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ABSTRACT 

Landscape-level zoning is increasingly being seen as a viable strategic forest planning 

framework, with major benefits over the more prevalent multiple-use approach.  Zoning 

creates large regions (>5,000 ha) of land that are explicitly managed to maximize 

different types of objectives.  This allows for management specialization that promotes 

economic efficiencies as well as biodiversity protection.  This report describes the 

modelling procedures used to create landscape-level zones on Canfor’s TFL 48, near 

Chetwynd, BC.  We create a zoning solution that maximizes harvesting profit, protects 

biodiversity, and provides for a variety of other objectives such as ungulate winter range 

and recreation.  In particular, we have created new and improved methods for 

incorporating more accurate and detailed economic data into the zoning procedure that 

results in better timber-oriented zones. 

 

INTRODUCTION 

This project is an ambitious attempt to allocate a very large landscape into landscape-

level management zones.  The results from this project will give an indication of the best 

zoning strategies for TFL 48; the economic and ecological implications are as large as the 

TFL itself.  As well as suggesting substantial management changes/alternatives for the 

area, the project is also ambitious in it attempts to forge new and improved methods for 

create landscape-level zones.  The area involved (approximately 643,000 ha) creates 

large datasets, which in turn creates challenges for the decision support system.  We are 

also incorporating economic and ecological data at a high level of detail and accuracy.  



Every stage of the data preparation involves pioneering new methods that are in and of 

themselves significant achievements.  In particular, the roading and economic data this 

project has successfully utilized could be considered as a standard for strategic forest 

analyses, in zoning, harvest scheduling, and Annual Allowable Cut projects. 

 

This project is a pilot project, where we explore approaches in TFL-48 that could 

ultimately be applied over much larger areas as improved data and computing power 

become available.  TFL 48 is held by Canadian Forest Products Ltd. (Canfor) and 

comprises five supply blocks in the western half of the Dawson Creek Forest District in 

the Prince George Forest Region.  The blocks are clustered around the communities of 

Chetwynd, Hudson's Hope and Tumbler Ridge and cover approximately 643,000 

hectares, and incorporates the Boreal White and Black Spruce (BWBS), Sub-boreal 

Spruce (SBS) and Engelmann Spruce- Subalpine Fir (ESSF) Biogeoclimatic zones 

(Canfor 2005). 

 

Landscape-level zoning is used to separate competing objectives where their production 

on the same area would be counter-productive.  This is contrary to multiple-use 

management, which, as far as possible, uses management compromises to produce all 

objectives everywhere.  Zoning restricts the area of production for objectives to only a 

subsection of the total landbase, however by judiciously grouping objectives together that 

are complimentary, the smaller landbase can be used more intensively towards these 

particular objectives.  For example, forest harvesting and hunting compete for forest land 

in some ways, but in others they complement each other: the roads associated with 



harvesting can be used by hunters for access.  However, some objectives are more 

seriously impacted by timber harvesting, such as some habitat requirements or wildness 

values, and multiple-use becomes less efficient.  The main argument for zoning is that the 

segregation of incompatible objectives allows for more specialized practices (Boyland 

2003). 

 

Arguments for zoning have been made from economic and ecological perspectives.  

Binkley (1999) argued that the transition from harvesting old-growth forests to planted 

second-growth brings an array of rising costs and increasing environmental pressures that 

favour the substitution of intensive harvesting on small areas of the landbase, rather than 

extensive multiple-use. Bunnell (1999) argued from an ecological perspective for making 

harvest practices in landscape-units as different as possible to increase diversity for 

habitat. Case studies have also favoured zoning. Sahajananthan (1995) showed that a 

zoning approach in the Revelstoke Timber Supply Area could produce higher land rents, 

as much as 216% more than the current multiple-use plan.  Road densities could be 

reduced to 65% of multiple-use, and projections indicate that critical environmental 

indicators such as interior forest could be improved. 

 

Altering a landscape-level plan away from multiple-use to a zoning management 

framework is a very difficult and contentious procedure.  After harvesting and road 

patterns are established on the landscape, it is a very difficult and lengthy procedure to 

change the zone locations or types, especially in areas where stands have long rotation 

ages.  While changing zone types is difficult, predicting the type of zones and their 



locations that is most appropriate biologically is equally difficult.  However, this problem 

is just as important for multiple-use planning as it is for zoning, and must be tackled with 

the best available information. 

 

Ecological representation of ecosystem types has been used as a coarse filter method of 

protecting both known and unknown biological requirements, as a component of a 

broader strategy to sustain species in landscapes managed for forestry (Bunnell et al. 

2003).  By allocating a proportion of all ecosystem types into a conservation zone, the 

requirements for many species will be partially met, particularly species which are 

currently undiscovered or whose habitat requirements are poorly understood.  In 

conjunction with total area targets for ecosystem types, minimum size and interior area 

requirements (through shape constraints) help to create large enough areas such that 

ecosystem integrity can be maintained in conservation-oriented zone types. 

 

A second objective in zoning forested landscapes is economic prosperity.  Zones should 

be located that capitalize on the natural profitability of the landscape, especially in areas 

where this can be combined in a “win-win” solution with a low biodiversity priority.  

These areas will likely be close to easily built roads, away from difficult logging terrain 

and ecologically sensitive areas, and on highly productive sites.  Apart from these two 

broad ecological and economic objectives, a third type of objective includes the many 

other objectives in landscape-level management that are represented in the zoning 

framework, such as First Nations priority areas, recreation, and ungulate winter range.   

 



A fourth type of objective is in the minimum (and maximum) size of zones, as well as 

their shape.  Shape control prevents excessively sinuous zones with plenty of landscape-

level “interior area”, while minimum sizes prevent fragmented landbases.  Minimum 

zone sizes proposed have been roughly 5,000 ha (Beese et al. 2001).  The Methods 

section below further details all objectives used in this project. 

METHODS 

TFL48 

TFL48 is located near Chetwynd in northeastern British Columbia.  The principle tree 

species are listed in Table 1.  The landbase is fragmented into several large blocks, 

making the zoning problem more difficult that if it were contiguous (Figure 1). 

 
Table 1.  Selected tree species on TFL 48. 

Species Area (ha) 
Deciduous 89,300.6 
Balsam 109,870.8 
Spruce 171,048.2 
Pine 161,078.4 
 
 
 
 



 
Figure 1.   TFL 48.  Dark grey areas are operable, light grey areas are inoperable. 

The Zone Allocation Model 

The Zone Allocation Model (ZAM; Boyland et al. 2004) creates landscape-level forest 

management zones.  It is a spatial optimization model.  It uses a GIS dataset as input, 

including forest data in fields such as tree species, age, area, site index, and management 

fields such as operability class, biodiversity requirements, and recreation and First 

Nations areas of concern.  The model attempts to locate zones on the landbase that 

reconciles the management requirements with the underlying forest data – placing timber 



harvesting areas on productive, operable sites that are not harvest constrained, and 

conservation areas on in-operable sites that overlap with as many objectives that require 

limited harvesting as possible.   

 

The model works by searching through different combinations of area distributed 

between different zones.  In order to distinguish between “good” zone solutions and 

“poor” ones, the model uses an objective function that scores each zone solution.  The 

objective function measures the difference between a target amount for each objective, 

and the achieved amount; this difference is calculated as a penalty.  As the difference 

between target and achieved amounts shrinks, the objective function score goes to zero, 

and better and better solutions are created. 

Data Preparation 

Tiles 

The original resultant database contained about than 220,000 polygons, which is too large 

a number to directly use in ZAM.  With that many polygons, the algorithm would need to 

run for far too long to be useful.  Therefore, polygons are grouped into hexagonal tiles, 

with the tile being the level that the algorithm allocates between zones.  The full size of 

the hexagonal tiles are 509 hectares, however not all tiles overlap fully with the resultant 

dataset, and many have landbase areas that are smaller.  There are of 1596 tiles, with an 

average tile size of 407.  While the ZAM model uses the tiles to allocate land, each 

individual polygon within the hexagon is retained and used for tracking the objectives – 

there is no loss of precision in accounting the objective levels. 



Simulated Annealing 

The ZAM model uses simulated annealing to create zone allocations that are good 

compromises between conflicting objectives.  The simulated annealing algorithm works 

by first creating a full solution, and then slightly modifying that solution many, many 

times.  For each modification, the algorithm checks to see if the solution has improved.  

If there is an improvement, the solution is kept.  If the solution degrades, the change 

might be kept anyway.  Poorer solutions are kept on a guided random basis, with a high 

percentage of retention at the beginning of the process, and a zero chance of retention 

towards the end.  There exist some solutions that, while being quite good, are not the best 

solution.  However, all small changes to these solutions result in a new solution that is 

worse – a large change is needed to move the solution towards the best solution.  If 

changes that make the solution worse are not sometimes kept, the algorithm will become 

trapped in these ‘local optima’, and the best solution will never be found.  The simulated 

annealing algorithm generally does not find the absolute optimum solution, but is 

recognized to be the best algorithm at consistently finding very good solutions (Boyland 

2003). 

 

In the ZAM model, an initial solution is created by randomly allocating each hexagonal 

tile into one of the three zone types.  The small changes are made by randomly selecting a 

tile, and changing its zone type into one of the other two types.  Scoring each solution is 

done using an objective function that measures the difference between a target value for 

each objective and the achieved value in the current solution.  Most objectives have area 



targets, so the model calculates the area of an objective in each zone class.  Other 

objectives (such as the shape objective) have different metrics. 

Zoning Objectives 

TFL48 has a Sustainable Forest Management Plan (SFMP; Canfor 2005), which sets 

management objectives and targets for the TFL.  This includes timber harvesting, as the 

principle industrial activity, but is also sensitive to many non-industrial objectives such as 

recreational activities, first nations interests, and biodiversity.  We used this plan as a 

guide for the zoning objectives.  Table 2 lists the objectives included in creating the 

zoning plan, along with the affected zones. 

 
Table 2.  Zoning objectives included on TFL48 with the zone most associated with the 
objective. 
Zoning Objective Zone type 
First Nations areas of concern Conservation, Habitat 
Timber harvesting profit Timber 
Ecological representation Conservation, Habitat 
Mature stands (+-120 years) Timber, Conservation 
Recreation Habitat, Conservation 
Ungulate Winter Range Habitat, Conservation 
Operability Timber 
 

Zones 

We created three zone types:  Timber, Habitat, and Conservation zones.  The zones are 

differentiated by the amount of industrial activity and non-consumptive objectives 

prioritized between zones.  The timber zone’s primary objective is timber harvesting for 

economic profit.  While all stand-level and many landscape-level ecological objectives 

are included in this zone, the primary objective is the sustainable harvest of timber.  

Landscape-level ecological/wildlife reserves normally found in multiple-use plans are not 



included within the timber zone – they are separated from the timber zone, and included 

in the other two, particularly the Conservation zone.  The habitat zone maintains a 

significant level of timber harvesting, however with an increased focus on innovative 

solutions to ecological and social objectives.  Activities such as increased retention 

within harvest blocks, extra-wide riparian zones, and larger wildlife tree patches within 

blocks could be appropriate for the habitat zone, provided these address specific 

ecological goals.  As well, an elevated amount of landscape-level reserves would be 

provided.  The conservation zone’s principle objective is the maintenance of 

ecological/wildlife objectives, in conjunction with non-industrial uses such as recreation, 

hunting, and First Nations uses.  While some timber harvesting is appropriate, it would 

constitute a lesser importance than the landscape-level maintenance of ecological and 

other social goals. 

 
The zones were allocated on the landbase with area percent targets listed in Table 3. 
 
Table 3.  Area targets for the three zone types. 
 Target Area (ha) Target % 
Timber 423,223.5 65 
Habitat 162,778.3 25 
Conservation 65,111.3 10 
 
The areas allocated to each zone must also read a contiguous area minimum target size to 

prevent fragmentation of the landbase (Table 4).  Concentrating the areas increases 

economic opportunities in the timber zone, while providing large contiguous areas often 

preferred for ecological objectives in the conservation zone. 



 
Table 4.  Minimum contiguous area for a region of the three zone types. 
 Minimum Area (ha) 
Timber 10,000 
Habitat 5,000 
Conservation 5,000 
 

The contiguous regions of a zone type have a minimum area (listed above), as well as a 

shape constraint.  The shape constraint prevents linear regions from forming.  The form 

of the constraint prefers circular regions to linear regions.  Applying this constraint 

loosely forms “globular” regions that are neither circular, nor linear, but are globular 

enough to provide for significant interior area for the conservation zones. 

Ecological Representation 

Table 5 lists BEC ecosystem groupings found in the TFL and their gross areas, including 

both operable and inoperable categories.  Ecosystem groupings were developed to 

represent unique ecosystem types based on vegetation communities (Wells and Haag 

2003).  The purpose of including ecological representation in the zoning work is to 

ensure that a targeted amount of each BEC variant is placed in the conservation zone, 

where reduced amounts of industrial activity should maintain biodiversity values.  We set 

the targets for each ecosystem group as proportional to the zone types:  65%, 25%, and 

10%. 

 



Table 5.  BEC ecosystem groupings found in TFL 48. 
  
Ecosystem 
Group 

BEC variants included 

1 BWBS subxeric mw1-02 
2 BWBS xeric wk2-02 
3 BWBS submesic - mesic wk2-03 
4 BWBS submesic - subhygric mw1 
5 BWBS submesic mw/wk2 
6 BWBS subhygric - hygric mw1/wk2 
7 BWBS subhydric mw1/wk2 
8 BWBS submesic - mesic wk1 
9 BWBS mesic wk1-01 
10 BWBS subhygric wk1 
11 BWBS hydric wk 
12 SBS subxeric wk2-02 
13 SBS mesic - submesic wk2 
14 SBS subhygric wk2 
15 ESSF drier mv 
16 ESSF submesic -mesic - hygric mv 
17 ESSF mesic - subhydric mv2 
18 ESSF subhygric - hygric mv 
19 ESSF subxeric wk2-02 
20 ESSF mesic wk2-03 
21 ESSF mesic - subhygric wk2 
22 ESSF xeric wc3-02 
23 ESSF wetter wc3 
 
 

Ungulate Winter Range, Recreation and First  Nations, 

We included zoning targets for habitat and conservation zones for areas managed for 

Ungulate Winter Range and Recreation objectives in TFL-48 (Canfor 2005; Table 2; 

Table 8), as well as for areas of interest to First Nations (D. Rosen p. comm.). 

 

Economics 

This zoning project has progressed much further on the economics of landscape-level 

zoning than any previous forestry project we are aware of.  In particular, the use of 



roading information and stand-level costs is at a much more detailed level than previous 

projects, leading to better cost and revenue estimations for each operable polygon.  

Timber harvesting economics was calculated using data provided by Canfor (D. Rosen) 

broken down by the categories listed below. 

 

A single profitability value was calculated for each polygon, using the formula: 

 

TSMBRP −−−−=  

 

Where: 

 

P  profit from harvesting each stand. Measured in dollars. 

R  revenue from timber sales at the mill gate.  Inclusive of stumpage. 

B  road building costs. 

M  road maintenance costs 

S silviculture costs 

T tree to truck logging and yarding costs. 

 

This formula subtracts all costs from the timber sale revenue to arrive a profit figure.   

Road building and maintenance costs. 

We used a complete, projected road network, previously prepared for Canfor, that 

accessed all operable areas on the TFL (Anderson and Nelson 2003).  Roads were 

labelled with classes, indicating whether they were mainlines, secondary, or tertiary 



logging roads.  Canfor personnel provided road building costs per kilometre of road for 

each road type, based on historical data for the TFL.  Each road type also was associated 

with a maintenance cost per kilometre, also calculated from historical data. 

 

The road costs are being calculated for a permanent plan, and therefore some of the roads 

will be built, maintained for a period of time, deactivated, and then rebuilt to access the 

rest of the timber in an area.  Therefore, we classified roads into four classes, according 

to the amount of upstream road distance each road point contained (Table 6).  Upstream 

road distance is defined as the sum of all built and projected road branches in the 

direction away from the mill.  End points of roads in cut blocks have zero upstream 

distance.  Points midway between the mill and end points have all road length distance 

including all upstream branches.   

Table 6.  Road classifications.  Upstream road distance is the total distance of all road 
branches in the direction away from the mill. 
Road Classification Upstream Road 

Distance (Km) 
Number of times 
built 

Number of years 
incurring a 
maintenance cost 

1 >125 1 80 
2 7-125 2 50 
3 1-7 2 20 
4 <1 1 10 

 
 
Mainlines with the highest upstream distances were estimated to the built once, and 

maintained for 80 years.  These roads have to exist for the length of the planning horizon 

because some block, somewhere on the tenure, will always have to be hauled over them.  

End points in blocks were also projected to be built only once (when the block is 

harvested) and maintained only for the length of time needed to harvest and regenerate 



the block.  Classes 2 and 3 were projected to be built twice – once first to harvest half the 

operable area access by their upstream roads, and the second time to access the rest. 

 

Road building and maintenance costs were allocated to harvestable polygons based on a 

area-weighted upstream access algorithm.  The procedure allocates a portion of each 

downstream (towards the mill) building and maintenance costs to each polygon.  The 

amount allocated depends on how much total operable area is upstream, as well as the 

size of the individual polygon.  Large polygons with little other upstream area get a larger 

portion of the build and maintenance cost than small polygons with larger areas of 

upstream area. 

Hauling costs. 

Hauling costs were provided by Canfor (D. Rosen, p.comm), based on historical data.  

Costs were given per cubic meter, per kilometre.  Different costs were given for 

deciduous and conifer tree species, as well as for the three road classes.  The hauling 

distance was easily calculated as the distance from the polygon to the mill. 

 

A harvest volume was estimated for each polygon based on merchantable volume curves 

provided by Brad Seely (University of British Columbia) using the Forecast model.  

Volumes per hectare were estimated through projecting a harvest age distribution.  This 

was calculated using a minimum age of the maximum MAI and a maximum age 50 years 

greater than maximum MAI age.  The average volume of harvests between this range was 

taken as the projected harvest volume for the polygon.  Haul costs were calculated by 

multiplying this projected volume by haul costs per kilometre.   



Silviculture costs. 

Silviculture costs were provided by Canfor (D. Rosen, p.comm), based on historical data.  

Costs were broken down by BEC variants, and expressed per hectare. Because each 

operable polygon is expected to be harvested at some point in the planning horizon, each 

operable polygon was assigned a silviculture cost. 

Tree to Truck costs. 

Tree to truck costs are the harvesting and yarding costs associated with getting the 

volume from the stump to loaded on the truck.  Costs were provided by Canfor (D. 

Rosen, p.comm) based on historical data.  The costs were broken down by logging 

system per cubic metre:  cable or conventional.  For conventional logging systems, costs 

were further broken down by spruce, pine, balsam, and deciduous classes.  Harvest 

volumes were projected using the same method described under hauling costs, above. 

Timber sales revenue. 

Timber sales revenue data were provided by Canfor (D. Rosen, p.comm), based on 

historical data.  The revenue figure is inclusive of an average stumpage value, and is 

representative of the “price” the mill would pay for volume delivered to the mill gate.  

Revenue data was given per cubic metre, broken down by species:  spruce/pine, balsam, 

and deciduous.  Harvest volumes were projected using the same method described under 

hauling costs, above. 

ZAM economics classification 

We used the economics data presented above to calculate a projected profit (loss) for 

each operable polygon on the landbase.  The two most influential variables were the 



amount of road that needed to be built per hectare, and the site index of the polygon.  We 

divided the economics data into 6 classes (Table 7).  These classes were used in the ZAM 

model to allocate the most profitable stands (classes 4-6) into the timber zone, and the 

least profitable stands (1-3) into the conservation zone. 

 
Table 7.  Profitability of polygons broken down by classes. 
Class ID Class 

Name 
Profit per 
polygon($) 

Area in the class 
(ha) 

1 Inoperable Inoperable 298,150 
2 Loss < 0 37,012 
3 Low  0-495,000 35,243 
4 Medium 495,000-899,000 35,280 
5 Good 899,000-1,357,000 35,235 
6 High >1,357,000 176,317 

RESULTS 

We performed several hundred runs while exploring the capacity of the landbase to 

successfully trade off between the objectives designated to each zone type.  We will 

present one result that highlights the work we did in creating a zonation plan for TLF 48, 

and use it to illustrate how the ZAM model works. 

ZAM parameters 

Table 8 presents the final ZAM parameters used in the results presented here.  The 

general format of the table is the objective ID, objective name, the weight for that 

objective in each of the zone types, the total area in that objective, and the percent area 

target for each zone type.  Each objective is scored based on a penalty weight system, 

where the difference between the achieved and target is multiplied by the weight.  

Therefore, larger weights will produce larger penalty score, which will produce a stronger 

gradient for the simulated annealing algorithm to attempt to resolve.  The total area for 



the objective is the area on the landbase relevant to that objective.  For example, if the 

objective is inoperable stands, then the total area would be the area of inoperable.  The 

percent target lists the percentage of that objective’s total area that should be allocated 

towards each individual zone type. 

Total Area (Objective ID 1) 

This is the total area within each zone type. The targets are 65%, 25%, and 10% of the 

TFL, for the timber, habitat, and conservation zones, respectively (refer to Table 3).  

Because all area within the TFL will be allocated into one of the zones, the total area field 

lists the entire landbase – 651,113 hectares.  The weights have been set fairly high to 

favour achieving the area target over some of the other less important objectives, such as 

partial harvesting (Objective ID 40).   

Age (Objective IDs 2-3) 

Ensuring that enough older forest remains in the conservation zone is an important 

component of protecting the biological integrity of that zone.  Therefore, 10% of the 

landbase’s old forests were allocated into the conservation zone (ID 3).  Note that none of 

the young forest is allocated (ID 2), with targets of 0% for all three zones.  This leaves 

the model free to put the young stands (and the other 90% of the old stands) into any of 

the three zone types with no penalty attached.  However, because the conservation zone 

has an area target of only 65,111.3 hectares (10% of the total area), and 10% of the 

254164 hectares in the older type are allocated (25,416.4 h), not all of the younger type 

can be allocated into the conservation zone.   



Profit (Objective IDs 4-9) 

The highly profitable stands are directed towards the timber zone (ID 7-9) with 

decreasing emphasis placed on their weights.  The highest profit zones are given a weight 

of 100 to strongly encourage the model to put them into the timber zone, while the 

inoperable and polygons that result in a loss are put into the conservation zone.  Low 

profit stands are distributed between the habitat zone and timber zone. 

Operability (Objective IDs 10-11) 

Stands that are inoperable are best suited for the conservation zone.  This objective 

overlaps somewhat with the profit objective above – placing a target and weight here 

only reinforces the gradient set up in the inoperable profit class (ID 4).  We set the target 

and weight in the operability objective the same as in the profit objective.  We included 

the operability objective explicitly in case modelling scenarios were done without using 

profitability (for extremely biodiversity biased scenarios where profit is not an objective) 

– including operability then would retain the important split to biodiversity between  

harvestable and non-harvestable stands. 

Ecosystem Representation (Objective IDs 12-35) 

Ecological representation is an important coarse filter approach to conserving biological 

diversity, especially as it relates to allocating each ecosystem type into the conservation 

and habitat zones.  Here, we give targets for the timber zone to maintain the accounting 

and provide an extra incentive for the model to meet the targets in the habitat and 

conservation zones.  If the habit and conservation zone targets are meet perfectly, then 

the timber zone must be allocated 65% as the leftover amount (i.e. 100-25-10=65).  We 

therefore include a target for the timber zone not because the timber zone has a specific 



requirement for area from each ecosystem group, but as an added dimension to ensuring 

that the conservation and habitat zones actual get their required amounts. 

Partial harvesting (36-42) 

We grouped together under one category three non-harvesting objectives:  First Nations 

areas of concern, recreation areas, and ungulate winter ranges.  Each of these three 

objectives has some area identified where timber harvesting should proceed only lightly, 

and areas where the stands are inoperable.  Therefore, the partial harvesting areas were 

identified as candidates for the habitat zone, while their inoperable portions were targeted 

for the conservation zone.  All objectives here were allocated a weight of 1, indicating 

their relative importance as slightly less than the profit and ecological representation 

objectives. 



Table 8.  ZAM parameters 

  Weight  Target 
ObjID  Objective Timber  Habitat Cons Area Timber Habitat Cons 

1 Total Area 10 100 100 651113 65 25 10 
2 age < 120 0 0 0 396948 0 0 0 
3 age >= 120 0 0 1 254164 0 0 10 
4 Inoperable 0 0 1 298151 0 0 10 
5 Loss 1 1 0 35243 50 50 0 
6 Low  1 1 0 35280 50 50 0 
7 Medium 1 0 0 35235 100 0 0 
8 Good 10 0 0 35235 100 0 0 
9 High 100 0 0 176,317 100 0 0 

10 non-operable 0 0 1 298151 0 0 10 
11 operable 0 0 0 352962 0 0 0 
12 non-ecosystem group 10 1 10 78776.2 65 24 10 
13 ecosystem group 1 10 1 10 9475.41 65 24 10 
14 ecosystem group 2 10 1 10 750.343 65 24 10 
15 ecosystem group 3 10 1 10 1415.09 65 24 10 
16 ecosystem group 4 10 1 10 98740.7 65 24 10 
17 ecosystem group 5 10 1 10 22832.4 65 24 10 
18 ecosystem group 6 10 1 10 7746.1 65 24 10 
19 ecosystem group 7 10 1 10 2616.51 65 24 10 
20 ecosystem group 8 10 1 10 10212.2 65 24 10 
21 ecosystem group 9 10 1 10 25263.7 65 24 10 
22 ecosystem group 10 10 1 10 1515.27 65 24 10 
23 ecosystem group 11 10 1 10 336.894 65 24 10 
24 ecosystem group 12 10 1 10 6778.21 65 24 10 
25 ecosystem group 13 10 1 10 86555.1 65 24 10 
26 ecosystem group 14 10 1 10 19421.9 65 24 10 
27 ecosystem group 15 10 1 10 30574.4 65 24 10 
28 ecosystem group 16 10 1 10 109536 65 24 10 
29 ecosystem group 17 10 1 10 25830.9 65 24 10 
30 ecosystem group 18 10 1 10 410.662 65 24 10 
31 ecosystem group 19 10 1 10 13047.8 65 24 10 
32 ecosystem group 20 10 1 10 4880.5 65 24 10 
33 ecosystem group 21 10 1 10 34969.1 65 24 10 
34 ecosystem group 22 10 1 10 19534.7 65 24 10 
35 ecosystem group 23 10 1 10 39892.7 65 24 10 
36 non-partial 1 1 0 536766 80 20 0 
37 partial first nation operable 0 1 0 25138.8 0 100 0 
38 partial first nation non-operable 0 0 1 13464.3 0 0 100 
39 partial backcountry rec operable 0 1 0 29835 0 100 0 
40 partial backcountry rec non- 0 0 1 42884.4 0 0 100 
41 partial UWR operable 0 1 0 1727.75 0 100 0 
42 partial UWR non-operable 0 0 1 1295.05 0 0 100 

The zone allocation map produced using the parameters above is presented below as 
Figure 2. 
 



 
Figure 2.  Zone allocation map for TFL 48. 
 
The achieved amounts for each objective were mostly close to their targets (Table 9).  

The various objective “landbases” do not perfectly overlap, creating problems for 

distributing the landbase into each zone while meeting all the objective targets – based on 

the way the objectives are distributed across the landscape and target area amounts, a 

“perfect” solution is impossible.  There is no possibility of satisfying all objectives at 

once.   



Table 9.  Percent achieved amounts for each objective type. 
Objective Percent Achieved 

Zone Area 99.88% 
Ecological Representation 87.57% 
Timber Profit 61.62% 
Operability 66.31% 
First Nations 58.15% 
Recreation 10.51% 
Ungulate Winter Range 6.62% 
 
The zone area objective (meeting the area targets of 65% timber zone, 25% habitat zone, 

and 10% conservation zone) can be interpreted as having being met 99.88% of the time – 

almost perfectly satisfied in the solution.  The ecological representation also had good 

compliance, and is met across 87.57% of the area in the TFL.  The profit and operability 

objectives vary slightly more, however over 60% achieved is still a very good success 

rate.  The highly profitable stands are highly fragmented among the lower profitable 

stands, making it impossible to both create large, contiguous zones while putting all the 

most profitable stands into the timber zone.  By pushing the success of these first four 

objectives, the final three objectives had poor success.  However, different compromises 

between objectives could easily be found by changing the penalty weights to favour 

different objective combinations. 

CONCLUSIONS 

We created a landscape-level zoning solution for Canadian Forest Product Ltd. TFL 48, 

located near Chetwynd, BC.  The Zone Allocation Model (ZAM; Boyland et al. 2004) 

was used to divide the 651,000 hectare landbase into three zone types:  Timber, Habitat, 

and Conservation.  By creating an individual suite of complimentary objectives for each 

zone type, specialized management strategies can be crafted that intensively target only 

these objectives, and produce a higher level of objectives than through the more 



traditional multiple-use management framework.  The zone area targets of Timber – 65%, 

Habitat – 24%, and Conservation – 10% were coupled with shape and minimum area 

targets of Timber -10,000 ha, Habitat – 5,000 ha, and Conservation 5,000 ha.  This lead 

to very large zone regions, and three contiguous areas of each zone type were created.  

We produced hundreds of zoning scenarios, and presented one here in this report that 

highlighted the capabilities of the ZAM model and some of the more important trade-offs 

between multiple different objectives. 

 

Aside from area, size and shape targets, the zoning scenario concentrated on the two 

principle objectives of timber harvesting economics and ecological representation.  We 

included a level of detail in the economic objectives never before incorporated that 

should become the new standard for strategic forest planning.  We used a projected road 

plan that accessed all operable polygons in combination with cost data provided by 

Canfor to project road building, maintenance, and hauling costs for each polygon.  

Silviculture and tree to truck harvesting costs were also provided by Canfor, as well as 

prices for timber at the mill gate.  Using this information, we were able to project a profit 

figure for each operable polygon on the landbase, and direct the ZAM model to include 

as many of the highest profit stands into the Timber zone as possible.  Stands that were 

inoperable, showed a loss due to high harvest and roading costs, or were of marginal 

profitability were directed towards the Conservation zone.  In this way, we were able to 

achieve significant win-win solutions that stacked up the highest profit in the Timber 

zone while retaining high biodiversity areas in the Conservation zone with the smallest 

impact on economics possible. 



 

A third class of objectives were areas of special management:  First Nations, recreation, 

and ungulate winter range.  Each of these three objectives had spatially identified areas 

that were subject to reduced harvesting levels.  These areas were directed towards the 

Habitat and Conservation zones, both to limit their impact on profitability in the Timber 

zone, and to provide them with lighter industrial use context in the surrounding matrix of 

forest lands. 

 

In future work on this project, we look forward to providing more explicit comparisons 

between zoning and multiple-use scenarios, contrasting such metrics as total profit, 

volume harvested, length of road built, unroaded area, and area of mature forest.  While 

the current system presented in this report does a good job of maximizing objectives 

through prudent zone locations, we have yet to explicitly compare the results to a 

multiple-use framework in a manner that will comprehensively establish which system 

produces the highest overall objective levels.  Previous studies on different landbases 

have produced strong results for the zoning framework, however landbases in the 

Canada’s boreal forests have not yet been evaluated.  
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