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Fig. 1 The two theoretical cases of changing climatic drivers:
(1) changes in the mean but not the variance (upper panel),
(2) changes in the variance, but not the mean of a variable
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emerging climate change risks for forests
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FIGURE 2. A map of climate change impacts on forests. (Source: Williamson et al. 2009 — reprinted with permission)

DEPENDING ON IMPACTS ON FORESTS
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Effects on resources
required by trees

I Moisture availability
I Nutrient availability
I CO, fertilization

Effects on site conditions
! Permafrost melting
I Drying of wetlands

I Creation of wetlands
I Changes in snow
depth

I Soil erosion

! Water-logged soils

Effects on

disturbance

| Extreme weather
(including drought)

1 Wildfire

I Insects

| Disease

| Freeze-thaw cycles

| Flooding

Effects on individual

organisms
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! Growth

! Health
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efficiency
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! Current age of
individuals

I The climate
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actually occurs
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I The location
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I Synchrony of

between
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| Tolerance of
individuals to change

! Acclimatization
(phenotypic change)

| Biological adaptation
(genotypic change)

I Ability of species
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| Loss of forest land in some
area (mainly in moisture
limited areas) and gains in
other areas (mainly northward
and to higher elevations)

I Change in proportion

of forest land that is

non-regenerated

Change in species composition

Change in forest yield

Change in inventory

Introduction of new species

into areas where they have

not been previously observed

Change in forest structure

Change in age class

distribution

Change in habitat

Change in forest health

and aesthetics

Change in soil disturbance

and water quality

I Changes in proportion of
forest in various successional

stages

Increase in volume of wood
that has been killed by
disturbance but that is

salvageable
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Intentionally accommodate

Promote
change and enable ecosystems to
change adaptively respond to changing

and new conditions

Accommodate some degree
of change, but encourage a
return to a prior condition or
desired reference conditions
following disturbance

Improve the defenses of the forest against
anticipated change, or directly defend the
forest against disturbance, in order to

maintain relatively unchanged conditions

Maintain
current
conditions

>

Reduce climate Facilitate adaptive
change impacts responses
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Adaptation Options

1" Manage for Persistence:
Ecosystems are still recognizable a
being the same system (character

Manage for Change:
Ecosystems have fundamentally
& changed to something different

e

Climate-Driven Changes
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Option #3 — Transition (Response)
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