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ÅAbility to maintain a resource indefinitely into the future, with 

no decline in quality or quantity, regardless of outside 

influences

ÅApplied to one or several resources at the same time

ÅThe term sustainability is value-laden

ÅWe can attempt, through planning, to sustain:

Timber Production Ecosystems

Multiple uses Social values

What do we mean by Sustainability?



Purpose of This Study

Å To examine sustainability measures on two forests: 

Southern industrial forest

Northwestern state-owned forest

Å To analyze three management scenarios with different measures 
of sustainability - using strategic harvest scheduling models

Å To demonstrate the tradeoffs in forest outputs with different 
levels of sustainability measures 



SOUTHERN FOREST



SOUTHERN FOREST

Å 121,000 hectares

Å 2277 strata

Å Potential wildlife habitat = natural & mixed cover 
types > age 40

COVER TYPES hectares %

Pine Plantation 69,600 57%

Natural Plantation 26,400 22%

Mixed Pine-Hardwood 16,800 14%

Natural Pine 5,600 5%

Non-Forest/Non-Productive 2,700 2%



SOUTHERN FOREST

Å 21 and older age classes contain 
8.4% of the plantation area

Å 10 and younger age classes contain 
54.6% of the plantation area

Initial Age Class Distribution - Pine Plantations
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SOUTHERN MODEL

Å A strategic forest management scheduling model utilizing the 

Woodstock forest modeling system, growth and yield models, 

a range of silvicultural alternatives, forest management 

objectives and constraints, and an appropriate land 

classification scheme

Å By stratum - Specifies harvest years, harvest area, and harvest 

volumes for final harvests and thinnings (stratum is a 

population of similar stands)

Å Assigns management regimes and harvest/treatment timing 

choices to strata based on biological and economic objectives



SOUTHERN MODEL

Base Model

Å Linear programming-based model

ÅModel II formulation

Å Objective Function

ïMaximize NPV of cash flows over the entire planning 

horizon (8% real discount rate)

ïNPV is the primary criterion for evaluation of alternatives 

because the goal is to manage the forest asset in an 

economically efficient & financially responsible manner

Å 100 year model horizon

Å 1 year periods



SOUTHERN MODEL

Scenario Description:

Scenario 1: 

Sustainability of 

Timber Value

Scenario 2: 

Sustainability of 

Multiple Uses

Scenario 3: 

Sustainability 

of Ecosystems

Wood flow policy (+/- 20%/period)  yes yes yes

Non-declining pine standing inventory, years 

85-100
yes yes yes

Non-increasing pine harvest volume, years 85-

100
yes yes yes

Rotation Length 20-25 year 20-25 year 20-25 year

Cover-types suitable to wildlife habitat can not 

be converted to pine plantations or other non-

habitat cover-types

yes yes yes

In 50 years doubles the area in the oldest age 

class (61+) and have a balanced age class 

distribution

yes yes

5 spatially-explicit reserves totaling 2350 ha 

with no timber production over the entire 

planning horizon

yes



SOUTHERN MODEL - RESULTS

ÅScenario 2:
4% less 
average annual 
volume than 
Scenario 1

ÅScenario 3:
only 1% less 
additional 
average annual 
volume than 
Scenario 2 
since the 
reserves were 
only 2% of the 
production base

ÅNPV follows 
same pattern

Annual Timber Harvest Volume
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Scenario 1  - NPV $172 million

Scenario 2  - NPV $165 million

Scenario 3  - NPV $163 million



Scenario 2 - Year 50

41-60 21-40

 61+  1-20

Scenario 3 - Year 50

41-60 21-40

61+ 1-20

Initial Age Classes

41-60

 21-40

61+
 1-20

SOUTHERN MODEL - RESULTS

Wildlife Habitat in 

Year 50

(Non-Pine Plantation Cover 

Types)

ÅScenario 1: 95% age 

40 or younger 

ÅScenario 2 & 3: 

Balanced age class 

distribution with 47% 

older than age 40 and 

doubled oldest age 

class

Scenario 1 - Year 50

21-40

1-20

61+



NORTHWEST FOREST



NORTHWEST FOREST

Å 55,400 hectares 

Å Primarily a Doug-

fir/western hemlock 

forest (86%)

Å Some Sitka spruce, 

western redcedar, 

red alder, and true 

fir (14%)

Douglas-fir mix, 53%

Douglas-fir, 13%

Western Hemlock mix, 

19%

Hardwood mix, 9%

Hardwood, 2%

Western Hemlock, 1%

Other, 1%

Non-forest, 1%
Cover Types



NORTHWEST FOREST

Å 29% is less than age 40

Å 70% is between ages 40 and 70

Å < 1% is over age 70

Initial Age Class Distribution

0%

5%

10%

15%

20%

25%

30%

35%

no
n-

fo
re

st 5 10 15 20 25 35 40 45 50 55 60 65 70 75 80 85 90 95 10
0

Age

P
e

rc
e

n
t



NORTHWEST FOREST

ÅStructure-based 

Management is NW 

Forest strategy

ÅOFS & Layered are most 

important for T&E 

species

ÅCurrently less than 5% 

OFS & LYR (complex 

stand structure)

Current Stand Structure Classification

Closed Single Canopy, 

29%

Understory, 65%

Layered, 4%

Non-forest, 1%

Regeneration, 1%

Older Forest Structure, 

0.3%



NORTHWEST MODELS

Å Multi-goal combinatorial optimization problem using simulated 
annealing heuristic 

Å Objective function includes:

ï volume/period

ï ending standing inventory

ï maximizing NPV

ï (scenario 3 only) OFS+LYR structure/period 

Å Spatially explicit solution considering:

ï forest land classifications

ï maximum clearcut size

ï coordinating harvests within a harvest unit

ï costs associated with embedded transportation tree

ï patches of wildlife habitat

Å 150 year model horizon

Å 30 - 5 year periods



NORTHWEST MODELS

Stands Harvest units 

& Road Tree

Period 2 Scheduled harvest
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