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Introduction: Project Delineation, Rationale, and Tools
Project Need
Alaska’s high-latitude setting places it at the front lines of environmental change. Rising temperatures,
altered seasonality, accelerating permafrost thaw, changing wetland dynamics, shifts in precipitation,
and increasing wildfire frequency and severity are among the factors rapidly altering the landscape, and
thus affecting human uses of that landscape – including the 1.6 million acres owned and managed by
The U.S. Army Garrison Alaska (USAG Alaska). This change is projected to continue throughout this
century, and will affect the infrastructure and training capabilities of USAG Alaska. Army installations in
Alaska have significant responsibilities for managing environmentally sensitive natural resources
(Hayden et al. 2103).
Climate change already is affecting the built environment, including Department of Defense (DoD) built
and natural infrastructure. This infrastructure is necessary for military readiness and daily operations.
Thus, clear, well-supported, contextual information is needed on appropriate and applied use of climate
information for non-experts (Kotamarthi et al. 2016). This information should be based on the best and
most up-to-date models and analysis.
Previous research sheds light on the need for additional detailed modeling and analysis of specific
climate change impacts. Hayden et al. (2013) note that the greatest climate change impacts to DoD
lands in Alaska may arise from thawing permafrost and ice and shorter winter season. This study also
notes that increased drying and fire risk may reduce the time periods and locations in which incendiary
devices may be used. The DoD Strategic and Environmental Research Program (SERDP) has funded
research efforts – including research in USAG Alaska -- to improve the understanding of climate change,
fire, and permafrost, and to pinpoint ways to integrate climate change into decision-making (SERDP
2016).
Computer models that simulate relationships between climate, vegetation, fire, and other key variables
are important tools for understanding and projecting environmental change (Kittel et al. 2000, Rupp et
al. 2007). Furthermore, all outputs and products should allow for clear understanding and continuing
dialogue between climate modelers and user communities in order to foster efficient decision-making
and sound collaborative research (Kotamarthi et al. 2016). These goals are also in keeping with the
goals of the U.S. Department of Defense 2014 Climate Change Adaptation Roadmap (DoD 2014), which
prioritizes identifying and assessing effects of climate change on DoD; managing associated risks; and
collaborating with stakeholders on climate change challenges.

Project Initiation and Scope
In order to address the above needs, it was necessary to first clearly identify climate impacts to military
lands and operations. With these impacts in mind, it was then necessary to create tools, graphics, and
cogent textual summaries to clearly explain potential change, and to offer opportunities to adapt and
plan for this change,
To this end, a collaboration was established between USAG Alaska and the Scenarios Network for Alaska
and Arctic Planning (SNAP), a research group within the International Arctic Research Center (IARC) at
the University of Alaska, Fairbanks. The goal of the project was to select, develop, and apply relevant
data and models of historical, current and projected future climate, in order to create tools and
adaptation strategies directly useful and pertinent to US Army Alaska training. The project included
3

three major stages: 1) collaborative research and information-sharing in order to determine primary
questions, available data and tools, and effective strategies; 2) development of datasets, models, and
tools to address these primary questions; and 3) interpretation and refinement of models and tools in
order to maximize their utility and effectiveness.
In the first stage of the project, scientists, modelers, and spatial analysts affiliated with SNAP met with
key USAG Alaska personnel in a series of meetings – some in-person and some via teleconference.
These meetings were augmented by one-on-one phone conversations and extensive exchange of emails,
documents, and other information sources. In the second stage of the project, SNAP personnel created
and refined maps, tools, datasets, and informational resources to directly meet the needs defined in the
first stage. These included not only printed materials but also user-friendly databases, map tools,
charts, and other online interfaces. In the final stage, these products were reviewed and refined or
edited to improve their efficacy.

Initial Discussions
The goal of the iterative discussions that occurred in the project’s initial stage was to review the
immediate and long-term needs of USAG Alaska in relation to ongoing and potential future climatelinked changes, with special focus on the conditions necessary for effective operations. This spin-up
phase proved to be highly productive, with knowledge-sharing yielding more tailored and applicable
products than otherwise would have been possible.
During the course of these meetings, SNAP personnel shared detailed explanations of available SNAP
climate data, models, and tools, and discussed tools that could be developed specifically for the project.
When it became clear that some key questions ranged outside the expertise of the initial core SNAP
group, other partners from SNAP, from IARC, and from the UAF Geophysical Institute Permafrost Lab
(GIPL) were pulled into the project team.
Partners from Fort Wainwright likewise shared their own knowledge and expertise. Initial participants
and project leaders called upon colleagues as well as individuals not directly working for USAG Alaska to
contribute to the conversation.
Throughout the discussions, project participants affiliated with the USAG became familiar with SNAP
resources, described below. Meanwhile, SNAP participants became familiar with USAG needs,
requirements, restrictions, and priorities.
Data, models, and methods that were ultimately used in the project were selected via this discussion
and planning process. By first exploring the wide range of available data and expertise available from
many sources, the project effectively determined the most appropriate modeling techniques and the
most effective and useful end products.
Ultimately, four main sub-projects were identified, each using different background information and
different modeling techniques, and each addressing a distinct issue facing USAG managers and
personnel. The four sub-projects, described in detail in this report, include:
1) “Frozen Ground Travel”, an analysis of potential changes in the timing of sub-surface freeze and
surficial thaw, as related to the viability of heavy and light training operations in wetlands and
tundra;
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2) “Temperature Thresholds”, a modeling effort directed toward predicting the future likelihood of
opportunities for cold-weather testing, as defined by varied requirements for extremity and
duration of cold;
3) “Long-term Fire Modeling”, a broad look at landscape level fire in areas surrounding military
lands, in order to assess future impacts and risks associated with fire-fighting and smoke; and
4) “Seasonal Fire Patterns”, a modeling effort based on new daily weather projections, with the
goal of highlighting which parts of each annual fire season, in the future, might pose the
greatest risks of fire-related shut-downs or limitations to operations.

SNAP Resources
SNAP methods, data, and other resources, described in detail at www.snap.uaf.edu, include not only
downscaled climate data but also complex linked models such as the Alaska Frame-Based Ecosystem
Code (ALFRESCO), which assesses vegetation change under changing fire regimes, and the Integrated
Ecosystem Model (IEM), which links SNAP data with vegetation modeling from the Terrestrial Ecosystem
Model (TEM) and permafrost modeling from the Geophysical Institute Permafrost Lab (GIPL). Together,
these data and models address climate-related changes such as permafrost thaw, thermokarst, seasonal
change, altered fire cycles, vegetation shifts, and changes in extreme conditions. SNAP researchers were
also able to draw from previous research and data from other sources pertinent to the project, including
but not limited to the extensive analysis of permafrost thaw and hydrologic change undertaken in SERDP
Project RC-2110.
Since 2007, SNAP has taken the lead in not only Arctic-region fine-scale predictive climate modeling, but
also collaborative approaches to real-world application of model outputs. Past projects, described in
detail at www.snap.uaf.edu, include landscape-level assessments performed in partnership with federal,
state, indigenous, private, borough, and local stakeholders and management agencies. SNAP’s research
faculty and technical staff offer expertise in climate sciences, biological sciences, data science and
analysis, statistics, geographic information systems, remote sensing, visualization and cartography,
software programming, engineering, ecological modeling, print and web design, communications, and
project management. Detailed descriptions of methodologies and open-access scripts and software used
to produce SNAP climate datasets are also available via the SNAP website. SNAP researchers strive to
work closely and iteratively with partners and stakeholders in order to identify key questions and select
and develop datasets and linked models that are most applicable to these questions.

Uncertainty and the Scenarios Approach
Uncertainty and stochasticity are inherent to the predictive models used to create climate projections.
Predictions are imperfect for several reasons, including uncertainty related to future human behavior
and future releases of greenhouse gases; uncertainty related to the complexity of creating global
circulation models; and uncertainty related to the inherent variability of weather, even in the face of
clear climate trends. Uncertainty related to human behavior is addressed by the IPCC via differing RCPs,
or Representative Concentration Pathways (IPCC 2017).
The four different RCPs adopted by the IPCC as of its fifth Assessment Report (AR5) in 2014 depict a
range of possible future atmospheric greenhouse gas concentrations. These pathways represent four
climate futures, extrapolated out to the year 2100, based on a range of possible future human
behaviors. Their numerical values (2.6, 4.5, 6.0, and 8.5) measure radiative forcing values (W/m2)
relative to pre-industrial values. (IPCC 2017). In this study, two different RCPs are used and referenced.
5

The RCP 4.5 pathway assumes that emissions peak around 2040, and that radiative forcing is stabilized
shortly after 2100. SNAP terms this the “low” scenario. It was developed at the Pacific Northwest
National Laboratory’s Joint Global Change Research Institute in the United States. The RCP 8.5 potential
future is characterized by increasing greenhouse gas emissions continuing through the 21st century.
SNAP uses this as its “high” scenario. It was developed at the International Institute for Applied Systems
Analysis, Austria. RCP 6.0 is intermediate between these two. An additional set of projections, RCP 2.6,
posits that greenhouse gas emissions peak between 2010 and 2020 and decline substantially thereafter.
It was developed by the PBL Netherlands Environmental Assessment Agency. Because its premises are
unrealistic in light of current global emissions, this scenario is not included in this assessment.
Natural resource managers and others have explored multiple methods for making management
decisions in the face of uncertainty and/or ongoing change. In cases where the future can be predicted
via predictive modeling with a relatively small error margin, managers generally choose to seek optimal
control. However, in the real world, natural systems uncertainty is often more uncontrollable and
irreducible (Peterson et al. 2003, Schwartz 1996).
Under highly uncertain conditions, action based on single predictive forecasts can be extremely risky.
Scenario planning explores multiple possible futures prior to any of them coming to pass. Peterson et al.
(2003) note that “Ideally, scenarios should be constructed by a diverse group of people for a single,
stated purpose. Scenario planning can incorporate a variety of quantitative and qualitative information
in the decision-making process.” Scenario planning has been used successfully by corporations, the
military, and other governmental and nongovernmental organizations, and was selected as the most
effective way to create management tools and frameworks that would be both useful and flexible in the
face of uncertainty (Schwartz 1996).

Frozen ground travel
Consistent below-freezing temperatures may allow the use of vehicles and heavy equipment on
otherwise inaccessible wetlands (swamps, bogs, tundra, and peatlands) (Shoop 1995). However, even in
winter, all-terrain vehicle operations on cross-country terrain – whether for military, recreational, or
commercial purposes – can harm terrain and vegetation, especially during spring thaw (Affleck 2005).
Such disturbance is particularly important to predict, measure, and prevent in the case of extremely
heavy vehicles such as the 20 ton Stryker used by USARAK, but few studies have been conducted to
assess its specific impacts, as differentiated from much lighter recreational all-terrain vehicles (Affleck et
al 2008).
Predicting operable conditions on frozen ground is of interest not only to the military, but also for
industries such as forestry, mining, oil exploration, and construction (Shoop 1995; Bader and Guimond
2006). Although fixed “opening” and “closing” dates for seasonal travel have sometimes been used in
the past, these dates may become moot or inappropriate with changing climate. Estimated long-term
shifts in the timing of the freezing of ground to depths necessary for travel and in the timing of surface
thaw can help inform long-range planning.

Temperature thresholds
Alaska’s military bases are used extensively for various forms of cold weather training and cold weather
testing, including (but not limited to) a Cold Weather Orientation Course, a Cold Weather Leader's
Course, a Basic Military Mountaineering Course, and Advanced Military Mountaineering Course, a
6

Mountain Warfare Orientation Course, Military Ski Training, a Mountain Instructional Quality Course,
and a Cold Weather Instructional Quality Course (NWTC 2015). These courses require conditions that
are cold, icy, and/or snowy, although specific temperature thresholds are not defined.
Cold weather activities also involve the testing of gear and equipment. Each item must meet a
particular threshold, although these thresholds vary according to what piece of gear is under
consideration. Broad categories are referred to as C1 (0 to -25°F); C2 (-26 to -50°F) and C3 (-51°F and
colder) (Merri Darland, pers. comm. 2017).
Equipment and gear -- everything from vehicles and lasers to weapons and clothing -- must also meet
requirements relating to other environmental factors such as deep snow, mud, ice, or ice fog. While
temperature requirements might be met in a cold chamber, realistic testing of all these factors cannot.
Thus, real-world conditions are required (Merri Darland, pers. comm. 2017).
In some cases, the conditions needed for testing must be not only extreme, but also prolonged (multiple
days). Given changing climatic conditions, planning for decreased availability of such testing windows
may be necessary. The first step involves modeling the future likelihood of achieving thresholds of cold
in testing locations.

Long-term fire modeling
USAG needs to plan for wildfire in Alaska in part because smoke conditions can limit or entirely curtail
training activities. Smoke inhalation poses a risk to human health. Moreover, as is further discussed
under “Seasonal fire patterns”, summer training activities include firing munitions that can ignite
wildfires that can spread beyond USAG lands and/or require suppression. Fort Wainwright
environmental managers have noted that fire danger can limit training activities. Understanding
potential changes in fire danger in coming decades can help to anticipate and adapt to environmental
change. USAG resources also must prepare for the cost of fighting fires that is mandated by other land
management agencies.
Wildfires occur mostly in Interior Alaska each summer north of the Alaska and south of the Brooks
Mountain Ranges. Variability in area burned is high across years; very large areas have burned in a small
number of high-fire summers. Most large fires are ignited by lightning, not by humans, although in areas
with frequent human activity, particularly incendiary activity, the reverse can be true (Breen et al 2016).
For example, the 2013 Stuart Creek fire was sparked by an explosive ordinance on an army weapons
range.
Recent research via SERDP (Breen et al. 2016) tested the hypothesis that increasing the level of fire
suppression on military lands might reduce fire in the long term. The Alaska Frame-based Ecosystem
Code (ALFRESCO) vegetation-fire computer model was used to simulate long-term fire behavior under
increased suppression. Results suggested that increasing suppression on military lands actually
increased the number of fires likely to be experienced, although the total area likely to burn decreased.
Thus, this approach was not considered in this study. Instead, we focused on long-term fire risk and fire
behavior in adjacent lands.

Seasonal fire patterns
Daily and seasonal fire control and management decisions on military training grounds are governed by
existing indices of fire risk (Fort Wainwright 2013; USARAK 2016). Fires require sufficient drying
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conditions for fuel and ignition. The Canadian Forest Fire Danger Rating System (CFFDRS), which will be
further discussed in the Methods section, was first developed in 1968, and includes multiple embedded
models and multiple internal indices. It is widely used to predict fire risk based on daily weather
conditions (Ziel 2015).
Recommendations and standards for outdoor activities, fire management activities, fire risk reduction,
and activity closures are based on CFFDRS indices, both within the military and in the civilian sphere. The
risk categories, in turn, govern decisions regarding restrictions on training activities.
During the fire season, the Installation Fire Chiefs have the responsibility for the computation and
dissemination of the fire index on a daily basis, and Range Control must notify units. Low and moderate
risk engenders few or no restrictions, but for extreme fire danger, the recommendations are as follows,
and waivers are only considered by exception, via the Deputy Commanding Officer (DCO) (USARAK
2016):






“Ball and blank ammunition used is restricted to the small arms complex.
Use of any pyrotechnics is prohibited.
No pyrotechnic ammunition may be used Stuart Creek and Delta impact areas.
Ground units will carry required firefighting equipment.
Air Force restrictions. (1) Flares or foreign equivalent will be deployed above 5,000 feet above
ground level, and (2) Inert ordnance, cold spot BDU-33s in all impact areas.” (Fort Wainwright
2013, p. 72).

Clearly, fire has an important effect on military operations, and planning for seasonal fire events could
increase efficiency. Efforts are underway to better predict fire in Alaska using downscaled climate
projections at fine (daily or hourly) timescales (Bieniek 2017). While such projections cannot ever
predict the precise timing of individual fires, they can improve our ability to predict the frequency and
size of fires on a seasonal basis, so that planning and resource allocation can be better geared to early,
mid, or late season fires.

Methods
SNAP Data and Models
Specialized modeling techniques used in this project are described or referenced in the applicable
section. However, some general SNAP modeling techniques are common to the project as a whole.
These are described in brief below. Further information is available via referenced publications and the
SNAP website, www.snap.uaf.edu.
The finest-scale and most reliable climate data available for Alaska were projections downscaled by
SNAP from the five Global Circulation Models (GCMs) that perform best in the far north. Global Climate
Models (GCM) were developed by various research organizations around the world. At various times,
the United Nations Intergovernmental Panel on Climate Change (IPCC) calls upon these organizations to
submit their latest modeling results in order to summarize and determine the current scientific
consensus on global climate change. There have been five assessment reports from the IPCC (in 1990,
1995, 2001, 2007, and 2014). In support of the more recent reports, the Coupled Model
Intercomparison Project (CMIP) was initiated. The Fifth Assessment Report contains the most
contemporary estimates of climate change, and was used for this project.
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SNAP obtained GCM outputs from the Lawrence Livermore National Laboratory Program for Climate
Model Diagnosis and Intercomparison (PCMDI) data portal. PCMDI supports Coupled Model
Intercomparison Project (CMIP) and is dedicated to improving methods and tools for the diagnosis and
intercomparison of GCMs. Averages of the five best-performing GCMs were downscaled to 771 m
resolution for Alaska using the Delta method (Fowler et al. 2007) and PRISM (Parameter-elevation
Regressions on Independent Slopes Model) interpolated data (Daly et al. 2008), which takes into
account slope, elevation, aspect, and distance to coastlines. The five GCM average was selected to
minimize uncertainty resulting from model bias. The downscaling method was calibrated based on
historical climate data from 1971–2000. Decadal averages were generated instead of using data for
single years to reduce error resulting from the stochastic nature of GCM outputs, which mimic the true
inter-annual variability of climate.
Project components involving finer temporal scales (daily or hourly data rather than monthly data) were
dynamically downscaled at coarser spatial resolution (20 km). Bieniek et al. (2016) downscaled using
the Weather Research and Forecasting (WRF) Model and European Centre for Medium-Range Weather
Forecasts interim reanalysis (ERA-Interim) data using a regional Alaskan model; temperature and
precipitation are analyzed and compared among ERA-Interim, WRF Model downscaling, and in situ
observations (Bieniek et al 2016, Bieniek 2017). These downscaling efforts generally improve estimates
of temperature and precipitation in Alaska’s complex topography, although limited station data at high
elevations makes these locations more challenging to model.
SNAP researchers have statistically downscaled daily temperature and wind data using the quantilemapping method. This method focuses on adjusting each quantile (segment) of a climate modeling
dataset such that it achieves the best possible fit with the corresponding “real” dataset – usually based
on observed values.

Frozen ground travel
Creation of a model to assess the future of frozen ground travel on military lands under a changing
climate required, as a first step, extensive literature review. Key questions included 1) determining the
bearing strength of frozen soils at various depths; 2) estimating the current and long-term future
seasonal timing of the freezing of these soils to sufficient load-bearing depth to allow for free passage of
the heaviest vehicles; and 3) estimating the current and long-term future seasonal timing of surface
thaw. Given that the heaviest vehicles are most likely to be the limiting factor for frozen ground travel,
Stryker vehicles were used as the obvious case study. However, some attention was also paid to the
specs of lighter vehicles.
Ground disturbance is usually measured after the fact, in terms of rutting. Rutting occurs in a manner
than can be calculated based on soil properties, water content, vehicle weight, type of wheels or tracks,
and loading per unit area. While much of the literature on all-terrain travel focuses on summertime
activity and minimization of impacts, the assumptions in this modeling effort were slightly different.
This study focused only on winter travel, and on travel with minimal to zero long-term impacts.
Affleck (2005) specifically studied the effects of Stryker wheeled vehicles at Donnelly Training Area,
Alaska during spring thaw. Subsequent testing of both winter and spring maneuvers were undertaken
on training lands in Alaska to determine impacts under varied conditions Results showed minimal
impacts on frozen ground with at least 10 cm of snow cover, and limited impacts on shallo w thawed
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terrain in early spring, but more severe in areas with deeper thaw, especially if soils were wet and poorly
covered with vegetation (Affleck et al 2008).
Richmond et al. (1995) and Shoop (1995) undertook detailed engineering analyses of the bearing
capacity of differing soil types under various loads, with varying depths of freeze. They determined that
a relatively simple equation can be used to govern this relationship, and created tables showing the
necessary thickness of frozen ground for two types of peatland (wet and dry) under loads ranging from
“horse” to four ton truck to ten ton truck and further, to the range of interest for this study.
Light unloaded trucks, for example, were determined to require a depth of freeze of approximately 0.2
meters on wet ground, and 0.3 meters on dry ground (Shoop 1995). Note that this relationship is
reversed from what might be expected regarding the relative fragility of ground under summer
conditions, when wet ground is much more easily damaged than dry ground. This is because, up to a
point, higher moisture content lends greater strength to frozen soils because there is literally more
liquid to freeze, and less chance of compression. Values for wet and dry peatland converged for heavier
vehicles and deeper necessary freeze, with the maximum necessary depth of freeze needed for the
heaviest vehicles (corresponding to Stryker vehicles) being 0.5 meters (Shoop 1995).
Additional insights into tundra travel can be gleaned from the oil industry on Alaska’s North Slope,
where the majority of exploration takes place in winter. In order to open the tundra to travel by heavy
machinery, the Alaska Department of Natural Resources (ADNR) requires 15.24 cm (6 in) of snow on the
ground and 23° F (-5°C) soil temperatures at a depth of 30 cm (11.8 in) (Derry et al. 2009; Bader, 2004;
Bader and Guimond 2006; Lilly 2017).
Requiring a temperature as low as -5°C at 30 cm might be prohibitive in areas where warmer frozen
ground might nonetheless be attainable. Thus, in modeling frozen ground – and its likelihood and
probable timing in future decades – we focused on soil temperatures below 0°C. However, we focused
on freezing to a depth of 0.5 m (50 cm) rather than 30 cm. Although 30 cm of frozen ground is sufficient
to support heavy trucks, only at 50 cm of frost depth can ground be considered impervious to the
heaviest vehicles, such as Stryker vehicles.
Applying North Slope standards regarding snow cover to military operations would likely present a
relatively low bar, in that snowfall tends to be greater in Interior Alaska than in the dry northern regions.
Thus, it would be unlikely that the ground would remain bare or near-bare at the point in time when
necessary depth of freeze was achieved. Moreover, depth of snow is more easily known (based on
weather reports) or measured (based on simple observation) than temperature at depth. Thus, this
modeling effort focuses on frozen ground rather than snow. Nonetheless, it should be noted that in the
rare case when freezing to 0.5 meter depth occurs in absence of any snowpack, cross-terrain travel
would be likely to at least minimally damage surface vegetation (Bader and Guimond 2006; Lilly 2017).
After completion of the literature review and the downscaling of SNAP data (described in previous
sections), the final – and key -- modeling stage involved linking climate projections to ground
temperature models in order to estimate three-dimensional seasonal freezing and thawing. This work
was done in conjunction with UAF’s Geophysical Institute Permafrost Lab (GIPL).
The Geophysical Institute Permafrost Lab GIPL2 model was developed (Marchenko et al., 2008)
specifically to assess the effect of a changing climate on permafrost. The GIPL2 model simulates soil
10

temperature dynamics and the depth of seasonal freezing and thawing by solving 1D non-linear heat
equation with phase change numerically (Marchenko et al., 2008, Jafarov et al., 2012). In this model, the
process of soil freezing/thawing occurs in accordance with the unfrozen water content curve and soil
thermal properties, which are specific for each soil layer and for each geographical location.
In order to assess possible changes in the thermal state of upper soil layers, the GIPL2 model was
implemented for the interior Alaskan permafrost domain. AR5 datasets from SNAP were used for
climate forcing. The GIPL2 model was run on a daily time step using historical gridded climate data
(CRU4.0) for a spin-up period from 1950-2015, and a composite of climate data from five GCMs for
analysis of soil thermal dynamics in the future (2016-2100). The model was run for two different future
scenarios, RCP4.5 and RCP8.5.
The daily time step allowed for tracing daily dynamics of freezing/thawing processes within the upper
soil layers. This gave us the opportunity to detect a day of freeze up and day of thaw at different depths
on a daily time scale.
For this study, we used input data scaled down to 1 km spatial resolution. Input parameters are spatial
datasets of mean monthly air temperature and precipitation, prescribed vegetation, soil thermal
properties, and water content. Each variable is specific to each vegetation class, soil layer, and
geographical location. Initial distribution of temperature with depth was derived from the borehole
temperature measurements obtained in Alaska by different researchers during the last several decades
(Brewer 1958, Lachenbruch & Marshall 1986, Osterkamp & Romanovsky 1999, Clow & Urban 2002,
Osterkamp 2003, Osterkamp 2005, Romanovsky et al., 2010).
GIPL algorithms to determine ground temperature are dependent on calculations of the insulating
properties of varying soil types, ground cover, and vegetation (Figure 1 and Figure 2), as well as on
climate variables, and vary spatially across the landscape at a resolution of 1 km. Surface vegetation
data are derived from the Global Land Cover Characteristics Database, Version 2.0. Land cover
categories used to define organic matter thermal properties are derived from the National Atlas of the
United States of America, 1985, and soil types come from the from the U.S. Geological Survey 1997
Surficial Geology Map of Alaska.
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Figure 1: Twenty-three classes of soil landscape settings used for permafrost dynamics modeling across Interior Alaska
permafrost domain.

Figure 2: Fifteen classes of vegetation used for permafrost dynamics simulation.

The GIPL model provides an approximation of soil thermal conditions across the landscape. Despite the
best available ground-truthing and validation of the GIPL model and the most reliable available climate
projections from SNAP data, uncertainty is inherent in both models, and in the linked modeling. Finescale changes in conditions at a scale of meters rather than kilometers cannot be accurately predicted
by the GIPL model.
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Temperature thresholds
Temperature threshold modeling was dependent on the downscaling (quantile mapping) of daily and
hourly climate projections, a data-intensive undertaking due to the complexity of the modeling and the
sheer quantity of data at such fine timescales. Quantile mapping and the background data and methods
necessary for this undertaking are described in detail in Lader et al. 2017.
The dataset for Fort Greely was quantile mapped using observed data values at that location in order to
overcome some of the model bias (which was too conservative in many cases) in the WRF outputs.
Thus, we essentially used historical data to “ground-truth” the model.
Initial quantile mapping of hourly data was completed. Preliminary outputs were mean daily values.
After group discussion, it was decided that these values are not the most pertinent for the tool, given
that maximum daily values might include threshold exceedances that would be masked by using daily
mean values. In other words, in order for a day to count as part of a multi-day window available for
cold-weather testing, the temperature must not exceed the stated threshold at any time during that 24hour period. Although diurnal temperature fluctuations are minimal in Alaska in December and January,
due to limited sunlight, they can be extreme during other months.
Thus, we subsequently extracted daily maximum values from the quantile mapped data for use in the
final iteration of the tool. We extracted time-series data from WRF outputs and built a small data file
with those values. We then coded a function to count the number of consecutive days the maximum
temperatures hit a given user-defined threshold. Those annual counts were placed into a bar chart
covering the entire series time-frame using Plotly and Dash (a web-based building tool from Plotly).
As shown and described in the results section, the tool is available via a user-friendly on-line interface.
It was built to be flexible, so that threshold values and other variables can be altered as needed.

Long-term fire modeling
Long-term fire modeling was undertaken using the most recent iteration of ALFRESCO (Alaska Framebased Ecosystem Code). ALFRESCO simulates the responses of vegetation to transient climatic changes
(Barrett et al. 2012; Rupp et al. 2000). The model assumptions reflect the hypothesis that fire regime
and climate are the primary drivers of landscape-level changes in the distribution of vegetation in the
circumpolar arctic/boreal zone. Furthermore, the model assumes that vegetation composition and
continuity serve as a major determinant of large, landscape-level fires.
ALFRESCO operates on an annual time step, in a landscape composed of 1 × 1 km pixels. The model
simulates a range of ecosystem types, including graminoid tundra, wetland tundra, shrub tundra, black
spruce forest, white spruce forest, deciduous forest, and grassland-steppe.
ALFRESCO does not model fire behavior, but rather models the empirical relationship between growingseason (May–September) climate (e.g., average temperature and total precipitation) and total annual
area burned (i.e., the footprint of fire on the landscape). ALFRESCO also models the changes in
vegetation flammability that occur during succession through a flammability coefficient that changes
with vegetation type and stand age (i.e., succession) (Chapin et al. 2003).
The fire regime is simulated stochastically and is driven by climate, vegetation type, and time since last
fire (Rupp et al. 2007). ALFRESCO employs a cellular automaton approach, where simulated fire may
spread to any of the eight surrounding pixels. “Ignition” of a pixel is determined as a function of the
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flammability value of that pixel and starts are assigned randomly (Rupp et al. 2002). The flammability of
each pixel is a function of vegetation type and age, meaning that ignitions will be concentrated in pixels
with the most flammable type and age of vegetation and the hottest, driest climate conditions in spring
and summer. Fire spread depends on the flammability (i.e., fuel loading and moisture) of the receptor
pixel, and the model is calibrated to replicate observed historical fire patterns. ALFRESCO vegetation
classes are based on NALCMS 2005 land cover map (NALCMS 2016,) although these vegetation classes
are significantly re-grouped and adapted to meet the needs of the model.
ALFRESCO has been calibrated using available literature regarding burn rates and stand compositions in
a variety of forested land cover classes (Rup et al. 2007). The model is calibrated through use of a
“spinup” period of 1,000 years of simulated fire history, in order to match outputs as closely as possible
to historical fire patterns in terms of size and frequency. The model parameters derived during this
spinup period are then used to create future projections. ALFRESCO outputs do not include exact
spatial/temporal predictions of future fires, since the stochastic nature of fire starts and fire behavior is
better represented via averaging outputs across multiple model runs.
For this project, ALFRESCO outputs were created for multiple climate models, and results were averaged
across models, across 200 ALFRESCO runs per model and scenario, and across decades. This data
smoothing is necessary in order to see trends in data that mimic the extreme variability of real fire
behavior.
Preliminary maps were provided to USAG partners, and SNAP partners requested feedback on the issue
of buffer size around military lands such that flammability and frequency of fire be modeled within this
buffer for the purposes of numerical spatial analysis and calculation of mean values for tables and
graphs. A five km buffer was selected, but SNAP additionally provided data based on 20 km buffers.

Seasonal fire patterns
For this modeling effort, we used dynamically downscaled 20km hourly data for Alaska (Bieniek et al.
2016) from three different data sources (ERA-Interim 1979-2015, NCAR-CCSM4 RCP8.5 1970-2100, and
GFDL-CM3 RCP8.5 1970-2100), as well as 2pm AST temperature, relative humidity, wind speed and 24
hour precipitation. The goal was to create climate projections that could be used in conjunction with
the Canadian Forest Fire Weather Index System (CFFWIS). This index system is statistically derived to
relate meteorological variables with boreal forest fuel and fire behavior. Individual components of the
index include and can be assessed separately. These components include the Fine Fuel Moisture Code
(FFMC); the Duff Moisture Code (DMC); the Drought Code (DC); the Initial Spread Index (ISI); the Buildup
Index (BUI); and the Fire Weather Index (FWI). The relationship between external weather variables and
each of these components is shown in Figure 3.
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Figure 3: The relationship between weather observations fuel moisture codes, and fire behavior indices, as defined by the
CFFDRS (from Lawon and Armitage 2008).

In an initial region-wide analysis for all of Interior Alaska, the focus was on drought/fuel conditions via
the Buildup Index (BUI) (Partain et al. 2016). BUI accumulates the fuel dryness through the summer. In
that study, BUI was applied to downscaled RCP 8.5 projections and compared with pre-Industrial climate
through the delta method. Summer days with BUI rated as high (>60) were counted at each 20km grid
point and averaged over Interior Alaska. Long-term RCP 8.5 projections of seasonal average BUI to 2100
were calibrated to observations at Fairbanks by the delta method.
Within USAG boundaries, RAWS stations from the Alaska Fire and Fuels Database at Mesowest with
sufficient data to build a meaningful climatology were: Fairbanks, Small Arms Range, Manchu, Stuart
Creek, Fort Greely, and Donnelly (Figure 4). The baseline for each station is approximately 1993-2017,
but varies depending on data availability. All stations had to have at least ten years of data in order to
be included. The baseline to create the deltas for the downscaled GCMs models was fixed at 1981-2010.
We created outputs for each component of the FWI for individual training grounds. These numerical
outputs were then compared, graphically, to the thresholds currently in use (Table 1).
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Figure 4: Weather stations used to build climatology to model seasonal fire behavior on military lands.

Table 1: Thresholds used to define fire risk categories (USARAK 2016). [Note that these thresholds are very slightly differently
defined in different references and at different publication dates.]

LOW

MODERATE

HIGH

EXTREME

Fine Fuel Moisture
Code

<77

77-86

86-94

>94

Duff Moisture
Code

<70

70-80

80-90

>90

Drought Code

<150

150-300

300-400

>400

Initial Spread
Index

<2

2-5

5-10

>10

Buildup Index

<60

60-70

70-80

>80

Fire Weather
Index

<3

3-12

12-22

>22
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Results and Discussion
Frozen ground travel
Based on the methods described above, we ended up with extremely extensive datasets to choose from,
including ground temperature at increments down to one meter for every square kilometer and every
day or each year over the course of more than a century. We thus needed to greatly narrow down
which products would best provide a clear picture of projected time across all five dimensions (two dimensional land surface, depth, time within a single season, and time across decades). Given that all
five dimensions cannot be clearly represented in a single product, multiple products are provided below,
including time-static and spatially-averaged heat maps that show mean depth of freeze by Julian day;
graphs that show when (by Julian day) pertinent thresholds are crossed, spatially averaged across
decades; graphs showing projections of number of days of frozen ground at 50cm depth for particular
regions; spatial maps of thresholds for fall and spring for given decades; and graphs localized to
particular training grounds or other sub-regions.
Figure 5 shows the number of days for which the ground is projected to remain frozen (below 0°C) at a
depth of half a meter – the depth of freeze necessary on all soil types for minimal impact by Stryker
vehicles and any other similarly heavy equipment – while also remaining frozen at the surface, to within
a depth of 5 cm. In other words, this “accessible” season is estimated based on the number of days
between the date in the fall or winter when the frost depth reaches 0.5 m, and the date in the spring
when the thaw depth at the surface reaches 5 cm.
Projections are shown for gridded historical climate data for 1960 to 2000, and for two greenhouse gas
Representative Concentration Pathways (RCP 4.5, left, the more optimistic scenario, and RCP 8.5, right,
a higher-emission scenario) for 2020 to 2100. Results are averaged across regions (Black
Rapids/Whistler, Donnelly, Yukon Training Area, Tanana Flats Training Area, and Gerstle.)
Although both graphs show variability in the data, representing real-world variability in weather and
climate, a clear trend is demonstrated, both historically and in future time periods, toward a loss of
frozen ground. For example, from a starting point with over 160 days of deeply frozen ground, Yukon
Training Area is projected to end this century with fewer than 120 such days under either climate
scenario. Black Rapids, already just below 120 days in the 1960s, is projected to end up with
approximately 60 days of potential winter accessibility by 2100 in the best-case scenario, and only about
40 days in the more extreme warming scenario.
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Figure 5: Projected approximate length of the frozen-ground season at 0.5 m depth (necessary freeze depth for minimum impact
on all soil types for the heaviest vehicles, e.g. Stryker Vehicles) for recent historical data and for two greenhouse gas
Representative Concentration Pathways (RCP 4.5, left, and RCP 8.5, right). As defined by the IPCC ( 2017) and described in this
report, RCP 4.5 is an optimistic trajectory, and RCP 8.5 is more pessimistic.

Figure 6 shows some of the same data spatially, across all installations and surrounding areas. Maps
represent the change in number of days in which the ground is frozen to a depth of 0.5 meters (50 cm)
and not thawed at the surface to a depth greater than 5 cm, as compared to baseline (historical)
averages.
As the maps demonstrate, by the 2050s almost all areas are expected to experience a shorter season for
winter heavy vehicle transit, and extensive areas are expected to see that season shortened by two
months (60 days) or more from recent historical averages.
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Figure 6: Projected approximate change in the length of the frozen-ground season at 0.5 m depth (necessary freeze depth for
minimum impact on all soil types for the heaviest vehicles, e.g. Stryker Vehicles) from historical baseline conditions to four future
decades. Modeled output is from RCP 8.5, a higher-emission climate future.

Figure 7 through Figure 11 show projected soil warming three-dimensionally. Each set of heat maps is
specific to a single installation. Values are averaged across that installation. Projected temperatures are
shown by depth below the surface, at increments of 0.1 m (10 cm). Each set of heat maps shows a 12month period, averaged across the decade indicated corresponding to typical winter freeze-up and
spring thaw for that decade. All shades of blue and white represent frozen ground, while all shades of
pink and red represent thawed ground.
This set of heat maps all depict model outputs for RCP8.5, a more pessimistic climate future. However,
similar outputs and maps were created from RCP4.5 data. Because these two scenarios do not diverge
much in the first half of the century, the two sets of heat maps do not appear to differ significantly.
Heat maps were also modeled and created for a longer time period, outside the designated scope of this
project. One example is shown in Figure 12. Here, projections for Black Rapids/Whistler are shown out
to the year 2100, for both the RCP4.5 and the RCP 8.5 scenario. As the figure demonstrates, loss of lowimpact heavy-vehicle cross-terrain travel in this region is expected to be complete or almost complete
by 2100 under a more extreme climate change future. This expected change would be likely to have
notable impacts on military planning and operations.
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The final set of figures in this section, Figure 13 through Figure 16, show projected dates of fall/winter
freeze at 0.5 meters and projected dates of spring surface thaw (to 5 cm) spatially across four future
decades and both RCPs. They allow the user to see how change in all-terrain travel season length is
affected at each end of the cold season.
Freezing to half a meter depth is a relatively slow process in the fall, as already demonstrated by the
heat maps. Spatial maps show the variability across the study region in when this freeze depth is likely
to be reached. In the near future, (2020s), projections show that this depth of freeze may be reached in
by the end of December in much of the eastern portion of the study area. However, Fort Wainwright
lands near Fairbanks are projected to be among the last to freeze to half a meter – in January or
February.
Projections using a moderate climate scenario (Figure 13) suggest that by mid-century, the ground is not
expected to be frozen to this depth until February, March, or not at all, for some regions of the Tanana
Flats. For more extreme climate projections (Figure 14), many years show pixels with no freeze date at
all for this depth. Because data are averaged across decades, modeled years with “no data” result in
blank grid cells in maps of later decades (2040s and 2050s). Built-in year-to-year model variabily lends a
degree of uncertainty to outputs; for example, more pixels with “no data” are seen in the 2040s than in
the 2050s, when the reverse might be expected. However, overall trends are clear, and may suggest
limited duration of deeply frozen ground in some training areas – most notably the Tanana Flats Training
Area.
As suggested by the heat maps, freeze to significant but lesser depths (between 30 cm and 50 cm)
would likely still occur for significant periods each winter. This would allow for many or even most
training exercises. However, loss of deeply frozen ground might greatly curtail training and other
activities using very heavy equipment such as Stryker vehicles.
Surface thaw dates (Figure 15 and Figure 16) are projected, in the near future, to occur almost entirely
between late April and the end of May, with slightly earlier thaw to the north, where the climate is more
of an “inland” climate, with colder winters but warmer springs and summers. However, by the 2050s,
thaw dates are expected to shift earlier, with large areas experiencing surface thaw in early to mid April.
This change, like the change in winter freeze-up, is likely to shorten the season during which training
ground can be fully utilized.
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Figure 7: Heat map for Black Rapids/Whistler training area under a more extreme climate scenario (RCP 8.5). Diagram shows
projected temperature (°C) at depths from the surface down to 0.5 meters across an average 12-month period for four future
decades. White or blue colors indicate frozen ground; shades of red suggest unfrozen ground. As described in this report, allterrain travel by heavy vehicles is recommended only when ground is frozen to 0.5 meters.
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Figure 8: Heat map for Gerstle training area under a more extreme climate scenario (RCP 8.5). Diagram shows projected
temperature (°C) at depths from the surface down to 0.5 meters across an average 12-month period for four future decades.
White or blue colors indicate frozen ground; shades of red suggest unfrozen ground. As described in this report, all-terrain travel
by heavy vehicles is recommended only when ground is frozen to 0.5 meters.
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Figure 9: Heat map for Donnelly training area under a more extreme climate scenario (RCP 8.5). Diagram shows projected
temperature (°C) at depths from the surface down to 0.5 meters across an average 12-month period for four future decades.
White or blue colors indicate frozen ground; shades of red suggest unfrozen ground. As described in this report, all-terrain travel
by heavy vehicles is recommended only when ground is frozen to 0.5 meters.
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Figure 10: Heat map for Yukon Training Area under a more extreme climate scenario (RCP 8.5). Diagram shows projected
temperature (°C) at depths from the surface down to 0.5 meters across an average 12-month period for four future decades.
White or blue colors indicate frozen ground; shades of red suggest unfrozen ground. As described in this report, all-terrain travel
by heavy vehicles is recommended only when ground is frozen to 0.5 meters.
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Figure 11: Heat map for Tanana Flats training area under a more extreme climate scenario (RCP 8.5). Diagram shows projected
temperature (°C) at depths from the surface down to 0.5 meters across an average 12-month period for four future decades.
White or blue colors indicate frozen ground; shades of red suggest unfrozen ground. As described in this report, all-terrain travel
by heavy vehicles is recommended only when ground is frozen to 0.5 meters.
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Figure 12: Heat map for Black Rapids/Whistler training area under a more extreme climate scenario (RCP 8.5), left, and a less
extreme scenario (RCP 4.5), right. Diagram shows projected temperature (°C) at depths from the surface down to 0.5 meters
across an average 12-month period for future decades to the end of this century. White or blue colors indicate frozen ground;
shades of red suggest unfrozen ground. As described in this report, all-terrain travel by heavy vehicles is recommended only
when ground is frozen to 0.5 meters.
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Figure 13: Mean date at which soil is projected to freeze to a depth of 0.5 meters on military lands for four future decades.
Model outputs are from RCP 4.5, a relatively low-emission climate change scenario. Note that gray (uncolored) grid cells within
military lands represent areas for which model results were undefined. Freeze to 0.5m depth is uncertain in these areas.
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Figure 14: Mean date at which soil is projected to freeze to a depth of 0.5 meters on military lands for four future decades.
Model outputs are from RCP 8.5, a relatively high-emission climate change scenario. Note that gray (uncolored) grid cells within
military lands represent areas for which model results were undefined. Freeze to 0.5m depth is uncertain in these areas.
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Figure 15: Maps showing projected thaw dates (dates at which the depth of surface thaw reaches 5 cm) on military lands for
four future decades. Model outputs are from RCP 4.5, a relatively low-emission climate change scenario.
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Figure 16: Maps showing projected thaw dates (dates at which the depth of surface thaw reaches 5 cm) on military lands for
four future decades. Model outputs are from RCP 8.5, a relatively high-emission climate change scenario.
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Temperature thresholds
The interactive online application for estimating the frequency of future opportunities for cold weather
testing is available at https://wrf-dod-app.herokuapp.com/ The application allows the user to select
variables from three different drop-down boxes. The first box offers a choice of durations for the cold
snap, ranging from two days to nine days. The second box offers eight different temperature
thresholds, in increments of five degrees Celsius from 0°C down to -35°C. These increments correspond
to values of 32°F, 23°F, 14°F, 5°F, -4°F, -13°F, -22°F, and -31°F. The third box offers a choice of four
locations: Whitehorse, Fairbanks, Coldfoot, and Greely.
Once choices are selected in each of these drop-down menus, a graph is automatically generated.
Examples – screenshots of selected results from the tool – are shown in Figure 17, Figure 18, Figure 19,
and Figure 20.
In each graph, blue bars show projected (WRF modeled) data. For the Greely locations, orange dots
additionally show actual historical data for the selected locations and parameters. The historical data do
not precisely match the modeled data, and would not be expected to, given that the modeled data are
based on overall climate trends, rather than stochastic variability found in daily, monthly, and seasonal
weather patterns. However, the modeled data is well calibrated to match overall trends in climate.
These trends can be seen even in the relatively short time span of the historical data (1970 to the
present).
Although plenty of opportunities for below-freezing (below 0°C) testing are likely to remain throughout
the century in Greely (Figure 17), and indeed in all modeled locations, results show that opportunities
for testing at colder thresholds may become rare or nonexistent.
With the current number of choices for each menu, two hundred and fifty-six different graphs are
possible. Introducing additional thresholds, durations, and locations would be possible in this tool.
However, the current options already exceed the time duration and geographic locations of ongoing or
planned future cold-weather testing.
Options were broadened to allow managers to consider options outside of current practices when
planning future testing activities. Given the projected decline in the available number and duration of
opportunities, especially for colder temperature thresholds, relocation of testing activities may become
advisable in coming decades.
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Figure 17: Projections showing the likelihood of cold-weather testing opportunities. This graph is calibrated to the Greely area,
and shows the historical and projected frequency of two-day periods, over the course of the recent past and this century, during
which the temperature is likely to remain continuously below 0°C. The data show the projected frequency of these cold-weather
windows dropping from about 70 per winter in 1970 to about 30 per winter by 2100.

Figure 18: Projections showing the likelihood of cold-weather testing opportunities. This graph is calibrated to the Fairbanks
area, and shows the projected frequency of six-day periods, over the course of the recent past and this century, during which the
temperature is likely to remain continuously below -15°C. The data show the projected frequency of these cold-weather windows
dropping from about 5 per winter in 1970 to few or none by 2100.
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Figure 19: Projections showing the likelihood of cold-weather testing opportunities. This graph is calibrated to the Whitehorse
area, and shows the projected frequency of three-day periods, over the course of the recent past and this century, during which
the temperature is likely to remain continuously below -15°C. The data show the projected frequency of these cold-weather
windows dropping from about 10 per winter in 1970 to about one per winter by 2100.

Figure 20: Projections showing the likelihood of cold-weather testing opportunities. This graph is calibrated to the Coldfoot
area, and shows the projected frequency of four-day periods, over the course of the recent past and this century, during which
the temperature is likely to remain continuously below -25°C. The data show the projected frequency of these cold-weather
windows dropping from about 4 per winter in 1970 to none by 2100.

33

Fire modeling
Outputs from the ALFRESCO fire and vegetation model are, like real fire behavior, extremely variable. As
noted in the methods section, averaging results across model runs and across time helps to give a
clearer picture of long-term trends.
Figure 21 and Figure 22 show, respectively, the relative flammability of the historical and future
landscape on and around military lands in Interior Alaska. Each map is averaged across an entire
century in order to present a clearer picture of change. Color coding of relatively flammability is
consistent between the two maps, so that comparisons can be made across both space and time. Note
that in both historical and future model outputs, acreage burned is highest in the Tanana Flats south of
Fairbanks, on the south side of the Tanana River, encompassing much of Fort Wainwright and the
northern areas of Fort Greely. Also note that fire is expected to increase in almost all areas.
Figure 23 and Figure 24 show, respectively, the projected change in area burned per decade for buffers
of 5km and 20 km around military lands in Interior Alaska. Values are relatively similar between the two
graphs, indicating a variable but generally increasing fire trend across coming decades in nearby regions
that may impact military operations and training.
ALFRESCO modeled data suggests that although fire in this century is likely to be more frequent and
more extensive than in the previous century, there may be some leveling off or even decreasing of fire
behavior toward the latter part of the century. This is likely due to reduction in flammable forest after
frequent fires. Eventually, a new equilibrium may be reached in which the landscape has a higher
percentage of younger and less flammable vegetation such as hardwood species (primarily birch and
aspen) and a lower percentage of older black spruce.
Implications for managers may include increased fire suppression costs, increased loss of training days
due to smoke conditions, and eventual shifts in vegetation types on training grounds. As previously
discussed (Breen et al. 2016), aggressive fire suppression on military lands is unlikely to greatly alter the
long-term effects of fire on the landscape.
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Figure 21: Projected relative flammability on military bases and surrounding lands for historical dates (1900-1999)). Orange
shading is relative, but consistent between this figure and the following figure, and indicates an overall increase in fire risk in
areas within and surrounding military lands.

Figure 22: Projected relative flammability on military bases and surrounding lands for current and future dates (2000-2099).
Orange shading is relative, but consistent between this figure and the preceding one, and indicates an overall increase in fire risk
in areas within and surrounding military lands.
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Figure 23: Comparative fire frequencies: the previous century versus projected future values. Note that the historical baseline to
which future projections are compared does not include the high fire decade of the 00's. This graph shows projected fire
incidence within a five km buffer around military lands under three different climate change scenarios (RCP 4.5, RCP 6.0, and
RCP 8.5).

Figure 24: Comparative fire frequencies: the previous century versus projected future values. Note that the historical baseline to
which future projections are compared does not include the high fire decade of the 00's. This graph shows projected fire
incidence within a twenty km buffer around military lands under three different climate change scenarios (RCP 4.5, RCP 6.0, and
RCP 8.5).
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Seasonal fire patterns
Results show markedly more early-season fires (about 50% higher fire risk on June first) but similar lateseason fires. Seasonality of change shows consistent early season (May-Jun) increased BUI with mixed
results later in Jul-Aug. Fire danger may increase in the early season, but the fuels and their flammability
are also projected to change. One index, the drought code (DC) tends to increase throughout the
summer and into the fall. This index is unlikely to become more extreme in future scenarios, and may
even become less extreme, indicating lower risk of late-summer fires.
Figure 25 through Figure 36 show projected changes in seasonal fire dynamics, as represented by values
for the six different indicators of fire risk that make up the CFFDRS Fire Weather Index (FWI): the Fine
Fuel Moisture Code (FFMC); the Duff Moisture Code (DMC); the Drought Code (DC); the Initial Spread
Index (ISI); the Buildup Index (BUI); and the Fire Weather Index (FWI). Dotted lines show FWI
thresholds, where red is extreme, orange is very high, yellow is high, and blue is moderate (Ziel 2015).
Each set of six graphs represents one region for which sufficient weather station data were available, as
described under Methods, and either a mid-range future time period (2041 to 2070) or a long-range
future time period (2071-2100) contrasted with recent historical data. Future data are shown from two
different downscaled datasets, created from two different GCMs.
While projected changes in FWI indices may appear at first glance to be relatively subtle, early season
increases tend to drive values above thresholds that would warrant closures or restrictions to training
activities on military installations. For example, projections for Fairbanks for 2041 to 2070 (Figure 25)
show values for DMC, ISI, and BUI all crossing from “high” (historical” to “very high” (projected) values in
late May. Similarly, projections for Small Arms Range for 2071-2100 (Figure 28) show values for these
same indices crossing into the “extreme” category, again in late May.
These results are intended to help with within-season planning as well as long-term fire outlook under
changing climate. Implications for management might include expecting – and planning for – more
frequent range closures or partial closures during late spring and early summer. Furthermore, allocation
of fire-fighting resources and personnel might need to be increased during this time period.
Such shifts do include a fair degree of uncertainty, as suggested by disagreement between models and
stochastic fluctuations that can be seen in outputs. As previously noted, modeling with the Alaska
Frame based Ecosystem Code (ALFRESCO) suggests changes in vegetation by 2100 that may offset or
reduce fire.
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Figure 25: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Fairbanks region.
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Figure 26: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Fairbanks region.
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Figure 27: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Small Arms Range region.
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Figure 28: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Small Arms Range region.
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Figure 29: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Manchu region.
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Figure 30: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Manchu region.
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Figure 31: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Stuart Creek region.
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Figure 32: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Stuart Creek region.
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Figure 33: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Fort Greely region.
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Figure 34: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Fort Greely region.
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Figure 35: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2041-2070) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Donnelly region.
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Figure 36: Projected values for baseline (recent past) conditions (AKFF, shown in black) and the specified future time period
(2071-2100) for two different downscaled climate models (CCSM and GDFL) for the six different indicators of fire risk that make
up the CFFDRS Fire Weather Index (FWI). Dotted lines show FWI thresholds, where red is extreme, orange is very high, yellow is
high, and blue is moderate (Ziel 2015). These graphs are for the Donnelly region.
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Conclusions and Next Steps
Each research element and modeling effort in this study was both independent and interrelated,
yielding a complex picture of the potential future of military operations and military planning in Interior
Alaska under a changing climate.
Key findings included:













Partnership with Army civilian environmental managers at Fort Wainwright in coproducing
science optimized our analysis, and is a technique to be recommended in the future.
Time taken to establish clear communication, bring on board all necessary partners, and
precisely define project goals is worthwhile to the overall efficacy of a project of this nature.
Additional time for research, data gathering, and literature review is likewise beneficial to
outcomes.
Model results suggest that the length of winter season available for all-terrain activities,
particularly those using the heaviest vehicles and equipment, may be severely curtailed in
coming decades.
Opportunities for cold weather testing, particularly those that require extreme cold, may
become limited or nonexistent by the latter half of this century.
In coming decades, there may be a need for increased flexibility in terms of the season,
locations, and conditions under which winter training activities and other winter operations take
place.
Fires on lands adjacent to USAG lands may increase, leading to a greater need for suppression
and/or more restrictions related to summer training activities.
These restrictions may be due to either danger from smoke inhalation or the fire risk associated
with use of incendiary devices.
Projections of future fire danger indicate increased likelihood of higher fire risk in early summer
but mixed trends later in the fire season.
The seasonality of fire risk may suggest altering the season in which certain training activities are
scheduled.

Next steps may include:





Continuing and expanding the partnership forged during this collaborative effort.
Disseminating the information contained within this report, and -- based on feedback from users
and new available models and data -- updating tools and models to better help USAG decision
makers and managers make more informed decisions based on the best available climate data.
As needed, creating additional decision support tools to be able to adapt to updated scientific
techniques and data sets. Engaging with the people that will use to the tools to co-produce
them.
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