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The Sustainability Dream

 Sustained Yield Forestry (SYF)
• only harvest the amount grown

over a period of time
 Sustainable Development (SD)

• proceed without constraining 
options of future generations

 Sustainable Forest Management (SFM)
• extend SYF to all forest values

(Burton 2019, Chapter 1 in Stanturf, ed.)

But Sustainability Comes With Baggage…

 “Weak” vs. “Strong” sustainability
• Weak sustainability expects net sustainability to 

be maintained, not individual values
• Implies interchangeability of values

 Even-Flow delivery of ecosystem services
• Constant or minimum levels sustained

 Maximum Sustained Yield (MSY)
• Levels and timing of harvest and renewal 

optimized for a single value (e.g., fish weight, 
timber volume)

 Equilibrial world view
• Balance of Nature, future same as the past
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How is SYF Working Out For Us?

Kaingaroa Forest Estate, North Island, New Zealand 
Pinus radiata plantations, third +/- 25-yr rotation

(photo by Oscar Garcia)                            (data from Timberlands Limited 2018)

N.Z.: Vulnerability of Managed Forest Lands

(Editorial, The Press, Christchurch, N.Z., 8 June 2018)

“The deep question we face is how to balance 
commercial return with environmental 
sustainability, while minimising future 
disasters.”
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Historic Trends in Timber Values

(Filotas et al. 2014, Ecosphere 5(1):1)

We Try to Engineer Forests for Optimality

(Roberge et al. 2016, 
Ambio 45(Supp.2): 109-123)

https://en.wikipedia.org/
wiki/Optimal_rotation_age
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But Even Engineering Requires Humility 
& Precautionary Planning

https://historylink.org/File/5048

Tacoma Narrows Bridge Collapse, 
7 November 1940

https://profbillanderson.com/2018/11/09/
the-burden-of-the-iron-ring/
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MPB sanitation & salvage "uplift"

pre-MPB sustainable harvest

The next several decades of timber supply have been harvested, with 
a falldown in supply ( and sawmill closures) now being experienced.

2000

(Burton 2010, Sustainability 2: 2409)

How is SYF Working Out For Us?
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How is SYF Working Out For Us?

(Timberline Consultants 2007, Analysis Report in 
support of 2009 Kispiox TSA AAC Determination)

Standard policy for forest “normalization”

2019 Mill Closures & Curtailments

How is SFM Working Out For Us?

(Timberline Consultants 2007, Analysis Report in 
support of 2009 Kispiox TSA AAC Determination)

(photo by 
Oscar Garcia)
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How is SFM Working Out For Us?

Northern Goshawk Nest Area Reoccupation Rates 

by Forest Resource District in NW BC (n = 100)  (Hare peak 

2003 and 2017)

(slide courtesy of Frank Doyle)
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SFM in a Changing World?

2017, Island Press2011, Greystone Books2005, Harper Collings

Resilience as an Alternative 
Paradigm to Strict Sustainability

Hugh Raup, upon evaluating 50 years of Harvard 
Forest management history:
“Rather … we should think in terms of massive 
uncertainty, flexibility and adjustability”

(1964, J. Animal Ecol. 33: 26) 

Even then, he was urging us to manage for:
Resilience -- “a measure of the persistence of 
systems and of their ability to absorb change and 
disturbance …” (Holling 1973, p. 14)
-- the ability to persist under pressure, following 
stress, disruption or disturbance
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Resilience as an Alternative 
Paradigm to Strict Sustainability

(2006) (2012) (2014)

Resilience as a Management Objective

 promoting persistence in the face of adversity

 resisting, absorbing, recovering, adjusting, adapting, 
or transforming as necessary

 emphasizing long-term sustainability 
over short-term optimization

 managing under risk and uncertainty
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Resilience Concepts

Resilience Concepts

I propose that Resilience – persistence – can 
be accomplished through:
 Robustness – resistance to change
 Recovery – reliable return to previous state
 Adjustment – some components, structure, or 

functions change (may be temporary)
 Adaptation – major, long-term adjustment
 Transformation – most components or 

structure changed but some function retained
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Resilience Concepts

An Expansion of Resilience Concepts

Some metaphors:
 Robustness – resistance to change

(image from treesource.org)
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Forest Fires in Western Conifer Forests:

“Resistance Pathway”    
- surface fires in drier, 
fire-dependent, often 
uneven-aged, open or 
patchy forests

An example:

An Expansion of Resilience Concepts

Metaphors (continued):
 Recovery – direct or indirect

return to previous state

(image from riparianhabitatrestoration.ca)
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Forest Fires in Western Conifer Forests:

“Recovery Pathways”     
- crown fires in even-aged, 
closed-canopy, often multi-
species forests

Example:

An Expansion of Resilience Concepts

Metaphors (continued):
 Adjustment – some components or processes 

change but structure and function retained

(Cournoyer & Filion 1994, Arctic Alp. Res. 26(4): 413)
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Forest Adjustment to Root Rot Pathogen:

“Adjustment  Pathways”     
- often achieved through a 
shift in species composition

Example:

Cleary et al. 2011. BCJEM 12(2): 17-20.

The Evolution of Resilience Concepts

Metaphors (continued):
 Adaptability – attributes or changes that 

confer or reflect flexibility, function under a 
broad range of conditions or roles

“JOATMON?” Populus tremuloides Michx.

(map from nativeplantspnw.com)
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Forest Adaptation to Exotic Invasion:

“Adaptation  Pathways” - often 
achieved through behavioral or 
physiological plasticity, genetic diversity, 
migration …. or substitutability

Example: DED

(Brunet et al. 2014, 
Basic and Appl. Ecol. 15: 117)

The Evolution of Resilience Concepts

Metaphors (continued):
 Transformation – strong change in most 

components or structure, but some 
components, structure or function retained
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Forest Transformation to Grassland or Tundra

Example:

near Becher’s Prairie, Chilcotin, May 2018
(photo by Nick Hamilton)

“Transformation Pathways”  -
typically represent a system flip, 
yet some functions remain

The Gradient of Resilience Tactics
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The Adaptive Silviculture
for Climate Change (ASCC) Network

www.adaptivesilviculture.org

Lessons from Western Forests:
Naturally Resilient … But Not Always

 Native conifer forests response to fire, logging
 forest recovery vs. commercial objectives

 Insect outbreaks
 alternative post-outbreak trajectories

 Aspen response to defoliator + drought

 Whitebark pine woodlands: multiple stressors

 Bristlecone pine response to fire
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Forest Fires in Western Conifer Forests:
Delayed Recovery

Recovery Compromised:
- if fires are very severe, 

very large, or 
young forest is burned

545,151 ha

Response to Logging and Silviculture
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Response to Logging and Silviculture
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(Lilles et al. 
2018, 

For.Ecol.
Manage. 

421: 3-15)

(Haeussler & Kneeshaw 2003, in Burton 
et al. Towards SFM of the Boreal Forest)

Resilience Varies By Ecosystem

(courtesy of Sybille Haeussler, unpublished)
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Resilience Varies By Ecosystem:
ICH Recovery After Western Hemlock Looper

(Michelle Connolly 2014 MSc thesis, UNBC;
Connolly, Burge & Burton in prep.)

Alternative post-MPB Trajectories

(bottom right photo by Dave Coates)
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(Darin Brooks M.Sc. Thesis, UNBC 2012)

Natural (Successional) Recovery Contingent on 
Landscape Position, Site, Stand Development Stage 

CART analysis 
 prob. of advance regen being 

under (0) or over (1) 600 sph

Post-Outbreak Pine Forests May Regenerate, 

Undergo Succession, or Degrade … 

(depends on reference criteria)

(Burton 2010, Sustainability 2: 2403-2423)
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Spruce Beetle (Dendroctonus rufipennis) 
Outbreak in SW Yukon

Trembling Aspen (Populus tremuloides) Response to 
Drought + Forest Tent Caterpillar (Malacosoma disstria) + 

Drought

(Worrall et al. 2013, 
For.Ecol.Manage. 

299: 35-51)
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Challenges for Five-Needle Pine Subalpine Woodlands: 
Whitebark Pine (Pinus albicaulis), Limber Pine (P. flexilis)

(Haeussler, Burton & Clason 2016, Chap. 6 in 
Gillingham et al., Cumulative Effects…)

 Cronartium
ribicola

Great Basin Bristlecone Pine (Pinus longaeva):
Legendary Longevity … but Vulnerable to Fire

Dispersal / dispersor limitations ?
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This Used to be a Boreal Forest …

Williston Reservoir Drawdown Zone, May 2010

Some Generalizations

 Most  tree species and forest types have been filtered by past 
disturbances, disruptions, stresses, and limiting factors

 That resilience is contingent on site, landscape context, other 
events, and may require decades or centuries to be expressed

 Reliable robustness and recovery strategies have evolved under 
specific selective pressures

 Adjustment and adaptive responses are more happenstance
 Robustness strategies often entail “disturbance avoidance”
 Rapid recovery is facilitated by veg. reproduction, seed dispersal
 Healthy soils are under-appreciated!
 Novel disturbances, exotic pests, and fragmented populations 

compromise what had been successful resilience strategies
 Tipping points often result from repeated, interacting, or 

cumulative disruptions, depend on critical popn. or remnant size
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Managing for Resilience

1. Identify, prioritize values (ecosystem services) to be sustained; 
• may involve zoning, public consultations, socio-economic 

considerations
2. Characterize driving factors for each value; 

• may involve research, 
look for evidence of thresholds

3. Project scenarios of likely changes/threats; 
• may involve simulation modelling

4. Conduct vulnerability analysis
• response of values, their driving factors, to each scenario

5. Develop options to avoid, minimize, or mitigate impacts;
• may involve decision points to switch from resistance to 

recovery, adjustment, adaptation or transformation
6. Implement programs for monitoring and feedback
7. Repeat

Current & Future Challenges to Forest Resilience

 Exotic invasive species: 
 pathogens, insects, mammals, plants, soil fauna

 Climate change:
 milder winters, hotter drier summers
 growing season moisture stress
 greater incidence of severe storms, wildfire
 facilitation of native pests and invasive species

 Over-exploitation:
 soil degradation and loss
 missing components (e.g., fungi, dispersers)
 habitat destruction and fragmentation

 Changing social demands and expectations
 production vs. amenity services
 local vs. global sourcing
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Managing For General Forest Resilience

1. Diversity, Diversity, Diversity!
 genetic, species, functional traits, landscape
 often unforeseen benefits, not just spreading risk

Managing For General Forest Resilience

2.   Maintain Continuity or Provide Barriers
 spatial (corridors vs. stream buffers and fire breaks)

(Diaz & Apostol 1992, 

Forest Landscape Analysis and Design, USFS)
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Managing For General Forest Resilience

2.   Maintain Continuity or Provide Barriers
 temporal (refugia, biotic legacies – esp. soils)

e.g., the Interior Douglas-Fir (IDF) zone of southern B.C. 
(Rose & Burton. 2009, For.Ecol.Manage. 258:S64-S74)

 priorities for sustainable 

protected areas

Managing For General Forest Resilience

2.   Maintain Continuity or Provide Barriers
 temporal (refugia, biotic legacies – esp. soils)

Galiano Island Community Forest, 2004
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Managing For General Forest Resilience

3.   Address Species Range Expansions
 facilitated migration of desired species

British Columbia provenance trial network (Aitken et al. 2008, 

Evolutionary Applications 1: 104)

Managing For General Forest Resilience

3.   Address Species Range Expansions
 facilitated migration of desired species

Migrated 

procurement zone

for ESSFdk2

ESSFdk2

Suitable provenances for 

current and future climate 

= a “no regrets” option
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Maritime Continental

(courtesy of 

Greg O’Neill, 

BCFS)
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Managing For General Forest Resilience

3.   Address Species Range Expansions
 detection and control of invasive exotic species

Sitka black-tailed deer on Haida Gwaii Scotch broom on Gabriola Island

Managing For General Forest Resilience

4.   Adopt risk-adverse management strategies
 Avoid “precarious” conditions; i.e., don’t manage too close to 

the optimization frontier (for any one value or threat)

(Wagner et al. 1989, New Forests 3(2): 161)
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Managing For General Forest Resilience

4.   Adopt risk-adverse management strategies
 Avoid “precarious” conditions; i.e., don’t manage too close to 

the optimization frontier (for any one value or threat)

Closer to TASS/TIPSY yield 
projections: optimized yield in 
managed stands 

 Precautionary yield 
assumption, allows for 
active adaptive 
management

Woods & Coates 

2013 Forestry 

25% of lodgepole 

pine trees dead or 

dying;

91% of western 

white pine trees 

dead or dying!

Post-Freegrowing Losses to Rust Fungi
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What About the Precautionary Principle?

e.g., Principle 15 of the Rio Declaration (1992):

“Where there are threats of serious or irreversible 

damage, lack of full scientific certainty shall not be 

used as a reason for postponing cost-effective 

measures to prevent environmental degradation.”

 When in doubt, err on the side of caution, in 

favor of protecting environmental values, 

maintaining your options.

 Better to Undercut the AAC

Mill 

Closures in 

2019:

1

3

3
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Managing For Specific Forest Resilience

5.   Learn to live with fire
 Reduce fuels, especially around communities
 Design landscapes to limit spread
 Have controlled fire and smoke now, or uncontrolled later

(https://www.livefiresmart.ca/firesmart-home-partners-program/)
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Forest Fires in British Columbia

(Burton 2016, unpublished data)

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi2jfTt-sXdAhXqy1QKHSdXCYsQjRx6BAgBEAU&url=https://www.yumpu.com/en/firesmart&psig=AOvVaw0UlnIWedhJhueEfqXovSTX&ust=1537408429299032
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi2jfTt-sXdAhXqy1QKHSdXCYsQjRx6BAgBEAU&url=https://www.yumpu.com/en/firesmart&psig=AOvVaw0UlnIWedhJhueEfqXovSTX&ust=1537408429299032
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Managing For Specific Forest Resilience

Map fire risk and hazard – what values are vulnerable, and where?

Specific Fuel Reduction Treatments

 Stand thinning 
(from below)

 Remove ladder fuels
(incl. pruning)

 Remove or reduce 
continuity of woody 
debris 

 Controlled underburns
 Screef fire guards to 

mineral soil
 Convert stands to more 

broadleaf, high crown, 
thick bark spp.
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Stand Thinning Enhances General Resilience

 Improves individual crop
tree vigour
 thereby enhances 
ability to withstand 
drought and pests
(“beetle proofing”) 

 Reduces fuel continuity for crown fires
 but must deal with debris! (burn, 

chip ? biomass fuel)
 Reduced m3/ha partially offset by 

shorter rotation age

Stand Thinning Enhances General Resilience

(Prichard et al. 2010 Can.J.For.Res 40: 1620)

(Elkin et al. 2015 Ecol. Applic. 25(4): 1089)
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Managed the Wildland-Urban Interface

West of Jasper townsite,
August 2008

Reconsider Land Use Plans, Emphasis

Central BC wildfires, evacuation orders & alerts 
– 15 August 2018

?

Bulkley LRMP, 1995
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A Resilience Management Checklist:

1. Plan with risks in mind, prepare to re-plan
2. Promote diversity at multiple levels
3. Maintain biological legacies, refugia, and 

landscape connectivity for desired values
4. Maintain or create landscape barriers for 

threats (fire, riparian, exotics)

5. Some trade-offs (e.g., forest nutrition and C 
sequestration vs. fire risk reduction) can be 
addressed through zoning

6. Consider species range expansions (desired and 
undesired)

7. Adopt risk-adverse management strategies: 
e.g., survival not growth, modest yields & AAC

8. Learn to live with fire: reduce fuels, reduce 
stocking and expand acceptable species

Resilience Management Checklist (cont’d):
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An Existential Turning Point?

“Earth provides enough to satisfy every man's need but not 

for every man's greed”                               Mahatma Gandhi

Image from 

https://www.sbrhsbreeze.org/news/opinion/2018/01/29/gandhi-a-warrior-without-weapons/

“greed is good”
“capitalism is 

destroying the earth”

Thank-you

“Better living through flexibility”
-- Motto of Jasper Friendly Bear,

The Dead Dog Café Comedy Hour, 
1997-2000, CBC Radio-1

(written by Thomas King)


