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Bioenergy as an Ecosystem 
Management Product

• Wood was the major energy source for early civilizationsWood was the major energy source for early civilizations

•• Displaced for centuries in many countries by water, coal, Displaced for centuries in many countries by water, coal, 
natural gas and/or nuclear power natural gas and/or nuclear power 

•• Interest returned in Interest returned in ’’70s 70s -- the threatened Arab oil embargothe threatened Arab oil embargo

•• Current interest is closely related to environmental Current interest is closely related to environmental 
concerns over climate changeconcerns over climate change



Bioenergy as an Ecosystem 
Management Product

• Wood was the major energy source for early civilizations

• Displaced for centuries in many countries by water, coal, 
natural gas and/or nuclear power 

• Interest returned in ’70s - the threatened Arab oil embargo

• Current interest is closely related to environmental concerns 
over climate change

Take home message from my talk:Take home message from my talk:

Current and future forest Current and future forest bioenergybioenergy strategies must address strategies must address 
ecosystem sustainability and the many values of forest ecosystemecosystem sustainability and the many values of forest ecosystemss



Definition of Forestry

•• The art (skill), practice, science and The art (skill), practice, science and 
business of managing forested business of managing forested 
landscapes to sustain a desired landscapes to sustain a desired 
balance of ecologically possible values balance of ecologically possible values 
and environmental services from that and environmental services from that 
landscape.landscape.



The Two Responsibilities of Forestry

1.1. To change the way in which a forest is managed as the To change the way in which a forest is managed as the 
desired balance of values and environmental services  desired balance of values and environmental services  
changes.changes.

2.2. To reject current practices and resist proposed new To reject current practices and resist proposed new 
practices that are inconsistent with the ecology and practices that are inconsistent with the ecology and 
sociology of the desired values and services over sociology of the desired values and services over 
ecologically appropriate temporal and spatial scales.ecologically appropriate temporal and spatial scales.

This requires that forest bioenergy be developed in 
the context of ecosystem management



Sustainable Exploitation Sustainable Exploitation —— Passive Management Passive Management —— Active ManagementActive Management

Replaced byReplaced by

NonNon--sustainable exploitationsustainable exploitation

Leads toLeads to

Resource Resource 
depletiondepletion

Administrative forestryAdministrative forestry
Variable 
results; often 
single value

Evolves intoEvolves into

EcologicallyEcologically--based forestry, based forestry, 
often initially timber biasedoften initially timber biased

Sustained Sustained 
timber timber 
productionproduction

Management of the forest as an ecosystem for Management of the forest as an ecosystem for 
multiplemultiple--values.                                              values.                                              

FOREST ECOSYSTEM MANAGEMENTFOREST ECOSYSTEM MANAGEMENT

Application of social and ecosystem Application of social and ecosystem 
sciences that respect the ecology sciences that respect the ecology 
and sociology of desired valuesand sociology of desired values

The Evolution of Forest Ecosystem The Evolution of Forest Ecosystem 
Management Management 

Bioenergy



What is Forest Ecosystem
Management?

Managing forests as integrated systems to sustain Managing forests as integrated systems to sustain 
multiple values multiple values –– not managing individual valuesnot managing individual values



Forestry is about people Forestry is about people -- values, needs, desires

- and sustaining the ecosystems on 
which these are dependent

WoodWood

NonNon--timber botanical productstimber botanical products

WaterWater

WildlifeWildlife

EmploymentEmployment

Economics Economics -- wealth creation wealth creation 

BioenergyBioenergy

Spiritual valuesSpiritual values

Environmental protectionEnvironmental protection

AestheticsAesthetics

RecreationRecreation

BiologicalBiological conservationconservation

Ecosystem processesEcosystem processes



What is Forest Ecosystem
Management?

Managing forests as integrated systems to sustain Managing forests as integrated systems to sustain 
multiple values multiple values –– not managing individual valuesnot managing individual values

Managing ecosystem processes Managing ecosystem processes –– energy and changeenergy and change



Forests as Energy Systems

Leaf area and photosynthetic 
efficiency

Net photosynthesis

Net primary production

Net biomass accumulation

Harvestable biomass/energy

Light   
Water 

Nutrients

Carbon 
allocation

Solar energySolar energy

RespirationRespiration

LitterfallLitterfall, plant death, , plant death, 
root death, root death, herbivoryherbivory

UnharvestedUnharvested
biomass/energybiomass/energy

Climate



What is Forest Ecosystem
Management?

Managing forests as integrated systems to sustain Managing forests as integrated systems to sustain 
multiple values multiple values –– not managing individual valuesnot managing individual values

Managing ecosystem processes Managing ecosystem processes –– energy and changeenergy and change

Managing at multiple scalesManaging at multiple scales –– space and timespace and time

Examining value tradeoffs Examining value tradeoffs –– multimulti--value decision support toolsvalue decision support tools

Adaptive management Adaptive management –– monitoring/temporal fingerprintsmonitoring/temporal fingerprints

Use of ecosystemUse of ecosystem--level decision support tools and advanced level decision support tools and advanced 
visualization communication toolsvisualization communication tools



Impediments to Ecosystem 
Management

• Lack of public trustLack of public trust

•• Lack of appropriate tenures on public land Lack of appropriate tenures on public land 

•• Lack of experience and institutions for managing multiple Lack of experience and institutions for managing multiple 
values under a single planvalues under a single plan

•• Failure of science to support systemFailure of science to support system--level thinking and level thinking and 
planning planning –– ““jigsaw puzzlejigsaw puzzle”” science and educationscience and education

•• Failure to use multiFailure to use multi--value ecosystem management value ecosystem management 
planning toolsplanning tools



Ecosystem Management and 
Bioenergy Scenario Analysis Tools

• Appropriate complexity levelAppropriate complexity level

As  simple as possible, but as complex as As  simple as possible, but as complex as 
necessary necessary –– OccamOccam

As simple as possible, but no simpler As simple as possible, but no simpler -- EinsteinEinstein



Levels of biological 
organization

Levels of biological Levels of biological 
integrationintegration

Ecosystem

Community      

Population

Individual

Organ systems

Organs, tissues

Cell

Sub-cellular

The need for the ecosystem level :   PREDICTION

CC
OO
MM
PP
LL
EE
XX
II
TT
YY

EcosystemEcosystem

IndividualIndividual

CellCell

-- UnderstandingUnderstanding

-- UnderstandingUnderstanding

-- UnderstandingUnderstanding

-- UnderstandingUnderstanding

-- UnderstandingUnderstanding

-- PredictionPrediction

-- PredictionPrediction

-- PredictionPrediction



Ecosystem Management and 
Bioenergy Scenario Analysis Tools

•• Appropriate complexity levelAppropriate complexity level

•• Key processesKey processes

Primary production – energy and nutrients

Ecosystem disturbance and change - succession



NET NET 
PRIMARYPRIMARY

PRODUCTIONPRODUCTION

ALLOCATIONALLOCATION

ROOTSROOTS STEMSSTEMS FOLIAGEFOLIAGE

PHOTOSYNTHETICPHOTOSYNTHETIC
EFFICIENCYEFFICIENCY

FOLIAGEFOLIAGE
NITROGENNITROGEN
CONTENTCONTENT

Core ecosystem Core ecosystem 
processes that should processes that should 

be representedbe represented

1. Plant growth and 1. Plant growth and 
carbon allocationcarbon allocation

AVAILABLEAVAILABLE
SOILSOIL

NUTRIENTSNUTRIENTS

3. Nutrient limitation3. Nutrient limitation

AVAILABLEAVAILABLE
SOILSOIL

MOISTUREMOISTURE

MaximumMaximum
potential foliagepotential foliage

biomass setbiomass set
by moistureby moisture

4. Moisture limitation4. Moisture limitation

5. Competition for 5. Competition for 
resourcesresources

2. Light limitation 2. Light limitation 

AVAILABLEAVAILABLE
LIGHTLIGHT



Ecosystem Management and 
Bioenergy Scenario Analysis Tools

•• Appropriate complexity levelAppropriate complexity level

•• Key processesKey processes

•• Various spatial scalesVarious spatial scales

Individual trees, stands, Individual trees, stands, cutblockscutblocks, local , local 
landscapes, watersheds and larger landscapeslandscapes, watersheds and larger landscapes



POSSIBLE FOREST 
FUTURES: 

watershed landscape 
management model

LLEMS
Local Landscape Ecosystem Management Simulator

Trees Ecotone Open

* Is this a clearcut?

* What will the future                 
forest species composition be?

* How will Douglas-fir 
compete with western 
hemlock?

* Will shade tolerant 
hardwoods be able to grow?

LLEMS: local 
landscape/complex 
cutblock simulator

FORCEE:
Individual tree, 
complex stand model

FORECASTFORECAST
Non-spatial ecosystem 

management stand model

LLEMS Visualization 
software – stand and 

landscape



DECISION SUPPORT SYSTEM: DECISION SUPPORT SYSTEM: Modelling FrameworkModelling Framework

Merchantable Merchantable 
VolumeVolume

Ecosystem C Ecosystem C 
StorageStorage

Snags (>25cm Snags (>25cm dbhdbh))

Early Seral Shrub Early Seral Shrub 
Cover (%)Cover (%)

ProjectionProjection InterpretationInterpretation

StandStand--level Modellevel Model
(FORECAST)(FORECAST)

ForestForest--level Modellevel Model
(ATLAS)(ATLAS)

Habitat ModelHabitat Model
((SimForSimFor))

Visualization Visualization 
SoftwareSoftware

PolygonPolygon--
BasedBased

RasterRaster--
BasedBased



Ecosystem Management and 
Bioenergy Scenario Analysis Tools

• Appropriate complexity levelAppropriate complexity level

•• Key processesKey processes

•• Various spatial scalesVarious spatial scales

•• Key values to be representedKey values to be represented

Timber, Timber, NTFPsNTFPs, employment, economics, carbon budget, soil , employment, economics, carbon budget, soil 
fertility, sustainability, biodiversity values, aesthetics, watefertility, sustainability, biodiversity values, aesthetics, water, fish r, fish 

values, wildlife habitat values, etcvalues, wildlife habitat values, etc……....



POSSIBLE FOREST FUTURES



Example of FORECAST 
Analysis of Sustainability

• Data for DouglasData for Douglas--fir plantation, fir plantation, ShawniganShawnigan Lake, Lake, 
southern Vancouver Islandsouthern Vancouver Island

•• 180 year simulation; 180 year simulation; two disturbance historiestwo disturbance histories, , 
three thinning levelsthree thinning levels, , threethree utilization levelsutilization levels

•• Output for standOutput for stand--level economics, energy, shrub level economics, energy, shrub 
biomass, tree biomass,biomass, tree biomass, soil humus and soil humus and 
nitrogen, slash biomass, visualizationnitrogen, slash biomass, visualization



Economic Economic 
net benefitnet benefit

Energy Energy 
net net 
benefitbenefit



Energy Energy 
b/cb/c ratioratio

Shrub NTFPShrub NTFP



DouglasDouglas--fir fir 
biomassbiomass

HumusHumus



Available Available 
soil soil 
nitrogennitrogen

Biomass of 
roadside 
slash 



Other Values provide by FORECAST:

• Wildlife habitat values – depends on the 
species

• Employment

• Aesthetics:



CALP FORESTER visualization output using a 
mouse to select cutblock boundary for dispersed 

retention



CALP FORESTER visualization output 
showing 20% dispersed retention



1 2

4 3

Defining grouped retention with a mouse



Conclusions
• Values and environmental services desired Values and environmental services desired 

from forests have always been changingfrom forests have always been changing

•• Bioenergy was, and once again is, an important Bioenergy was, and once again is, an important 
forest productforest product

•• The increasingly complex set of values desired The increasingly complex set of values desired 
requires ecosystem managementrequires ecosystem management

•• The complexity of ecosystem management The complexity of ecosystem management 
requires the use of ecosystemrequires the use of ecosystem--level value level value 
tradeoff and scenario analysis toolstradeoff and scenario analysis tools
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