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2.1. Highlights

 Climate models suggest a projected annual and
seasonal increase in mean temperature throughout
Alaska during the next 85 years. Warming has been
projected to be greatest in the winter and spring
and most pronounced in the northern and western
regions of the State.

» Winter temperatures are projected to increase by as
much as 8 degrees Celsius (°C) in the Arctic and
Western Alaska Landscape Conservation Cooperatives
(LCCs) by the end of this century.

» Wildfires burned an annual average of 3,791 square
kilometers (km?) between 1950 and 2009 in Alaska.
The inter-annual variability in the area that was
burned was high—from as few as 10 km? burned
in 1961, 1964, and 1965 to as much as 27,071 km?
burned in 2004.

» Wildfire frequency and extent are projected to increase
across most of the six future climate simulations used
in this assessment and across the five LCC regions,
with the Northwest Boreal LCC North projected to
see the largest increase in fire activity.

» The areas of late successional boreal forest land
cover are projected to decrease under almost all
climate simulations, ranging from approximately
8 to 44 percent; a concomitant increase in early
successional deciduous forest land cover is
also projected.

* Under most of the future climate simulations used in
this assessment, the area of graminoid tundra land
cover is projected to decrease whereas the area of
shrub tundra land cover is projected to increase.
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2.2. Introduction

As indicated in chapter 1, the ongoing warming trend
of northern high-latitude regions, which influences vegetation
distribution, ecosystem disturbances, and their interactions,
has the potential to substantially alter the overall ecosystem
carbon balance. Development of baseline and projected land-
cover and wildfire data as well as the driving climate projections
provide several of the primary spatial data foundations
for this assessment. The simulations of future land-cover
change and wildfire activity feed into other components of
the assessment—primarily the simulation of carbon storage
and greenhouse-gas (GHG) fluxes (see chapters 6 and 7).

Global temperature increases during the 20th century
(Solomon and others, 2007) were amplified at high latitudes
(Chapman and Walsh, 1993; Serreze and others, 2000; Over-
land and others, 2004; Serreze and Francis, 2006). In Alaska,
warming since the 1950s appears to be unprecedented in at
least the past 400 years (Overpeck and others, 1997; Barber
and others, 2004; Kaufman and others, 2009). Mean annual
air temperature in the boreal region of interior Alaska has
increased by 1.3 degrees Celsius (°C) during the past 50 years,
with the greatest warming occurring in winter (Hartmann and
Wendler, 2005; Shulski and Wendler, 2007). Air temperature
is projected to increase by an additional 3 to 7 °C by the end
of this century (Walsh and others, 2008).

Across Alaska, significant shifts in vegetation composi-
tion and production have been observed, including yellow-
cedar (Callitropsis nootkatensis (D. Don) D.P. Little) decline
throughout the coastal temperate forest region (Hennon and
others, 2006), decreased spruce growth in boreal Alaska
(Barber and others, 2000; McGuire and others, 2010; Beck
and others, 2011), woody vegetation encroachment into
wetlands (Berg and others, 2009), and positive productivity
throughout tundra regions with concurrent negative produc-
tivity throughout forested regions (for example, Goetz and
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others, 2005; Verbyla, 2008; Beck and others, 2011). Recent
changes in major disturbance regimes in Alaska are linked to
changes in climate. Wildfire, the dominant driver of ecosystem
change in much of Alaska, is strongly linked to climate,

where the average June temperature explains 78 percent of the
inter-annual variability in total area burned (Duffy and others,
2005). In the past decade, the average annual area burned has
doubled compared with any decade of the previous 50 years
(Kasischke and others, 2010).

This chapter describes the methodology and results for the
foundational modeling work required for this assessment. The
following sections describe the major input datasets used for
the entire assessment process, including climate, land cover,
and wildfire; a description of the transient biogeographic model
Alaska Frame-Based Ecosystem Code (ALFRESCO) and the
methodology used for the simulation and analysis of climate-
vegetation-wildfire dynamics follows. The result sections
first present the historical period (1950-2009), followed
by the projection period (2010-2099). Both the historical
and projected periods sections contain specific subsections
covering climate, vegetation, and wildfire trends.

2.2.1. Climate

Alaska’s large climate gradient is influenced by latitude,
elevation, and proximity to water bodies, including the influ-
ence of sea ice. This is reflected in the distribution of mari-
time, transitional, and continental climates across the State.

The most recent U.S. National Climate Assessment—
Alaska Technical Regional Report (Markon and others, 2012),
which included a comprehensive synthesis of the literature
on Alaska’s climate records, indicated that average annual
statewide temperatures have increased significantly—on the
order of 2 °C over the past 50 years (Stafford and others, 2000;
Shulski and Wendler, 2007). The warming is not uniform
across the State and is not consistent across seasons. The
greatest observed temperature increases have occurred over
winter and spring—at two to three times the level of warming
found in summer and fall. Regionally, the interior continental
portions of the State have experienced the most warming,
with some areas experiencing an increase of more than 4 °C,
whereas coastal and maritime areas have experienced change
on the order of 0.5 to 1 °C (Shulski and Wendler, 2007).

A significant portion of the observed warming in Alaska
occurred as a sudden, step-like change in the mid-1970s
coinciding with a major shift in the Pacific Decadal Oscillation
(PDO) (Markon and others, 2012). The PDO index captures
this shift as a transition from predominantly negative to
predominantly positive values around 1976—77 (Mantua and
others, 1997). The temperature increase in Alaska, however,
mirrors trends across the arctic and subarctic (Hinzman and
others, 2005; Solomon and others, 2007), suggesting that
large-scale atmospheric circulation patterns (such as PDO)
may have amplified or accelerated an underlying long-term
warming trend.

These climate dynamics further highlighted the need to
identify the most accurate general circulation models (GCMs)
to develop realistic and consistent climate simulations to
be used in this assessment. Walsh and others (2008) evalu-
ated the Coupled Model Intercomparison Project phase 3
(CMIP3; Meehl and others, 2007) models to identify the best
performing GCMs for the Alaska region. The core statistic of
the study was a root-mean-square-error (RMSE) evaluation
of the differences between mean model output for each grid
point and calendar month, and data from the European Centre
for Medium-Range Weather Forecasts (ECMWF) Reanalysis,
ERA-40. ERA—40 is one of the most consistent and accurate
gridded representations of these variables available. From this
analysis, the best performing CMIP3 models were identified
for further consideration.

The climate data described here were aligned with the
Intergovernmental Panel on Climate Change’s Special Report
on Emissions Scenarios (IPCC-SRES; Naki¢enovi¢ and
Swart, 2000). This assessment used three emissions scenarios
(A2, A1B, and B1, from high to low projected carbon dioxide
emissions; table 2.1) to force the GCMs and capture the
uncertainties within and across the models. Two of the best
performing CMIP3 models were used in this assessment—
version 3.1-T47 of the Canadian Centre for Climate Modelling
and Analysis’ Coupled Global Climate Model (CGCM3.1;
McFarlane and others, 1992; Flato, 2005) and version 5 of
the Max Planck Institute’s European Centre Hamburg Model
(ECHAMS; Roeckner and others, 2003, 2004). The selected
GCMs represented a range of projected climate change
and were those to which the fire regime simulations were
considered sensitive.

2.2.2. Land Cover

Land cover in Alaska includes substantial expanses
of forest (both boreal and maritime) and tundra (including
shrub-dominated and heath). There are six level II ecoregions
covered by this assessment (see chapter 1). These six ecore-
gions correspond approximately to four primary Landscape
Conservation Cooperatives (LCCs) in Alaska, which were
used to summarize regional ecosystem characteristics.

Unlike the rest of the United States, Alaska does not have
a consistent high-spatial-resolution remote sensing product
that provides regular land-cover classification statewide, nor
does it have consistent and widespread vegetation monitoring
networks across the State. To simulate biological processes,
including plant growth dynamics, tree line dynamics,
vegetation composition and distribution, wildfire, and bio-
geochemistry across the landscape, this assessment used the
North American Land Change Monitoring System (NALCMS)
2005 dataset (North American Land Change Monitoring
System, 2010; for arctic and subarctic ecosystem types) and
the National Land Cover Database (NLCD) 2001 (Homer and
others, 2007; for coastal temperate forest ecosystem types).
See chapter 1 for descriptions of the input land-cover data.



Table 2.1.

Assumptions about the primary driving forces affecting land-use and land-cover change.
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[These assumptions were used to downscale the B1, A1B, and A2 and scenarios, in order of low to high projected CO, emissions, of the Intergovernmental
Panel for Climate Change’s Special Report on Emissions Scenarios (Naki¢enovi¢ and Swart, 2000). Population and per capita income projections are from

Strengers and others (2004)]

Driving forces

A1B

A2

B1

Population growth (global
and United States)

Economic growth

Regional or global innovation
Technological innovation
Energy sector

Environmental protection

Medium; globally, 8.7 billion
by 2050, then declining; in
the United States, 385 million
by 2050

Very high; U.S. per capita income
$72,531 by 2050

Global
Rapid
Balanced use

Active management

High; globally, 15.1 billion
by 2100; in the United States,
417 million by 2050

Medium; U.S. per capita income
$47,766 by 2050

Regional
Slow
Adaptation to local resources

Local and regional focus

Medium; globally, 8.7 billion
by 2050, then declining; in
the United States, 385 million
by 2050

High; U.S. per capita income
$59,880 by 2050

Global
Rapid
Smooth transition to renewable

Protection of biodiversity

2.2.3. Wildfire

Climate warming is also thought to be responsible for
recent changes in fire regime in North American high-latitude
regions (Gillett and others, 2004). In recent decades, annual
area burned has increased in Alaska (Kasischke and Turetsky,
2006; Kasischke and others, 2010) and Canada (Gillett and
others, 2004) and is hypothesized to have increased in Eurasia
(Hayes and others, 2011; Kharuk and others, 2013). Several
studies indicate that this increase would be maintained at
least during the first half of the 21st century (Balshi and
others, 2009; Mann and others, 2012). Greater burned area
as well as possible changes in fire severity have substantial
implications for permafrost, as increased severity leads to
greater consumption of the organic layer that may increase
active-layer thickness (Dyrness and Norum, 1983; Yoshikawa
and others, 2002; Burn and others, 2009; Genet and others,
2013) and may potentially cause thermokarst disturbance in
ice-rich soils (Jorgenson and others, 2001; Myers-Smith and
others, 2008). Carbon cycling, albedo, and stand structure in
the boreal forest are strongly influenced by the frequency and
severity of wildfires (Randerson and others, 2006; Euskirchen
and others, 2009; Johnstone and others, 2010; Turetsky and
others, 2011), and burning is an important disturbance mecha-
nism by which stored carbon is released to the atmosphere
(Kasischke and others, 2000, 2005; Amiro and others, 2001).

A synthesis of contemporary fire trends in Alaska by
Kasischke and others (2010) suggests a mixture of climatic and
human controls on fire patterns. Between 2000 and 2009, an
annual average of 7,670 square kilometers (km?) was burned,
50 percent more area burned than in any previous decade since
the 1940s. Over the past 60 years, there was a decrease in
the number of lightning-ignited fires, an increase in extreme
lightning-ignited fire events, an increase in human-ignited
fires, and a decrease in the number of extreme human-ignited
fire events. The fraction of area burned from human-ignited

fires fell from 26 percent for the 1950s and 1960s to 5 percent
for the 1990s and 2000s as a consequence of the change in

fire policy that gave the highest suppression priorities to fire
events that occurred near human settlements. The amount of
area burned during late-season fires has also increased over the
past two decades. Deeper burning of surface organic layers in
black spruce (Picea mariana (Mill.) Britton, Sterns & Poggenb.)
forests occurred during late-growing-season fires and on more
well-drained sites, with consequences for forest regeneration.
These trends all point to the importance of accounting for the
potential changes in the Alaska fire regime with respect to a
credible assessment of carbon storage and fluxes.

2.2.4. Other Drivers of Land-Cover Change

As discussed in the preceding sections, land-cover
changes in Alaska are driven primarily by climate-induced
environmental variability and disturbance (primarily
wildfire-associated forest mortality and succession). There
are, however, other drivers of land-cover change acting upon
specific portions of the Alaskan landscape. For example,
insects are affecting forests in the southern portions of the
Alaskan boreal forest. In recent decades, warmer temperatures
contributed to spruce beetle outbreaks, in part owing to
a reduction of the beetle life cycle from 2 years to 1 year
(Werner and others, 2006). This reduction in life cycle of
an endemic species allowed populations to exceed critical
thresholds that ultimately led to mortality across all forest age
classes. This has led to white spruce (Picea glauca (Moench)
Voss) mortality throughout the region of 12,000 km? between
1990 and 2000 (Werner and others, 2006). In addition, earlier
snowmelt and persistent early spring freezing have had
important implications for Alaska cedar decline in the coastal
temperate forest region of Alaska, where over 2,000 km?
of pristine forests have died in the past 100 years (Hennon
and others, 2006). The loss of thermal cover and associated
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dehardening of the species in late winter has resulted in
fine-root damage in early spring.

Agricultural lands in Alaska occupy a small portion of
the total land area of the State. Although roughly 90,000 km?
have been identified as having current agricultural potential,
only 0.1 percent is currently being cropped (U.S. Department
of Agriculture, National Agricultural Statistics Service, 2014).
Likewise, human settlements contribute a minor fraction of
the Alaskan land cover. State population is approximately
736,000, which equates to approximately 2 persons per square
kilometer. Although these other land-cover-change drivers
impart little influence on the overall carbon assessment of
Alaska, these drivers could play a larger role in altering
the future carbon budget—especially with respect to forest
insect- and disease-related mortality.

2.3. Input Data and Methods

2.3.1. Input Data Sources

The PRISM (Parameter-elevation Relationships on
Independent Slopes Model; http://www.prism.oregonstate.edu)
by Daly and others (2008) was used to provide gridded
climate normals (monthly temperature and precipitation) for
1961-1990 at a 2-kilometer (km) spatial resolution. These data
were resampled to 1 km and used as the baseline climatology
for the climate downscaling procedure.

We used the CRU TS v. 3.10.01 high-resolution
(0.5 degree [°]%0.5°) gridded data (Harris and others, 2014)
from the Climatic Research Unit (CRU; http://www.cru.uea.
ac.uk) at the University of East Anglia to provide historical
climate data for the period 1950-2009. These data were
downscaled and served as driving climate data input for the
retrospective model simulations including model spin-up,
which used the downscaled CRU data starting in 1900.

Analysis and synthesis of historical fire activity data
(1950—2009) were based on estimates from fire management
records maintained by the Alaska Interagency Coordination
Center (M. Henderson, Alaska Interagency Coordination
Center, unpub. data, June 1, 2010). This database includes
digitized fire perimeters, which were used to generate
summary statistics across the assessment domain as well as
the five LCC regions and for both annual and decadal time
periods. The tables and figures presented in the historical
fire activity subsection summarize these results.

2.3.2. Methods and Analysis

The baseline period for this assessment was defined as
the period from 1950 through 2009. This historical period is

bounded by the beginning of reliable wildfire observations
and statistics (1950) and the end of contemporary downscaled
historical climate observations (2009). The projection period
was defined as the period from 2010 through 2099. The results
in this chapter, both historical and projected, were summarized
across the full assessment domain as well as for the five

LCC regions described in chapter 1.

Historical (CRU TS v. 3.10.01) and projected (CMIP3)
output variables of surface temperature and precipitation
were downscaled via the delta method (Hay and others, 2000;
Hayhoe, 2010) using PRISM 1961-1990 2-km-resolution
climate normals as baseline climate (Daly and others,

2008). The delta method was implemented by calculating
climate anomalies applied as differences for temperature or
quotients for precipitation between monthly future CMIP3
data and calculated CRU climate normals for 1961-1990

(see http://www.snap.uaf.edu for data and details). These
coarse-resolution anomalies were then interpolated to PRISM
spatial resolution via a spline technique and then added to
(temperature) or multiplied by (precipitation) the PRISM
climate normals. The downscaled climate data were then
interpolated to a 1-km resolution for modeling purposes. Our
modeling used the two GCMs of the best performing subset
models for Alaska (Walsh and others, 2008), which bound
the climate scenarios from most warming (ECHAMSY) to least
warming (CGCM3.1). Each model was downscaled for the
three emissions scenarios (A1B, A2, B1; table 2.1).

Historical (CRU) and projected (CMIP3) output vari-
ables of surface downwelling shortwave radiation (RSDS;
expressed as megajoules per square meter per day) and vapor
pressure (VP; expressed as hectopascals) were calculated
and downscaled for use by the biogeochemical Terrestrial
Ecosystem Model (TEM). The historical data constitute
the result of the delta-method downscaling procedure using
the monthly time series (CRU TS v. 3.10.01; 1950-2009,
0.5° spatial resolution) and global climatology (CRU CL
v. 2.0; 1961-1990, 10-minute spatial resolution) data. The
projected data constitute the same CMIP3 models used for
temperature and precipitation. The data were bias corrected
and downscaled to 1-km resolution.

For the surface downwelling shortwave radiation data,
the baseline climatology for the top of the atmosphere solar
radiation data (referred to as girr) was calculated using an
equation from Allen and others (1998) at a monthly timestep,
which is used to represent the historical period RSDS data at
1-km spatial scale. The downscaled cloud cover time series
was then used to calculate the surface solar radiation (referred
to as nirr) from girr and downscaled cloud cover using the
following equation:

nirr=monthly _girrx

(0.251+(0.509(1.0—cloud _cover/100))) 2.1


http://www.prism.oregonstate.edu
http://www.cru.uea.ac.uk
http://www.cru.uea.ac.uk
http://www.snap.uaf.edu

The CRU TS v. 3.10.01 data are distributed as vapor pressure
and were converted to relative humidity using the conversion
equation from the World Meteorological Organization’s
Commission for Instruments and Methods of Observation
(CIMO) guide (2008) using the following equations:

saturated _vapor _pressure=6.112x
exp((22.46 x temperature)/ (272.62 +temperature)) (2.2)

relative_humidity=(vapor_ pressure/
saturated_vapor_pressure) x100 (2.3)
Proportional anomalies were then generated using the
newly converted CRU TS v. 3.10.01 historical VP data where
the climatological period used was 1961-1990. These CRU
TS v. 3.10.01 proportional anomalies were then interpolated
using a spline interpolation to a 10-minute resolution grid for
downscaling with the CRU CL v. 2.0 relative humidity data.
The final step was to convert the downscaled relative humidity
data to vapor pressure using the below conversion equation:

saturated_vapor_pressure=6.112x
exp((17.62 x temperature)/ (243.12+temperature)) (2.4)

vapor_ pressure=(relative_humidity X
saturated _vapor _pressure)/100 (2.5)

Additional methodological details for all the downscaled
climate variables can be found in the individual metadata
files at the Scenarios Network for Alaska and Arctic Planning
(SNAP) data download Web site (https://www.snap.uaf.edu/
tools/data-downloads).

We used the biogeographic simulation model ALFRESCO
(Rupp and others, 2000, 2002, 2007; Johnstone and others,
2011; Mann and others, 2012; Gustine and others, 2014;

Amy Breen, University of Alaska-Fairbanks, written
commun., January 15, 2015) to simulate changes in
vegetation dynamics and fire regime for the projection period
(2010-2099) in response to the climate simulations used in
this assessment. ALFRESCO is a spatially explicit, stochastic
landscape succession model for arctic, subarctic, and boreal
vegetation types that operates in the Alaska and Northwest
Canada region at a 1-km resolution and an annual timestep.
The model represents seven general vegetation types (shrub
tundra, graminoid tundra, wetland tundra, white spruce forest,
black spruce forest, early successional deciduous forest, and
coastal temperate forest) in Alaska. Currently, the coastal
temperate forest and the wetland tundra vegetation types

are represented as static vegetation states.

The fire module of ALFRESCO uses a cellular automata
approach with separate subroutines for cell ignition and spread
to simulate annual fire season activity. Both ignition and fire
spread (that is, flammability) are a function of growing-season
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climate (Duffy and others, 2005), vegetation type, and time

since last fire. The ignition of any given cell is stochastic in
nature and determined by comparing a randomly generated

number against the flammability coefficient of that cell. The
flammability coefficient allows for changes in flammability

that take place through succession (that is, fuel build up).

Following a wildfire in ALFRESCO, general successional
trajectories for forested systems are as follows: burned spruce
forest (white or black) transitions into early successional
deciduous forest, and burned deciduous forest self-replaces.
Vegetation transition times differed probabilistically between
climax black and white spruce trajectories (Rupp and others,
2002). Transitional times were modeled probabilistically to
represent early successional (that is, recolonization) deciduous
forest following wildfires in spruce and deciduous forest
and to determine the amount of time, in the absence of fire,
until the climax spruce stage dominates the site again. Self-
replacement of deciduous forest can occur when repeated
burning and (or) climate conditions preclude transition to
climax spruce. ALFRESCO incorporates the effects of fire
severity on transition times using measurements of the area
of the wildfire (that is, fire size), complex topography, and
vegetation type on flat landscapes (Duffy and others, 2007;
Johnstone and others, 2011).

Transitions in tundra are driven by succession or
colonization and infilling. These processes are influenced by
climate and fire history, which affect seedling establishment
and growth conditions and proximity to seed source (Breen
and others, written communication). For the transition from
tundra to forest at the tree line, seed dispersal occurs within a
1-km neighborhood. White spruce colonization and infilling
are possible in both graminoid and shrub tundra with transi-
tion rates to spruce forest mediated by climate effects and
basal area growth. Vegetation succession from graminoid
to shrub tundra is modeled probabilistically, with a greater
likelihood of transition to shrub tundra post-fire. In the case
of wildfire activity, shrub tundra transitions to graminoid
tundra and graminoid tundra self-replaces. Wetland tundra in
the model does not currently burn and is represented as a static
vegetation type.

The relationship between climate and fire was calibrated
by comparing model output (such as, fire regime, stand age
structure) to the corresponding historical data (Mann and
others, 2012). Simulated vegetation and fire dynamics were
analyzed and synthesized across the full ensemble of simu-
lations (number of replicates [n]=200) and for all six climate
simulations (combinations of the three emissions scenarios
and the two GCMs) used in this assessment. Vegetation transi-
tions, defined as at least one shift in vegetation type during the
projection period (2010-2099), were calculated as a percent of
total area for each of the five LCC regions. Tables and figures
presented in the projected land-cover and wildfire subsections
include synthesis of these results.


https://www.snap.uaf.edu/tools/data-downloads
https://www.snap.uaf.edu/tools/data-downloads
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2.4. Results and Discussion

2.4.1. Baseline Land Cover

Our baseline land-cover classes for the assessment
domain, based on the NALCMS remote sensing product from
2005, consisted of forest (51 percent), tundra (28 percent),
and nonvegetated (21 percent) (table 2.2). Forest land cover
was dominated by early successional deciduous forest
(30 percent), followed by white spruce forest (9 percent),
black spruce forest (6 percent), and coastal temperate forest
(6 percent). Tundra land cover was dominated by shrub

Table 2.2. Land-cover types used in this assessment for the
Alaska Frame-Based Ecosystem Code (ALFRESCO) model
simulations, percent of area, and the source of the input data.

[Percent of area calculated in 2005. Land-cover types ordered from late
to early successional forest to tundra to other cover types. NALCMS
2005, North American Land Change Monitoring System 2005 dataset;
NLCD 2001, 2001 National Land Cover Database]

Area

Land-cover type (percent) Source
Black spruce forest 6 NALCMS 2005
White spruce forest 9 NALCMS 2005
Deciduous forest 30 NALCMS 2005
Shrub tundra 17 NALCMS 2005
Graminoid tundra 10 NALCMS 2005
Wetland tundra 1 NALCMS 2005
Heath tundra 0 NALCMS 2005
Coastal temperate forest NLCD 2001
Nonvegetated 21 NALCMS 2005

Table 2.3.
(LCC) regions.

tundra (17 percent), followed by graminoid tundra (10 percent)
and wetland tundra (1 percent). The nonvegetated regions
were composed of rock, ice, snow, water, and coastlines and
represent land-cover classes not modeled.

The Arctic LCC is dominated by tundra land-cover types
with a relatively even distribution between shrub and grami-
noid tundra, 108,226 square km? and 119,027 km?, respec-
tively (table 2.3). There were minor components of deciduous
forest (15,460 km?) and wetland tundra (10,621 km?) and very
small components of black and white spruce forests.

The Western Alaska LCC has a relatively even
distribution of tundra land-cover types and deciduous forest
(table 2.3). Deciduous forest (130,904 km?) is the dominant
land-cover type. The LCC also has minor components of white
and black spruce forests (9,424 km? and 5,873 km?, respec-
tively). Of the tundra land-cover types, shrub tundra dominates
(119,517 km?) with a minor component of graminoid tundra
(12,379 km?) and a very small component of wetland tundra.
There is also a minor component of coastal temperate forest
(9,268 km?) within the LCC and along the border with the far
northwestern portion of the North Pacific LCC.

The Northwest Boreal LCC North and South are both
dominated by boreal forest land-cover types (table 2.3). In the
Northwest Boreal LCC South, early successional deciduous
forest dominates (66,673 km?), followed by white spruce
(18,706 km?) and then black spruce (11,812 km?). In the
Northwest Boreal LCC North, there is a similar distribution
of forest land-cover types; however, the areal extent is signifi-
cantly greater than the Northwest Boreal LCC South. In the
Northwest Boreal LCC North, early successional deciduous
forest dominates (238,414 km?), followed by white spruce
(101,688 km?) and then black spruce (77,183 km?). Both LCC
regions also have minor components of tundra land-cover
types; however, neither region contains wetland tundra. The

Land-cover types used in this assessment summarized by area for the five Landscape Conservation Cooperative

[Data may not add to totals shown because of independent rounding. km?, square kilometer]

Area in 2005 (km?)

LCC region ek R e aC G et R e T ne e =T e Non-
spruce spruce temperate Total
forest tundra tundra tundra tundra vegetated
forest forest forest
Arctic LCC 248 648 15,460 108,226 119,027 10,621 0 0 54,363 308,593
Western Alaska 5,873 9,424 130,904 119,517 12,379 515 0 9,268 90,341 378,221
ILCC
Northwest 77,183 101,688 238,414 11,942 16,961 0 9 0 10,387 456,584
Boreal LCC
North
Northwest 11,812 18,706 66,673 12,961 3,238 0 0 2,542 70,371 186,303
Boreal LCC
South
North Pacific 636 392 603 8 2 0 0 75,999 85,721 163,361

LCC




Northwest Boreal LCC South contains a minor component
of coastal temperate forest along the southern boundary and
along the border with the North Pacific LCC.

The North Pacific LCC is dominated by coastal temperate
forest (75,999 km?) as well as nonvegetated areas, mostly
snow and ice (table 2.3). There are very small components of
boreal forest land-cover types in the extreme northern portion
of the LCC bordering the Northwest Boreal LCC South.

2.4.2. Baseline Wildfire

From fire management records, the number of wildfires
between 1950 and 2009 across the full simulation domain of
this assessment ranged from as high as 176 fires in 2005 to less
than or equal to 1 in 1952, 1961, 1964, and 1965 (table 2.4).
The minimum number of fires is difficult to estimate owing
to detection issues associated with the remoteness and size
of Alaska. These issues were likely more pronounced in the
earlier period of the historical data. Consequently, the estimate
of the minimum number of fires is highly uncertain. Similar
issues exist with the estimation of area burned in years with
little activity. Annual area burned averaged 3,791 km?>—that is,
0.25 percent of the total area of the Alaska simulation domain,
which has a total area of 1.49 million km? The maximum
annual area burned was 27,071 km? (that is, 1.3 percent of the
total area), which occurred in 2004. There were three years
(1961, 1964, and 1965) where less than 10 km?* were recorded
as being burned. As reported by Kasischke and others (2002),
the wildfire perimeter records for the 1960s were rated fair
and included many missing data records. Historical data for
each of the LCC regions is subsequently discussed in order of
decreasing fire activity as measured by annual area burned.

The Northwest Boreal LCC North had most (approxi-
mately 85 percent of the statewide total) of the fire activity
among the five LCC regions of the assessment (table 2.4,
fig. 2.1). The number of wildfires between 1950 and 2009
ranged from a high of 137 in 2005 to 0 in both 1961 and 1964.
The annual area burned averaged 3,262 km? The inter-annual
variability in area burned was high, and area burned ranged
from 0 km? in both 1961 and 1964 to 26,684 km? in 2004. The
range of annual area burned was between 0 and 5.8 percent
of the Northwest Boreal LCC North, which has a total area
0f 456,584 km?.

The Western Alaska LCC had the second most
(approximately 10 percent) fire activity among the five LCC
regions of the assessment (table 2.4, fig. 2.1). In the Western
Alaska LCC, the number of wildfires between 1950 and 2009
averaged 6 per year—with a high of 37 in 1972 and 13 years
recording no fires. Annual area burned averaged 394 km?, or
0.1 percent of the Western Alaska LCC, which has a total area
0f 378,221 km? The range of annual area burned was between
0 and 2.2 percent of the Western Alaska LCC.

In the Arctic LCC, the number of wildfires between 1950
and 2009 averaged 2 per year—with a high of 13 in 2005 and
31 years recording no fires (table 2.4, fig. 2.1). Annual area

Table 2.4.
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Baseline (1950-2009) wildfire statistics for each

Landscape Conservation Cooperative (LCC) region and the full

assessment domain (Alaska).

[Data from fire management records maintained by the Alaska Interagency

Coordination Center. km?, square kilometer]

Metric

Number of wildfires

Annual area burned

per year (km?)
Arctic LCC
Mean 2.1 60.49
Standard deviation 3.2 178.16
Minimum 0 0
Median 0 0
Maximum 13 1,106.82
Year of maximum 2005 2007
Western Alaska LCC
Mean 5.82 393.81
Standard deviation 7.68 1,258.46
Minimum 0 0
Median 3.5 33.42
Maximum 37 8,313.5
Year of maximum 1972 1957
Northwest Boreal LCC North
Mean 31.8 3,262.26
Standard deviation 33.07 5,178.67
Minimum 0 0
Median 20 1,296.82
Maximum 137 26,683.54
Year of maximum 2005 2004
] Northwest Boreal LCC South
Mean 2.15 54.49
Standard deviation 2.7 112.52
Minimum 0 0
Median 1 4.28
Maximum 15 615.4
Year of maximum 2009 2009
North Pacific LCC

Mean 0.6 2.21
Standard deviation 0.92 6.93
Minimum 0 0
Median 0 0
Maximum 4 36.31
Year of maximum 1991 1991

Alaska
Mean 41.3 3,791.5
Standard deviation 41.92 5,709.97
Minimum 0 0
Median 27 1,596.77
Maximum 176 27,071.72
Year of maximum 2005 2004
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burned averaged 60 km?, or 0.01 percent of the Arctic LCC,
which has a total area of 308,593 km?”. The range of annual area
burned was between 0 and 0.35 percent of the Arctic LCC.

In the Northwest Boreal LCC South, the number of
wildfires between 1950 and 2009 averaged 2 per year—with
a high of 15 in 2009 and 15 years recording no fires (table 2.4,
fig. 2.1). Annual area burned averaged 54 km?, or 0.03 percent
of the Northwest Boreal LCC South, which has a total area of
186,303 km?. The range of annual area burned was between
0 and 0.33 percent of the Northwest Boreal LCC South.

Of the five assessment regions, the North Pacific LCC
had the least amount of fire activity reflecting the LCC’s wet
and cool climate (table 2.4, fig. 2.1). The number of wildfires
between 1950 and 2009 averaged 1 per year—with a high of
4 in 1991 and 37 years recording no fires. Annual area burned
averaged 2 km? and ranged from 0 to 36 km?. The range of
annual area burned was between 0 and 0.02 percent of the
North Pacific LCC, which has a total area of 163,361 km?.

2.4.3. Climate Simulations

Visualizations of seasonal baseline (1950-2009) climate
patterns for mean monthly temperature in degrees Celsius (°C)
and total monthly precipitation in millimeters (mm), based
on the downscaled CRU data (http://www.snap.uaf.edu), are
presented in figure 2.2. The downscaled CRU historical period
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data exhibited strong variability across seasons and also indi-
cated high spatial variability.

Figure 2.3 and table 2.5 present projected changes
in mean monthly temperature (°C) and total precipitation
(mm) by season, calculated using the difference in mean
values from the last two decades of the historical period
(1980-2009) to those of the projection period (2070-2099).
Warming trends are projected by both GCMs and across all
three emissions scenarios. Warming would be greatest in the
northern and western regions of Alaska. There was greater
projected variability among the scenarios than between GCMs.
The A2 scenario projected the greatest warming and the
B1 scenario the least warming. The ECHAMS climate simula-
tions project warmer temperatures than the CGCM3.1 simula-
tions. Projected warming is not uniform seasonally and both
GCMs project substantially greater warming during the winter
(December, January, February) and fall (September, October,
November). Growing season (defined here as April through
September) is a particularly important annual time period as
plant production and wildfire activity are constrained within
these months. Growing season temperatures are projected to
increase in all six climate simulations (fig. 2.4) across the full
assessment period (1950-2099).

Precipitation increases are also projected by both GCMs
and across all three emissions scenarios (table 2.5). Across
the full assessment domain, differences between GCMs were
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Figure 2.2. Baseline (1950—-2009) seasonal mean monthly temperature and total precipitation by season using

downscaled Climate Research Unit data (http://www.snap.uaf.edu). Winter included December, January, and
February; spring included March, April, and May; summer included June, July, and August; and fall included

September, October, and November.
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Figure 2.3. Projected changes in mean monthly temperature and total precipitation by season, calculated using the difference in mean
values between 1980-2009 and 2070-2099 using downscaled data for version 3.1-T47 of the Canadian Centre for Climate Modelling

and Analysis’ Coupled Global Climate Model (CGCM3.1) and version 5 of the Max Planck Institute’s European Centre Hamburg Model
(ECHAMS) general circulation models and for the three scenarios A1B, A2, and B1 from the Intergovernmental Panel on Climate
Change's Special Report on Emissions Scenarios (http://www.snap.uaf.edu). Winter included December, January, and February; spring
included March, April, and May; summer included June, July, and August; and fall included September, October, and November.
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Table 2.5.
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Summary statistics of projected changes in mean monthly temperature and total precipitation by season, calculated using

the difference in mean values from 1980-2009 and 2070-2099 for each Landscape Conservation Cooperative (LCC) region and the full

assessment domain (Alaska).

[Values represent the integration of all 1-kilometer pixels within the full assessment domain and individual subregions using downscaled data for the version
3.1-T47 of the Canadian Centre for Climate Modelling and Analysis’ Coupled Global Climate Model (CGCM3.1) and version 5 of the Max Planck Institute’s
European Centre Hamburg Model (ECHAMS) general circulation models and for the three scenarios, B1, A1B, and A2, in order of low to high projected

CO, emissions, from the Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios used in the assessment (http://www.snap.uaf.edu).
Winter includes December, January, and February; spring includes March, April, and May; summer includes June, July, and August; and fall includes Septem-
ber, October, and November]

Monthly temperature (degree Celsius)

Total precipitation (millimeter)

Season CGCM3.1 ECHAM5 CGCM3.1 ECHAMb
A1B A2 B1 A1B A2 B1 A1B A2 B1 A1B A2 B1
Arctic LCC
Winter 6.36 8.09 3.55 8.03 8.19 4.93 8.42 9.55 6.81 9.94 7.08 5.25
Spring 2.55 2.46 1.26 3.78 3.96 2.53 5.30 4.82 2.45 4.33 3.72 3.99
Summer 1.25 1.79 0.23 2.76 2.94 1.08 6.75 14.73 8.04 3.73 3.10 4.03
Fall 4.92 5.77 2.58 7.21 7.51 5.56 9.59 7.39 5.96 18.39 20.08 16.53
Western Alaska LCC
Winter 6.24 7.52 3.76 8.23 8.37 5.79 12.06 15.47 6.50 19.67 14.53 9.09
Spring 1.87 2.13 1.19 4.21 4.34 3.51 9.68 8.71 2.45 6.34 491 5.36
Summer 1.97 2.47 0.87 3.00 2.72 1.51 4.89 12.39 5.32 0.21 1.11 1.91
Fall 3.20 3.83 1.61 5.38 5.65 4.20 5.51 11.89 1.66 5.80 10.67 6.43
Northwest Boreal LCC North
Winter 5.28 6.26 3.40 6.95 7.28 431 10.38 10.75 7.61 11.62 7.94 597
Spring 1.08 1.45 0.82 3.38 3.60 2.47 5.17 5.54 2.44 4.08 3.14 3.63
Summer 1.88 2.51 0.74 2.50 2.50 0.93 7.69 14.84 7.53 8.19 6.28 8.53
Fall 343 4.13 1.77 5.12 5.58 4.07 9.11 10.84 5.67 14.65 18.08 14.84
Northwest Boreal LCC South
Winter 4.67 5.38 2.90 5.56 6.05 3.24 32.39 31.99 23.01 41.83 33.07  21.17
Spring 0.60 1.37 0.70 2.78 3.06 2.07 17.92 20.22 13.85 17.32 15.45 17.24
Summer 1.99 2.79 0.93 2.21 2.06 0.72 20.94 25.35 16.08 19.50 22.23 20.33
Fall 3.25 3.93 1.85 4.17 4.59 3.26 22.20 33.97 12.52 29.26 35.55 27.46
North Pacific LCC
Winter 3.71 4.29 242 3.87 4.48 2.05 95.77 92.63 64.82 99.84 106.87  53.70
Spring 1.26 2.17 1.32 2.85 3.05 2.02 43.99 73.92 56.37 58.04 57.77  49.64
Summer 2.05 291 1.17 2.28 2.30 1.13 17.10 13.14 13.87 24.40 36.90  25.60
Fall 3.08 3.80 1.99 3.77 3.97 2.94 51.48 91.26 31.82 4593 76.57  49.87
Alaska

Winter 5.50 6.64 3.36 7.00 7.30 4.44 22.06 22.89 15.06 26.29 22.88 13.49
Spring 1.54 1.90 1.04 3.54 3.74 2.65 11.98 15.15 9.49 11.98 10.94 10.64
Summer 1.80 2.43 0.73 2.62 2.57 1.10 9.44 15.35 8.82 8.37 9.52 9.20
Fall 3.62 4.33 1.93 5.36 5.70 4.19 14.37 21.68 8.31 18.30 24.92 18.31
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Figure 24. Projected growing season (April-September) mean temperature across the full assessment period (1950-2099).
A, climate simulations by version 3.1-T47 of the Canadian Centre for Climate Modelling and Analysis’ Coupled Global
Climate Model (CGCM3.1) and B, climate simulations by version 5 of the Max Planck Institute’s European Centre Hamburg
Model (ECHAMDb). Historical observations are from the Climate Research Unit time series CRU TS v. 3.10.01. Climate scenarios
A1B, A2, and B1 from the Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios.



smaller than the differences among scenarios. Portions of
western Alaska are projected to increase the least and some
areas would likely experience some seasonal decreases in
spring and summer (fig. 2.3). Regional trends varied consider-
ably among climate simulations, with the CGCM3.1 model
projecting slightly larger increases for the A1B scenario
than for the A2 scenario. In contrast, the ECHAMS model
projected slightly larger increases for the A2 scenario than
for the A1B scenario. Of the simulations, that for scenario
B1 with ECHAMS produced the largest seasonal increases
in precipitation in spring (March, April, May) and summer
(June, July, August).

2.4.4. Projected Land Cover

The projected changes in land cover varied substantially
across the assessment domain, but varied little across GCM
climate scenarios (table 2.6). Differences between the
GCMs were minimal except for the Arctic LCC. Change
was defined as the percentage of the domain that changed
land-cover type at least once over the projection period
(2010-2099). Total projected land-cover change across the
full domain ranged from a low of 56.5 percent in the B1
scenario of the CGCM3.1 model to a high of 61.2 percent
in the A1B scenario of the ECHAMS model. The greatest
amount of change occurred within the Northwest Boreal
LCC North (approximately 97.5 percent in both models)
and the least amount of change, not including the primarily
static North Pacific LCC, was simulated in the Arctic LCC
(ranging from 30 to 46 percent for the CGCM3.1 and
ECHAMS models, respectively) (fig. 2.5).

Table 2.6.
domain (Alaska).
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Figure 2.5. Projected land-cover change footprint visualized
by Landscape Conservation Cooperative (LCC) region. This
visualization is for the version 3.1-T47 of the Canadian Centre
for Climate Modelling and Analysis” Coupled Global Climate
Model (CGCM3.1) general circulation model, but the version 5
of the Max Planck Institute European Centre Hamburg Model
(ECHAMB) model produces the same results for the binned
categories depicted, and the results are also consistent
across climate change scenarios A1B, A2, and B1 from the
Intergovernmental Panel on Climate Change’s Special Report
on Emissions Scenarios. Finer differences between the two
general circulation models and the three climate change
scenarios are presented in table 2.6. Change was defined as
the portion of the domain that changed cover type at least
once over the projection period (2010-2099).

Projected land-cover-change footprint for the Landscape Conservation Cooperative (LCC) regions and the full assessment

[Change was defined as the percentage of the domain that changed land-cover type at least once over the projection period (2010-2099). This assessment used
downscaled data for two general circulation models, version 3.1-T47 of the Canadian Centre for Climate Modelling and Analysis’ Coupled Global Climate
Model (CGCM3.1) and version 5 of the Max Planck Institute’s European Centre Hamburg Model (ECHAMS), and three scenarios, B1, A1B, and A2, in order
of low to high projected CO, emissions, from the Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios. km?, square kilometer]

Land-cover change (percent)

LCC region 3(:?) CGCM3.1 ECHAMS
A1B A2 B1 A1B A2 B1
Arctic LCC 308,593 33.5 38.8 30.8 462 87 418
Western Alaska LCC 378,221 55.7 56.1 52.9 58.0 57.6 56.5
Northwest Boreal LCC North 456,584 97.5 97.5 97.4 97.5 97.5 97.5
Northwest Boreal LCC South 186,303 553 56.0 54.9 56.2 56.0 55.4
North Pacific LCC 163,361 0.9 0.9 0.9 0.9 0.9 0.9
Alaska 1,493,062 57.8 59.1 56.5 61.2 60.5 59.8
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Projected land-cover changes across the full assessment
domain between 2009 and 2099 occurred within both the
forest and tundra types (table 2.7, fig. 2.6). No changes were
projected in land cover for coastal temperate forest, heath
tundra, or wetland tundra owing to the static nature in which
the vegetation succession model treats these land-cover
types. Model results for the full assessment domain indicated
projected decreases in late successional white and black
spruce forests and concomitant increase in early successional
deciduous forest across GCMs and climate scenarios with the
magnitudes of change being greatest for the ECHAMS simula-
tions. The exception was the simulation under scenario B1 with
CGCM3.1, which projected a small increase in black spruce
forest (1.9 percent) and a moderate increase in white spruce
forest (12.1 percent). Forest land-cover changes were greatest
under the A2 scenario with the CGCM3.1 model, but were
greatest under the A1B scenario with the ECHAMS model.
The CGCM3.1 simulations projected a consistent decreases
in both graminoid and shrub tundra, whereas the ECHAMS
simulations projected moderate decreases in graminoid tundra
(2026 percent) but increases in shrub tundra (4-8 percent).

Consistent decreases in white and black spruce forests
and concomitant increases in deciduous forest were projected
for all regions and scenarios under the ECHAMS simula-
tions (table 2.7). Projected decreases were greatest under
the A1B scenario and smallest under the B1 scenario. For
the CGCM3.1 simulations, the model results varied among
regions and scenarios. The magnitude of change was greatest
under the A2 scenario except for the Western Alaska LCC.
Within the boreal-forest-dominated Northwest Boreal LCC North
and South, the B1 scenario projected small increases in spruce
forests whereas the A2 scenario projected moderate decreases. The
A1B scenario produced opposite trends with small increases in
spruce forests projected for the Northwest Boreal LCC South and
small decreases projected for the Northwest Boreal LCC North.

Although the Arctic and Western Alaska LCCs are both
dominated by tundra, projected changes in tundra land cover
exhibited opposite trends consistently across GCMs and
scenarios. For the Arctic LCC, decreases in graminoid tundra
and increases in shrub tundra were projected, with a greater
magnitude of change under the ECHAMS simulations. For
the Western Alaska LCC, in contrast, increases in graminoid
tundra and decreases in shrub tundra were projected, with a
greater magnitude of change under the CGCM3.1 simulations.

In the Arctic LCC, white spruce forest was projected to
increase (18.2—66.3 percent) whereas black spruce forest was
projected to decrease (8.4—36.1 percent) under the CGCM3.1
simulations with the magnitude of change greatest under the
B1 scenario for white spruce and under the A2 scenario for
black spruce (table 2.7). In contrast, both white and black
spruce forests were projected to decrease (24.9—63.6 percent)
under the ECHAMS simulations with the magnitude of the
decreases greatest under the A2 scenario and smallest under
the B1 scenario. For all simulations, graminoid tundra was
projected to decrease (8.4—23.6 percent), whereas shrub
tundra was projected to increase (2.1-21.3 percent). Projected
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Figure 2.6. Projected land-cover change between

2009 and 2099 across the full assessment domain under
the three emissions scenarios A1B, A2, and B1 of the
Intergovernmental Panel on Climate Change's Special
Report on Emissions Scenarios. A, changes projected

by version 3.1-T47 of the Canadian Centre for Climate
Modelling and Analysis’ Coupled Global Climate Model
(CGCM3.1) climate simulations and B, changes projected
by version 5 of the Max Planck Institute’s European Centre
Hamburg Model (ECHAMB) climate simulations.

changes in tundra land cover were slightly greater under the
A1B scenario than the A2 scenario and the least amount of
change was projected under the B1 scenario.

In the Western Alaska LCC, white and black spruce
forests were projected to decrease (12.0—45.6 percent) under
all simulations, except for the CGCM3.1 simulation under
the B1 scenario, which resulted in a 6.4-percent projected
increase in white spruce forest (table 2.7). Graminoid tundra
was projected to increase (0.4—9.2 percent) across all simu-
lations. In contrast, shrub tundra was projected to decrease
(3.6—11.3 percent) across all simulations.
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Table 2.7. Projected change in land-cover type between the end of the historical period (2009) and the end of the projection
period (2099) for each Landscape Conservation Cooperative (LCC) region and the full assessment domain (Alaska).

[Heath tundra, wetland tundra, and coastal temperate forest are not presented due to the static nature of these cover types in the Alaska Frame-
Based Ecosystem Code (ALFRESCO) model. This assessment used downscaled data for two general circulation models, version 3.1-T47 of the
Canadian Centre for Climate Modelling and Analysis’ Coupled Global Climate Model (CGCM3.1) and version 5 of the Max Planck Institute’s
European Centre Hamburg Model (ECHAMS), and three scenarios, B1, A1B, and A2, in order of low to high projected CO, emissions, from the
Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios. NA, not applicable]

Change in land-cover type (percent)

Land-cover type CGCM3.1 ECHAMS5
A1B A2 B1 A1B A2 B1
Arctic LCC
Black spruce forest -19.7 -36.1 -8.4 —63.0 —63.6 -54.7
White spruce forest 49.8 18.2 66.3 -36.8 —46.1 -24.9
Deciduous forest 232.5 396.8 129.1 620.4 598.3 527.0
Shrub tundra 4.2 8.9 2.1 21.3 20.6 13.8
Graminoid tundra -10.2 -14.4 -8.4 -23.6 -22.1 -16.4
Western Alaska LCC
Black spruce forest -24.9 -29.4 -12.0 —45.6 -43.1 -33.6
White spruce forest —-11.6 -16.1 6.4 —40.5 —40.3 -30.6
Deciduous forest 63.1 73.7 34.0 106.0 102.6 81.4
Shrub tundra -95 -9.8 -11.3 -4.4 -3.6 -3.6
Graminoid tundra 8.2 9.2 6.6 3.9 3.7 0.4
Northwest Boreal LCC North
Black spruce forest -8.0 -259 3.0 -43.9 -34.1 -13.6
White spruce forest -7.9 -24.3 3.7 -41.9 -33.8 -12.2
Deciduous forest 24.5 69.2 =5.1 113.0 91.4 34.8
Shrub tundra 1.8 1.5 1.0 4.5 5.0 4.7
Graminoid tundra —49.7 —46.3 —46.1 —45.6 —44.3 —44.0
Northwest Boreal LCC South
Black spruce forest 1.3 -15.2 9.6 -30.2 -27.4 -14.9
White spruce forest 44 -10.9 13.9 -32.6 -30.5 -18.7
Deciduous forest 3.0 15.4 -3.9 29.1 27.5 17.4
Shrub tundra -17.5 -13.6 -25.1 3.9 1.9 32
Graminoid tundra -72.6 —69.9 -71.4 —67.9 —66.5 —67.9
North Pacific LCC
Black spruce forest -6.4 95 -1.9 -20.0 -13.4 4.3
White spruce forest 7.2 -10.0 -1.6 -19.4 —-14.9 -3.6
Deciduous forest 90.0 127.3 20.9 248.2 174.5 532
Shrub tundra 0.0 0.0 0.0 0.0 0.0 0.0
Graminoid tundra NA NA NA NA NA NA
Alaska
Black spruce forest -8.3 -21.6 1.9 -37.8 -34.2 -21.1
White spruce forest -0.2 —-13.6 12.1 -36.5 -34.4 -20.7
Deciduous forest 15.2 31.3 2.4 51.6 47.4 31.6
Shrub tundra -3.2 -1.0 -5.4 7.7 7.7 4.8

Graminoid tundra -15.2 -18.0 -13.6 -25.7 -24.4 -20.2
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In the Northwest Boreal LCC North, white and black
spruce forests were projected to decrease substantially
(7.9—43.9 percent) under all simulations, except for the
simulations under the B1 scenario, which resulted in minimal
increases of approximately 3 percent (table 2.7). Graminoid
tundra was also projected to decrease (44.0—49.7 percent)
under all simulations. In contrast, shrub tundra was projected
to increase (1.0-5.0 percent) under all simulations.

In the Northwest Boreal LCC South, small to moderate
changes (that varied from decreases to increases) were
projected in white and black spruce forests across the
scenarios with CGCM3.1 (table 2.7). In contrast, decreases in
white and black spruce forests were projected for all scenarios
with ECHAMS. Graminoid and shrub tundra were projected to
decrease (13.6—72.6 percent) under the CGCM3.1 simulations.
However, under the ECHAMS simulations graminoid tundra
was projected to decrease (66.5-67.9 percent), whereas shrub
tundra was projected to increase minimally (1.9-3.9 percent).

Because ALFRESCO does not model changes in
temperate forest types, projected land-cover changes were
minimal in the North Pacific LCC where this land-cover
type is dominant. For the small amount of spruce forest
land-cover types found within this LCC, both white and black
spruce forests were projected to decrease (1.6-20.0 percent)
under all simulations.

Distributional trends across the full assessment domain
revealed projected decreases in area of spruce forest land
cover across all simulations (fig. 2.7). These decreases were
greatest for the ECHAMS simulations. An associated increase
in early successional deciduous forest was projected under
all simulations. Graminoid tundra was also projected to
decrease in area across all simulations. In contrast, the arca
of shrub tundra was projected to be relatively stable under
the CGCM3.1 simulations, whereas a small increase was
projected under the ECHAMS simulations.

Distributional trends among the LCC regions varied
substantially (figs. 2.8 through 2.12). In the Arctic LCC, all
simulations projected decreases in graminoid tundra and
increases in shrub tundra (fig. 2.8). Under the CGCM3.1 simu-
lations, a small increase in white spruce forest was projected.

The Western Alaska LCC exhibited similar results
to its tundra-dominated Arctic LCC counterpart for forest
land-cover types, but opposite trends for the tundra land-cover
types (fig. 2.9). In contrast to the Arctic LCC, the Western
Alaska LCC simulations projected variable but decreasing
shrub tundra trends across all simulations. Under the
CGCM3.1 simulations, graminoid tundra was projected to
increase slightly whereas under the ECHAMS simulations,
an increase at the beginning of the century was projected,
followed by a decline ending in areal extents similar to
beginning levels.

The simulations for the Northwest Boreal LCC North
projected moderate to large changes in forest distribution
(fig. 2.10). For the CGCM3.1 simulations, white and black
spruce forest extent was projected to vary from moderate
decreases under the A2 scenario to small increases under the

B1 scenario. In contrast, the ECHAMS simulations projected
large decreases in white and black spruce forest extent across
all scenarios, with concomitant increases in early successional
deciduous forest. Graminoid tundra was projected to decrease
in all simulations. Projected changes in shrub tundra extent
were opposite for the GCMs, with projected decreases under
CGCM3.1 but increases under ECHAMS.

The projections for the Northwest Boreal LCC South
mirrored the trends exhibited in the Northwest Boreal LCC
North, except that under the CGCM3.1 simulations shrub
tundra was projected to increase across all scenarios—in
contrast to the CGCM3.1 simulations for the Northwest
Boreal LCC North (fig. 2.11). In all simulations, the projected
areal extent of change was substantially smaller than for the
Northwest Boreal LCC North.

The simulations for the North Pacific LCC projected
only minor changes owing to the static nature of the major
ecosystem type (coastal temperate forest) in ALFRESCO.
Along the extreme northern portions of this LCC, minor
decreases in spruce forests were projected with concomitant
increases in deciduous forest (fig. 2.12). These trends were
consistent across all simulations.

2.4.5. Projected Wildfire

2.4.5.1. Retrospective Simulations

Calibration simulations were performed to tune the
modeled relationship between climate and fire. Calibrations
iteratively adjusted the quantitative linkage between climate
and fire by comparing model output (such as, fire numbers
and extent, stand age structure) to the corresponding historical
data. Several metrics were used to calibrate the performance
of ALFRESCO simulations (Rupp and others, 2000, 2002,
2006, 2007). These metrics included (1) the frequency-area
distribution of the fire sizes, (2) the inter-annual variability
from 1950 through 2009, and (3) the mean area burned from
1950 through 2009. Calibration results are not presented here
but followed the methods outlined in Mann and others (2012).
Once a sufficient correspondence between the historical
data and the simulation output was obtained across multiple
metrics, the calibration optimization was halted.

ALFRESCO simulations of the historical period of record
provided reasonable depictions of the fire regime in Alaska.
Specifically, the frequency-area distribution, inter-annual
variability in area burned, and spatial distribution of fires
were consistent with those from the observed record. To
account for stochastic components of the fire regime (such as,
ignitions, duration of vegetation dominance through succes-
sion, and so forth), multiple replicates (n=200) of fire activity
and subsequent succession were simulated. Projected model
results were then assembled and distributional properties
across replicates were analyzed. The model performed
relatively well in simulating historical wildfire activity driven
by historical climate data (table 2.8). The simulated number
of wildfires averaged 60 per year, ranging from 48 to 78.
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Projected change in land-cover type from 2009 through 2099 across the full assessment domain.

A, changes projected by version 3.1-T47 of the Canadian Centre for Climate Modelling and Analysis” Coupled Global
Climate Model (CGCM3.1) climate simulations and B, changes projected by version 5 of the Max Planck Institute’s
European Centre Hamburg Model (ECHAMS5) climate simulations under the three emissions scenarios A1B, A2, and B1
of the Intergovernmental Panel on Climate Change's Special Report on Emissions Scenarios. Heath tundra, wetland
tundra, and coastal temperate forest land-cover types are not presented owing to the static nature of these land-cover
types in the Alaska Frame-Based Ecosystem Code (ALFRESCO) model.
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Figure 2.8. Projected change in land-cover type from 2009 through 2099 across the Arctic Landscape Conservation
Cooperative (LCC). Details regarding the simulations of land-cover change shown can be found in figure 2.7.
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Figure 2.9. Projected change in land-cover type from 2009 through 2099 across the Western Alaska Landscape
Conservation Cooperative (LCC). Details regarding the simulations of land-cover change shown can be found in

figure 2.7.
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Figure 2.12. Projected change in land-cover type from 2009 through 2099 across the North Pacific Landscape Conservation
Cooperative (LCC). Details regarding the simulations of land-cover change shown can be found in figure 2.7.



Table 2.8. Observed and simulated fire data from Alaska Frame-Based Ecosystem Code (ALFRESCO) model

Chapter 2

for each Landscape Conservation Cooperative (LCC) region and the full assessment domain (Alaska) during the

baseline period (1950-2009).

[Summary statistics are based on 200 model replicates. km?, square kilometer; —, not applicable]
Observed Simulated
Metric Number of wildfires Annual area burned Number of wildfires Annual area burned
per year (km?) per year (km?)
Arctic LCC
Mean 2.1 60.49 0.9 86
Standard deviation 32 178.16 0.3 210
Minimum 0 0 0 2
Median 0 0 1 10
Maximum 13 1,106.82 2 1,130
Year of maximum 2005 2007 — —
Western Alaska LCC
Mean 5.82 393.81 8 762
Standard deviation 7.68 1,258.46 2 1,168
Minimum 0 0 5 23
Median 3.5 33.42 8 255
Maximum 37 8,313.50 12 6,411
Year of maximum 1972 1957 — —
Northwest Boreal LCC North
Mean 31.8 3,262.26 44 2,802
Standard deviation 33.07 5,178.67 5 3,089
Minimum 0 0 35 335
Median 20 1,296.82 43 1,612
Maximum 137 26,683.54 57 13,983
Year of maximum 2005 2004 — —
Northwest Boreal LCC South
Mean 2.15 54.49 10 331
Standard deviation 2.7 112.52 441
Minimum 0 0 31
Median 1 4.28 187
Maximum 15 615.4 14 2,059
Year of maximum 2009 2009 — —
North Pacific LCC
Mean 0.6 2.21 0.1 4
Standard deviation 0.92 6.93 0.2 2
Minimum 0 0 0 1
Median 0 0 0 3
Maximum 4 36.31 1 11
Year of maximum 1991 1991 — —
Alaska

Mean 41.3 3,791.50 60 3,789
Standard deviation 41.92 5,709.97 7 4,343
Minimum 0 0 48 433
Median 27 1,596.77 59 2,028
Maximum 176 27,071.72 78 18,391
Year of maximum 2005 2004 — —

39
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The average number of simulated fires is slightly higher 2.4.5.2. Future Simulations

than the historical average; however, the estimate of the

average for the historical data is likely biased low owing The simulation results of fire activity for the last

to under-reporting in the first decade of the observational decade of the projection period (2090-2099) were compared
record. Historical annual area burned averaged 3,791 km? with simulated results from the most recent full decade
(table 2.4)—that is, 0.25 percent of the total area of the (2000-2009), referred to as the historical reference period.
Alaska simulation domain, which has a total area of Results are summarized using percentiles from the distribution
1.49 million km?. Simulation results for that same period of output (such as, number of wildfires, area burned) across
had an average annual area burned of 3,789 km?. The 200 model replicates for each simulation. Greater differences
inter-annual variability of the simulated fire activity was were found between simulated output from GCMs across all
smaller than that of the historical data. This is largely due emissions scenarios than among emissions scenarios within
to deficiencies in the model’s ability to depict inter-annual a given GCM. Across the full domain of this assessment and
variability in the ignitions because of a lack of reliable across all simulations, the median (across 200 model repli-
historical data regarding ignitions. cates) projected number of wildfires for 2090-2099 ranged

from 51 to 88 (table 2.9, fig. 2.13). The projected annual area

Table 2.9. Summary of fire activity for the full assessment domain simulated for the last decades of the historical period (2000—-2009)
and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. The six simulations were
combinations of the two general circulation models, version 3.1-T47 of the Canadian Centre for Climate Modelling and Analysis’ Coupled Global
Climate Model (CGCM 3.1; McFarlane and others, 1992; Flato, 2005) and version 5 of the Max Planck Institute’s European Centre Hamburg Model
(ECHAMS; Roeckner and others, 2003, 2004), and three climate change scenarios, B1, A1B, and A2, in order of low to high projected CO, emissions,
of the Intergovernmental Panel on Climate Change’s Special Report on Emissions Scenarios (Naki¢enovi¢ and Swart, 2000). km?, square kilometer]

. . Historical period Projection period Change in Change in
Climate Metric number of
scenario  (percentile) Number of Area burned Number of Area burned wildfires il
wildfires (km?) wildfires (km?) (percent) ez
CGCM3.1
AlB Median 60 3,398 60 2,887 0.8 -15.0
AlB 95th 84 17,971 84 19,259 0.9 7.2
A2 Median 59 3,155 62 5,324 4.2 68.8
A2 95th 84 17,880 88 32,569 5.2 82.2
Bl Median 59 3,089 66 3,636 12.7 17.7
Bl 95th 84 17,667 88 16,038 4.8 -9.2
ECHAM5
AlB Median 59 3,135 55 4,904 -6.8 56.4
AlB 95th 85 18,079 83 25,677 -2.5 42.0
A2 Median 59 3,060 51 3,412 —-13.6 11.5
A2 95th 84 17,579 79 23,435 -5.9 333
Bl Median 59 3,159 53 2,576 -10.2 -18.5

B1 95th 85 17,428 75 11,429 -11.4 -34.4




burned across 200 model replicates averaged 12,591 km?, or
0.85 percent of the assessment domain, which has a total area
of 1.49 million km? The median (across 200 model replicates)
annual area burned ranged from 2,477 km? (0.16 percent of
total area) to 33,039 km? (2.2 percent of total area).

Under the CGCM3.1 simulations, the 50th (median) and
95th percentiles for the number of wildfires were projected
to increase across all scenarios (table 2.9, fig. 2.134). The
increases for both percentiles were least pronounced and
somewhat negligible under the A1B scenario. Projections
of future area burned varied in magnitude and direction
of change (relative to present) across scenarios. The
50th percentile of area burned for the B1 and A2 scenarios
was projected to increase by 17.7 percent and 68.8 percent,
respectively. In contrast, the 50th percentile of area burned

A. Full assessment domain—CGCM3.1

Chapter 2 |

for the A1B scenario was projected to decrease by 15 percent.
The 95th percentile of area burned was projected to increase
for the A1B and A2 scenarios by 7.2 percent and 82.2 percent,
respectively. In contrast, the 95th percentile of area burned for
the B1 scenario was projected to decrease by 9.2 percent.

Under the ECHAMS simulations, the 50th and 95th percen-
tiles for the number of wildfires were projected to decrease
across all scenarios (table 2.9, fig. 2.13B), with the greatest
projected decrease under the A2 scenario and the smallest
projected decrease under the B1 scenario. The area burned was
projected to increase for the A1B and A2 scenarios; in contrast,
the area burned was projected to decrease for the B1 scenario.
The greatest change from present was projected under the
A1B scenario, with 56-percent and 42-percent increases for
the 50th and 95th percentiles of area burned, respectively.
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5th, and 95th percentiles were computed across 200 simulations for climate change scenarios A1B, A2, and B1 of the

Intergovernmental Panel on Climate Change’s Special Report

on Emissions Scenarios.
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The Northwest Boreal LCC North had the most to decrease under the A1B and B1 scenarios and increase
(approximately 85 percent of the statewide total) historical fire  under the A2 scenario. Under the ECHAMS simulations,
activity among the five LCC regions of the assessment and the 50th and 95th percentiles for the number of wildfires

was also projected to have the most future fire activity. Under =~ were projected to decrease across all scenarios (table 2.10,
the CGCM3.1 simulations, the 50th and 95th percentiles for fig. 2.14B). General increases in the distribution of area

the number of wildfires were projected to increase for all burned were projected under the A1B and A2 scenarios,
scenarios (table 2.10, fig. 2.144). The projected magnitude and  whereas decreases were projected under the B1 scenario.
direction of change in area burned varied across scenarios. The = The simulation under the A1B scenario projected the largest
50th percentile was projected to increase (0.9—47.6 percent) change, with 44-percent and 17-percent increases projected
for all scenarios. In contrast, the 95th percentile was projected ~ for the 50th and 95th percentiles of area burned, respectively.

Table 2.10. Summary of fire activity for the Northwest Boreal Landscape Conservation Cooperative North
simulated for the last decades of the historical period (2000-2009) and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. Details
regarding the models and scenarios shown can be found in table 2.9. km?, square kilometer]

. . Historical period Projection period Change in Change in
Climate Metric number of b d
scenario (percentile) Numberof Area burned Numberof Areaburned  wildfires al('ea “"'t‘)’
wildfires (km?) wildfires (km?) (percent) HEICER
CGCM3.1
AlB Median 42 2,274 45 2,295 5.9 0.9
AlB 95th 62 10,342 64 10,199 35 14
A2 Median 4 2,194 44 3,239 7.2 476
A2 95th 63 10,459 66 16,626 53 59.0
Bl Median 0 2216 48 2,622 15.5 18.3
Bl 95th 62 10,511 67 7,855 73 253
ECHAM5
AlB Median 42 2,200 40 3,174 -3.6 443
AlB 95th 63 10,426 62 12,217 -0.6 17.2
A2 Median 42 2,186 37 2,176 ~10.8 ~0.5
A2 95th 63 10,422 61 12,642 3.1 21.3
Bl Median 9 2,230 38 1,798 72 -19.4
Bl 95th 63 10,264 57 8,090 92 212
A. Northwest Boreal LCC North—CGCM3.1
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The Western Alaska LCC had the second most historical

fire activity among the five LCC regions and was also large increases (13

projected to have the second most future fire activity. Under
the CGCM3.1 simulations, projected median changes in
number of wildfires varied in magnitude and direction. Under

the B1 and A2 scenarios, moderate increases were projected (table 2.11, fig. 2.1

in the 50th percentile, whereas the greatest change among

the scenarios was projected under the A1B scenario, with a the 95th percentile

decrease of 22.2 percent (table 2.11, fig. 2.154). The distribu-

tion in area burned was projected to increase for all scenarios, each of the scenari
except for the 50th percentile under the A1B scenario, which and A 1B scenarios
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was projected to decrease. Under the B1 and A2 scenarios,

9 percent and 180 percent, respectively)

were projected in the 50th percentile. Under the ECHAMS
simulations, the 50th and 95th percentiles for the number
of wildfires were projected to decrease across all scenarios

5B). The distribution of area burned was

projected to increase under the A1B and A2 scenarios, whereas

under the B1 scenario was projected to

decrease. The 50th percentile was projected to increase under

os with the largest increases under the A2
(146 percent and 302 percent, respectively).

Table 2.11. Summary of fire activity for the Western Alaska Landscape Conservation Cooperative simulated for
the last decades of the historical period (2000-2009) and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. Details
regarding the models and scenarios shown can be found in table 2.9. km?, square kilometer]

. . Historical period Projection period Change in Change in
Climate Metric number of burned
scenario (percentile) Numberof Area burned Numberof Areaburned  wildfires  Orca burne
wildfires (km?) wildfires (km?) I A e
CGCM3.1
AlB Median 9 714 7 344 222 51.8
AlB 95th 17 7,735 16 9,185 -7.9 18.8
A2 Median 8 332 8 929 6.2 179.8
A2 95th 17 7,315 16 10,729 -6.0 46.7
Bl Median 8 336 8 802 6.2 138.7
Bl 95th 17 7,533 17 8,400 2.6 11.5
ECHAMS5
AlB Median 8 330 7 1,329 -17.6 302.7
AlB 95th 17 7,529 15 9,979 -14.4 32.5
A2 Median 8 334 7 824 -17.6 146.7
A2 95th 17 7,407 15 10,651 “12.1 438
Bl Median 8 332 6 360 -23.5 8.4
Bl 95th 17 7,251 14 5,842 18.1 194
A. Western Alaska LCC—CGCM3.1
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In the Arctic LCC, no change was projected in the A2 scenario was projected to increase. Under the ECHAMS
50th percentile of the number of wildfires across all scenarios simulations, the 50th percentile for the number of wildfires
with CGCM3.1 (table 2.12, fig. 2.164). The 95th percentile was not projected to change across all scenarios (table 2.12,

under the A1B and A2 scenarios was projected to increase. fig. 2.16B). The 95th percentile under the B1 and A2 scenarios
The projected change in area burned varied in magnitude and was projected to decrease, whereas that under the A1B scenario
direction across scenarios. The 50th percentile was projected was projected to increase. The 50th percentile of the distribu-

to increase under scenarios B1 and A2, whereas no change was  tion of area burned was projected to increase across all of the
projected under scenario A1B. The largest change was projected  scenarios, with the greatest (2,050-percent) increase projected

under the A2 scenario with an increase of 1,300 percent. under the A1B scenario. The 95th percentile was projected to
The 95th percentile was projected to decrease under the B1 decrease under the Bl and A2 scenarios, whereas an increase
and A1B scenarios; however, the 95th percentile under the in the 95th percentile was projected under the A1B scenario.

Table 2.12. Summary of fire activity for the Arctic Landscape Conservation Cooperative simulated for the last
decades of the historical period (2000-2009) and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. Details
regarding the models and scenarios shown can be found in table 2.9. km?, square kilometer]

Change in

. . Historical period Projection period hange in
Climate Metric . : . number of . abge d
scenario (percentile) Numberof Area burned Numberof Areaburned  wildfires aliea “"‘t‘)’
wildfires (km?) wildfires (km?) (percent) REICER
CGCM3.1
AlB Median 1 22 1 22 0 0
AlIB 95th 3 5,553 4 4,128 183 -25.7
A2 Median 1 10 1 140 0 1,300
A2 95th 3 5919 4 8,362 33.3 413
Bl Median 1 10 1 16 0 60
Bl 95th 3 6,230 3 3,323 0 —46.7
ECHAMS5
AIB Median 1 10 1 215 0 2,050
AlIB 95th 3 6,058 4 7,525 18.3 24.2
A2 Median 1 10 1 56 0 460
A2 95th 3 6,042 3 5473 -15 9.4
Bl Median 1 10 1 40 0 300
Bl 95th 4 6,232 3 1,421 282 -77.2
A. Arctic LCC—CGCM3.1
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In the Northwest Boreal LCC South, increases in the increase by 107 percent and the 95th percentile projected to
50th and 95th percentiles for the number of wildfires were increase by 432 percent. Under the ECHAMS simulations,
projected under the B1 and A2 scenarios with CGCM3.1, the 50th and 95th percentiles for the number of wildfires
whereas decreases were projected under the A1B scenario were projected to decrease across all scenarios (table 2.13,
(table 2.13, fig. 2.174). The projected change in area burned fig. 2.17B). The 50th and 95th percentiles of the distribution
varied in magnitude and direction across scenarios. The of area burned were projected to increase under the A1B
50th percentile was projected to increase under the B1 and and A2 scenarios, whereas decreases were projected under
A2 scenarios. A decrease in the 95th percentile was projected the B1 scenario. The largest increase in the 50th percentile
under the B1 scenario, whereas an increase was projected (51 percent) was projected under the A1B scenario, and the
under the A2 scenario. The magnitude of change was largest largest increase in the 95th percentile (110 percent) was
under the A2 scenario with the 50th percentile projected to projected under the A2 scenario.

Table 2.13. Summary of fire activity for the Northwest Boreal Landscape Conservation Cooperative South
simulated for the last decades of the historical period (2000-2009) and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. Details
regarding the models and scenarios shown can be found in table 2.9. km?, square kilometer]

Change in

. X Historical period Projection period Change in
Climate Metric number of b d
scenario (percentile) Numberof Area burned Numberof Areaburned  wildfires  2'Co Purne
wildfires (km?) wildfires (km?) M R
CGCM3.1
AlB Median 10 264 10 167 -5 -36.7
AlB 95th 20 2,337 18 1,355 -7.9 —42.0
A2 Median 10 208 10 430 10.5 106.7
A2 95th 20 2,355 22 12,523 10.2 431.8
Bl Median 10 204 11 258 15.8 26.5
Bl 95th 20 2,328 20 2,064 2.3 ~11.3
ECHAMS5
AlB Median 10 203 9 308 -5.3 51.7
AlB 95th 20 2,362 19 8,689 23 267.9
A2 Median 10 200 8 203 ~15.8 1.5
A2 95th 20 2,289 18 4,810 -102 110.1
Bl Median 10 212 8 143 -105 -325
Bl 95th 20 2,283 17 1,298 -153 —43.1
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Of the five assessment regions, the North Pacific LCC
had the least amount of fire activity reflecting the LCC’s wet
and cool climate. Future simulations showed little indication
of any meaningful future fire activity in this region (table 2.14,

fig. 2.184, B).

Baseline and Projected Future Carbon Storage and Greenhouse-Gas Fluxes in Ecosystems of Alaska

Table 2.14. Summary of fire activity for the North Pacific Landscape Conservation Cooperative simulated for the

last decades of the historical period (2000-2009) and the projection period (2090-2099).

[The 50th (median) and 95th percentiles were computed across 200 model replicates for each future climate simulation. Details
regarding the models and scenarios shown can be found in table 2.9. km?, square kilometer; —, not applicable]

. . Historical period Projection period Change in Change in
Climate Metric number of b d
scenario (percentile) Numberof Area burned Numberof Areaburned  wildfires  orca burne
wildfires (km?) wildfires (km?) oo e
CGCM3.1
AlB Median 0 2 0 2 — —
AlB 95th 2 27 2 28 22.5 3.7
A2 Median 0 2 0 5 — —
A2 95th 2 25 3 160 64.52 540
Bl Median 0 2 0 2 — —
Bl 95th 2 25 2 25 0 0
ECHAMS
AIB Median 0 2 0 6 — —
AIB 95th 2 25 3 274 93.55 996
A2 Median 0 2 0 4 — —
A2 95th 2 24 3 121 64.52 404.17
Bl Median 0 2 0 2 — —
Bl 95th 2 23 2 44 29.03 91.3
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2.4.6. Discussion and Conclusions

Climate effects, both direct and indirect, are projected
to influence the vegetation-disturbance dynamics of Alaska
through the 21st century. Most of the vegetation change
simulated by ALFRESCO would result from the indirect
effects of climate as mediated by the fire regime. On the basis
of the characterization of fire-climate relationships from the
past six decades, fire regimes are forecast to change for most
of the simulations considered. The Northwest Boreal LCC
North would exhibit the greatest amount of change in simu-
lated fire activity relative to historical observations. One of the
dominant results following from this projected change in fire
regimes is a projected decrease in the area occupied by late
successional spruce forests. This decrease would be consistent
across all the climate simulations for Alaska as a whole and in
most of the five LCC regions.

One of the defining characteristics of the fire regime in
Alaska is significant variability across both space and time.
The simulated fire activity from both GCMs produced large
inter-annual variability in the fire activity in a manner consis-
tent with the historical fire data in Alaska. A steady increase
in both the number of wildfires and median area burned
after 2050 was projected for CGCM3.1 simulations under
all scenarios. The variability of the distribution of simulated
area burned also was projected to increase, as depicted by
the increase in the 95th percentiles across the second half of
the 21st century. In contrast, under the ECHAMS simulations
across all scenarios a small decrease in the number of wildfires
and an increase in the median area burned after 2050 were
projected as well as a decrease in the variability of the distri-
bution of simulated area burned, shown in the 95th percentile.

The differences between the CGCM3.1 and ECHAMS
simulation output for the period 2010-2030 is driven largely
by changes in the climate forcing of the fire activity. This is
a consequence of the fact that the initial spatial distribution
of differentially flammable vegetation is relatively consistent
among simulations since it is determined by the patterns of
historical fire. As the changes in future climate affect the land-
scape configuration of vegetation types through fire-initiated
secondary succession, there are potential feedbacks to the fire
regime. This is likely the reason that there are differences in
the trends of the number of wildfires between the GCMs. That
is, differences in the spatial configuration of differentially
flammable vegetation types emerge uniquely for the GCMs
as a function of the climate forcing effects on the fire regime.
Ultimately, the configuration of the landscape dictates how the
fire activity emerges for the climate signal in each year.

Simulated land-cover types in tundra-dominated portions
of the assessment domain exhibited moderate levels of change.
Graminoid tundra was projected to decrease under most of
the future climate simulations, whereas shrub tundra was
projected to increase. The magnitude and direction of change
would vary considerably across the LCC regions, though
consistently within each region. That is, in the Arctic LCC,
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graminoid tundra was projected to decrease and shrub tundra
was projected to increase across the simulations, whereas
opposite trends were projected for the Western Alaska LCC.
These patterns reflect positive influences of a warming
climate, in the case of shrub tundra increases in the Arctic
LCC, as well as the indirect effects through wildfire activity, in
the case of shrub tundra decreases in the Western Alaska LCC.

2.4.6.1. Uncertainty

The use of models to simulate future fire activity provides
a means to assemble the state of the science and assess the
likely responses to future scenarios. Generally speaking,
models are developed with the intent to characterize the
functional relationships between ecological responses and
environmental drivers. One metric of model performance
is to meaningfully explain the observed variability in an
ecological response at varying resolutions of space and time.
Best performing models are able to parsimoniously explain
variability in a manner that is robust to the multiple sources
of uncertainty that are constrained through assumptions.

The projections presented here were generated through
the development of several layers of modeling, each with its
own corresponding uncertainty. The process starts with data.
One can consider data to be an observation of some underlying
true latent process. In most settings, observed data are consid-
ered to be truth. That is, the difference between the observed
value and the true state of the underlying latent process is zero.
This is the implementation of the time-honored uncertainty
reduction technique of assumption making. In some cases this
is appropriate, in others it may make more sense to employ
a hierarchical modeling approach to separate the uncertainty
associated with the input data from that of the process model
(Calder and others, 2003; Cressie and Wikle, 2011). When
constructing simulation models, whether statistical, process-
based, or otherwise, there is uncertainty associated with the
functional form of the model. Finally, there is uncertainty
associated with the parameters that are estimated in the
modeling process.

In the work presented here, we explicitly considered
uncertainty in the simulations of future fire activity that is
associated with the GCMs and emissions scenarios. This was
done by running simulations for different combinations of
GCMs and scenarios. Bounding results were presented in the
sense that the ECHAMS model generally corresponds to the
most active future fire regime and the CGCM3.1 model to the
least. In using this approach, we conditioned on the functional
relationship depicted in the ALFRESCO model and assumed
this was the best model through the application of calibration
to the historical data. That is, uncertainty in the depiction of
the functional linkage between future climate and fire was
constrained. One potential source of uncertainty associated
with the results is the potential for the functional linkage
between climate and fire to change in the future.
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The historical data were also assumed, for the sake of
these analyses, to be unbiased representations of the true
underlying latent process of fire across the boreal forest. This
assumption was used when quantifying the linkage between
climate and area burned based on the historical data. There
is good reason to think this is not the case in Alaska and,
understandably, the reliability of the historical fire data is
more questionable for the earlier part of the record (Kasischke
and others, 2002, 2006). To some extent, issues related to the
uncertainty associated with the data are potentially reduced
owing to the increased detectability associated with large fire
events. That is, it is more likely to miss a smaller fire in the
record than a larger one. Since over half of the area burned in
Alaska comes from approximately the largest 2.5 percent of
the fires (Kasischke and Turetsky, 20006), these issues associ-
ated with uncertainty in the data are likely negligible relative
to the uncertainty associated with the actual unfolding of the
future climate scenario.

When considering the full assessment domain, the
uncertainty associated with the projected results was greater
between GCMs than it was between the emissions scenarios
for a given GCM, which tend to be generally consistent. This
assertion holds less credence when considering the LCC
regions. To some extent this may be driven by the simple fact
that there was greater variability among replicates for the
consideration of smaller landscape areas.

2.4.6.2. Sensitivity

When considering the greatest potential for change in
the future scenarios, it is of interest to examine not only the
measure of central tendency for the future scenarios but also
higher statistical moments as well. Across the entire State,
there were divergent results among GCMs with respect to the
change in number of wildfires. The 50th and 95th percentiles
of the wildfire distributions were projected to increase
for all scenarios in the CGCM3.1 model, whereas the
corresponding simulated data were projected to decrease in
the ECHAMS model. Projected ignitions were placed in a
spatially random manner so an increase would correspond to
increases in the temperature and (or) prevalence of flammable
vegetation across the landscape. The increase in number of
wildfires suggests the potential for a subsequent increase in
the heterogeneity of the landscape as a consequence. Across
the entire State, the simulation output projected an increase
in the area burned with more burning associated with the

CGCM3.1 model. Interestingly, along with the increase in
area burned was an opposite response in the change through
time between the 95th percentiles of the CGCM3.1 and the
ECHAMS models. The CGCM3.1 model projected an increase
in number of wildfires and an increase in the variability

of area burned, whereas the ECHAMS model projected a
relatively stable number of wildfires and a steady decrease in
the variability of area burned through time. In this context, the
CGCM3.1 model projects a much more variable future with
respect to landscape-scale disturbance.

When considering the LCC regions, several stand out
as being most sensitive in terms of future changes in the fire
regime. The North Pacific LCC had the lowest historical fire
activity so any future increase would be a relatively large shift,
although the absolute amount of fire activity may be negligible
in the context of statewide area burned. The variability of the
number of wildfires and the variability associated with the
distribution of the simulated area burned were projected to
increase consistently over the projection period in the North
Pacific LCC. In this sense, the simulated results are consistent
among all simulations, projecting that there would be a
relatively large increase in fire activity. This is an example of
a region where there appears to be potential for a threshold to
be crossed (that is, for greater influence of fire activity) in the
next century.

The simulation results also indicate that the Northwest
Boreal LCC South may experience increased wildfires and
area burned in the future. The ECHAMS model projected a
relatively constant number of wildfires but an increase in the
variability of the area burned under the A2 and A1B scenarios.
The CGCM3.1 model projected an increase in number of
wildfires, but only under the A2 scenario was a corresponding
increase in the variability of the area burned projected.

The simulation results for the Western Alaska LCC
were relatively divergent between the two GCMs. For the
CGCM3.1 model, the number of wildfires forecast was rela-
tively constant; however, a forecast increase in the variability
of area burned was consistent across the scenarios considered.
Conversely, for the ECHAMS model, the number of wildfires
was projected to decrease with a corresponding decrease in
the variability associated with the distribution of area burned.
Thus, the sensitivity of the Western Alaska LCC to changes in
future climate over the 21st century is dependent on the model
used to simulate the future climate, with the CGCM3.1 model
being more sensitive and the ECHAMS model relatively stable
and therefore less sensitive to climate change.
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