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Increasing forest 
disturbances in Europe 
and their impact on 
carbon storage. 
Seidl et al. 2014. 

Historic          Modelled



Increasing frequency of extreme fire weather 
in Canada with climate change.  Wang et al. 2015. 
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< 7 Pineapple Express days / year contribute up to 
17% of annual precip for Vancouver 

- Spry et al. 2014
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The Color of Drought
Sequoia National Park in August 2015
Visualization by Carnegie Airborne Observatory



Today

• ✔ Extremes and surprises on the horizon
• Thinking about variation & extreme events

• Outliers: in magnitude, in space, in time

• Resilience as an idea and a strategy
• Applying resilience thinking in practice?
• The role of silviculture & silviculturists
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Temperature Mean

Years that 
are average

e.g. Extremes = top and bottom 5%

Years that 
are much 
hotter than 
average

What Is Extreme ?



Mean 1 Extremes = Upper 5%

Mean 2



What was upper 
5% of old 
distribution is 
now 25% of new 
distribution –
“extremes” are 
more common !





Outliers in Magnitude



Increasing frequency of extreme fire weather 
in Canada with climate change.  Wang et al. 2015. 



Increasing frequency of 
extreme fire weather 
in Canada with climate 
change. Wang et al. 2015

2020’s
2050’s
2080’s

High C02 Scenario

Med C02 Scenario

Low C02 Scenario

Probability Density of 95th Percentile of Fire Weather Index

The behavior of extreme events is often radically 
different and fundamentally less amenable to 

management than “normal” events



Outliers in Space



Biological Legacies that persist through a major 
disturbance are outliers in space and severity

Kolden et al. 2012



“Plan for the distribution of Biological 
Legacies across the landscape … 
elements of resilience.” 

• Stands and patches of live trees
• Mosaic of intact unburnt and 

burnt patches
• Special habitats and habitat 

features, especially unburnt
• Legacies such as large vets, 

large snags, large CWD
• Landscape-level connectivity of 

residual trees and patches



Kolden et al. 2012

Distinguish between random skips
and “microrefugia”

Hannah et al. 2014

Lots of current work on causes, patterns, 
and persistence of legacies with variation in 
fire size, severity, and behaviour



Changing distribution of 
micro-refugia on the landscape 
(Abies magnifica; Sierra Nevada)

Current

+2 deg

+4 deg
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Kitlope Carmanah
Giesbrecht et al. 2017

Spatial pattern of light in old floodplain forest 
provides microrefugia from competition



Blanket Bog

Bog Woodland

Landscape Controls on Vegetation and Associated Species

Canopy height model from terrestrial laser scanning along a >100m transect

Zonal  Forest

Bog Forest



Diversity of litter and moss protist communities along a 
gradient of drainage and tree productivity. 
Heger et al. 2018. 



Outliers in Time
(usually interesting because 
they are outliers in magnitude)



Soil moisture deficit over 279 years at Kew.

Weins 1977. 
Competitive 
crunches.  

Infrequent extreme events make more 
difference than “normal” conditions …
and changes in extremes make more 

difference than changes in means



Managing for resilience is often 
posed as a strategy for dealing with 

variability, change, & uncertainty



Resilience: the capacity of a system to absorb 
disturbances and reorganize so as to retain 
essentially the same function, structure, and 

feedbacks – to have the same identity.



Lots of Buzz Words

• Non-Equilibrium Dynamics
• Regime Shifts
• Alternative States and Attractors
• Shifting Stability Domains
• Stability Landscape
• Thresholds, Tipping Points, and Breakpoints
• Adaptive Cycle and Panarchy
• Resilience Thinking
Extreme events important because they can push
the system from one domain or regime to another



Hydrological 
Regimes

Pluvial

Pluvial Dom Hybrid

Nival Dom Hybrid

Nival Pluvial Glacial

Nival Glacial

Nival

Bill Floyd, FLNRO  
Trubilowicz et al.

SNOW GLACIAL

RAIN RAIN  snow

SNOW  rain RAIN SNOW GLACIAL

SNOW GLACIAL SNOW



Hydrologic impacts of changes in climate and glacier 
extent in the Gulf of Alaska watershed.  Beamer et al. 2016. 
↑ precip and ↑ temp

Leads to ↑ runoff   – but ↓ runoff in summer 

and ↑ runoff from rain-on-snow (ROS) in fall-winter

↑ 

Historic +2.5º +12% +200m +4.5º +21% +400m

This is a regime shift with diverse consequences: 
• Summer soil moisture
• Drinking water impacts
• Physical impacts of peak flows and ROS events
• Fish in Freshwater
• Shifts of freshet volume & timing in the marine 

ecosystem



Resilience in Practice



Resilience in Practice



• Change is here, bigger changes are coming.  Thresholds 
can lead to irreversible changes and surprises.

• Command and control doesn’t work for extreme events
• Not all resilient states are desirable.
• Resilience has a cost.
• Being resilient doesn’t mean “no change”
• Shift focus from specified resilience to adaptive and 

transformational resilience.
• Shift focus from optimizing for a few likely conditions to 

satisficing across a range of possible conditions.
• We are managing Social-Ecological Systems.
• Guidance for wicked problems – conflicting objectives?
• A lot of this is about reframing objectives for 

management.

Common Themes About Resilience in Practice 
Especially in Relation to Forests 1



• Managing for processes is more important than 
managing for species

• Manage for recovery processes: biological legacies 
and refugia are key

• Manage for diversity across scales: genes, species, 
structures

• Manage connectivity strategically
• Facilitate ecosystem adaptation – species change, 

range shifts
• Use all the tools available: we have a big toolkit
• Experiment and monitor
• Implementing resilience thinking on the ground 

requires on-the-ground knowledge of the systems
• Manage fires/fuels/vulnerability strategically

Common Themes About Resilience in Practice 
Especially in Relation to Forests 2



PNAS 2017



Schoennagel et al. 2017: 
How Policy and Management Can Promote 

Adaptive Resilience to Wildfire

• Managing Wildfire
– Suppressing fewer fires and prescribing more burning
– Using fire to foster adaptive resilience to climate change

• Managing Fuels
– Limit reliance on fuels treatments to alter regional trends in fire
– Strategically target fuels treatments in the WUI, in ecosystems 

with buildups, and on private land

• Managing Adaptive Capacity
– Fostering and Embracing Adaptive Shifts in Ecosystems.
– Create fire-adapted communities



Importance of 
Top-Down 
Processes

Importance 
of Bottom-Up 
Processes

Skipped 
Patches, 
Micro-Refugia, 

Fire Size, 
Overall 
Severity 

HIGH LOW

LOW HIGH



Concluding Thoughts
• Outliers abound … present opportunities & challenges
• Outliers in magnitude, in space, in time
• Biological Legacies are a big deal across scales
• Repeat disturbances progressively reduce legacies: 

“micro-refugia” is an important idea
• Need LOTS of data/analysis or a precautionary approach
• Applying resilience thinking can be grounded in common 

sense, but needs careful thought & commitment
• Lots of common themes among authors about actions –

but still clearly in early days of sorting this out
• Focus on accepting major change and adapting
• Resilience practice needs both top-down and bottom-up 

perspectives – the latter is neglected
• Know the landscape and species from the ground up? 

Lots of opportunities for silviculture to play key roles
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