SECTION 7
How Will Climate Change Affect Forests in Washington?

Climate change is expected to transform Washington’s forests over the long term by affecting the
establishment, growth, and distribution of forest plant species, and by increasing disturbances
such as fire, insect outbreaks, and disease."’ While direct impacts of climate change on tree
species (e.g., productivity, distribution) are important, the large projected increases in fire
suggest that indirect impacts of climate change through disturbance are likely to be greater and
more immediate agents of change for Washington forests. Recent research has provided
projected impacts on several Washington forest species and types, as well as on disturbances,
particularly fire and insect outbreaks.

1. The spatial distribution of suitable climate for many ecologically and economically
important tree species in Washington may change considerably by the end of the 21*
century, and some vegetation types, such as subalpine forests, may become very limited
in their ranges.[A][l]

o Area of climatic suitability for Douglas-fir is projected to decline. Climate is projected to
become unfavorable for Douglas-fir over 32% of its current range in Washington by the
2060s, relative to 1961-1990, under a medium greenhouse gas scenario.'®! Areas of
climatic suitability for Douglas-fir are projected to decline most noticeably at lower
elevations, especially in the Okanagan Highlands and the south Puget Sound/southern
Olympics.[“I?)

o Area of climatic suitability for pine species are projected to decline. Only 15% of the
area currently suitable for three pine species in Washington (ponderosa pine, lodgepole
pine, and whitebark pine) is projected to remain suitable for all three by the 2060s,
relative to 1961-1990, under a medium greenhouse gas scenario, while 85% of their
current range is projected to become climatically unsuitable for one or more of the three
species (Figure 7-1).[12!

o Area of climatic suitability for subalpine forest is projected to decline. Suitable climate

Much of the material in this document is derived or directly quoted from Climate Change in the Northwest:
Implications for Our Landscapes, Waters, and Communities'" and Littell et al. 2010.1! Impacts on specific
species and ecosystems described in this document represent examples rather than an exhaustive list of potential
regional impacts. In describing potential impacts, we have used the term “projected” where future impacts have
been estimated quantitatively (e.g., using models or experiments) and explicitly incorporate climate models and
greenhouse gas scenarios (which we report in associated footnotes), and the term “may” where future impacts
have been inferred from available biological information and projected climatic changes.

Greenhouse gas scenarios were developed by climate modeling centers for use in modeling global and regional
climate impacts. These are described in the text as follows: "very low" refers to RCP 2.6; "low" refers to RCP 4.5
or SRES B1; "medium” refers to RCP 6.0 or SRES A1B; and "high" refers to RCP 8.5, SRES A2, or SRES A1FI
— descriptors are based on cumulative emissions by 2100 for each scenario. See Section 3 for more details.

Using results from two global climate models (HadCM3GGal and CGCM2) under a scenario that assumes a
1%/year increase in greenhouse gas emissions. This scenario closely resembles the current medium greenhouse
gas scenario (RCP 6.0), with the exception that its late 21 century emissions are higher.
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Figure 7-1. Projected changes in climatic suitability for three Washington pine species (ponderosa
pine, lodgepole pine, and whitebark pine) by the 2060s relative to 1961-1990, under a medium
greenhouse gas scenario.”®“) Decreases indicate places where climate will be no longer suitable for
some species, whereas increases indicate places where climate is currently unsuitable for some
species but may be suitable in the 2060s. Reproduced from Littell et al. (2010).!

for subalpine forest in Washington is projected to decline substantially in area under a
high greenhouse gas scenario.”*! Areas of climatic suitability may decline for high-
elevation populations of whitebark pine, Brewer spruce, Engelmann spruce, and
subalpine fir in the Pacific Northwest.!"!

o Further research is needed concerning additional species and vegetation types. Most
existing research has focused on economically important species such as Douglas-fir and
vulnerable vegetation types such as subalpine forest. Additional projections are needed
for a wider range of tree species and forest types.

2. Changes in forest structure and composition will be driven primarily by disturbance.
Because forests take many years to regenerate, stand-replacing disturbances caused by fire,

D" Changes from historical (1971-2000) to future (2070-2099) modeled using MC1 vegetation model projections
based on three global climate models (CSIRO-Mk3, Hadley CM3, and MIROC 3.2 medres) under a high (A2)
greenhouse gas scenario.
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insects, and disease will result in more rapid changes to forests than suggested by projections
of future species range shifts."

3. Climate change may affect the productivity of Washington forests. Given projections of
warmer, possibly drier summers in Washington, tree growth may increase where trees are
currently energy-limited (e.g., higher elevations) and decrease where trees are currently
water-limited (e.g., drier areas).!

4. Washington forests are likely to become increasingly water-limited, with episodes of
drought increasing in area and intensity. This is likely to lower forest productivity in some
areas, while also increasing vulnerability to disturbance (e.g., fire, insects, pathogens).

o Area of severely water-limited forest is projected to increase. Under a medium
greenhouse gas scenario, the area of Washington forest where tree growth is limited by
water availability is projected to increase (relative to 1970-1999) by +32% in the 2020s,
with an additional +12% increase in both the 2040s and 2080s. Severely water-limited
forests are projected to occur on the east side of the Cascade Range and in the
northeastern part of the state.[**

5. Drier, warmer conditions are likely to increase the annual area burned by forest fires."
This is because projected decreases in summer precipitation and increases in summer
temperatures would reduce moisture of existing fuels, facilitating fire, while earlier snowmelt
should lead to earlier onset of the fire season.”

o Annual area burned is projected to increase. Compared to the median annual area burned
in the Northwest during 1916-2006 (0.5 million acres), one set of fire models projects an
increase to 0.8 million acres in the 2020s, 1.1 million acres in the 2040s, and 2 million
acres in the 2080s, under a medium greenhouse gas scenario.[“! Another set of models
projects +76% to +310% increases in annual area burned for the Northwest from 1971-
2000 to 2070-2099 under a high greenhouse gas scenario.”!*!

e Increases in area burned are projected to vary across the region. For example, in
forested ecosystems (Western and Eastern Cascades, Okanogan Highlands, and Blue
Mountains), annual area burned is projected to increase by about a factor of 4 by the
2040s, compared to 1980-2006, under a medium greenhouse gas scenario. In non-
forested areas (Columbia Basin and Palouse Prairie), annual area burned is projected to
increase on average by about a factor of 2.[912

Based on hydrologic simulations of annual precipitation and summer potential evapotranspiration, which were
averaged over 20 global climate models and a low (B1) and medium (A1B) greenhouse gas scenario. Energy-
limited forests were defined as those where annual precipitation exceeds summer evapotranspiration, and water-
limited forests were defined as those where summer potential evapotranspiration exceeds annual precipitation.
Compared to area burned, there is much less quantitative information about the likely consequences of climate
change for forest fire frequency, severity, and intensity (Littell et al. 2013)."

Average of area burned calculated separately for climate simulated by two global climate models (CGCM3 and
ECHAMS) under a medium (A 1B) greenhouse gas scenario.
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e Fires may occur in areas where they have been rare in the past. While it is difficult to
project future fire risk for wetter regions (e.g., Puget Trough, Olympic Mountains) with
low historical annual area burned, it is expected that rising summer temperatures, lower
soil moisture, and higher evaporation rates could result in more area burned in western
Washington forests that have not traditionally been considered fire-prone.”! One set of
projections estimates that annual area burned for Northwest forests west of the Cascade
Range crest will be about +150% to +1000% higher in 2070-2099 compared to 1971-
2000, under a high greenhouse gas scenario.”’]

o Further research is needed. In particular, models are needed that account for climate-fire
severity relationships and provide projections of future fire severity as a function of
climate change.

6. Insect outbreaks are likely to change in frequency and affected area, as forests become
more susceptible due to climatic stressors (e.g., drought), and areas climatically suitable
for outbreaks shift.

o The area of forest susceptible to mountain pine beetle outbreaks is projected to first
increase then decrease. Under a medium greenhouse gas scenario, area susceptible to
mountain pine beetle outbreak is projected to first increase (+27% higher in 2001-2030
compared to 1961-1990) as warming exposes higher elevation forests to the pine beetle,
but then decrease (—49 to —58% lower by 2071-2100) as temperatures exceed the beetle’s
thermal optimum.*

e Ranges of other bark beetles may also decrease. Ranges of some bark beetles (e.g., pine
engraver beetle) may decrease due to climatic conditions less favorable for outbreaks.

o Further research is needed into how other insects may respond to climate change.
Anticipating future impacts will require better understanding the role of climate in other
insects’ (e.g., spruce and fir beetles or defoliators) life cycles and host vulnerabilities.

7. Climate change is likely to influence forest disease outbreaks, but because climatic
influences are likely to be species- and host-specific, generalizations are difficult to
make."

o C(Climate change is projected to increase Northwest forests’ susceptibility to several
diseases. With warmer future temperatures, risk of forest damage from yellow-cedar
decline and Cytospora canker of alder may be high if annual precipitation decreases,
while risk of forest damage from dwarf mistletoes and Armillaria root disease may be
high whether precipitation increases or decreases.”” Several studies have suggested that
future increases in temperature and precipitation may lead to increased risk of sudden oak

" Historical (1961-1990) temperatures were used to predict current climatic suitability for outbreaks. Future (2001—
2030, 2071-2100) temperature suitability estimated for one future climate scenario (CRCM) assuming a high
(A2) greenhouse gas scenario.
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death in the Northwest. P! In addition, swiss needle cast is projected to have increased
capacity to affect Douglas-fir in Northwest forests by 2050, under a low greenhouse gas
scenario. (7]

8. Climate change may affect the ability of Washington’s forests to sequester carbon by
increasing disturbances such as fire, which may alter the amount of carbon stored in
soils and Vegetation.[”

o [ncreased annual area burned is projected to lower the amount of carbon stored in
Washington forests. By 2040, increasing burn area in Washington is projected to reduce
the amount of carbon stored by forests by 17 to 37%.*]

o Changes in carbon stores may vary regionally. Forests of the western Cascades are
projected to be more sensitive to climate-driven increases in fire, and thus projected
changes in carbon dynamics, than forests of the eastern Cascades.™*!

9. Due to recent research, scientific understanding of impacts has advanced and the
specificity and quality of projections has increased. Almost all of the impacts described in
this document have been quantified since 2010, and include finer spatial and temporal
resolution than previous analyses, as well as additional detail on impacts to particular
species.

e New information for Washington and the Northwest includes the following:

o Projected changes in areas of climatic suitability for forest species (e.g., Douglas fir),
and forest types (e.g., subalpine forest).

o Projected changes in annual area burned.

o Projected changes in ability of forests to store carbon.

o Available studies are still limited to a relatively small proportion of Washington forest
species and disturbance processes. Projections for a wider variety of tree species and
forest types are needed, as well as more sophisticated models of fire and disease.

10. Many Washington communities, government agencies, and organizations are preparing
for the impacts of climate change on forests. Most are in the initial stages of assessing
impacts and developing response plans; some are implementing adaptive responses. For
example:

e Science-management partnerships have been established to approach adaptation to
climate change." For example, the North Cascadia Adaptation Partnership is a Forest

Projection based on continuing winter temperature increases for the Pacific Northwest of approximately
0.72°F/decade through 2050 (for a total increase of 3.6°F, which is near the average projected warming for mid-
century in the Pacific Northwest, assuming a low greenhouse gas scenario).

Based on estimates of historical and future carbon carrying capacity of forest types based on potential
productivity, maximum carbon storage, historical fire regimes, and projections of 21* century area burned from
Littell et al. 2010."
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Service - National Park Service collaboration that joined with city, state, tribal, and
federal partners to increase awareness of climate change, assess the vulnerability of
cultural and natural resources, and incorporate climate change adaptation into current
management of federal lands in the North Cascades region. More information is available
at Northcascadia.org.

o A guidebook has been developed to assist with developing adaptation options for national
forests, including those in Washington. Responding To Climate Change In National
Forests: A Guidebook for Developing Adaptation Options includes both strategies and
approaches to strategy development.”’

e (Climate adaptation strategies have been or are being developed for specific national
forests. A completed example is: Adapting to Climate Change at Olympic National
Forest and Olympic National Park.!"

Additional Resources for Evaluating Changes in Forests

The following resources provide local information about hydrologic conditions and water
availability and demand to support assessment of climate impacts on forested ecosystems, and
on forest management and forest uses.

Climate and hydrologic scenarios. The Climate Impacts Group provides historical data
and future projections of temperature, precipitation, snowpack, streamflow, flooding,
minimum flows, plant water demand, and other important hydrologic variables for all
watersheds and 112 specific streamflow locations in Washington State, as well as for
locations throughout the Columbia River basin and the western US.
http://warm.atmos.washington.edu/2860,"" ! http://cses.washington.edu/cig/

Data Basin, a science-based mapping and analysis platform that aggregates, describes and
shares datasets, maps and galleries of information of relevance to forest and disturbance
change in the Pacific Northwest. http://databasin.org/
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