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Abstract 
Harvest units are contiguous areas of forested land used by harvest scheduling 

models to spatially define a single silviculture treatment.  We used the simulated 

annealing algorithm to group polygons into harvest units, with area, age, species, 

and shape criteria.  Age objectives were specified using fuzzy sets.  The fuzzy 

simulated annealing model outperformed three other commonly used harvest unit 

generating algorithms, including a crisp simulated annealing and two random 

generation methods.  Inclusion of fuzzy membership curves allows for finer 

control over objectives, which translates into better designed harvest units. The 

results of this report were used in a multi-objective optimization model created as 

a tool to assist in sustainable forest development planning in the Invermere 

Timber Supply Area (TSA). 
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1 Introduction 

Forests offer a variety of objectives important to society, including biodiversity, 

water quality, recreation, and visual quality.  They are also an important 

economic resource in many parts of the world, and harvesting for lumber, pulp 

and paper, firewood, and other wood products commonly occurs in conjunction 

with non-extraction based activities (BCMOF 2000). 

 

Managing the forest resource for the best combination of conflicting objectives is 

usually done with a combination of strategic, tactical, and operational plans (eg. 

Gunn 1991, Hjortso and Straede 2001).  Harvest scheduling models are used in 

tactical and strategic planning to project activities associated with sustainable 

levels of many objectives through time:  harvested volume, old growth, water 

quality, etc.  Harvest schedulers project a possible sequence of silvicultural 

operations across the landbase through time, along with the landscape-level 

forest condition (Boyland 2002, Nelson 2003a). 

 

Two classes of harvest scheduling models have emerged: those that create 

individual harvest units as part of the modelling process, and those that require 

harvest units to be defined before the model starts.  Models that define harvest 

units “on the fly” have been classified Area Restricted Models (ARM) by Murray 

(1999) and dynamic Spatial Stratification (SS) by Nurullah et al. (2000).  These 

models group contiguous forest stands (polygons) into operationally-sized 

harvest units in groups designed to be optimal in terms of the entire strategic 

planning process.  Many recent models have adopted this design, using heuristic 

algorithms (e.g. Lockwood and Moore 1993, Clark et al. 2000, Richards and 

Gunn 2000) and exact solution methods (e.g. McDill et al. 2002, Crowe et al. 

2003).  Some of the heuristic methods have solved large problems (27,548 

polygons – Lockwood and Moore 1993), though the degree to which they find 

optimal solutions is generally unknown. 
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Models that require a choice between harvest units defined previously in a 

separate process operate under what has been labeled the Unit Restricted Model 

(URM) by Murray (1999) or the a priori SS by Nurullah et al. (2000).  These 

models require harvest units to be “pre-blocked”; the harvest scheduler then 

chooses between harvest units to create the harvest schedule.  Most of the initial 

spatial harvest schedulers used this formulation, with simulation models (e.g. 

Nelson 2003b, Gustafson and Crow 1996), and heuristic algorithms (eg. 

Bettinger et al. 1999).  Initial linear programming models used a strata approach 

that was not entirely spatial (eg. Navon 1971, Johnson and Scheurman 1977, 

Garcia 1990), though some recent linear programming models have added 

spatial features (Manness and Farrell 2004). 

 

Pre-blocked harvest scheduling formulations are much simpler than those that 

consider harvest unit creation as well as the order and pattern of harvest.  As 

well, pre-blocking allows for operational objectives to be embedded within the 

harvest unit design, producing harvest units and landscape patterns potentially 

influenced by expert knowledge of particular conditions and operational factors 

difficult to encode into ARM formulations (Walters et al. 1999).  At the time the 

harvest units are created, the exact pattern of optimal harvest units is unknown, 

and it is easy to think of ways where the pre-blocking process could encode 

inefficiencies that prevent a URM harvest scheduler from arriving at the optimal 

management strategy (Jamnick and Walters 1993).  However, the ARM creates 

such large problem sizes that finding exact optimal solutions is difficult or 

impossible for most planning problems, and the URM is widely used in strategic 

and tactical forest planning. 

 

The initial step of creating harvest units for a URM harvest scheduling 

formulation has been approached through a variety of methods.  Random 

harvest unit creation is the most widely used approach (Remsoft 1994, Remsoft 

1996, Walters et al. 1999. Gustafson 1998; Nelson 2001; Murray and Weintraub 

2002).  Many variations exist, however most algorithms begin by randomly 
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choosing a polygon, and then randomly choosing contiguous neighbouring 

polygons to build up a harvest unit to the size target.  A seed point approach was 

used by Murray and Weintraub (2002).  Seed points were randomly positions 

across the landbase, and polygons were grouped into harvest units based on the 

closest seed point to the polygon centroid.  Harvest unit size was controlled by 

controlling the number of initial seed points. 

 

Most harvest unit generation models build up operationally feasible harvest units 

from smaller forest cover polygons, though other processes do exists.  Lu and 

Eriksson (1999) used small raster cells with a genetic algorithm to build harvest 

units, though with only a 20 ha landscape.  A 266ha landscape required a two-

step procedure to solve, and the authors speculated that further decomposition 

techniques would be required for operational problems.  Some models split large 

polygons into two or more harvest units.  Barrett (1997) used Voronoi tessellation 

to produce harvest units from larger forest cover polygons.  Walters and Wasgatt 

(1996) examined rasterization, regular grid overlays, and Thiessen polygons as 

methods for splitting larger polygons into smaller harvest units and concluded 

that a hexagonal grid overlay system was the best compromise between 

processing complexity and results quality. 

 

Zoning is a related field that creates contiguous areas conceptually similar to 

harvest units, though generally involving much larger areas.  As with harvest 

scheduling models, zoning models can be classified into those which choose 

between pre-defined areas (Church et al. 1996, Csuti et al. 1997, Haight et al. 

2000), and those which build up zones as part of the zone selection process 

(Nalle et al. 2002, Boyland 2004).  Zoning and harvest scheduling are sometimes 

combined, with dynamic zones that shift across the landbase in conjunction with 

harvesting (Gustafson 1998), or by controlling harvests to creation contiguous 

reserve areas (Ohman and Eriksson 1998). 
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The following methods section describes the four harvest unit generation 

methods and outlines the three test landbases.  The four blocking methods are 

compared by using the harvest units within an integer programming harvest 

scheduling that finds exact optimal schedules.  Higher NPV values in the harvest 

scheduling model will indicate a more efficient harvest unit creation. 
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2 Methods 

2.1 Test Landbases 
Three landbases are used in this paper (Table 1):  Gavin, I27, and I29.  The 

landbases are from the interior of British Columbia, Canada, near Invermere (Lat. 

50.5N, Long. 116.0W).  Polygons are the basic units used for manipulation by the 

blocking algorithms, with the algorithm assigning an entire polygon to a harvest 

unit without splitting it between two or more harvest units.  Polygons store data 

needed for the blocking algorithms and for the harvest scheduling model:  area 

(ha), age, and tree species.  Tree species link the polygon to a growth and yield 

curve, that predicts merchantable volume by age (Figure 1).  A minimum rotation 

age of 80 years was used to prevent soil degradation through frequent 

harvesting.  This was expressed in the model by limiting the available volume to 

zero before year 80, and following the merchantable volume trajectory thereafter.  

Tree species were simplified in the datasets to a single species class to present 

more transparent results.  Volume for a polygon at any point in time was 

calculated by multiplying the polygon area by the volume per hectare based on 

the data in Figure 1 for the polygon’s age. 

 

Table 1.  Landbase descriptions. 
Landbase Area 

(ha) 
# 
polygons 

Ave. polygon 
size ha (min, 
max) 

Ave. # 
polygon 
neighbours 

Gavin 6,316 351 17.9 (1.0, 94.0) 4.4 

I27 3,360 682 4.9 (1.0, 58.6) 4.7 

I29 11,373 2,106 5.4 (1.0, 39.2) 5.1 
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Figure 1.  Merchantable volume per hectare as a function of stand age.  

Gray line indicates the full volume trajectory; black line indicates the 

available harvestable volume with a minimum rotation age of 80 years. 

 

 

2.2 Closest Point Blocker 
The Closest Point Blocker (CPB) starts by assigning a single centroid point to 

each polygon, calculated as the geometric center of the polygon.  It then 

randomly distributes a specified number of “seed” points across the landbase.  

The CPB algorithm checks each polygon centroid against each seed point, and 

assigns the polygon to the closest seed point.  When all polygons have been 

examined and assigned to their closest seed point, harvest units are created by 

grouping all polygons associated with each seed point. 

 

Seeds are randomly dispersed within the bounding box of the landbase, which is 

calculated as the smallest rectangle that completely encompasses the landbase.  

The number of seed points dictates the eventual number and size of harvest 

units.  Fewer seed points disperses them farther apart, drawing more polygons to 

each seed, creating larger, fewer harvest units.  Because the seed locations are 

chosen randomly, each run produces slightly different numbers of harvest units.  

Testing with various numbers of seed points is required to produce the desired 



FII Project R04058: Land Management Planning Methods to Maximize Environmental, Societal and Economic Benefits 

Technical Report: Polygon Aggregation and Generation of Harvest Units with Fuzzy Sets and Simulated Annealing page 10/29 

number and size of harvest units.  Parameters for each landbase are listed with 

the results in Table 2. 

 

Random Block Builder 

The Random Block Builder (RBB) works by grouping adjacent polygons together 

until the addition of a polygon pushes the harvest unit area over the harvest unit 

size target.  The RBB starts by randomly choosing a single polygon.  A neighbour 

list is compiled of all polygons that are 1) adjacent to the polygon, and 2) not 

already placed into a harvest unit.  A polygon is randomly selected from the 

neighbour list to be added to the harvest unit.  All of that polygon’s neighbours 

are added to the neighbour list, and the size of the harvest unit is recalculated 

and compared to the target size.  While the harvest unit size is less than the 

target size, polygons are selected from the neighbour list and added to the 

harvest unit, building up a contiguous grouping of polygons centered around the 

original seed polygon.  When the harvest unit reaches the target size, the 

neighbour list is reset to null, and another seed polygon is randomly chosen to 

begin the creation process.  After a polygon is assigned to a harvest unit, it 

cannot be reassigned to a different harvest unit.  Parameters for each landbase 

are listed with the results in Table 2. 

 

2.3 Crisp Simulated Annealing 
Simulated Annealing is a heuristic algorithm that searches for optimal solutions 

according to scores from a objective function.  It has been widely used in forest 

operations literature to provide solutions to problems too large for exact solutions 

methods (e.g. Bettinger et al. 1997).  Where compared to other heuristics, 

Simulated Annealing has performed well (Bettinger et al. 2002). 

 

Simulated Annealing works by first creating a complete solution, and then making 

a series of small changes to the solution.  Where the change improves the 

solution, it is kept.  If the change worsens the solution, the change is either kept 

or discarded, depending upon an annealing function.  The annealing function 
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randomly accepts a proportion of worse changes, at first accepting most worse 

changes, and slowly reducing the proportion of acceptance until at the end of the 

process, no worse changes are accepted.  By accepting worse changes, the 

algorithm avoids being trapped at local optima points, where no small changes 

can improve the solution, however, very different solutions exist that are better. 

 

The initial solution to the harvest unit creation problem used by the Crisp 

Simulated Annealing (CSA) model is a set of harvest units each with a single 

polygon.  Two types of changes to the solution are allowed.  First, a single 

polygon can be reassigned from its current harvest unit into an adjacent harvest 

unit.  If the old harvest unit is now empty of polygons, it is discarded.  The second 

type of change is the creation of a new harvest unit.  A single polygon is removed 

from a harvest unit, and assigned into a new harvest unit that now contains only 

a single polygon.  Both types of changes are allowed only if the old harvest unit 

remains completely contiguous (i.e. the removed polygon was not a “bridge” 

between two or more other polygons that would result in a discontinuous harvest 

unit). 

 

The objective function (Equation 1) rates landscape-level harvest unit 

configurations by summing penalties associated with each harvest unit.  

Penalties are assigned based on deviations from size targets (Equations 2 and 

3), and age targets (Equations 4 and 5).  The Area Weighted Average (AWA) 

age (Equation 4) for each harvest unit is used to calculate the spread of deviation 

between the AWA age and ages of individual polygons in the harvest unit 

(Equation 5).  Minimizing this spread results in harvest units with similar ages.  

Harvest units with similar ages allows more efficient harvest schedules to be 

constructed, by harvesting more polygons at their age of maximum growth 

potential.  To control the relative importance of each objective, penalty weights 

are used.  Higher penalty weights encourage the algorithm to create solutions 

with lower levels of deviations from that objective’s targets.  The penalty weight 
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combinations and simulated annealing parameters were extensively tested to 

find the best combinations resulting in the best harvest unit configurations. 

 

Z Objective score. 

Qi Size penalty of harvest unit i. 

Ri Age penalty of harvest unit i. 

Tmax Maximum area target (hectares). 

Tmin Minimum area target (hectares). 

Wmax Penalty weight associated with the maximum target area. 

Wmin Penalty weight associated with the minimum target area. 

Ai Area of harvest unit i (hectares). 

AWAi Area weighted average age of harvest unit i. 

Yp Age of polygon p (years). 

Hp Area of polygon p (hectares). 

I Total number of harvest units in the landbase. 

P Total number of polygons in the landbase. 

  

( )∑
=

+=
I

i
ii RQZ

0
       Equation 1 

for harvest units larger than the maximum target size: 

max
2

max WATQ ii −=        Equation 2 

 

for harvest units smaller than the minimum target size: 

min
2

min WATQ ii −=        Equation 3 

 

 

i

P

p
pp

i A

AY
AWA

∑
== 0        Equation 4 
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     Equation 5 

 

2.4 Fuzzy Simulated Annealing 
Fuzzy sets differ from traditional (crisp) sets with the specification of a 

membership function that describes the degree which the value is member of a 

set (Zadeh 1965).  The membership function is useful when classifying objects 

where no strict boundaries can be defined for the sets, such as seral stages.  

Fuzzy membership functions are also useful in scaling attributes for similarity.  

They are a translation function that maps the relationship of attribute value to 

membership value.  Figure 2 shows a membership function for a polygon “Age” 

class.  The curve rises steeply over low ages, indicating the relatively high level 

of dissimilarity between younger ages.  At higher ages, the curve is relatively flat, 

indicating that differences in age between older polygons are less pronounced, 

even in cases with large age differences.   
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Figure 2.  Membership function of “Age” class for the Fuzzy Simulated 

Annealing model.  Dashed line indicates a minimum rotation age of 80 

years. 
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The Fuzzy Simulated Annealing (FSA) model is identical to the crisp simulated 

annealing model except in the age penalty calculation.  The FSA uses age 

membership values instead of age in calculating the Area Weighted Membership 

Value (AWMV) for age class (Equation 6), and membership values instead of 

age again in Equation 7 to find the spread of deviations around the AWMV.  As 

with the CSA, we again extensively tested parameter combinations to produce 

the best harvest unit configuration results. 

 

AWMVi Area weighted average age membership value for harvest unit i.  

Mp  Age membership value for polygon p. 

P  Total number of polygons in the landbase. 

 

i

P

p
pp

i A

MY
AWMV

∑
== 0        Equation 6 

area

P

p
pipi WHAWMVYR 







−= ∑

=0

     Equation 7 

 

2.5 Integer Programming Harvest Schedule Model 
We used a harvest scheduling model to test the efficiency of the four blocking 

algorithms.  The Integer Programming Harvest Schedule (IPHS) model uses 

integer programming to find exact optimal harvest schedules, maximizing Net 

Present Value (NPV) from harvesting operations.  The IPHS model uses the 

harvest unit results from the blocking algorithms as an input, scheduling the 

harvest units for harvest.  With each blocking method using the same initial 

landbase and the IPHS model finding exact optimal solutions, the sole influence 

on NPV is the efficiency of blocking. 

 

The Integer Programming Harvest Schedule (IPHS) model maximizes NPV 

according to Equation 8.  NPV is calculated using a profit margin of $10 per 

harvest cubic meter of volume and an interest rate of 4%.  IPHS is used as a 
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tactical planning tool with harvesting occurring in three 10 year periods with an 

additional period used to approximate the value of the standing timber at the end 

of the planning horizon.  As well as general accounting constraints (Equations 9 

and 10), adjacency constraints are applied restricting the harvest of two or more 

adjacent harvest units (Equation 11).  This prevents the creation of extra-large 

openings through the simultaneous harvest of contiguous areas. 

 

xti harvest variable for harvest unit i in period t; 1 if harvested, 0 if not 

harvested. 

vti net present value for harvesting harvest unit i in period t. 

rti profit for harvesting harvest unit i in period t. 

I total number of harvest units in the landbase. 

xtin harvest variable for the neighbouring harvest unit n of harvest unit i in 

period t 

 

 

∑∑ ∑∑
= = = =

−
3

1 0

3

1 0
4

t

I

i t

I

i
itititi vxvxMaximize       Equation 8 

  

subject to: 

 

Binary decision variables   

• all or none of a harvest unit must be harvested in a single period. 

 

For all harvest units, i, in time periods, t: { }1,0∈tix    

 Equation 9 

 

Area control 

• each harvest unit can be harvested once at most: 

For all harvest units, i: ∑
=

≤
3

1
1

t
tix       Equation 10 
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Adjacency restrictions 

• harvesting cannot occur on two adjacent harvest units within the same 

period. 

For all time periods, t, and all harvest units, i: ∑
=

≤
N

n
tinx

0
0   

 Equation 11 

 

2.6 Analyses 
We are interested primarily in testing the harvest unit creation efficiency of the 

four blocking algorithms.  We tested all four algorithms on the three landbases 

outlined in the “Test Landbases” section above, for a total of twelve scenario 

combinations.  Because each of the algorithms has a random component, we 

applied each of the algorithms 100 times in each of the landbase/algorithm 

scenarios. 

 

The primary use of harvest unit algorithms is for later use within harvest 

scheduling analyses.  Therefore, the most appropriate test of blocking efficiency 

is the eventual outcome of harvest scheduling results.  For each of the 100 runs 

within the 12 scenarios, we solved for the optimal harvest schedule with the IPHS 

model using integer programming.   

 

We believe that harvest scheduling results can be influenced by the number of 

harvest units created by the blocking algorithm.  To ensure an equal comparison, 

we set the parameters of each blocking algorithm to produce an equal number of 

harvest units for each landbase (Table 2).  We decided to test the influence of 

the number of harvest units on harvest scheduling by creating a range of harvest 

unit configurations with different numbers of harvest units.  We used the Closest 

Point Blocker algorithm on the I27 landbase creating 30 harvest unit 

configurations ranging in number of harvest units from 9 to 681.  We then used 
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these harvest units with the IPHS model to solve for the optimal harvest 

schedule, comparing the NPV attained from each harvest unit configuration. 
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3 Results 

The closest point blocker and random block building algorithms took less than 1 

second to create results for all three landbases.  The two annealing models were 

systematically tested for appropriate parameters and penalty weights.  Because 

search effort influences the quality of results, both the FSA and CSA models 

used the same annealing parameters to provide an equal comparison.  A search 

time of approximately 1 minute provided consistently good results with both the 

FSA and CSA models, and was chosen as a compromise between algorithm 

performance and practical time considerations.  Longer search times sometimes 

produced better results, but the improvements were small, and seemed to be 

equally distributed between both models. 

 

The harvest scheduling model found optimal solutions for all problems, with a 

required optimality gap between calculated and discovered solutions of less than 

0.005%.  The average solution times were less than five seconds for the Gavin 

and I27 landbases, and less than one minute for the I29 landbase. 

 

 

Table 2.  Harvest unit creation results.  Algorithms are RBB = Random Block 

Building, CPB = Closest Point Blocker, CSA = Crisp Simulated Annealing, FSA = 

Fuzzy Simulated Annealing.  HU’s are harvest units. 
Landbase # Runs Ave. # HU’s created (s.d.) Size of HU’s ave (ha) 

  RBB CPB CSA FSA RBB CPB CSA FSA 

Gavin 100 158.3 161.x 161.4 163.6 39.8 39.2 39.1 38.6 

I27 100 226.3  231.x 229.7 239.1 14.9 14.5 14.6 14.0 

I29 100 674.5  669.2 674.5 677.1 16.9 17.0 16.9 16.8 

 

The two random blocking algorithms produced the worst harvest unit 

configurations, which translated into low NPV’s (Figure 3).  The best RBB and 

CPB results overlap slightly with the worst FSA results, however, they are 

appreciably smaller than the annealing results over most of the runs. 
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The FSA model produced the highest NPV values (Figure 3) on all three 

landbases.  These results indicate that the FSA model created the best designed 

harvest units that were able to be used most efficiently in maximizing NPV.  The 

CSA model was second best, averaging 4.7% less NPV than FSA across all 

three landbases.  While the best CSA results were higher than some FSA 

results, there is no reason not to choose the fuzzy control mechanism.  Both are 

equally simple to implement, and neither have results interpretation advantages. 

 

The FSA model designed better harvest units because of finer resolution in 

controlling the age distribution within harvest units.  The CSA treats all age 

differences as equally detrimental.  The FSA fuzzy age class is able to define 

varying levels of importance to age differences across the range of possible 

ages.  The age class membership function was designed to group polygons with 

similar age characteristics into harvest units based on a combination of the 

minimum rotation age and the volume over age curve.  At low ages, a 10 year 

difference between polygon ages can provide a barrier to efficient harvest 

because 1) the high growth rates at young ages reduces the similarity between 

polygons, and 2) harvest units with polygons both below and above the minimum 

rotation age (80 years) cannot be harvested efficiently.  At higher ages, 

differences of 10 years between polygons is relatively unimportant:  both 

polygons are well over the minimum rotation age, and the volume difference 

between polygons is minimal.  These factors are reflected in the membership 

function with a steep slope at young ages, and shallow slope at older ages 

(Figure 2).  
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Figure 3.  NPV for 100 runs using four blocking methods.  The landbases 
are a)Gavin, b)I27, c)I29.  FSA = Fuzzy Simulated Annealing; CSA = Crisp 
Simulated Annealing; CPB = Closest Point Blocking; RBB = Random 
Block Builder.  The runs are sorted from lowest to highest NPV. 
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A single fuzzy class was used to demonstrate the method without complicating 

the results.  The inclusion of more classes, including appropriate modifications to 

the objective function, can easily be made.  More classes could be added 

describing the age attribute (e.g. Old, Mature, Young), or other classes could be 

added around different attributes, such as growth rate or species type.  Because 

this paper uses a single growth curve and species type, these classes are not 

appropriate, however it is expected that more complex planning environments 

would contain many attributes of interest and related classes. 

 

We also tested the effects of the number of harvest units on NPV, and found the 

relationship shown in Figure 4.  These data were collected running the CPB 

algorithm repeatedly on the I27 landbase, varying the number of seed points to 

create harvest unit configurations with various numbers of harvest units.  Two 

effects combine to produce the curve.  First, the trend of increasing NPV with 

increasing numbers of harvest units was produced by a reduction in the number 

of polygons required per harvest unit.  With smaller and smaller harvest units, 

eventually the harvest scheduler can choose between harvest units with only a 

single polygon, allowing each polygon to be harvested at its highest yield period, 

producing increased NPV’s.  The second trend is the sharp increase in NPV at 

very low numbers of harvest units.  This is caused by a reduction in the effect of 

adjacency constraints.  With relatively small sizes, most harvest units have 4-7 

neighbouring harvest units.  Harvesting is allowed in only three periods, so up to 

half the harvest units can not be harvested in the short planning horizon because 

of adjacency constraints.  Reducing the number of harvest units to extremely 

small numbers reduces the total percentage of the landbase that cannot be 

harvested, which increases the NPV.  While larger harvest units are less efficient 

in which polygons are chosen for harvest, they are far more efficient at 

harvesting a higher percentage of the landbase within the three periods.  In most 

planning environments, this effect would eventually disappear with longer 

planning horizons and stricter even-flow volume constraints.   
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Figure 4.  Net Present Value across a range of harvest unit numbers.  The 

results are for the I27 landbase using the Closest Point Blocker algorithm. 

 

 

Polygon size interacts with Closest Point Blocker (CPB) to produce the end 

harvest units size and number of harvest units.  Very small polygons will divide 

more evenly between seed points than large polygons, especially when polygon 

sizes approach the target harvest unit size.  The RBB produces a range of 

harvest unit sizes depending on the size of the final polygon added to the harvest 

unit.  The largest possible harvest unit is created when a harvest unit, slightly 

below the target, adds the largest polygon.  With the largest polygon in the Gavin 

landbase at 94 hectares, the largest possible harvest unit is the target size plus 

94 hectares.  The smallest possible harvest unit is the size of the smallest 

polygon.  Single polygon harvest units are created when a polygon is separated 

from other polygons by inoperable ground and has no neighbouring polygons to 

add to the harvest unit.  Single polygon harvest units can also be created when 

harvest units surrounding a polygon have been created that leave no unassigned 

polygons to group with the single polygon.  Neither of the random block methods 

have a mechanism for controlling the range of polygons sizes, relying on polygon 

size and the algorithm to produce desirable size ranges.  If a more specific 
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harvest unit size range is required (e.g. 40-80 hectares), then the CPB and RBB 

methods may not produce feasible block distributions. 
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4 Conclusions 

We introduced a harvest unit creation algorithm using fuzzy classes and the 

simulated annealing algorithm:  the Fuzzy Simulated Annealing (FSA) model.  

Harvest unit algorithms are required by some harvest schedulers to pre-

aggregate polygons into sizes appropriate for operational efficiency.  We tested 

FSA against three other harvest unit creation algorithms, two random generation 

methods – Random Block Builder and Closest Point Blocker – and a Crisp 

Simulated Annealing (CSA) model.  All four algorithms group adjacent polygons 

together to form contiguous harvest units, based on harvest unit size targets.  

The CSA and FSA models also attempt to control the polygon ages at the 

harvest unit level.  CSA attempts to minimize the range of ages within a harvest 

unit, while FSA minimizes the range of fuzzy membership values representing an 

age class. 

 

We tested the four algorithms by first creating harvest unit configurations, and 

then using them as inputs for an integer programming harvest scheduling model 

that finds exact optimal solutions, maximizing the net present value of harvesting 

operations.  The fuzzy annealing algorithm outperformed the other three 

algorithms, producing harvest units that were able to produce an average of 

4.7% higher than the crisp annealing algorithm.  FSA outperformed the CPB and 

RBB algorithms by an even wider margin. 

 

The fuzzy classes add a second dimension to controlling ages within harvest 

units as compared to the more traditional crisp classes.  The fuzzy membership 

function includes the ability to specify how closely related the ages are over 

different ranges.  This allows differences in younger ages, when the stands are 

vigorously growing, to be more significant than an equal difference in age of older 

stands, when little growth is occurring.  The finer resolution of control on age over 

the crisp age control translates into harvest units with polygons that are more 
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closely related, and produces higher net present values when used by harvest 

scheduling models. 
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