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EXECUTIVE SUMMARY 

 
Landscape-level zoning in forest management spatially separates conflicting objectives 

into management zones of Timber, Habitat, and Conservation zones.  This allows 

specialization in timber harvesting practices for economic gain and tracts of very lightly 

managed forest to preserve biodiversity.  Year 1 of this project incorporated detailed  

economic criteria into the zone creation process, creating landscape-level zones that are 

sensitive to ecological, social, and, now,  economic criteria.  This year, we have extended 

this work by doing detailed economics-oriented harvest scheduling scenarios of both 

baseline status quo and the proposed zoning solutions.  We find that the zoning scenarios 

can maintain or exceed the economic flows from the landscape as compared to the 

multiple-use scenarios, primarily from a smaller, but more intensive, Timber zone.  Given 

the other benefits from the  ecological, social, and management sides of zoning, this 

result presents a favourable picture of zoning over multiple-use. 

 

The economic data was generated using a harvest scheduling model with a detailed 

economic indicator, including timber harvesting revenues, with silviculture and 

harvesting costs, and road costs, with building, maintenance, and hauling costs.  This 

model was run on a baseline multiple-use scenario that was intended to model the current 

multiple-use management style as described by the SFMP4 plan (Canfor 2005).  In the 

baseline scenario, we followed the current Annual Allowable Cut harvest levels and 

targets for other indicators such as old and young seral stages over a 250 year planning 

horizon.  We also established the highest profit target that could be achieved subject to 

the previously mentioned indicator targets.   



 

We then created a system of management zones across the entire landbase, allocating all 

lands into one of the Timber, Habitat, and Conservation zones (Timber zone 65%, 

Habitat zone 25%, Conservation zone 10%).  With these zones in place, we ran the 

harvest scheduling model again, following newly established harvest targets within each 

of the zone areas.  We compared the harvest volumes and profits available under the 

baseline multiple-use and zoning scenarios, and found that the zoning out-performed the 

multiple-use scenario.   

 

In the zoning scenario, we were able to completely eliminate harvesting in the 

Conservation zone, and increase harvesting in the Timber zone to 80% of the baseline 

total AAC.  This 80% was taken from only 65% of the total area, increasing the 

harvesting intensity in the Timber zone.  The remaining 20% of the harvesting was done 

in the Habitat zone.  With 25% of the area, the harvesting intensity on the Habitat zone 

was slightly reduced. 

 

Other analyses have found that zoning creates benefits by reducing road building 

distances and costs.  A reduced road network produces ecological benefits from better 

water quality and flow, as well as increases in the interior areas of adjacent forest stands.  

However, we found little to no difference in road building distance, average maintained 

road network length per year, or road building costs.  We did identify some ways of 

producing these benefits, but they did not automatically occur within the current zone 

allocation system.  Roads currently only contribute to the profit indicator as costs, but 



with a separate indicator that tracks road building distance and network length, we 

believe we could show gains in this area as well. 

 

The three zones had different objectives, and different levels of industrial activity that 

correspond to these objectives.  The Timber zone is primarily in place for economic 

objectives, and therefore has a high intensity of harvesting activities.  The Habitat zone is 

also designated to be leading with economics, but with a strong ecological side.  In many 

places, harvest planning will be done that promotes identified habitat requirements.  

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 is a large area where 

preservation of ecological, wilderness, and conservation objectives can be met without 

compromise from harvesting activities.  Recreation, water quality, viewscapes, and 

preservation of natural landscapes are the primary goals.  While some timber harvesting 

is appropriate, it would constitute a lesser importance than the landscape-level 

maintenance of ecological and other social goals, and be severely limited in scope and 

intensity, including restrictions on the extent of road building activities.  
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INTRODUCTION 
Landscape-level zoning is a management method that attempts to optimize forest benefits 

by grouping similar objectives together into spatially defined zones.  The most common 

zoning systems use three zone types:  a “Timber” oriented zone where the principle 

objective is economics through harvesting; a “Habitat” oriented zone that combines 

timber harvesting with biodiversity and other non-timber extraction objectives; and a 

“Conservation” oriented zone that acts as a catch-all for any objectives that do not co-

exist well with the level of industrial activities in the Timber and Habitat zones.  The 

Timber zone is heavily modified by timber harvesting, the Habitat zone is significantly 

modified by timber harvesting, but with special attention paid to other objectives, while 

the Conservation zone has little harvesting, and what little harvesting does take place is 

designed to be integrated with other objectives. 

 

This is fundamentally different from the more common multiple-use management, which 

attempts to distribute all objectives across the entire landbase.  The Forest Practices Code 

of British Columbia mixes some elements of zoning and multiple-use in the biodiversity 

emphasis options within landscape units, but is predominantly multiple use in spirit and 

application. 

 

Arguments have been made in support of zoning on both economic and ecological bases 

(e.g. Sedjo and Botkin 1997; Bunnell et al. 1998; Vincent and Binkley 1993, Binkley 

1997a, 1997b, 1999).  The concentration of similar objectives allows for more 

economically oriented decisions in the Timber zone, while the removal of most industrial 



activity from the Conservation zone creates better conditions for ecologically sensitive 

objectives to successfully be preserved.   

 

However, economic analyses that use case studies to compare zoning to multiple use 

regimes are rare.  Sahajananthan et al. (1998) examined the Revelstoke Timber Supply 

Area reported that zoning could increase land rents to 216% of those obtained through 

multiple use.  Fight et al. 1979 showed how intensive use could produce the same timber 

flow off of a vastly reduced landscape.  MacMillan Bloedel Ltd (now Weyerhaeuser Ltd) 

instituted a zoning system in their British Columbia coastal holdings, in part because of 

projected economic gains, though also in part because of social pressure to change 

logging practices.  However, these examples are all set in mountainous terrain, where 

logging and access costs are high, and where heterogeneous landscapes give good 

opportunities for zoning.  It is unclear whether the more homogenous landscapes found in 

the boreal sections of TFL 48 will continue to provide the same economic benefits. 

 

The objective of this analysis is to create an economic comparison of a multiple use 

scenario and a zoning scenario on the TFL 48 landbase in northeastern British Columbia.  

We use the Zone Allocation Model (ZAM) to create the zones, and a harvest scheduling 

model to project the economic flows from the landscape over 250 years for each of the 

baseline multiple-use and zoning scenarios. 

METHODS 

This analysis is done with a harvest scheduling model to project the economic objectives, 

and a zoning model to create forest management zones.  We first project the economic 



and ecological objectives in a baseline scenario without zones, that is intended to model 

the current multiple-use management style as described by the Sustainable Forest 

Management  Plan (SFMP4; Canfor 2005).  In the baseline, we follow the current Annual 

Allowable Cut harvest levels and targets for other indicators such as old and young seral 

stages.  We also establish the highest profit target that can be achieved subject to the 

other indicator targets (volume, seral stages, etc).  We then create a system of 

management zones across the entire landbase, allocating all lands into one of the Timber, 

Habitat, and Conservation zones.  We then run the harvest scheduling model again, 

following newly established harvest targets within each of the zone areas.  With these 

results, we compare the harvest volumes and profits available under the baseline 

multiple-use and zoning scenarios. 

The TFL48 landbase 
TFL48 is in northeastern British Columbia, and is slightly over 650,000 ha, divided into 

16 landscape units (Figure 1).  The TFL has areas in the ESSF, BWBS, SBS, and AT 

biogeoclimatic zones (Table 1, Figure 2), and four natural disturbance units (Figure 3).  

This is represented within the GIS database as 219,837 polygons.  The TFL has  

Table 1.  Biogeoclimatic zone areas within the TFL.   
Zone Area (ha) 
BWBS mw 1 136,216 
BWBS wk 1 37,876 
BWBS wk 2 13,223 
ESSF mv 2 161,127 
ESSF mv 4 12,984 
ESSF mvp 2 11,619 
ESSF mvp 4 2,388 
ESSF wc 3 67,573 
ESSF wcp 3 15,449 
ESSF wk 2 56,344 
SBS wk 2 118,542 
Non-Classified 3,491 
AT 14,280 
Total area 651,113 
   



Figure 1.  TFL48 showing landscape units and projected road network. 

 



 
Figure 2.  BEC variants on the TFL48 landbase. 

 



 

Figure 3.  Natural Disturbance Zones on the TFL48 landbase. 



Harvest Scheduling 

The harvest scheduling model 
The harvest scheduling model uses the simulated annealing algorithm to find a sequence 

of harvests that optimizes economic, social, and ecological criteria.  The module uses pre-

defined harvest units that are linked with a projected road network covering the entire 

TFL.  Road building, maintenance, and hauling costs are a significant cost factor, and 

were included in the scenarios.  However, including realistic roading costs has only been 

seen rarely in the literature, because of greatly increased complexity and computational 

demands.  A notable exception is Richards and Gunn (2000), who included roads in 

harvest scheduling, however using the Tabu Search algorithm. 

 

After netdowns for inoperable and other reasons for classifying polygons as non-forest 

and/or inoperable, polygons were combined into contiguous 88,758 harvest units.  To 

protect patch size objectives, a hard adjacency rule was employed, which did not allow 

for the scheduling of a harvest unit while a polygon in an adjacent harvest unit was below 

the minimum adjacency age.  Adjacency ages varied with stand group, however, were 

about a 20 year minimum.  Minimum rotation ages were also employed, that disallowed 

the harvest of any harvest unit with a polygon less than the rotation age.  Rotation ages 

were set at the a of maximum MAI for each stand group. 

 

A projected road network was constructed that accessed all operable areas in the TFL 

(show in Figure 1).  Each harvest unit was assigned to be accessed by one or more roads, 

as appropriate.  The road network contains 473,502 road segments, each with a road 

class, build cost, maintenance cost, and haul cost category assigned.  When a harvest unit 



is scheduled for harvest, all road segments in the direction of the mill are built (if not 

already built) and maintained for that year.  Costs as assigned to the profit function for 

each harvest event for road building and maintenance; the same maintenance cost is 

assigned for a road segment that is used by a single harvest unit, or many harvest units.  

However, haul costs are calculated based on the volume of timber that travels over the 

road segment, and so are dependant on the harvest schedule. 

Indicators 
The indicators used in the baseline scenario are meant to simulate the status quo 

management requirements currently on the landbase.  These include the standard volume, 

patch, and seral controls, as well as many individual requirements, as described in 

Canfor’s SFMP4.  While, the scenario presented here does not match exactly with all the 

objectives that are listed in that document, it does cover an extensive list.  Indicators 

explicitly covered within the scenario are:  

• Profit 
• Harvest level 
• Old seral objective 
• Young seral objective 
• Riparian reserves 
• Wildlife tree patches within blocks 
• No harvesting of rare ecosystems. 
• No harvesting within Class A parks. 
• No harvesting within protected area. 
• No harvesting within Ecological reserves or LRMP designated protected areas. 
• Patch size distribution 

 

In addition, many other objectives are embedded in the silviculture, growth and yield, and 

harvesting plans, such as conservation of site index, tree species mix, forest health, 

regeneration to free growing status.  



Volume indicator 
Annual Allowable Cut (AAC) targets were taken from SFMP4 (pg 84).  We used a 

modified version of the SFMP3 targets (which were in effect when the analysis began).  

The targets used were:  750,000 m3/yr for the first decade, followed by 500,000 m3/yr for 

another 24 decades, for a total of 250 years.  The MP3 target was 580,000m3/yr over the 

whole 250 year horizon.  However, the mountain pine beetle is a significant threat to the 

region, and in MP4, a first decade uplift to 750,000,m3/yr was proposed, followed by a 

harvest level of 643,000 m3/yr.  Because the MP4 plan had not yet been approved by the 

Chief Forester, we decided to use a mix of MP3 and MP4 targets.  The targets used in this 

analysis were chosen as suitable for this analysis only, and should not be used as 

justification or comment on the actual AAC approved by the Chief Forester. 

 

Each polygon was assigned to one of 268 stand groups that project merchantable volume 

over time (Seely 2005; pers. comm.), as well as tree species distribution.  The stand 

groups also specify new stand groups to transfer to after harvest.  For example, a natural 

pine stand on a good site index stand group could transfer to a managed pine stand on a 

good site index stand group.  When the polygon is harvested, the polygon age is used on 

the appropriate stand group curve to find a volume per hectare.  This is multiplied by the 

stand area to find the merchantable harvested volume.   

 

Not all polygons are eligible to be harvested.  However, these ineligible polygons may 

still contribute to other objectives, such as seral stages and wildlife habitat, if they are 

forested.  Therefore, they are included in the projections, but withheld from harvest. 

 



Old seral area 
Old seral definitions and targets were used from the SFMP4 (pg. 30).  The targets are 

given by natural disturbance unit, with separate targets for mountain and valley, and 

deciduous and coniferous stands (Table 2).  Some targets were not achieved in year 1.  

Harvesting was allowed in these areas only when it did not delay the year in which the 

target would have been met, had no harvesting been allowed.  To implement this in the 

model, the scenarios were run with the MP4 targets in place and no harvesting allowed.  

The targets were reset to the achieved, below target, values, until the target values were 

obtained.  Harvesting was therefore allowed, but only if it did not impact the seral 

achieved amounts that would otherwise have been obtained.  The old seral stage was 

defined as 100 years for deciduous leading stands, and 140 for coniferous stands. 

Table 2.  Percent and area targets for old seral stands in TFL48. 
Natural Disturbance 
Unit  

Terrain Species Area (ha) % target Area target 
(ha) 

Boreal Plains  Deciduous 17,692 10 3,675
Boreal Plains  Conifer 36,752 17 14,871
Boreal Foothills Valley Deciduous 87,479 10 1,565
Boreal Foothills Valley Conifer 15,652 23 29,637
Boreal Foothills Mountain  128,856 33 60,509
Omineca Valley  183,362 23 9,261
Omineca Mountain  40,267 33 9,897
Wet Mountain   29,991 84 93,293
N/A   176,917 N/A N/A 
 

Young seral area 
The SFMP4 plan calls for targets by landscape unit for young seral stands (pg 63).  

Stands less than 30 years, for both coniferous and deciduous species were considered as 

young seral.  Targets are given in Table 3.  Variances of +-20% are allowed.  In this 

analysis, only the maximum amount of young seral is enforced, with an assumption made 

that harvesting and natural disturbance will create enough younger stands to fill the lower 



bound target.  Young seral targets were relaxed in the same manner as old seral targets 

when the initial achieved values broken the targets without any harvesting occurring. 

Table 3.  Percent and area targets for young seral stands in TFL48. 
Landscape Unit  Terrain Species Area (ha) % target Area target 

(ha) 
BOUCHER  Deciduous 39,306 11 5,188
BURNT-LEMORAY  Conifer 129,523 10 15,543
CARBON Valley Deciduous 95,632 10 11,476
DUNLEVEY Valley Conifer 49,738 10 5,969
EAST PINE Mountain  21,440 13 3,345
GETHING Valley  61,961 20 14,871
HIGHHAT Mountain  92,915 10 11,150
MARTIN CREEK   64,533 13 10,067
WOLVERINE   94,114 10 11,294
 

Profit 
No profit targets are given in the Canfor SFMP4.  Instead, targets were generated by 

sequentially increasing the profit target while maintaining all other objectives until it 

could not longer be raised without adversely affecting other indicators.  

 

The profit indicator is comprised of several different sources.  Projected volumes are used 

to calculated the projected revenue curves.  Prices per cubic meter per species group were 

provided by Canfor personnel.  These were multiplied by the appropriate stand group 

volumes to create 1,400 revenue curves.  The revenue curve describes the timber value 

that (hypothetically) would be paid at the mill gate.  This number includes silviculture, 

harvesting, hauling costs, but is exclusive of road building and maintenance costs. 



Creating the zones 

The ZAM model 
The zone creation model used in this analysis is the Zone Allocation Model (ZAM: 

Boyland et al. 2004).  The size and complexity of this zoning problem creates a 

significant challenge to successfully find good solutions.  To combat this, the ZAM 

modelling environment had to be extended and improved in a number of areas.  First, the 

ZAM model was changed to more efficiently solve the zoning optimization problem 

through the use of auto-annealing (Boyland 2007).  Auto-annealing is a new development 

for simulated annealing that automatically controls algorithm function through 

dynamically generating algorithm parameters as the optimization process progresses.  

This significantly improves the solution capabilities of the ZAM model (Boyland 2007).  

As well, there were several process-oriented improvements made that integrated many of 

the data processing steps that were previously done external to the ZAM model.  These 

steps provided points of entry for errors that have now been eliminated. 

 

The ZAM model works by creating an initial zoning solution, and summing penalties 

associated with each indicator into a penalty function.  Penalties are calculated based on 

the difference between an indicator target level and the achieved level.  Some indicators 

(such as the volume indicator) have two-sided penalties – they penalize achieved values 

that are higher or lower than the target level.  Other indicators (such as old seral) are one-

sided – they only penalize only when the achieved value is higher (or lower) than the 

target level.  The model uses the simulated annealing function to minimize the total value 

of the penalty function.  In this way, the model might allocate land that increases the 

penalty for old seral, but greatly reduce the penalty for the volume indicator.  Millions of 



small changes to the initial solution are made and scored, with the algorithm shifting the 

solution towards better and better indicator compromises that sum to lower total penalty 

scores.  The SAM model is described in more detail in Boyland (2004, 2007). 

Zone targets 
The same initial landbase was used for the zoning runs as was described in the harvest 

scheduling section, above (Figure 1).  The zoning model works by allocating land into 

one of three zone types (Table 4). 

Table 4.  Area targets for the three zone types. 
Name Primary Objective Target Area (ha) % of TFL 
Timber Economics 423,223.5 65 
Habitat Economics/Conservation 162,778.3 25 
Conservation Conservation 65,111.3 10 
 

Zone size and shape 
As well as the area indicator, targets for the size and shape of zones were given.  The 

minimum sizes for the zone types is given in Table 5.  Large sizes for the zones create 

better conservation of habitat with larger interior areas and space for species requiring 

large home ranges.  Large zone sizes also allow for better concentration of harvesting and 

road building activities in the Timber zone, increasing economic efficiencies.  The zone 

shape is also controlled, with globular shapes preferred over linear shapes.  This 

preference also helps create landscape-level “interior area” within the zones, particularly 

for the Conservation zone. 

Table 5.  Minimum zone sizes. 
 Minimum Area (ha) 
Timber 10,000 
Habitat 5,000 
Conservation 5,000 
 



Ecological Representation 
The primary objective in creating the zones is to allocate land into each zone type, in the 

target amounts listed in Table 4.  The next most important objective is the proportional 

representation of each ecosystem type into each of the three zones (Table 6).  With 10% 

of the land area allocated to the Conservation, allocating 10% of each ecosystem type 

into the Conservation zone is an important coarse filter process that preserves some 

habitat from all ecosystem types, even for species whose requirements are unknown.   

Table 6.  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 
 

Twenty-three ecosystem groups were used in this analysis.  These sorted together BEC 

variants of similar conditions into the same group, based on vegetation communities 

(Wells and Haag 2003).   



Other Indicators 
Further objectives for each zone type were created using the SFMP4 plan as a guide.  

Wherever possible, indicators listed in that plan were included in the zone building 

process.  For example, areas identified with a high recreation value were attempted to be 

located within habitat and conservation zones, where the activities that support recreation 

would be compatible with those zones’ priorities.  Targets were set for all the objectives 

listed in Table 7 and in more detail in Table 8 in the results section. 

 
Table 7.  Zoning objectives.   Areas containing the listed zone objectives were attempted 
to be allocated into the favoured zone type. 
Zoning Objective Favoured 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 
 

Profit Indicator 
Of particular concern in this category of objectives is the economics objective – timber 

harvesting profit.  We believe that the best ecological protection within the part of the 

forest designated available to harvest (i.e. outside parks, ecological reserves, and other 

non-harvesting areas) is an economically healthy forest industry, with little incentive to 

promote activities that could infringe on ecological or social objectives.   

 

The profit indicator values were estimated by a method that averaged likely timber 

harvesting and road building costs and revenues across several rotations.  Exact profit 

values could not be calculated for each stand, because the harvesting revenues and road 

building costs differ with the age of the stand harvested, and the use of the roads by other 



harvest units.  We estimated the volume of timber that would flow over each road link, 

and the number of times that road link would have to be rebuilt over 500 years in order to 

reach multiple harvests of every harvest unit.  We then distributed the road building and 

maintenance costs to each harvest unit in proportion to the estimated volume flowing 

from that harvest unit.  The static “profit” value is the difference between timber long-

term average timber harvesting revenues, less silviculture, harvesting, hauling and road 

building and maintenance costs.  The profit indicator used in the zoning is not a true 

profit estimator (as is used in the harvest scheduling), but is useful in coarsely 

categorizing timber lands into areas of profitability class.  The results were broadly 

predictable, showing that areas with less road access costs are more profitable than those 

farther away, and stands with higher site indices and more valuable timber types are more 

profitable than poor sites with low value timber. 

Manual Zoning 
We were also interested in finding out how manually selected zones would compare to 

those created by the ZAM model, both in achieving the zoning indicator targets as well as 

in the economic analysis with the harvest scheduler.  To do this, we displayed the TFL 

within the ArcGIS program ArcMAP, and colour themed the map according to different 

zoning indicators, such as BEC variant, profit class, and age.  We flipped the colour 

themes back and forth between the indicators to get a sense of where appropriate zone 

locations were.  When we made a decision, we selected the polygons manually, and 

designated them into a zone type.  We then calculated the zone statistics, such as 

landscape percentage by zone type, minimum zone area, etc. and considered the zone 

shape and ecological representation.  We iterated through this procedure of selecting and 



creating summary statistics until we were satisfied that we had a zone allocation that 

made good compromises between indicator targets. 

RESULTS 

Zoning 
The zoning runs were influenced by a desire to create results that 1) allocated land into 

the zones at the landscape level targets, 2) followed ecological representation as much as 

possible, 3) met the minimum size and shape requirements, and 4) allocated land that met 

as many of the other indicators as possible, particularly the economics indicator.  In 

search of this combination, 1,204 zoning solutions were generated in more than four 

months of processor time.  We have chosen one representative result to present here 

(Figure 4).  As well, we created a different result by manually selecting areas to be 

designated into the three zones (Figure 5).  We will refer to the model generated zones as  

ZAM Zones, and the manual selected zones as Manual Zones. 

 



Figure 4.  TFL48:  ZAM zoning solution. 

 



Figure 5.  TFL48:  Manual zoning solution. 

 



Table 8 shows the achieved indicator percentages for the ZAM zone solutions.  Neither 

the ZAM or Manual solutions successfully achieved all the indicator targets.  In fact, 

achieving all targets is impossible.  The indicators in many cases are conflicting with 

each other, and the process of finding a good solution is one of best compromise rather 

than finding the perfect land allocation that meets all goals.  However, the ZAM solution 

is much closer at achieving ecological representation than is the Manual zoning solution.  

Because the Manual zoning solution was not run through the ZAM model, exact land 

percentages are not available for each of the indicator categories. 

 

The ZAM Zoning solution is within 3.47% of achieving the area target for the Timber 

zone (Table 8, line 2).  In this case, the solution was slightly short of the target area value.  

The habitat zone was assigned nearly 10% too much area, and the conservation zone 

0.42% more than the target.  Other runs came closer to the target values for the zone area 

category, but had to sacrifice performance in other indicators.   

 

The representation indicators for the conservation zone were met with very little deviance 

except for two ecosystem types: BWBS hydric wk (84.84%) and  ESSF subhygric - 

hygric mv (64.34%) (Table 8, lines 29 and 36).   Both of these ecosystem types have 

more than 99% of their total areas outside of the timber harvesting landbase.  So while 

the 1% of the area within the THLB was not distributed very well into the Conservation 

zone, the other 99% of the area will never be logged anyway.  The Timber and Habitat 

zones were less successful in their representation targets.  However, this is of lower 

priority, because both experience harvesting and major landscape modifications.  



Table 8.  Percent deviation from target values for the ZAM Zoning solution.  Smaller 
numbers are better, with zero indicating a fully achieved target.  Blank cells indicate no 
targets were set for that indicator/zone category.  

Indicator Category Timber Habitat Conservation 
Zone Area Area 3.47 9.22 0.42 

Age < 120 years    
 >= 120 years   6.10 

Profit non-operable   6.89 
 loss   89.15 
 marginal 13.08 31.76  
 very low 23.24 41.66  
 low 33.18   
 moderate 30.09   
 high 27.17   
 very high 25.33   
 excellent 24.39   
 very excellent 25.42   
 best 28.93   

Operability inoperable   6.89 
 operable    

Ecosystem Group no data 0.39 5.21 0.09 
 BWBS subxeric mw1-02 36.86 104.36 1.14 
 BWBS xeric wk2-02 38.04 100.00 2.32 

 
BWBS submesic - mesic wk2-

03 38.71 100.00 1.90 

 
BWBS submesic - subhygric 

mw1 9.32 29.23 0.34 
 BWBS submesic mw/wk2 12.52 30.38 1.38 

 
BWBS subhygric - hygric 

mw1/wk2 26.86 74.62 5.20 
 BWBS subhydric mw1/wk2 68.90 192.73 5.05 
 BWBS submesic - mesic wk1 13.27 33.79 4.70 
 BWBS mesic wk1-01 13.77 33.29 0.32 
 BWBS subhygric wk1 37.57 89.19 20.57 
 BWBS hydric wk 40.08 69.23 84.84 
 SBS  subxeric wk2-02 23.75 64.08 9.10 
 SBS mesic - submesic wk2 22.17 56.18 0.62 
 SBS subhygric wk2 10.36 23.71 0.57 
 ESSF drier mv 12.10 28.96 0.74 

 
ESSF submesic -mesic - hygric 

mv 1.11 1.08 0.10 
 ESSF mesic - subhydric mv2 4.74 8.80 0.17 
 ESSF subhygric - hygric mv 1.32 26.59 64.34 
 ESSF subxeric wk2-02 1.20 0.40 1.10 
 ESSF mesic wk2-03 2.07 1.54 0.02 
 ESSF mesic - subhygric wk2 0.09 3.02 2.07 
 ESSF xeric wc3-02 0.25 5.11 0.77 
 ESSF wetter wc3 2.62 2.51 1.09 

Partial Harvest Full harvest 9.05 0.02  
 First nation operable  21.61  
 First nation inoperable   80.28 

 
Backcountry Recreation 

Operable  85.22  

 
Backcountry Recreation 

Inoperable   68.14 
 UWR Operable  96.34  
 UWR Inoperable   95.39 

 
 



The conservation zone was assigned a target for old stands (Age Indicator; Table 8, line 

3), stands that were inoperable or made a loss in harvesting (Profit Indicator; Table 8, line 

5), the inoperable portions of the areas with partial harvesting designation (in support of 

Ecological and Economic indicators; Table 8, line 42).  All of these inoperable areas are 

fully forested, and inoperable because of non-forest related reasons.  The target for old 

forest and inoperable stands was closely met, however the stands making a loss and 

partial harvest targets deviated widely.  While it is not beneficial to miss any targets, 

missing the profit and partial harvesting indicator targets is the least damaging to the 

spirit of the conservation zone:  it is more important to have good ecological 

representation and old stands in the zone than it is to have low profitability stands.  From 

an economics standpoint, not including stands with low profitability in the Conservation 

zone is bad, because they therefore are allocated into the Timber or Habitat zones. 

 

The Timber zone was allocated a high target within the higher profitability classes, to 

help with the economics objective.  While the target deviations given in Table 8 (lines 10 

to 15) seem high (~30%), the targets were intentionally set at very aggressive levels, and 

were likely impossible to meet even if most other indicators were excluded.  This zoning 

result is consistent with a high level of land allocation into the Timber zone of highly 

profitable areas. 

Harvest Scheduling 

Baseline scenario 
We created a baseline harvest schedule that conforms as far as possible to the multiple-

use objectives now in place on the TFL.  While the volume target was developed from 

the SFMP4 document, we created the profit indicator by re-running the model over and 



over, while gradually increasing the profit target.  We set the target at the highest profit 

level that the model could consistently meet all the targets, at $15 million/yr. 

 

We were able to find enough volume to maintain the harvest targets throughout the entire 

planning horizon (Figure 6).  In the run presented, the harvest level does fluctuate under 

the target level in the first decade.  However, notice that the profit indicator maintains the 

target level throughout these fluctuations, and indeed, over the entire planning horizon 

(Figure 6).  While we attempted to maintain the volume harvest, we were more concerned 

about maintaining the profit indicator – harvest without profit is generally less appealing 

than profit with less harvest.  We also ensured that the young seral and old seral targets 

were met (Figures 7 and 8).   
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Figure 6.  Volume and Profit indicators for the Baseline harvest scheduling scenario. 
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Figure 7.  Young seral indicators (area over time) for the Baseline harvest scheduling 
scenario.  Bold irregular lines are achieved values, thin straight lines are targets.  a) 
Boucher; b) Burnt-Lemoray; c) Carbon; d) Dunlevey; e) East Pine; f) Gething; g) Highhat; 
h) Martine Creek; i) Wolverine. 
 

 



 

0

5000

10000

15000

20000

25000

30000

0 50 100 150 200 250

a)

0

10000

20000

30000

40000

50000

60000

0 50 100 150 200 250

b)

0
2000
4000
6000
8000

10000
12000
14000

0 50 100 150 200 250

c

0
10000
20000
30000
40000
50000
60000
70000
80000

0 50 100 150 200 250

d)

0
20000
40000
60000
80000

100000
120000
140000
160000

0 50 100 150 200 250

e)

0

5000

10000

15000

20000

25000

30000

0 50 100 150 200 250

f)

0

5000

10000

15000

20000

25000

0 50 100 150 200 250

g)

0

20000

40000

60000

80000

100000

120000

0 50 100 150 200 250

h)

 
 
Figure 8.  Old seral indicators (area over time) for the Baseline harvest scheduling scenario.  
Bold irregular lines are achieved values, thin straight lines are targets.  a) Boreal Plains 
Deciduous; b) Boreal Plains Conifer; c) Boreal Foothills Valley Deciduous; d) Boreal 
Foothills Valley Conifer; e) Boreal Foothills Mountain; f) Omineca Valley; g) Omineca 
Mountain; h) Wet Mountain. 



ZAM zoning scenario 
Having established the highest profit level associated with the volume and seral targets 

for the multiple-use baseline scenario, we used this profit target on the zoning scenarios.  

To account for the new management under zones, we split the volume target into three 

targets – one target for each zone.  Remember that the land allocation to the zones was 

Timber – 65%, Habitat – 25%, and Conservation – 10%.  So a 65/25/10 split of volume 

target between the zones could be used.  However, we wanted the Timber zone to have 

intensive harvesting, and the Conservation zone much less.  So we set the harvest target 

in the Conservation zone to zero, while increasing it in the Timber zone to 80% of the 

baseline scenario target, and the Habitat zone to 20% (Table 9).  We kept the profit 

indicator the same as with the baseline scenario, at $15 million/yr.  We found that the 

model was easily able to meet the all the targets (Figures 9, 10, and 11). 

Table 9.  Harvest volume targets for the baseline, ZAM and Manual scenarios 
Scenario TFL Timber Habitat Conservation

Baseline 100% - - - 

ZAM zoning 100% 80% 20% 0% 

Manual zoning 100% 78% 20% 2% 
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Figure 9.  Volume and Profit indicators for the Manual zoning harvest scheduling scenario.  
Conservation zone target is zero.  Very occasional minor harvests do not show up at this 
scale. 
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Figure 10.  Young seral indicators (area over time) for the ZAM zoning harvest scheduling 
scenario.  Bold irregular lines are achieved values, thin straight lines are targets.  a) 
Boucher; b) Burnt-Lemoray; c) Carbon; d) Dunlevey; e) East Pine; f) Gething; g) Highhat; 
h) Martine Creek; i) Wolverine. 
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Figure 11.  Old seral indicators (area over time) for the ZAM zoning harvest scheduling 
scenario.  Bold irregular lines are achieved values, thin straight lines are targets.  a) Boreal 
Plains Deciduous; b) Boreal Plains Conifer; c) Boreal Foothills Valley Deciduous; d) Boreal 
Foothills Valley Conifer; e) Boreal Foothills Mountain; f) Omineca Valley; g) Omineca 
Mountain; h) Wet Mountain. 
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Figure 12.  Harvest intensity for the ZAM Zoning scenario.  Harvest intensity is the 
volume harvested divided by the area of the zone.  Higher variation in the Habitat 
zone is due to the relative smaller area of the that zone versus the Timber zone.  The 
Conservation zone data is too small to show up at this scale. 
 

The Timber zone had a much more intensive harvesting level than the Conservation zone, 

with the Habitat zone was slightly below the Timber zone (Figure 12).  The harvest 

intensity is a measure of how much volume the zone is producing, divided by it’s area.  

High values indicate that the zone is being pushed to harvest as much volume as the land 

can produce.  The baseline harvest intensity had an average slightly below the Timber 

zone.  This is consistent with the fact that the baseline scenario distributes the harvest 

across all three zones, while the ZAM zoning scenario concentrates it into the Timber and 

Habitat zones.  Yearly variation in this metric is not very important – it is the consistent 

average value that is a more useful indicator of harvest intensity. 

Manual zoning scenario 
The Manual zoning scenario was set up in a similar manner to the ZAM scenario.  We 

used the same profit target, and also split the harvest target into three separate targets 



(Table 9).  Because the spirit of the Conservation zone does allow some harvesting, in the 

Manual scenario, we set the volume targets to Timber 78%, Habitat 20%, and 

Conservation 2%.  The Manual zoning scenario was also able to meet all targets (Figures 

13, 14, and 15).  The differences in harvesting intensity between the zones was even more 

pronounced in the Manual zoning scenario than the ZAM scenario (Figure 16).  This is 

likely because we focused on the profit indicator in creating the zones, compromising the 

ecological representation more than the ZAM scenario had too.  In general, we found that 

with only one or two indicators to manage, manually zoning the landbase produced better 

results than the ZAM model.  However, as soon as there were 4 or 5 indicators, the 

problem became too unwieldy for the manual method to work, and the ZAM model 

produced better overall results.  With nearly 50 indicators included on the TFL (Table 8), 

we soon learned that we would have to focus our efforts on a subset of the indicators to 

be able to effectively zone. 
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Figure 13.  Volume and Profit indicators for the Manual zoning harvest scheduling scenario.  
The conservation zone target line often obscures the achieved line. 
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Figure 14.  Young seral indicators (area over time) for the Manual zoning harvest 
scheduling scenario.  Irregular lines are achieved values, straight lines are targets.  a) 
Boucher; b) Burnt-Lemoray; c) Carbon; d) Dunlevey; e) East Pine; f) Gething; g) Highhat; 
h) Martine Creek; i) Wolverine. 
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Figure 15.  Old seral indicators (area over time) for the Manual zoning harvest scheduling 
scenario.  Bold irregular lines are achieved values, thin straight lines are targets.  a) Boreal 
Plains Deciduous; b) Boreal Plains Conifer; c) Boreal Foothills Valley Deciduous; d) Boreal 
Foothills Valley Conifer; e) Boreal Foothills Mountain; f) Omineca Valley; g) Omineca 
Mountain; h) Wet Mountain. 

 



The harvest schedule follows a predictable pattern across the landbase, concentrating 

harvests within the Timber and Habitat schedules.  Figure 17 shows harvests from the 

first 100 years of the planning horizon.  The figure is restricted to only 100 years because 

it is impractical to show repeated harvesting on the same harvest unit in a figure.  100 

years also was chosen to roughly represent a complete harvesting rotation across the TFL.   
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Figure 16.  Harvest intensity for the Manual zoning scenario.  Harvest intensity is the 
volume harvested divided by the area of the zone.  Higher variation in the Habitat 
zone is due to the relative smaller area of the that zone versus the Timber zone. 



Figure 17.  First 100 years of harvest scheduling on the Manual zoning scenario. 

 

 



Roads 
Previous analyses have found that zoning reduces the average length of open road per 

year, as well as the total amount of road that has to be built.  However, both the manual 

and ZAM scenarios had roughly the same length of road maintained per year, and also 

the same total length of road built over the planning horizon.  This is likely because of the 

zone configuration, rather than any deficiency on zoning itself.  If the Conservation zone 

is at the end of many roads, and those roads are not needed because harvesting is reduced, 

then road length built must decline.  However, if the reduced road requirements because 

of reduced harvesting in the Conservation zone are replaced by requirements to build 

those same roads to access timber further up the road, then no savings are generated.     

Less road construction and maintenance can not only be a significant cost savings, but an 

ecological dividend as well.  Roads interrupt water flow, can cause erosion, and reduce 

interior forest areas.  In future zoning scenarios, we will concentrate more on creating 

zone solutions that limit road building distances and costs. 

Table 10.  Road building costs and distances. 
Scenario Average road distance used 

per year (km/yr) 
Total road distance 
built (km) 

Baseline 789 9,620 
ZAM 810 9,327 
Manual 778 9,601 

CONCLUSIONS 
We compared a multiple-use management regime against two landscape-level zoning 

scenarios on TFL48, a 650,000 ha landbase in northeastern British Columbia.  A baseline 

scenario modelling the current multiple-use management was created that found the 

highest available profit of $15 million/yr could be maintained while meeting all 

harvesting and ecological targets.  The two zoning scenarios first split up the landbase 

into three management zones, with widely ranging harvesting intensities and importance 



of ecological indicators.  Landscape percentages allocated into each zone were:  Timber 

zone (65%), Habitat zone (25%) and Conservation zone (10%).  The zones were created 

based on a number of objectives, with the most important being proportional ecological 

representation of area of each of 23 ecosystem groups into each of the three zones, 

followed by various ecological and profit criteria.  Harvest targets were supplied for each 

zone type, with high intensity harvesting in the Timber zone, and little or no harvesting in 

the Habitat zone.  

 

We found that the zoning scenarios were able to maintain or exceed all target indicator 

levels compared to the baseline multiple-use scenario, despite restricting harvest levels to 

a smaller proportion of the landbase, primarily in the Timber zone.  The decreased 

harvesting in the Habitat zone and virtual elimination of harvesting in the Conservation 

zone dramatically increases the area of forest that would remain unmodified by industrial 

activity on the TFL.    
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