms as ecosystem 

management, integrated management and multiple-use forest management (Bowes and Krutilla 

1989). In this study, we use the term integrated management to describe forest management 

where silvicultural activities, rates and the timing of harvests are chosen to take into account all 

of the various benefits of the forest simultaneously.  

Integrated management has been adopted in many countries as the means for managing 

public and private forestlands. The goals of integrated management are usually achieved using a 

variety of regulatory mechanisms. There are many examples of successful implementation of 

integrated systems, but the requirements of integrated forest management, mainly driven by a 

greater emphasis on environmental objectives, have resulted in a shortfall in wood supply and 

increased production costs in some regions. The negative timber production effects of integrated 

management are especially serious in the Pacific Northwest and Western Canada (Pearse 2001; 

Binkley 1997).  

Forest operations on public lands in British Columbia are subject to the 1995 British 
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Columbia Forest Practices Code, which is currently under review by the Provincial government. 

The Code establishes strict regulations on the management of areas for multiple-use. Since the 

introduction of the Code, delivered wood cost on the coast of British Columbia has increased by 

$30.65 per cubic meter (Pearse 2001). About $19.68/m3 of this increase is considered Code 

related (KPMG 1997; see also Scarfe 2003). To compensate for the increase in protected areas 

and tightening of regulations, the British Columbia legislation made provision for the creation of 

single-use management areas, one of which is intensive timber production. Indeed, the desire by 

society to protect larger areas of forests as reserves and tight regulations on forestland managed 

for multiple uses, led some analysts to advocate spatial segregation of forest uses instead of their 

integration (Vincent and Binkley 1993). This segregation of land-uses is commonly referred to as 

zoning. The debate now focuses on whether and how to create the zones of intensive timber 

production where environmental regulations would be relaxed and regulatory costs decreased, 

compared to current practice (Binkley 1997).  

The purpose in this report is to investigate zoning of forestland uses in more detail. In 

particular, we investigate if it is possible to improve forest management both ecologically and 

economically. We begin with a suggestion by Seymour and Hunter (1992), who proposed a 

three-zone (triad) framework that included an intensive commercial timber production zone in 

addition to reserves and an integrated management zone. The major question posed by 

policymakers, forest managers and academics in the United States (Hunter and Calhoun 1996) 

and Canada (Binkley 1997; Sahajananthan et al. 1998; Ontario Ministry of Natural Resources 

1999) is: Under what conditions can triad zoning offset the reduced availability of timber from 

increased environmental demands? In this report, we develop a triad model to determine the 

minimum size of the intensive timber production zone, and the extent of silvicultural treatments, 
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required to offset the loss in timber harvest from meeting environmental demands. Based on a 

case study from the central coast of British Columbia, we illustrate the location and the schedule 

of treatments that will compensate for the volume lost and economic opportunities foregone.1 

The performance of the integrated management alternative is used as a benchmark for 

comparison.  

We begin in the next section by discussing the zoning problem in more detail. Model 

formulations are presented in section 3. In section 4, we use the models to analyze and assess 

land allocation and management alternatives for different policy scenarios in the context of a 

Coastal British Columbia case study. The scenarios include different regulatory requirements and 

overall environmental constraints. The discussion and conclusions follow in section 5.  

2. BACKGROUND TO THE FOREST MANAGEMENT DILEMMA  

Spatial segregation of management for multiple forest uses through zoning and the 

creation of intensive commercial timber production zones is an idea that has been around for a 

long time, but it has recently attracted significant attention as a result of measures taken to 

provide greater environmental protection through harvest restrictions, including forest set asides. 

Numerous studies in the forestry literature have discussed specific questions relevant to zoning.2 

Decisions about zoning at the strategic planning level typically deal with the size of the zone and 

its location. Only a few studies have addressed the viability of zoning and its ability to achieve 

multiple objectives.  

Davis and Johnson (1987) were among the first to discuss allocation of spatially defined 

                                                      
1 The case study is based on actual data made available by a corporate partner. 
2 For recent reviews in the broader economic efficiency context of land-use planning (including zoning), 
see Hardie, Parks and van Kooten (2003) and Parks and Hardie (2003). 
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forest units to different uses. They formulated the land allocation problem as a mixed-integer 

linear program. The model naturally extends the classical aspatial harvest scheduling models of 

FORPLAN (Johnson et al. 1986). Adding a spatial land allocation component to the harvest-

scheduling model resulted in a decline of both net present worth and total harvest volume (Davis 

and Johnson 1987, Table 15-17, p. 650). Weintraub and Cholaky (1991) addressed zoning at the 

strategic level of hierarchical planning and added a road-building component to the land 

allocation problem. Their problem is also formulated as a mixed-integer linear program. Bos 

(1993) studied allocation of forestland among timber production, nature conservation and 

recreation. He formulated the zoning problem as a quadratic assignment model with an objective 

function that combined spatial relationships of land units with their suitability for specific uses. 

Using a simulation timber harvest allocation model to compare a static zoning with different 

dynamic alternatives, Gustafson (1996) examined the effect of clustering timber harvest zones 

and changing the land use categories over time.  

Some zoning policies have allocated the least productive and/or inoperable forestland to 

reserves without attention to the ecological consequences of such decisions. But there are 

different ways to protect ecological values besides allocation of land to set-asides. The approach 

selected depends on actual ecological needs. Forest legislation usually prescribes specific 

proportions of distinct forest features to be preserved. The elements most commonly considered 

for protection include a representation of various ecological types, old-growth forest, riparian 

zones, and visually and ecologically sensitive areas. In our model, we formulate very general 

ecological constraints that allow for the incorporation of specific ecological considerations for 

the actual study areas. 

 Remedies that can be used to compensate for increasing environmental demands include 
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reducing management costs, increasing productivity by enhanced silviculture, relaxing 

environmental constraints on a portion of the forestland base and land-use specialization. Some 

of these measures conflict with each other. Yet, other means such as low management cost 

plantations of fast growing species may not be environmentally or socially acceptable.  

In this report, we examine the possibilities of a combination of land-use specialization 

and the relaxation of environmental constraints on a portion of the forestland base. The triad 

framework is discussed in relation to the integrated management approach. We determine the 

minimum area of intensive timber production that will compensate for the loss of timber harvest 

and financial opportunities foregone (in terms of net present value) due to tighter ecological 

constraints in the integrated management scheme. The potential economic benefits of the triad 

land allocation may come from increased production efficiency and reduced management costs 

in the commercial timber production zone. Reduction of management costs in the commercial 

timber production zone is a consequence of the relaxation of regulatory constraints. Relaxing 

environmental regulations in timber production zones does not necessarily imply the elimination 

of all constraints. It simply recognizes that not all environmental constraints are equally 

important for forest conservation, or that they do not need to be applied equally throughout the 

forest. Nor do all regulations have the same effect on harvest costs. Top priority ecological 

constraints, such as the protection of riparian areas and retention of wildlife corridors, may 

remain in force in the timber production zone, while other costly regulations, such as adjacency 

constraints and other requirements meant to preserve and/or improve the visual quality of the 

forest landscape, may be relaxed or discarded. If zoning is to be effective in increasing timber 

output while meeting environmental objectives, enhanced silviculture in the timber production 

zone is required to increase growth and yield. At the same time, enhanced silvicultural treatments 
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must be profitable in the commercial timber production zone if such investments are to be 

attractive to a forest company. Relative to the costs incurred under integrated management, 

management and regulatory compliance costs are reduced in both the timber production zone and 

the reserves. Although our models include enhanced silviculture as a management alternative, we 

do not elaborate on this option in the British Columbia case study. This and other options of 

interest for the corporate partner will be addressed in the extension of this research.  

3. MODEL FORMULATION 

We present models that follow the classic land allocation and management scheduling 

problems over large temporal and spatial scales (Davis and Johnson 1987; Weintraub and 

Cholaky 1991). The forest is divided into units reflecting administrative, geographic and 

operational considerations. A large spatial resolution allows us to deal with general land 

allocation issues while leaving other spatial decisions for the tactical or operational levels of 

planning. The problem is modeled from the private operator perspective assuming that lands 

allocated to ecological reserves do not provide economic benefits; that is, nonmarket or 

environmental benefits are assumed to be addressed via the allocation of land to reserves and 

through constraints in the multiple-use (extensive) management zone. An additional assumption 

in this study is that, once land is allocated to different uses, it does not change over time.  

The problem of land-use allocation and the scheduling of management treatments is 

modeled as a mixed integer linear program. The elements of the model are defined as follows. 

We divide the forest into units u∈U. To limit the size of the model so that numerical solutions 

can be found for the case study, some forest characteristics are aggregated into management 

strata. Let M denote the set of management strata, G the set of tree species, E the set of 
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ecological types, and T the set of planning periods. A management stratum m∈M is defined as a 

combination of growth type, site and age. (If specific forest characteristics are to be emphasized 

in the model, M can be partitioned accordingly.) Here we express ecological constraints in terms 

of the required representation of ecosystems e∈E, where E is the ecosystems index-set. Let 

 represent a partition of M by the ecosystems e∈E ( N , 

). In addition, we introduce sets 

EeMNe ∈⊆ ,

U
Ee

eNM
∈

=

MM YNG ⊆

EjiN ji ∈∀∅= ,,I

OG
eM  ⊆M of old-growth strata by ecological type 

and of young age strata.  

Let Z be the set of mutually exclusive zones to which land units can be assigned, namely, 

timber production (TP), reserves (R) and integrated management (IM): then Z={TP, R, IM}. P(z) 

is the set of management regimes appropriate to zone z and P = is the set of all regimes. 

We assume that once a regime is selected for a stratum, it will be applied afterwards. All the 

regimes except the ‘no harvest’ one include harvesting as a management activity. Each regime 

consists of a set of treatments, where a treatment is considered to be the schedule of silvicultural 

activities and harvests over the planning horizon for a given management stratum.  

U
Zz

zP
∈
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Let vlm,p be the volume (m3/ha) and vm,p the present value ($/ha) of timber from stratum m 

managed by treatment p. The cost of a treatment depends on the management stratum and on the 

specific use for which the stratum is managed. Let cz,m,p be the discounted cost ($/ha) of 

managing stratum m by treatment p in zone z, where z is either the integrated management (IM) 

or timber production zone (TP). We assume that the management cost ($/ha) of the reserve zone 

is constant and denote its present (discounted) value by cR. Let Au,m be the area (ha) of 

management stratum m in unit u, ρ the minimum area (ha) to be allocated to reserves, and εe the 

minimum non-harvested area (ha) of ecosystem e∈E.  
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Decision variable xz,u,m,p represents the area (ha) of unit u of stratum m managed by 

treatment p for use z, and Yz,u = 1, if unit u is assigned to use z; Yz,u =0, otherwise.  

3.1 The Integrated Management Model 

We begin by formulating a model for scheduling management treatments to maximize the 

net present value of timber benefits while meeting certain ecological requirements. The 

ecological requirements include a maximum area of young stands within harvestable land base 

that is further constrained to achieve minimum areas of specific ecotypes in old-growth 

conditions. We model it as: 

(1) Maximize N(x) =  pmuIMpmIM
Uu Mm Pp

pm xcv ,,,,,, )( −∑ ∑∑
∈ ∈ ∈

subject to: 

Land availability by units and strata  

(2)  MmUuAx mu
Pp

pmuIM ∈∈∀≤∑
∈

,,,,,

Limited area in early seral conditions 

 

(3)  YNG

Uu Pp
pmuIM Mmx ∈∀≤∑∑

∈ ∈

β,,,

Required area of ecotype in old-growth conditions  

(4)  1,,, , ttMmx OG
t

t
m

Uu Pp
pmuIM ≥∈∀≥∑∑

∈ ∈

γ

Non-negativity and integrality 
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(5) PpMmUux pmuIM ∈∈∈≥ ,,0,,,  

Denote by x~  the optimal solution of the linear program (1)–(5), by  the 

optimal net present value and by 

)~(~ xNN =

∑ ∑∑
∈ ∈ ∈

==
Uu Mm Pp

pmuIMpm xvlxV ,,,,V ~)~(~ the volume generated by the 

optimal combination of the land allocation and the management schedule.  

3.2 The Triad Model 

Suppose that newly introduced environmental legislation tightens the rules regarding both 

the area of reserves and the area of specific ecosystems that are to be protected. Denote by α the 

required increase (ha) relative to ρ of the minimum area to be allocated to reserves, and by βe the 

required increase (ha) relative to εe, the minimum area of ecosystem e∈E not to be harvested. 

Under tighter environmental regulations – larger area of nature reserve and/or increase in the 

non-harvested area of specific ecosystems – the net present value of timber benefits declines 

ceteris paribus (all other conditions unchanged). This comes as a reduction in the optimal value 

of the objective function in the IM model (1)-(5) due to the imposition of tighter constraints.  

Under integrated management, the forest consisted of essential a single zone that was 

managed for multiple uses (plus a preset area of forest set aside). Triad zoning essentially results 

in the introduction of two additional zones: (1) an expansion of forest reserves to include specific 

ecological details (i.e., setting aside special ecosystem features instead of simply a gross area of 

land without attention to its underlying ecological attributes), and (2) the creation of a zone for 

intensive commercial timber production. This increases the number of management options and 

allows for better performance in terms of the net revenue objective and ecological performance. 

The timber production zone involves relaxation of regulatory constraints and the possibility for 

using intensive silviculture, while the reserves are mainly dedicated to protection of ecological 
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attributes. The size and location of timber production zones may vary depending on regulatory 

constraints and the application of different silvicultural regimes.  

Using the triad framework, we seek to determine the minimum size of the commercial 

timber production zone, its location, and the management treatments and schedule that will make 

up for lost timber volume and the economic opportunities foregone. The performance of the IM 

alternative is used as a benchmark. We use the model to analyze and assess land allocation 

alternatives for different policy scenarios in the context of a case study. The scenarios include 

different regulatory requirements, overall environmental constraints, and different assumptions 

regarding productivity and costs of intensive management prescriptions.  

In this case, the problem is to allocate each unit to one of the three zones and schedule 

management treatments to minimize the area of the intensive timber production zone, while 

meeting tighter ecological constraints in addition to the timber supply and economic performance 

requirements. The timber supply requirement is formulated as a constraint on the harvest volume 

to be not less than the harvest volume V of the IM model (1)-(5) under the original 

environmental regulations. The economic performance requirement is expressed as a constraint – 

that the net present value of timber benefits be at least as high as the optimal value of the IM 

model under the original environmental regulations. The ecological requirements include 

minimum areas of reserves and ecological type protected from harvest under the new (tighter) 

regulations.  

~

N~

The triad zoning model, denoted P, can be represented mathematically as follows: 

(6) Minimize TA(y) =  uT
Uu
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subject to: 
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Model P is a mixed-integer linear program that can be solved exactly by commercial 
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programs if the size of the program is not too big. As the size of the model increases quickly with 

the number of compartments (the well-known “curse of dimensionality”), approximate solution 

methods may be needed. The size of the model and the approximations required is determined to 

a large extent by computing capacity and the algorithms that are available. The model is general 

enough, however, to accommodate other forest uses such as recreation and carbon sequestration. 

4. AN APPLICATION TO CENTRAL COASTAL BRITISH COLUMBIA  

To examine different land allocation possibilities, we apply our model using data from 

Block 7 of Timber Farm License (TFL) 39. The general zoning model is modified to 

accommodate characteristics of the current case study. However, only custom developed models 

can address the full scope of management objectives in Block 7 of the TFL 39. While market 

conditions and social preferences will change over time, the current analysis makes no attempt to 

forecast future fiber prices, nonmarket demand for environmental forest services and/or 

exogenous factors that affect forest growth or degradation. Thus, once forestland is allocated to a 

particular zone, it is assumed to remain in that zone in perpetuity. Block 7, TFL 39 is located on 

the central coast of British Columbia. A description of the site is available from Olivotto (2001), 

while Weyerhaeuser Corporation provided needed data for TFL 39 and particularly Block 7.  

TFL 39 is the largest tree farm license in British Columbia and consists of seven supply 

blocks on the Province’s central coast. Block 7 (Namu) is located in the Mid-Coast Forest 

District along Fitz Hugh Sound. The inventory, growth and yield data are used as inputs to the 

analysis. Inventory information is concerned primarily with biophysical factors, such as the rate 

of timber growth and the land base considered available for timber harvesting, and with 

management practices. The predetermined layout of units significantly affects the results of the 
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analysis. Unlike the timber supply analysis that is mainly founded on biophysical factors, the 

current analysis includes economic factors, such as timber values, operating costs and the cost 

reductions that result when regulatory requirements are relaxed. In this analyses, Block 7 of 

TFL39 is divided into 40 units with boundaries that coincide with the watershed boundaries 

(Figure 2).  

 

 

Figure 1. Study area divided into 40 units 

 

The only exception is unit #1 as it is comprised of areas for which inventory information 

is missing or incomplete. This block accounts for the difference between the actual area of Block 

7 (56,339 ha) (see Olivotto 2001) and the area of 54,906 ha used in the current model. This 

discrepancy arises because of the overlap of two GIS mapping systems – a physical one and one 

that traces the watershed boundaries.  
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The land base and forest inventory information for TFL 39 is maintained in a geographic 

information system (GIS). The inventory describes the geographic location, area and nature of 

forest cover and administrative boundaries within Block 7. Many areas do not contribute to the 

timber harvesting land base and have been removed in a “net-down” process. The land base is 

divided into two categories: operable and inoperable. While only operable land base contributes 

to timber supply, both operable and inoperable land base account for the age distribution as 

required under the Forest Practices Code (1995). The operable area is 18,219 ha that comprises 

33.2% of the total area of Block 7. A biogeographic ecosystem classification (BEC) (Pojar et al. 

1987), based on forest-types, climatic sub-zones and elevation variants is available for the case 

study. The majority of Block 7’s area is in the Coastal Western Hemlock (CWH) biogeoclimatic 

zone (87.4%), with some higher elevation areas in the Mountain Hemlock (MH) zone. Two 

species groups are modeled: (1) the Douglas-fir group includes lodgepole pine and yellow-cedar, 

while (2) the hemlock group includes spruce, balsam fir and western red cedar. Four site classes 

are defined in the models: high (SI 33+), good (SI 27-30), medium (SI 21-24) and poor (SI 12-

18). About 2.7% is classified as high-quality sites, 27.2% as good-quality sites, 27% as medium-

quality sites, and 43.2% as poor-quality sites.  

Weyerhaeuser provided a detailed database used for the preparation of timber supply 

analyses and developed using the Forest Stand Simulator (FSSIM) 3.0 model. Our analyses are 

carried out using data on the land base inventory, timber growth and yield, and management 

practices. As part of the process used to define the timber harvesting land base (i.e., the land base 

estimated to be biologically and economically available for harvesting), a series of deductions 

were made from the productive forestland base. These deductions account for the factors that 

effectively reduce the suitability or availability of the productive forest area for harvest on 
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ecological or economic grounds.  The portions of a block that are not physically accessible for 

harvesting, or which are not expected to be economically feasible to harvest, are typically 

categorized as inoperable and excluded when deriving a timber harvesting land base for 

modeling purposes. 

Forest stands are also classified using economic criteria. Stands were divided into 

uneconomic, marginally economic and economic categories according to the following criteria:  

 volume per hectare, which differs by species, anticipated log-grade mix, and harvesting 

system;  

 the costs associated with the applicable forwarding method (conventional or non-

conventional); and  

 the expected values from the various stand types (by species and grade).  

Inventory data include estimates of site productivity for each forest stand, expressed in terms of a 

site index. The site index is based on the stand’s height as a function of its age. The productivity 

of a site largely determines how quickly trees grow. This in turn affects the time seedlings take to 

reach green-up conditions, the volume of timber that can be produced, and the ages at which a 

stand will satisfy mature forest cover requirements and reach a merchantable size.  

Weyerhaeuser uses its custom made growth and yield model Y-XENO to estimate 

volumes for all existing stands 130 years of age or less, and all stands regenerated in the future. 

Timber stands must reach 350 m3/ha on Block 7 before being considered for harvest. This 

volume is achieved by 40 years of age on some high-site hemlock stands, but typically 40-56 

years for good sites to 75-173 years on poor productivity sites. For Douglas-fir stands, minimum 

harvestable ages range from 43-56 years for high productivity sites to 150-201 years for sites of 

poor productivity.  
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The forestland base is divided into three stewardship zones: Old Growth, Habitat and 

Timber. Weyerhaeuser began to adopt variable retention (VR) harvesting systems throughout its 

B.C. Coastal forest operations in 1998. The company incorporates specific assumptions to 

approximate the impact on stand yields expected to result from the use of this management 

regime. With VR, a portion of the mature forest cover is retained within harvested blocks. 

Minimum retention levels are 10% for much of the Timber zone, 15% in the Habitat zone, and 

20% in the harvested portion (33%) of the Old-Growth zone.  

Timber harvesting in the Old-Growth zone is constrained by the visual landscape 

constraints that limit the amount of area in a management unit younger than the age of visually-

effective green-up.  

Weyerhaeuser determines different management objectives for each zone and applies 

various silvicultural systems and levels of retention. The company developed a preliminary 

allocation of the land base into stewardship zones for its timber supply analysis. However, the 

locations and size of these zones may change as a result of higher-level plans and other 

considerations.  

The Old-Growth zone includes areas of high biodiversity values and/or environmental 

sensitivity, high cultural values, and high recreational values. The Habitat stewardship zone 

should include areas with high biodiversity values. The primary objective in the Timber zone is 

commercial timber production, but conservation of ecological values is taken into account. This 

is achieved by setting constraints in terms of the proportion of mature and young stands.  
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Table 1:  Area (ha) by Unit, Operability and Ecosystem  
Ecosystem (ha)

Unit Area (ha) Inoperable (ha) Operable (ha) CWH MH
1 609 463 146 573 37
2 3435 2092 1343 3076 359
3 152 87 65 152
4 685 494 191 317 368
5 350 263 87 208 142
6 1300 796 504 1092 208
7 125 59 66 125
8 602 491 112 369 233
9 813 357 457 813

10 3026 2103 924 3026
11 1235 776 458 1192 43
12 2064 1203 861 1740 324
13 477 348 129 289 189
14 2810 2042 769 2739 71
15 864 401 463 698 166
16 985 583 402 825 159
17 703 433 269 578 124
18 1889 1127 762 1620 269
19 619 442 177 392 228
20 2077 1339 738 1484 593
21 830 563 266 543 287
22 809 621 188 519 290
23 961 669 292 760 202
24 882 559 323 574 308
25 3874 2176 1698 3239 636
26 577 424 153 411 166
27 1679 1120 559 1485 194
28 706 491 215 706
29 4288 3251 1037 3545 743
30 2108 1408 699 2068 40
31 432 379 53 309 123
32 6819 4797 2022 6652 167
33 160 116 44 160
34 183 180 4 183
35 2178 1544 634 2020 158
36 324 266 58 324
37 521 316 205 521
38 700 519 181 700
39 1165 759 406 1165
40 886 627 259 807 79

Total 54906 36687 18219 48000 6905  
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Growth types, site quality, age and ecosystem types define a management stratum. As 

noted above, several growth types are aggregated into two major species groups – Douglas fir 

and western hemlock – grown on four site quality classes. Existing stands of ages between 5 and 

250 years are classified into eight 20-year categories with one category for all stands older than 

140 years.3 The planning horizon is 200 years divided into ten equal sub-periods. No initial 

management conditions are imposed. The economic criterion consists of net discounted returns 

using a 4% discounted rate. Forest areas by unit and ecosystem type are provided in Table 1. 

4.1 Specification of Alternative Management Scenarios 

We compare the outcomes of the IM and triad land allocation frameworks under different 

scenarios of environmental protection and relaxation of regulatory costs. Scenarios differ 

according to the minimum portions of different ecological types to be in late seral stage and the 

maximum portions of operable land base in young seral conditions. The requirement on the 

minimum size of old-growth area by ecological types is aimed for conserving a specific 

representation of the range of ecosystems, while the restrictions on the amount of young stands 

are visual constraints at landscape level.    

The forest ecology literature is not very helpful in determining a minimum area to be kept 

in mature and over-mature conditions. Recommendations for minimum area of old growth in the 

forestry literature range widely (Hunter 2002, Spies and Franklin 1996.). There is also no 

consensus what is the “right” limit on the portion of land base young conditions to achieve visual 

and ecological objectives. Given uncertainty about the right targets for the area young and old-

growth stands, in formulating alternative scenarios, we follow largely recommendations of the 

                                                      
3 As a result of the 20-year categories, we consider the old-growth category to consist of trees greater than 
140 years rather than 130 years. 
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BC planning guide for biodiversity protection (Forest Practices Code of British Columbia 1996) 

and Weyerhaeuser operational rules established for Block 7.  

We distinguish between two emphases on conservation that is expressed in terms of the 

Low and High ecological targets. The targets on the proportion of young and mature stands are 

provided in columns 4 to 9 of Table 2.  

In the IM framework, we start with an initial young forest limit of 25% of the total 

operable land base area. This limit is decreased to 15% in scenarios that represent rising demands 

for environmental protection. In the triad framework, the High ecological scenario is formulated 

in terms of rising demands for protection of Old-Growth and Habitat zones, while relaxing the 

limits on the timber production zone. Within the triad approach, the conservation emphasis is 

placed on the old-growth and habitat zone and the limits are even tighter than under the IM 

framework.  

Figures provided in columns 4 to 6 of Table 2 indicate the maximum proportions of 

stewardship zones in early seral – the maximum area of young stands in each zone is this 

proportion multiplied by the total area of that zone. The numbers in columns 7 and 8 prescribe 

the minimum portion of a biogeoclimatic type to be in late seral conditions. High elevation MH 

is scarce relative to the CWH type. The MH targets are therefore set up significantly higher than 

those for CWH.  Both the targets of mature and limits of the area of young stands are to be 

applied to larger forest areas. When dealing with areas of smaller scale, as in this case study, the 

target figures should be considered in the context of preservation at the larger scale. Although 

based on the current practice in British Columbia, the target figures used here should be taken 

with a great deal of caution because of the necessary simplifications of this illustration relative to 

reality.  
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We now define two scenarios of environmental protection:  

(1) The Low environmental scenario has a combined old-growth target of 12.5% and 16.5% 

of the CWH and MH area respectively and the limit on maximum portion of operable 

land base younger than the age of visually effective green-up, which is set up at 25% for 

the IM framework.  

(2) The High environmental scenario requires at least 18% and 20% of the CWH and MH 

area respectively in over-mature conditions. The limit on maximum portion of operable 

land base in an early age class is set up at 15% for the IM framework.  The limits for the 

young stands are set up in a different way for the triad approach. Stewardship zones differ 

by their management objectives and emphases on conservation. In the High 

environmental scenario, we relax the limit on young stands in the timber production zone 

30%, but tighten the limit to 17% for the habitat and 12% for the old growth zone.  

The figures in columns 9 to 11 of Table 2 indicate the proportion of reduction of regulatory costs 

in the timber production, habitat and old-growth zone. For Block 7, we consider two levels of 

regulations:  

(1) The Stringent regulations for the triad framework do not allow for relaxation of 

operational costs.  

(2) For the Moderate regulations scenario, we assume that all regulations are eliminated in 

timber production zone, except the protection of riparian areas and retention of wildlife 

corridors. Based on the KPMG (1997) analysis of the cost drivers, this will result in an 

average decrease of delivered wood cost by about 25%. We also assume relaxed 

regulations in the habitat zone in terms of the green-up constraints which will result in a 

10% reduction of delivered wood cost. We consider that these are conservative estimates 
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of the cost reduction.  

Ecological targets are combined with different intensities of regulatory constraints. We compare 

and contrast two scenarios under integrated management and two scenarios under the triad 

management. 

Table 2: Alternative Management Scenarios 
   Limit on Young 

(%)a 
Requirement on 

Mature (%)b 
Cost Relaxation 

(%)c 
Framework Ecological 

Targets 
Regulations T H G CWH    MH T H G 

IM  Low   Stringent 25 25 25 12.5 16.5 0 0 0 
IM High Stringent 15 15 15 18 20 0 0 0 
Triad High  Stringent 30 17 12 18 20 0 0 0 
Triad High  Moderate 30 17 12 18 20 25 10 0 
a Maximum area of young stands expressed as the portion of the total area of the zone 
b Minimum area of over-mature stands expressed as the portion of the total area of ecological 
type 
c Delivered wood cost reduction due to relaxed regulations. 
  

4.2 Comparison of Different Scenarios  

The IM problem is first solved for the Low and High scenarios using the CPLEX linear 

programming routine on the GAMS platform. Compared to the IM model, the triad model has 

certain requirements pertaining to timber supply and economic performance in addition to the 

very same ecological targets as the IM models,. A special zone dedicated to timber production 

can compensate more successfully for the loss of harvest volume and associated values due to 

environmental constraints than with integrated management. This is because of the relaxed 

regulatory costs within the commercial timber production zone. Using  the CPLEX mixed-

integer linear programming option on the GAMS platform, the triad models are solved for the 

High-Stringent and High–Moderate scenarios. The assignments of units to three zones for 

different scenarios are illustrated in Figure 2.  
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Old Growth Habitat Timber

(a) (b)
 

Figure 2: Land allocation under: (a) Triad High-Stringent, and (b) Triad High-Moderate scenario. 

The land allocations under the two scenarios show the same patterns in terms of the old-

growth zone. The main difference occurs in the allocation pattern for the timber production zone. 

When cost relaxation option is introduced, more land is allocated to the Habitat zone compared 

to the Stringent regulatory scenario. Cost relaxation in the timber production zone allows for 

reduction of the timber production zone and expansion of the Habitat one (Figure 2, panel (b)). 

The outcomes of the IM and triad models for two scenarios of ecological requirements over the 

total forestland base and specific regulations in the timber production zone are provided in Table 

3. The outcomes are presented in terms of the net discounted value of timber benefits, harvest 

volume, area of each zone and operable land in early age class. The results of the IM Low 

scenario (presented in bold italic characters) are used as the benchmark for further analyses (row 

1, Table 3).  
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Table 3: Projections of the Outputs of Alternative Scenarios 
     Operable area (ha)  

Framework Ecological 
Targets 

Regulations NPV 
($ mil.) 

Vol 
(mil. m3) 

T H G Operable 
young (ha) 

IM Low Stringent 101.475 2.796    4351 
IM High Stringent 91.967 2.632    2689 
Triad High Stringent 92.629 2.678 3256 3870 10887 3215 
Triad High Moderate 121.896 2.935 2397 3957 11660 3097 

 
The net present value in the case of the IM High scenarios is lower relative to that of the 

IM Low scenario. The rate of harvest volume reduction is significantly lower.  

There is a direct trade-off between the timber and environmental benefits. While both the 

net present value and harvest volume are reduced, the total non-harvested area in the integrated 

management zone increases by for the IM High scenarios. 

 Under the Triad High-Stringent scenario, both NPV and harvest volume decrease 

relative to the benchmark, but are slightly better than those for IM High Scenario. At the same 

time, the total operable young area under the Triad High-Stringent scenario decreases relative to 

the benchmark, but increases compared to the IM High-Stringent scenario.  

Finally, both the cumulative harvest volume and non-harvested area in the reserves and 

integrated management zone increase under the Triad High-Moderate, while area of young 

operable forest decreases for the respective scenarios relative to the benchmark results. . 

Thus, the results indicate that, under particular conditions, concentrating intensive timber 

production on a smaller area can compensate for increased environmental regulation. It is less 

clear, however, whether the ecological performance in this case will be acceptable. Any 

experimental introduction of a triad system should, therefore, involve field studies by 

conservation biologists.  
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5. DISCUSSION AND CONCLUSIONS  

Sustainable forest management requires attention both to economic and ecological costs 

and benefits. Increases in the demand for environmental protection have stimulated interest in the 

triad approach to land allocation, because there is hope that, by allocating some land to intensive 

management, it is possible to push out the forest production possibility frontier and achieve a 

higher environmental protection without a concomitant sacrifice in wood supply and financial 

benefits. This is the key objective of Ontario’s Forest Accord (Ontario Ministry of Natural 

Resources 1999), which, for example, promises higher environmental requirements while 

maintaining the wood supply intact. It is argued in Ontario that, by creating special timber 

production zones where environmental regulations are relaxed somewhat, the reduction in 

regulatory costs and increased investment in intensive silviculture will enable forest companies 

to maintain their pre-regulatory earnings while ensuring a continued wood supply. Whether these 

options indeed push out the production possibilities depends on the impact of reduced regulatory 

transaction costs on earnings and on the costs and effectiveness of the specific silvicultural 

treatments that are to be introduced (if any).  

In this study, we developed a bioeconomic model of a forest ecosystem and used it to 

investigate the feasibility of the triad zoning approach for forest management for a B.C. central 

coast case study. In the context of the case study, we investigated how the optimal land 

allocation and schedule of management treatments under the triad framework change for 

different scenarios of ecological protection and alternative regulatory conditions. These scenarios 

assume the application of environmentally friendly, but high cost, intensive silvicultural 

treatments. We also examined the impact on land allocation and the economic performance of 

planting fast-growing species within the timber production zone.  
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For our case study, the optimal land allocation and schedule of management treatments 

under the triad framework turned out to be less sensitive to altering environmental regulations 

than to the changes in management costs and production efficiency. The area of timber 

production zone sharply increases with increases in regulatory costs. If full regulatory costs are 

in place for the timber production zone, there is no solution to the triad model that can offset the 

impacts of increased environmental demands.  

Some of these results are related to the unit size. Smaller scale units may allow for 

greater flexibility in meeting economic and environmental targets at the strategic level, but have 

the disadvantage that, by reducing economies of scale, they may be costlier. Furthermore, some 

ecological values can be obtained only when a minimum contiguous area is dedicated to the 

protection of wildlife and other ecosystem values.  

Some caveats need to be mentioned. First, although the bioeconomic model developed in 

this study is applied to a case study of the central coast of British Columbia, the realities of the 

case study are more complex than suggested here. In particular, it was not possible to incorporate 

the fine details of current (and future) forest operations in the study area, nor capture all of the 

environmental, ecological and operational constraints that Weyerhaeuser faces in Block 7, TFL 

39. As a result of problem complexity, the tight schedule faced in completing the project, and 

limits on computing resources, the analysis provided here is based on simplifying assumptions 

and crude aggregations. Future research will need to expand the bioeconomic model, probably 

by including heuristic methods that can effectively handle problems of higher complexity. Future 

research will also need to include additional operational, biological and environmental 

assumptions, and investigate how different block designs influence outcomes.  
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