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A. CHANGE AGENTS

This appendix contains the following content relating to change agents:

e Climate: Detailed data and methods on the climate trends assessment are included here, greatly
expanded on from methods described in the Methods chapter of the main report. However, all
results and discussion for this topic are entirely contained in the Current or Future chapters of
the main report.

e Permafrost: Detailed data and methods on permafrost trends assessment are included here,
greatly expanded on from methods described in the Methods chapter of the main report.
However, all results and discussion for this topic are entirely contained in the Current or
Future chapters of the main report, with the exception of the detailed, by HUC, compilation of
mean annual ground temperature results for all three model years.

e Fire: Additional details on methods and results of fire modeling are included here; the overall
fire modeling results are summarized in the Future Conditions chapter in the main report, but
this section of this appendix offers additional detail. Two other fire-related management
guestions not covered in the main report due to space constraints are also covered here.

o Development: Detailed descriptions of data and methods used to map current and future
distributions of development change agents are included here. Summary results are included,
and these results are also contained the relevant sections of the Current and Future Conditions
chapters in the main report.

A-1 Climate Trends Assessment: Detailed Data and Methods
A-1.1 Climate Data: Background

In order to make global climate data useful for planning, the Scenarios Network for Alaska and Arctic
Planning (SNAP), a collaborative research group at the University of Alaska, downscales global model
outputs to the local level (Figure A-1). SNAP’s principal products are downscaled historical and monthly
projected climate data, primarily temperature and precipitation. Additionally, SNAP produces derived
data from the above base datasets through various modeling efforts. For the purposes of this REA,
climate-linked permafrost and fire models were selected as being of critical importance to the SNK
ecoregion, in addition to SNAP’s core temperature and precipitation projections.

As with any data, analysis or interpretation, multiple sources of uncertainty are always present.
Understanding the uncertainty inherent in the input and output data can help in determining how these
climate projections are best utilized and interpreted, as is discussed in the context of the Future
Conditions chapter. All data used in this project are freely available, either from the SNAP website
(www.snap.uaf.edu) or via datasets provided directly to the BLM.

]
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Figure A-1: Conceptual model of downscaled climate products
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A-1.2 Climate Projections

SNAP selected the five General Circulation Models (GCMs) that perform best in Alaska and the Arctic.
General Circulation Models (GCMs) are developed by various research organizations around the world.
For this project, SNAP utilized the CMIP3 model outputs from the IPCC’s fourth assessment report (AR4).
Each GCM has different strengths and weaknesses, and some can be expected to perform better than
others for northern regions of the globe (Table A-1).

Dr. John Walsh, a SNAP collaborator, and his team evaluated the performance of a set of fifteen global
climate models used in the Coupled Model Intercomparison Project (Walsh et al 2008). They calculated
the degree to which each model’s output concurred with actual climate data for the years 1958-2000
for each of three climatic variables (surface air temperature, precipitation, and sea level pressure) for
three overlapping regions (Alaska, Greenland, 60-90°N latitude, and 20—90°N latitude.)

The core statistic of the validation 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) Re-Analysis, ERA-40. The ERA-40 directly
assimilates observed air temperature and sea level pressure observations into a product spanning 1958—
2000. Precipitation is computed by the model used in the data assimilation. The ERA-40 is one of the
most consistent and accurate gridded representations of these variables available.
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To facilitate comparison between GCMs and validation against the ERA-40 data, all monthly fields of
GCM temperature, precipitation and sea level pressure were interpolated to the common 2.5° x 2.5°
latitude—longitude ERA-40 grid. For each model, Walsh et al. calculated RMSEs for each month, each
climatic variable, and each region, and then added the 108 resulting values (12 months x 3 features x 4
regions) to create a composite score for each model. A lower score indicated better model performance.

Since several models had substantially smaller systematic errors than the other models, the differences
in greenhouse projections implied that the choice of a subset of models might offer a viable approach to
narrowing the uncertainty and obtaining more robust estimates of future climate change in regions such
as Alaska. Thus, SNAP selected the five best-performing models out of the fifteen, which are listed in
Table A-1. These five models are used to generate climate projections independently, as well as in
combination, in order to further reduce the error associated with dependence on a single model.

Table A-1: Global Circulation Models used for SNAP downscaled climate projections.

Center Model Name and Version Acronym
Canadian Centre for Climate General Circulation Model version cccma_cgem3l
Modelling and Analysis 3.1-t47
Max Planck Institute for European Centre Hamburg Model 5 mpi_echam5
Meteorology
Geophysical Fluid Dynamics Coupled Climate Model 2.1 gfdl_cm21
Laboratory
UK Met Office - Hadley Centre Coupled Model 3.0 ukmo_hadcm3
Center for Climate System Model for Interdisciplinary Research | miroc3_2_ medres
Research on Climate (MIROC)

Projected data are produced for three emission scenarios (B1, A1B, A2) as described in the 4™
Assessment (IPCC 2000); this project focuses on the A2 scenario. The A2 scenario describes a future
featuring a world of independently operating, self-reliant nations, with continuously increasing
population and regionally oriented economic development. While once viewed as a relatively
pessimistic scenario, it is now considered relatively likely, as compared to other scenarios (Anderson and
Bows 2008, 2011).

A-1.3 Historical CRU Data

The Climate Research Unit (CRU) at the University of East Anglia in England is one of the leading
research organizations for the study of natural and anthropogenic climate change. CRU hosts a large
number of global climate datasets, which are managed by a variety of people and projects. CRU global
climate data are based on 3,000 monthly temperature stations over land as well as additional sea
surface temperature (SST) measurements over water. SNAP obtains CRU data directly from their website
or from the British Atmospheric Data Centre. SNAP utilizes CRU 5° x 5° temperature and precipitation
data and TS 3.0/3.1 high-resolution gridded data as base data from which to further downscale historical
climate grids to 2km resolution.

A-1.4 Parameter-elevation Regressions on Independent Slopes Model (PRISM)

GCM outputs and historical CRU data were then downscaled using PRISM data—which accounts for land
features such as slope and elevation (from remotely-sensed digital elevation models), and proximity to
coastlines—as baseline climate data. The final products are high-resolution monthly climate data for
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~1901-2100 for Alaska and large regions of Canada. Outputs from the five models are averaged in order
to reduce the error associated with dependence on a single model.

(PRISM) data are the highest quality, spatially explicit climate data currently available for Alaska and the
United States as a whole. PRISM data can be obtained through multiple sources, although the data is
produced by the same organization.

A-1.5 Delta Method Downscaling Procedure

SNAP currently employs a model bias correction in tandem with a statistical downscaling approach
called the “delta method.”

In order to determine projected changes in climate and the amount of model bias inherent in that
change, SNAP needed to first determine a reference state of the climate according to the GCMs. The
first step was to utilize twentieth-century (20c3m) scenario GCM data values to calculate climatologies
for the same temporal range used in the high-resolution data being downscaled to (e.g., 1961-1990
PRISM, 1971-2000 PRISM). These climatologies are simply GCM mean monthly values across a reference
period (usually 30 years) from the 20c3m scenario outputs. The values represent modeled data and
contain an expected model bias which is adjusted as described below. This calculation was completed
for a worldwide extent at the coarse GCM spatial resolution, which ranges from 1.875 to 3.75 degrees
latitude/longitude.

Next, SNAP calculated monthly absolute (for temperature) or proportional (for precipitation) anomalies
by taking the future monthly value (e.g., May 2050 A1B scenario) and subtracting the 20c3m climatology
for temperature or dividing by the 20c3m climatology for precipitation. This calculation was completed
for a worldwide extent at the coarse GCM spatial resolution.

When proportional anomalies for precipitation are calculated using division, and the specific year
(numerator) is outside the range of years used to create the climatology (denominator), the possibility
of dividing future scenario values by zero, or near-zero, climatology values is introduced. This cannot be
prevented, particularly in grid cells over arid regions, but in the rare instances that it does occur, the
denominator must be adjusted. To achieve this, the top 0.5% of anomaly values were truncated to the
99.5 percentile value for each anomaly grid.

This results in:

1. no change for the bottom 99.5% of values,

2. little change for the top 0.5% in grids where the top 0.5% of values are not extreme, and

3. substantial change only when actually needed; that is, in cases where a grid contains one or
more cells with unreasonably large values resulting from dividing by near-zero.

No attempt is made to omit precipitation anomaly values of a certain magnitude; instead a quantile,
based on data distribution, is used to truncate the most extreme values. The 99.5% cutoff was chosen
after careful consideration of the ability of various quantiles to capture extreme outliers. This
adjustment allows the truncation value to be different for each grid because it is based on the
distribution of values across a given grid.

Temperature and precipitation anomalies were then interpolated with a first-order bilinear spline
technique across an extent larger than our high-resolution climatology dataset. A larger extent is used to
account for the climatic variability outside of the bounds of our final downscaled extent. The
interpolated anomalies are then added to (for temperature) or multiplied by (for precipitation) the high-
resolution climatology data (e.g., PRISM). This step effectively downscaled the data and removed model
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biases by using observed data values as baseline climate. The final products are high resolution (2km or
800m for PRISM) data.

A-1.6 Uncertainty

While the baseline climate data used in SNAP’s downscaling procedure (e.g., PRISM and CRU data) have
been peer reviewed and accepted by the climate community, SNAP also validated these procedures by
directly comparing twentieth century scenario (20c3m) GCM data to actual weather station data.
Additionally, all of SNAP’s projected future monthly output data are plotted and inspected by a
committee of climate experts.

Nonetheless, data—including its analysis and interpretation—can almost never be 100% certain.
Multiple sources of uncertainty are inherent to SNAP’s work. Understanding these sources can help in
effectively and appropriately using SNAP’s products. All models involve simplification of real-world
interactions (e.g., ocean currents are not modeled at the level of individual H,O molecules). Most
models rely on incomplete input data (e.g., historical climate data exists only for sites with climate
stations). In addition, climate modeling deals with some inherently unpredictable variables (e.g., the
exact location and timing of lightning strikes). Multiple sources of uncertainty can combine to have
multiplicative effects. In some cases, uncertainty yields a range of possible outcomes that occur on a
continuum, such as a projected temperature increase of 2 to 5 degrees Celsius. In other cases,
uncertainty involves thresholds or tipping points, as can be the case with fire, insect outbreaks, or
permafrost thaw. Depending on the project and the needs of planners, land managers researchers, or
local residents, it can be best to examine a range of possible yet divergent outcomes.

The outline below breaks down and discusses some of the primary sources of uncertainty in SNAP’s
modeling efforts for this REA.

A-1.6.1 Raw climate projections

SNAP’s most basic climate data are the monthly mean values for temperature and precipitation,
available for every month of every year from 19002006 (historical data) and 1980-2099 (projected
data). The projected data are available for five different models and three different emission scenarios.
Each of these fifteen datasets offers a slightly different scenario of future climate, based on differing
algorithms and assumptions; the differences between them can be viewed as one measure of the
uncertainty inherent in such projections.

A-1.6.2 Historical and projected datasets

The historical and projected datasets are both subject to uncertainty based on interpolation, gridding
and downscaling, as well as uncertainty based on the inherent variability of weather from month to
month and year to year. Historical datasets are based on weather station data that has been
interpolated to a relatively coarse-scale grid using algorithms from Climate Research Unit (CRU), and
then further downscaled to a finer grid by SNAP using the Parameter-Regression on Independent Slopes
Model (PRISM). Projected datasets are downscaled by interpolation between large-scale grid cells
(splining) followed by PRISM downscaling.

A-1.6.3 Interpolation, gridding and downscaling

e Climate stations are very sparse in the far north, and precipitation in particular can vary
enormously over very small areas and time frames, so interpolation is challenging and imperfect
regardless of method

e PRISM uses point data, a digital elevation model, and other spatial data sets to generate gridded
estimates
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e CRU data uses different algorithms from PRISM, and does not utilize data on slope and aspect
and proximity to coastlines
e Overall, PRISM seems to do the best job of capturing fine-scale landscape climate variability

A-1.6.4 Natural variability

e Even when trends (e.g., warming climate) are occurring, they can be obscured by normal ups
and downs in weather patterns

e GCM outputs simulate this normal variability, but the variations cannot be expected to match
actual swings

e Uncertainty is inevitably greater for precipitation than for temperature, since natural variability
across both time and space is greater for precipitation

A-1.6.5 Projected data

Projected data are also subject to uncertainty related to the accuracy of the General Circulation Models
upon which they are based; historical data are not subject to this source of uncertainty.

A-1.6.6 Inputs to GCMs

e Solar radiation is essentially a known quantity
e Future levels of greenhouse gases are uncertain, but accounted for by varying emissions
scenarios (see emission scenarios in FAQs, www.snap.uaf.edu/faq.php#ifag 1)

A-1.6.7 GCM algorithms

e Although SNAP uses the best General Circulation Models, produced by international teams of
scientists and relied upon by the IPCC, oceanic and atmospheric circulation are extremely hard
to predict and model

e Interactions modeled in GCMs include thresholds (tipping points) such as ocean currents shifting
or shutting down

e GCMs don’t fully account for short-term phenomena such as the Pacific Decadal Oscillation
(PDO), which can affect Alaska’s climate over time periods of years or even decades

A-1.7 Addressing Uncertainty

Multiple options exist for dealing with uncertainty—either by lessening it, or by describing a range of
possible futures, or both. These choices are heavily dependent on the needs of the stakeholders
involved in any particular project.

A-1.7.1 Natural variability

e Averaging across all five models (using the composite model, as was done in this project) can
reduce the ups and downs built into the models

e Averaging across years (decadal averages), also used in this project, can reduce uncertainty due
to natural variability

e Both these methods reduce the ability to examine extreme events

A-1.7.2 GCM uncertainty

e The five GCMs used by SNAP have been tested for accuracy in the north

e GCMs have been widely used and referenced in the scientific literature

e Variation between models can be used as a proxy for uncertainty in GCM algorithms

e Averaging across all five models (using the composite model) can reduce any potential bias, but
reduces the ability to examine extreme events
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e SNAP’s model validation study depicts uncertainty by region, model, and data type based on
comparisons between model results and actual station data

A-1.7.3 Interpolation, gridding, and downscaling
e Both CRU and PRISM have been validated in other studies, available in the literature

A-2 Permafrost Trends Assessment

A-2.1 Permafrost Modeling: Detailed Data and Methods
A-2.1.1 Background

Climate/permafrost modeling for the SNK REA was performed using SNAP climate data (see previous
section) coupled with modeling by the University of Alaska — Fairbanks (UAF) Geophysical Institute
Permafrost Laboratory (GIPL), a research group that deals with scientific questions related to the
circumpolar permafrost dynamics and feedbacks between permafrost and global change. The focus of
GIPL's research is permafrost modeling, permafrost process studies, permafrost monitoring, and the
prediction of impacts of permafrost changes on the natural environment. The lab collects and analyzes
data related to the thermal and structural state of circumpolar permafrost. GIPL is interested in all
aspects of how permafrost is affected by global change with respect to climate as well as natural and
human induced disturbances, and closely collaborates with many other researchers and students at UAF
and other institutions (see http://permafrost.gi.alaska.edu/ for more information).

The GIPL model was developed specifically to assess the effect of a changing climate on permafrost. The
GIPL 1.0 model is a quasi-transitional, spatially distributed, equilibrium model for calculating the active
layer thickness and mean annual ground temperature. The GIPL-1 model accounts effectively for the
effects of snow cover, vegetation, soil moisture, and soil thermal properties (Table A-2). The GIPL-1
model allows for the calculation of maximum active layer thickness (ALT) and mean annual ground
temperatures (MAGT) at the bottom of the active layer. The approach to determine the ALT and MAGT
is based on an approximate analytical solution that includes freezing/thawing processes and provides an
estimation of thermal offset due to the difference in frozen and thawed soil thermal properties
(Kudryavtsev et al., 1974). It uses the idea of applying the Fourier temperature wave propagation theory
to a medium with phase transitions, such as freezing/thawing ground. Application of this approach
resulted in the discovery of the thermal offset and an understanding of the laws that govern the
dynamics of the ground thermal regime. These discoveries led to an understanding of the effects that
the thermal properties of the ground have upon the MAGTSs and ALT, and how periodically (seasonally)
varying climatic parameters affect permafrost dynamics. The output parameters of this method are
given as annual averages. The effect of geothermal heat flux is ignored because it is considered to have
a minimal impact on the MAGT and ALT values. For the areas with permafrost, the MAGT is the same as
a mean annual temperature at the permafrost table (upper surface of permafrost). Where permafrost is
absent, the MAGT is the mean annual temperature at the bottom of seasonally frozen layer.

- ]
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Table A-2: GIPL permafrost model inputs and outputs.

Input Variables Notation Units
Seasonal range of air temperature variations A, o
(amplitude)

Mean annual air temperature Ta °C
Snow Water Equivalent SWE m
Height of vegetation cover H, m
Thermal diffusivity of vegetation in frozen state Dyt m?/s
Thermal diffusivity of vegetation in thawed state Dyt m?/s
Thermal conductivity of frozen soil Ks W/(m*K)
Thermal conductivity of thawed soil Kin W/(m*K)
Volumetric water content VWC Fraction of 1
Volumetric latent heat of ice fusion 334e6 J/m3
Volumetric heat capacity of snow cover Csn J/m3K
Volumetric heat capacity of thawed ground Cin J/m3K
Volumetric heat capacity of frozen ground Cs J/m3K
Output Variables Notation
Correction to air temperature accounting for snow cover effect, 2C AT,
Correction to air temperature amplitude accounting for snow cover DA
effect, eC

Correction to air temperature accounting for vegetation cover, 2C AT,
Correction to air temperature amplitude accounting for vegetation AA,
cover, 2C

Seasonal range of temperature variations at the ground surface, 2C Ags
Mean annual temperatures at the ground surface, 2C Tes
Snow density, kg/m> Psn
Snow thermal conductivity, W/(m*K) Ksn
Thermal offset, °C ATy
Mean annual soil surface temperature, 2C MAGST
Mean annual soil temperature at the bottom of ALT, °C MAGT
Active layer thickness, m ALT

Throughout the years, simplified analytical solutions for the ALT have been applied for structural
engineering and other practical purposes. Most of these methods have been based on the Stefan
solutions, and they do not yield a good level of accuracy (Romanovsky and Osterkamp 1997). It was
determined that the best method for computation of the ALT and MAGTSs was a modified version of
Kudryavtsev’s approach (Romanovsky and Osterkamp 1997). This approach is the core of the GIPL-1
model, which treats the complex system including air, snow cover, surface vegetation, and active layer,
as a set of individual layers with different thermal properties (Figure A-2). In the regions of Alaska and
eastern Siberia that were analyzed, surface vegetation consists of lichens, grass, and moss (sphagnum or
feather mosses) (Feldman et al., 1988; Brown and Kreig 1983). The upper level of vegetation consisting
of trees and shrubs is not considered in the model. This upper level vegetation affects the thickness and
density of the snow cover, along with the amount of solar radiation reaching the ground surface. The
model takes into account only low-level vegetation (surface vegetation) that is less than 0.5 meter high,
because the information about higher vegetation such as trees and tall shrubs is already incorporated
into the monthly surface air temperature data, which were used as input data in the model.
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Figure A-2: The GIPL-1 model conceptual diagram (A) and schematic profile of mean annual
temperature through the lower atmosphere, active layer and upper permafrost (B).
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Snow cover plays an important role in heat exchange processes between the surface of the ground and
the atmosphere. The warming effect of the snow cover has been calculated using approximate formulas
derived by Lachenbruch (1959) and Romanovsky (1987), which incorporate ground properties,
vegetation cover, and their respective effect on heat turnovers through the snow. Heat turnovers are
defined as the quantity of incident heat (during the heating period), or out-going heat (during the
cooling period) throughout the media over a given time interval (usually half year increments). Thus, the
heat turnover is the sum of the heat flux through the ground surface as a function of time.

The GIPL-1 model takes into account only conductive heat transfer through the surface vegetation
(lichens, moss, and grasses). The rate of heat turnover between the ground and atmosphere has been
shown to have a strong dependence on vegetation cover. In summer, surface vegetation prevents solar
radiation from penetrating into the ground and warming it. In wintertime, surface vegetation acts as an
insulator and keeps heat in the ground.

The seasonal freezing and thawing cycles cause changes in the thermal properties of soils within the
active layer. Typically, this effect leads to a decrease in MAGTs with depth within the active layer. The
thermal offset is defined as the difference between the mean annual temperature MAGT at the bottom
of the active layer and the mean annual temperature at the ground surface (Kudryavtsev et al. 1974;
Goodrich 1978; Burn and Smith 1988). The thermal offset depends on soil moisture content and thermal
properties, and has the most pronounced effect within a peat layer (Marchenko and Romanovsky 2007).
The analytical equation to estimate the thermal offset was given by Kudryavtsev (1981) (no derivation
was published), and was formally derived by Romanovsky and Osterkamp (1995).

The approach to simulate MAGT in the GIPL-1 model is the consecutive layer-by-layer introduction of
thermal effects of snow, ground surface vegetation, and the soils within the active layer on mean annual
temperatures and seasonal amplitudes at each considered level (snow surface, vegetation surface, and
ground and permafrost table). However, this scheme is not totally additive because the estimation of
the impact of each new layer already includes the thermal effects of all layers above it. Moreover, in this
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approach, the thermal effect of snow reflects the thermal properties and temperature field dynamics in
the subsurface layers through the heat turnover estimation. As a result, this approach takes into account
some negative and positive feedbacks between designated layers in the “atmosphere-permafrost”
system.

A-2.1.2 The Active Layer Thickness

Calculation of the ALT is the final step in the GIPL-1 model (Romanovsky and Osterkamp 1997). The
formula was derived for homogeneous ground, but in actuality, even if the soil properties are the same
throughout the active layer, the moisture content or mode of heat flow may vary significantly. This can
make the active layer heterogeneous with regard to its thermal properties. Also, the model does not
take into account unfrozen water, which can exist in the frozen active layer even at temperatures below
zero Celsius, and has a significant effect on the ground’s thermal properties (Williams, 1964; Williams &
Smith, 1989). The assumption of a periodically steady state temperature regime seems to be a good
approximation when applied to the annual temperature cycle, which varies from year to year
(Romanovsky and Osterkamp, 1997). Considering the advantages along with the shortcomings, the GIPL-
1 model appears to give a good representation of the coupling between permafrost and the
atmosphere. When applied to long-term (decadal and longer time scale) averages, this approach shows
an accuracy of +0.2-0.42C for the mean annual ground temperatures and +0.1 — 0.3 m for the active
layer thickness calculations (Sazonova and Romanovsky, 2003). The relative errors do not exceed 32%
for the ALT calculations, but typically they are between 10 and 25%. The differences in 0.2-0.4°C
between calculated and measured mean annual ground temperatures were obtained for the long-term
multi-year average estimations.

A-2.1.3 The Input Dataset

At the present stage of development, the GIPL-1 model is combined with ArcGIS to facilitate preparation
of input parameters (climate forcing from observations or from global or regional climate models) and
visualization of simulated results in the form of digital maps.

In order to assess possible changes in the permafrost thermal state and the active layer thickness, the
GIPL-1.3 model was implemented for the entire Alaskan permafrost domain. For this REA, the team used
an input data set with 2 x 2 km spatial resolution. Input parameters to the model are spatial datasets of
mean monthly air temperature and precipitation, prescribed vegetation, soil thermal properties, and
water content, which are specific for each vegetation and soil class and geographical location (Figure
A-3). The Scenarios Network for Alaska Planning (SNAP) data set was used for climate forcing
(http://www.snap.uaf.edu/).

- ]
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Figure A-3: Conceptual model of GIPL permafrost model
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A-2.1.4 Uncertainty

In addition to the uncertainty associated with SNAP modeling as described previously, uncertainty is
associated with all GIPL outputs. Algorithms to determine the depth of active layer are dependent on
calculations of the insulating properties of varying ground cover and soil types, as well as on climate
variables. Although GIPL researchers have used the best available data for all inputs, some datasets are
incomplete.

Model uncertainty has several ramifications for management, which are discussed in the Future
Conditions chapter. Uncertainty inherent to model outputs must be considered in conjunction with
additional uncertainty in model interpretation, stemming from complex interactions between
permafrost, climate, fire and development; relatively coarse model resolution, with reference to
extremely localized phenomena; and complex interactions between soil conditions and hydrologic
change. Uncertainty dictates the need to manage for multiple future scenarios, particularly in areas near
the threshold for permafrost thaw (MAGT near 0°C at one meter depth). For example, for crucial
resources such as community drinking water supplies, it behooves managers to plan for altered
hydrology and potential contamination issues even if such changes are uncertain. On the other hand,
managing the exact drainage patterns of large lake systems may be beyond the scope of reasonable
management strategies.

]
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A-2.2 Permafrost Trends: Detailed Results

The table below provides the complete data on mean annual ground temperature, for 2011, 2025, and
2060, for all watersheds in this ecoregion. The synthesis and interpretation of the permafrost modeling
is contained in the Future Conditions chapter of the main report.

Table A-3: Complete data on mean annual ground temperature (MAGT) by year and 5™-level HUC.
Data are sorted from coldest to warmest.

2011 2025 2060 2025 2060 2011 2025 2060 2011 2025 2060
Name (HUC 10) MEAN MEAN MEAN|Name (HUC 10) MEAN MEAN|Name (HUC 10) MEAN MEAN MEAN|Name (HUC 10) MEAN MEAN MEAN
Ingruksukruk Creek -48 -41 -33 |Middle Kateel Creek -15 -1.0 |Headwaters Shaktoolik River -18 -08 -05 |Headwaters Pilgrim River -11 -03 -02
Ekiek Creek -44 -36 -2.8 |Hunter Creek -15 -1.0 |OutletKugarak River -18 -11 -0.6 |Ninemile River <11 02 01
Outlet South Fork Huslia River -42 -34 -2.7 |North Fork Buckland River -1.6 -1.0 |Casadepaga River -1.8 -0.7 -05 |OutletNiukluk River -1.1 00 0.2
Derby Creek 41 -33 -2.6 |Rodo River -13 -0.8 |Upper Andreafsky River -17 -05 -0.2 |PortClarence-Frontal Bering Sea -11 -07 -04
Headwaters East Fork Andreafsky
Nulitna River -40 -32 -25 |Solomon River -24 -12 -11 |Nazuruk Channel-Frontal Hotham Inlet -1.7 -0.9 -0.3 |River 11 01 04
Headwaters Selawik River -40 -33 -26 |Hotham Inlet-Frontal Kotzebue Sound = -24 -1.6 -0.9 |OutletFish River -17 -05 -0.2 |Headwaters Kugarak River -11 -04 01
North Fork Huslia River -39 -82 -24 |Headwaters Kuzitrin River -14 -1.2 |Headwaters Kougarok River -1.7 -11 -0.8 |Upper Kateel River -11 -02 01
Headwaters South Fork Huslia River -39 30 -23 |Lopp Lagoon-Frontal Chukchi Sea 24 -18 -1.3 |Lower Selawik River -1.7 -10 -0.4 |Upper Anvik River -11 0.0 04
Pish River -39 -30 -26 |South Fork Serpentine River -24 -1.7 -1.4 |Grayling Creek-Yukon River -17 -04 0.0 |DeerHunting Slough-Yukon River -10 03 0.6
Headwaters Billy Hawk Creek -39 -32 -25 |MangoakRiver -23 -15 -1.0 |Sanaguich River -1.7 -11 -0.8 |Hawk River -10 03 0.6
Huslia River -38 31 -24 |Rathlatulik River -12 -0.8 |Headwaters West Fork Buckland River -1.7 -0.7 -0.3 |Outlet Pilgrim River -10 -01 01
1904060601 -38 -30 -23 |Serpentine River -1.6  -1.3 |Outlet Noxapaga River -1.7 -08 -05 |Headwaters Nulato River -10 -01 02
Pitka River -3.8 -28 -22 |Headwaters Kugruk River -23 -13 -1.0 |Norton Bay-Frontal Norton Sound -1.7 -05 -0.1 |Kuyukutuk River -10 04 0.6
Outlet Billy Hawk Creek 37 -30 -23 |Anikovik River-Frontal Bering Sea 23 -17 -1.3 |Actic River -1.7 -12 -0.8 |Golsovia River -10 01 04
Rabbit River -3.7 -30 -23 |Headwaters Unalakleet River -23 -12 -0.7 |Steamboat Slough-Yukon River -1.7 -0.6 -0.1 |Sineak River-Frontal Norton Sound -10 02 0.7
Eschscholtz Bay-Frontal Kotzebue
Middle Buckland River 3.7 27 -2.0 |Sound 23 -14 -0.8 |Kugrupaga River -1.7 -12 -0.7 |Lower Anvik River -10 03 0.6
Kingmetolik Creek 3.7 -25 -2.0 |Old Woman River 23 -11 -0.7 |FirstChance Creek -1.7 -0.6 -0.2 |South Fork Nulato River -09 00 03
Lower Kateel River -3.6 -28 -2.1 |June Creek-Frontal Kotzebue Sound -22 -14 -08 |Espenberg River -1.7 -11 -06 |Imuruk Basin -09 -04 -02
Ikagoak River -3.6 -28 -2.0 |Kougachuk Creek 22 -16 -1.1 |Pikmiktalik River -1.7 -04 -0.1 |Aresta Creek -09 00 03
Outlet Goodhope River 36 -27 -23 |Inmachuk River 22 -15 -1.1 |Cripple River -17 -0.8 -0.5 |Headwaters Bonasila River 09 04 0.7
Upper Buckland River -35 -26 -1.9 |OutletKiwalik River 22 -12 -0.7 |OutletKougarok River -16 -08 -0.6 |Headwaters Gisasa River -09 00 03
Kiwalik Lagoon-Frontal Kotzebue
Bitzla River-Koyukuk River -35 -26 -2.0 |Sound -14 -0.8 |Lower Inglutalik River -16 -0.6 -0.1 |Tuckers Slough-Yukon River 09 06 08
Keruluk Creek -35 -28 -21 |Kachauik River -11 -0.8 |Headwaters Ungalik River -16 -0.7 -0.3 |Eldorado River -08 01 0.2
Kalusuk Creek -35 -25 -1.8 |Headwaters North River -11  -0.7 [Middle Koyuk River -16 -05 00 [SouthRiver -08 03 0.7
Imikruk Lagoon-Frontal Chukchi Sea 35 -26 -19 |OutletNoatak River -13 -0.8 |Headwaters Kiwalik River -16 -06 -0.2 |Middle Andreafsky River -08 05 0.7
Upper Selawik River -35 -28 -21 |PeaceRiver 21 -10 -05 |Upper Koyuk River -16 -05 -0.1 |Quekilok Creek-Frontal Norton Sound -0.8 04 0.8
Wrench Lake -34 -25 -1.9 |Ekichuk Lake-Frontal Hotham Inlet 21 -12 -06 |BostonCreek -16 -0.7 -0.4 |Headwaters Achuelinguk River -0.7 04 08
Honhosa River -34 24 -18 |Headwaters Noxapaga River 21 -12 -0.9 |Shishmarefinlet-Frontal ChukchiSea -1.6 -1.0 -0.8 |Nome River 07 03 03
Baldwin Penninsula-Frontal Kotzebue
Sound -33 -24 -16 |Sevisok Slough-Noatak River 21 -11 -06 |OutletUnalakleet River -16 -04 0.1 [Poltes Slough-Yukon River -0.7 07 09
Dakli River -33 -26 -2.0 |Niaktuvik Creek-Kobuk River 20 -14 -06 |StinkCreek -16 -06 -0.1 |SinukRiver 07 01 03
Kuchuk Creek -33 -26 -1.8 |North Fork Serpentine River 20 -14 -11 |Klikitarik River -16 -03 0.0 |SafetySound-Frontal Norton Sound 06 05 0.7
Middle Inglutalik River 32 -21 -15 |Headwaters Goodhope River 20 -14 -1.0 |BoxRiver -15 -0.7 -0.3 |Alen Creek -06 06 0.7
Outlet West Fork Buckland River -32 -22 -16 |KaukRiver -1.2  -0.6 |Selawik Lake -15 -07 -0.2 |BearCreek 06 02 08
Nikolai Slough-Koyukuk River -32 -23 -17 |Singauruk River 20 -12 -0.7 |MintRiver -15 -09 -0.6 |OutletAgiapuk River 06 -03 -01
Upper Inglutalik River -832 -21 -16 |Lower Tagagawik River -20 -13 -0.7 |Outlet Shaktoolik River-Shaktoolik Bay -1.5 -0.5 0.0 |Paradise Creek -05 07 10
Nuleargowik River -32 25 -1.7 |BurntRiver 20 -11 -0.7 |Egavik Creek -15 -04 0.1 |GrantleyHarbor-Frontal PortClarence -05 -0.3 0.0
Patsy Slough-Yukon River 31 -21 -1.6 |KavirukRiver 20 -11 -1.0 |Klokerblok River -15 -03 -0.1 |Flambeau River -05 06 0.7
Middle Tagagawik River -31 -23 -17 |Anakeksik Creek 20 -09 -0.5 |Middle Selawik River -15 -08 -0.3 |Pastolik River -05 06 0.7
Tukrok River-Frontal Kotzebue Sound = -3.0 -21 -1.5 |Artic Lagoon -13 -1.0 |Kwiniuk River -15 -03 0.0 |Mountain Creek -0.4 10 13
Duck Creek 29 -20 -1.3 |1905030117 -1.2 -0.6 |Cobblestone River -14 -0.7 -0.6 |Outlet EastFork Andreafsky River -0.4 10 12
Headwaters Tagagawik River 29 21 -15 |FishRiver . -11 -0.6 |Cowpack River -14 -09 -0.5 |OutletBonasila River -04 08 12
Woodyard Creek -29 -20 -1.4 |OutletNorth River -1.9 -0.7 -0.2 |OutletUngalik River -14 -04 0.0 |Upper Achuelinguk River -04 09 12
Upper Tagagawik River 29 21 -15 |ChiroskeyRiver -19 -08 -0.3 |Tubutulik River-Frontal Norton Bay -14 -03 0.0 |OtterCreek 03 06 09
East Fork Koyuk River 29 -18 -1.2 |Kwik River -19 -0.7 -0.2 |Honeymoon Slough-Yukon River -14 -03 0.1 |Pastoliak River 03 08 1.0
Lower Buckland River -29 -19 -1.3 |OutletKuztrin River 19 -09 -0.7 |Nuluk River -14 -10 -06 |Headwaters Agiapuk River -03 -01 02
Village Creek-Frontal Chukchi Sea 28 -21 -1.6 |Headwaters Fish River -19 -09 -0.6 |Kogok River -14 -02 0.1 |[Five DaySlough -03 10 12
North Fork Unalakleet River -28 -16 -1.2 |Cowpack Inlet-Frontal Chukchi Sea -19 -12 -0.7 |OutletGisasa River -14 -05 -0.2 |Mmiddle Atchuelinguk River -0.2 11 13
Sullivan Creek-Frontal Kotzebue Kungealarook Creek-Frontal Kotzebue
Sound -28 -20 -14 |Sound -1.2  -0.7 |Pinguk River -14 -08 -0.6 |Lower Atchuelinguk River -02 11 14
Three Day Slough-Koyukuk River -28 -20 -1.3 |Nugnugaluktuk River -1.3 -0.9 |Headwaters American River -14 -09 -05 |BeaverCreek 01 08 13
Kaiyuh Slough-Yukon River 28 -1.7 -1.3 |Pargon River -08 -0.5 |Feather River-Frontal Bering Sea -14 -0.7 -0.5 |Snake River -01 09 1.0
Kawichiark River 26 -20 -1.4 |Thompson Creek-Yukon River -0.6 -0.2 |Big Eightmile Island-Yukon River -14 -04 00 |Blackburn Creek-Yukon River 01 07 13
Black River 26 -20 -1.2 |Golownin Bay-Frontal Norton Sound -06 -0.3 |Tagoomenik River -14 -02 0.2 |Kuiak River-Frontal Norton Sound 0.0 11 14
Holtz Creek 26 -16 -1.2 |Yellow River -0.6  -0.2 |Headwaters Niukluk River -13 -04 -0.2 |Middle Anvik River 0.1 10 14
Outlet Kugruk River 26 -1.7 -1.2 |Portage Creek-Kobuk River -11 -0.5 |Cross Slough-Yukon River -13 01 0.3 |Stuyahok River 0.1 11 15
McDonald Creek -26 -13 -0.9 |Headwaters Koyuk River -09 -0.6 |Kaltag River -1.3 -04 0.0 |AnukRiver-Yukon River 0.1 11 12
Lower Koyuk River -26 -14 -0.8 |Nunawlnuk River -0.6  -0.3 |Engineer Creek -13 01 0.3 |Koserefski River 0.1 13 17
Tuklomarak Lake 25 -1.7 -1.1 |Kugachevik Creek-Kobuk River -12 -0.5 |Nageethluk River -13 01 0.3 |Nanvaranak Slough 02 11 12
Middle Fork Buckland River 25 -16 -1.1 |Melvin Channel -10 -04 |Kako Creek -12 03 0.5 |Archuelinguk River 0.2 12 13
South Fork Buckland River -25 -16 -1.0 |QuartzCreek -18 -0.8 -0.4 |Outlet American River -12 -06 -04 |Lower Andreafsky River 02 14 15
Hugo Creek 25 -17 -1.1 |BonanzaRiver -18 -0.7 -0.5 |OutletNulato River -12 -03 0.0 |Town ofFish Village 0.9 1.6 1.7

A-3 Fire

The primary management question relating to fire is

were used to characterize the fire history of the region, and Boreal ALFRESCO (Alaska Frame-Based

“What is the fire history of the region and what is
the potential future fire regime? What are the implications for vegetation?” Data and literature reviews

Ecosystem Code) (Rupp et al. 2000; Lloyd et al. 2002) was used to address the potential future fire

regime and its impact on vegetation. The results of this review and Boreal ALFRESCO modeling inform

the answers to related management questions as illustrated in Figure A-4. The question “How will
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habitats that support terrestrial species of concern likely change due to fire over the next 15 and 50
years” is directly addressed by the Boreal ALFRESCO modeling results in this appendix. MQs 126 and
129.5, relating to lightning strike frequency and fire history are addressed here; the other fire-related
management questions are addressed in Appendix D.

Figure A-4: Schematic of MQs related to fire.
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A-3.1 Fire History and Influences

| 129.5: What does the paleorecord reveal about fire history?

A-3.1.1 Historical Data and Literature Review

Fire maps include all fire perimeters since 1940, although these files do not contain data on fire severity,
such as crown fires vs. ground fires, or partial vs. complete burns. Since some factors, such as impacts on
permafrost, are strongly affected by fire severity, the data are therefore somewhat incomplete.
However, clear regional and temporal patterns do emerge.

A-3.1.2 Findings

The paleorecord reveals that although fire has been historically far less common in the Seward Peninsula
portion of the SNK ecoregion than in the interior boreal forest, it has also been quite variable. Some
periods within the past several thousand years show much higher frequency of fire than recent decades.

Recent historical fire records show many areas remaining unburned over the past seventy years (Figure
A-5). However, large fires have occurred, particularly in more inland areas (e.g., the Nulato Hills).

In tundra, lichens are slow to regrow after fire, with lichen cover of only 3-4% 24-25 years post-fire on
the Seward Peninsula (Jandt et al. 2008). Recent decades have seen marked change in Arctic tundra
ecosystems due to the interplay of climate change, wildfire, and disturbance by caribou and reindeer;
these interdependent changes are all implicated in the observed significant reduction of terricolous

- ]
Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report

Appendix A: Change Agents Page 17



lichen ground cover and biomass (Joly et al. 2009). Fire can also lead to vegetation shift. In one study on
the Seward Peninsula, it was found that shrub cover was higher on the burned plots than the unburned
plots, and that cover of cottongrass (Eriophorum vaginatum) initially increased following the fire, and

remained so for more than 14 years (Jandt et al. 2008).

Figure A-5: Historical fires shown with ecoregion boundaries (above) and without ecoregion

boundaries (below).
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126: What is the known lightning strike frequency? Do these data show a significant
trend over time?

Lightning data and data on fires statewide are available from the Alaska Fire Service
(http://afsmaps.blm.gov/imf/imf.jsp?site=lightning). This interactive map viewer allows users to zoom,
pan, download, and print maps in static and GIS formats. Available map layers for lightning include
current and recent lightning strikes, and lightning strikes for every year back to 1990, plus 1986 and
1988.

Fire frequency is dependent not only on the flammability of the landscape, but also on fire ignitions
from lightning, meaning that a hotter, drier climate does not necessarily mean more fires (Lynch et al.
2004). Although lightning strikes are tracked by the Alaska Fire Service
(http://afsmaps.blm.gov/imf/imf.jsp?site=lightning), accuracy of measurement has been inconsistent
over time, meaning that no consistent trends can be identified using historical data. However, in some
cases, climate change appears to be positively correlated with increased cloud-to-ground lightning
activity (Kochtubajda et al. 2011).

Lightning strikes are far more common in inland areas than on the Seward Peninsula, as evidenced by
two weeks of lightning data from July 2012 (Figure A-6).

Figure A-6: Sample lightning data from July 2012,
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A-3.2 Projected Fire Risk and Impacts on Vegetation
A-3.2.1 ALFRESCO: Background

ALFRESCO simulates the responses of subarctic and boreal vegetation to transient climatic changes, and
has been previously used in the Seward Peninsula region. For relevant discussion of the model, see also
Rupp et al. 2000a; Rupp et al. 2000b; Rupp et al. 2001; Rupp et al. 2002.

ALFRESCO is a spatially-explicit cellular automata model that simulates fire and successional dynamics
on a one-year time step. The model simulates five major subarctic/boreal ecosystem types: upland
tundra, black spruce forest, white spruce forest, deciduous forest, and grassland-steppe. These
ecosystem types represent a generalized classification of the complex vegetation mosaic characteristic
of the circumpolar arctic and boreal zones of Alaska. SNAP climate data can be used as ALFRESCO inputs,
thus creating projections of the impacts of changing climate on fire regime. ALFRESCO does not model
fire behavior but rather models the empirical relationship between growing-season (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 model focuses on system interactions and feedbacks. The fire regime is simulated stochastically and
is driven by climate, vegetation type, and time since last fire (Rupp et al. 2000b; 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 flammability value of that pixel
and a randomly generated number (Rupp et al. 2000b; 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
highest fuel loads and the driest climate conditions. Fire spread depends on the flammability (i.e., fuel
loading and moisture) of the receptor pixel. Some pixels, e.g., non-vegetated areas and large water
bodies, do not burn and thus serve as fire breaks. Suppression activities were not simulated.

ALFRESCO has been calibrated using available literature regarding burn rates and stand compositions
(Rup et al. 2007). However, most of these data came from interior AK, well to the east of the SNK
ecoregion. In addition, the model is generally calibrated through use of a “spin-up” period of 1000 years
of simulated fire history, in order to match outputs as closely as possible to historical fire patterns
(Figure A-7). The model parameters derived during this spin-up period are then used to create future
projections. However, as discussed below, this form of calibration proved inappropriate to the model
and the study area.
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Figure A-7: Conceptual model showing the Boreal ALFRESCO simulation design.
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A-3.2.2 ALFRESCO: Uncertainty

The ALFRESCO model uses SNAP input data as a basis for projecting fire on the landscape. Thus, all the
sources of uncertainty associated with SNAP data (described below) apply when assessing ALFRESCO
outputs. In addition, although this model is well-calibrated to match historical climate conditions to
historical fire records, all future projections are inherently uncertain because they depend on
assumptions and estimates regarding the frequency and location of fire starts as well as the calculated
relationship between climate, forest age and type, and fire spread.

Several limiting factors contributed to the uncertainty for this particular project. ALFRESCO was
primarily designed to simulate fire in boreal forests. However, tundra comprised 61% of the study area;
this proportion did not change because ALFRESCO does not currently incorporate treeline shift or other
modes of succession from tundra to forest. In addition, apparent increases in spruce and decreases in
deciduous cover are misleading, due to ALFRESCO’s assumed deciduous to spruce trajectory. In other
words, the model assumes that all deciduous pixels will, if unburned for long enough, undergo forest
succession and become spruce pixels. This is accurate for some forested pixels within the study area, but
inaccurate for areas of willow and alder that are likely to remain shrubby. In order to correct for this
problem, the model was run with some adjustments to the normal spin-up cycle. A thousand-year spin-
up allowed the landscape to become unrealistically populated with spruce, so the current landscape was
corrected to match existing vegetation maps and fire scars. However, the deciduous to spruce trajectory
persisted in future projections; this is a serious flaw in the model. However, although its ramifications
are not universally applicable throughout the SNK REA, when the results are viewed at a more localized
scale, ALFRESCO proved to be useful despite this problem. Moreover, no other existing fire model
offered a better approach to mapping and predicting fire at the resolution desired for this project, and
no other model offered the opportunity to directly link known landscape conditions, fire history,
lightning strikes, existing vegetation data, and future fire projections into a comprehensive set of
predictions. Nonetheless, 2025 results are likely more reliable than 2060 results.

It should also be noted that although the A2 emissions scenario was used for other portions of this
project, ALFRESCO runs on the A1B scenario. This would be likely to make outputs slightly more
conservative than they would have been for the A2 scenario.
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A-3.3 Fire Trends and Impacts on Vegetation: 2025 and 2060

129: What is the known fire history of the region and what is the potential future fire
regime? and What are the implications for vegetation?

87: How will habitats that support terrestrial species of concern likely change due to fire
over the next 15 and 50 years?

Despite difficulties calibrating the ALFRESCO model to deal with the shrubby/deciduous vegetation class
prevalent in some areas of the SNK ecoregion, modeling results clearly indicate an increase in fire
frequency across the future time period (2025 and 2060). All five GCMs used by SNAP offer similar
results (Figure A-8).

Figure A-8. Fire risk as the % of times a pixel burns across 60 ALFRESCO replicates, averaged for 15
years prior (i.e., 2010 to 2025, and 2045 to 2060). The legend scale refers to annual fire risk.
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Modeling difficulties related to deciduous/black spruce trajectories mean that results should be
considered only on a location-by-location basis, with the greatest credence given to predictions for
areas of coniferous forest (or early-succession deciduous vegetation in burned coniferous forest) and
grassy tundra. The model should not be considered reliable for shrubby areas, areas of deciduous
vegetation that cannot be classified as early-succession coniferous forest, or areas in transition
(shrubbification).

For forested areas, comprising much of the eastern portion of the SNK region, models predict much
shorter fire cycles (as compared to historical averages) by the 2050s and 2060s. Table A-4 summarizes
the percentage of flammable coniferous forest in each ecoregion, as well as providing an estimate of
average fire cycle lengths across that ecoregion. Note, however, that fire cycles vary significantly within
as well as between ecoregions, and that not all of each listed ecoregion occurs within the SNK area.

While it is impossible to pinpoint exact predicted locations or timing of fires (due to the stochastic
nature of the ALFRESCO model and the innate unpredictability of individual fire events), it is clear that
the magnitude of change in fire cycle length is likely to cause significant vegetative shift, and fire cycles

Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report
Appendix A: Change Agents Page 22



to shorten — in the most fire-prone sites — to as little as 20-40 years (represented by fire probabilities of
2.5-5% in Figure A-8.

In addition to shortened fire cycles in spruce forest, more frequent tundra burning is very likely. In the
Seward and Kotzebue regions where tundra percentages are high and deciduous percentage is low,
model uncertainty may also be less of an issue than it is in transitional and shrubby zones.

Table A-4. Fire-related variables by ecoregion. Adapted from Kasischke et al. 2002. Only fire-prone
ecoregions were included in this study.

Total
Average Lightning Strikes Tree conifer Fire
Ecoregion (per 10x10 km per year) cover cover cycle
Nulato Hills 1.2 19 17 356
Seward Peninsula 0.3 1 1 340
Kobuk Ridges and Valleys 3 47 43 215
Tanana-Kuskokwim Lowlands 3.7 83 64 214
Yukon River Lowlands 0.3 78 55 146

A-4 Development

A series of management questions were identified relating to development activities and infrastructure.
They generally ask the same three-part question for a variety of different development features:

1. Where is current development?
2. Where is planned/future development?
3. Where do these current and planned developments overlap with CEs?

This section provides additional detail on the data and methods used to develop map layers to address
the first two components of these questions — where are the current and planned/future locations?

50: Where are current and planned roads located and where do they overlap with CEs
and other relevant habitat?

45: Where are current and planned oil/gas activities located and where do they overlap
with CEs or other relevant habitats?

52: Where are potential wind and biomass sites located within 25 miles of
communities?

46: Where are historic, current, and potential mining activities located, and where do
they overlap with CEs or other relevant habitat?

49: Where are historic, current, and potential recreation use areas located, and where
do they overlap with CEs or other relevant habitat?

51: Where are historic, current, and military sites areas located, and where do they
overlap with CEs or other relevant habitat?

111: Where are hazardous waste sites?
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A-4.1 Current and Future Distribution: Data, Methods, and Results

Eleven development change agents were identified and mapped within the SNK REA: ten current
development change categories and eleven future development change agent categories (Table A-5,
Figure A-9 and Figure A-10).

It is assumed that current development footprints will generally persist into the future; all current
development footprints were included as part of the future development footprints. Six development
change agents were modeled into the future: communities, ports, roads, railroads, contaminated sites,
and recreation. For these six development categories, their current footprints were combined with their
modeled future (proposed) footprints. (Categories with modeled future development footprints are
italicized and bolded in Table A-5). No site-specific, future (proposed) mapped information was available
for trails, renewable energy fund sites, military lands, mines or landing strips/airports; for these five
classes, only the current development footprints were used for future analysis/mapping. Of note, many
development change agent footprints overlap. Current development footprints represent less than 1%
of the total area of the ecoregion. In Table A-5, future area statistics were not calculated because there
is too much uncertainty about the location/spatial extent of the modeled future development footprints
and because multiple scenarios were mapped for ports, roads and railroads.
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Table A-5. Development change agent area statistics and source data. Six categories of development infrastructure or features had
information that could be used to develop maps of future footprints of proposed infrastructure; these categories are shown in italics/bold
text. Site-specific mapped information on proposed additions or projected extent was not available for the other five development
categories; therefore, only their current footprints were used for future analysis/mapping. Future development footprints combine current
and, where available, future (proposed) footprints.

Development

Current Development Change Agent

Future Change Agent

Change Agent Total Area | Percent of
Category (acres) Ecoregion Source Data Source Data
Human Population 207,641 0.121 | 2010 Tiger Census Places 2010 Tiger Census Places
Center/Community (http://www.census.gov/geo/www/tiger | (http://www.census.gov/geo/www/tiger/tgrshp2010/tgrshp2
/tgrshp2010/tgrshp2010.html) 010.html); Shishmaref — Updated Relocation Plan, Bristol
project No. 210029 (Figure 2)
Port 58,818 0.034 | 2010 Tiger Census Places 2010 Tiger Census Places
(http://www.census.gov/geo/www/tiger | (http://www.census.gov/geo/www/tiger/tgrshp2010/tgrshp2
[tgrshp2010/tgrshp2010.html) 010.html); Ambler Mining District Access Summary Report
(AKSAS 63812) 2011; Kotzebue to Cape Blossom Road -
Reconnaissance Study (State Project No. 76884) 2011; Expert
Knowledge
Trail 51,691 0.030 | Alaska Department of Natural Resources | Used data for current footprint to reflect known future
63,360 line transportation infrastructure | footprint; no projections or information on proposed
data (http://www.asgdc.state.ak.us/); additions to this infrastructure category are available.
Northwest Arctic Borough winter trails
data; Iditarod National Historic Trail data
(http://sdms.ak.blm.gov/isdms/imf.jsp?si
te=sdms)
Renewable Energy 39,956 0.023 | Alaska Energy Authority (AEA) Renewable | Used data for current footprint to reflect known future
Fund Site Energy Atlas footprint; no projections or information on proposed
ftp://ftp.aidea.org/AEAPublications/2011 | additions to this infrastructure category are available.
RenewableEnergyAtlasofAlaska.pdf);
2010 Tiger Census Places
(http://www.census.gov/geo/www/tiger
/tgrshp2010/tgrshp2010.html)
Military (active) 25,893 0.015 | USGS Protected Areas Database 1.2 Used data for current footprint to reflect known future

(http://gapanalysis.usgs.gov/data/padus-
data/)

footprint; no additional military facilities have been proposed
for this ecoregion to date.
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Development

Current Development Change Agent

Future Change Agent

Change Agent Total Area | Percent of
Category (acres) Ecoregion Source Data Source Data

Road 5,809 0.003 | Alaska Department of Natural Resources | Alaska Department of Natural Resources 63,360 line
63,360 line transportation infrastructure | transportation infrastructure data
data (http://www.asgdc.state.ak.us/) (http://www.asgdc.state.ak.us/); Proposed Kotzebue to Cape

Blossom Road Environmental Documentation, Project Number
NCPD-0002(204)/76884; Kotzebue to Cape Blossom Road -
Reconnaissance Study (State Project No. 76884) 2011; Ambler
Mining District Access Summary Report (AKSAS 63812) 2011;
Road to Nome dataset from Dowl Engineering

Mine 1,882 0.001 | USGS Alaska Resource Data File (ARDF) Used data for current footprint to reflect known future
(http://ardf.wr.usgs.gov/) footprint; no projections or information on proposed

additions to this infrastructure category are available.

Landing Strip or 780 0.000 | Alaska Department of Natural Resources | Used data for current footprint to reflect known future

Airport 63,360 polygon transportation footprint; no projections or information on proposed
infrastructure data additions to this infrastructure category are available.
((http://www.asgdc.state.ak.us/)

Railroad 762 0.000 | Alaska Department of Natural Resources | Ambler Mining District Access Summary Report (AKSAS 63812)
63,360 line transportation infrastructure | 2011;
data (http://www.asgdc.state.ak.us/)

Contaminated Site 26 0.000 | Alaska Contaminated Sites Database Alaska Contaminated Sites Database
(http://dec.alaska.gov/spar/csp/db_searc | (http://dec.alaska.gov/spar/csp/db_search.htm); 2010 Tiger
h.htm) Census Places

Recreation 0 0.000 Bureau of Land Management, Kobuk-Seward Peninsula

Resource Management Plan (KSPRMP) and Environmental
Impact Statement, 2006

I
Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report
Appendix A: Change Agents

Page 26



http://www.asgdc.state.ak.us/
http://www.asgdc.state.ak.us/
http://www.asgdc.state.ak.us/
http://dec.alaska.gov/spar/csp/db_search.htm
http://dec.alaska.gov/spar/csp/db_search.htm
http://dec.alaska.gov/spar/csp/db_search.htm

Figure A-9. Current development footprint change agent map.

Ports completely overlap with the communities of Kotzebue, Nome, and St. Mary’s and are shown as
blue on this map. Renewable energy fund sites are not shown on this map because they completely
overlap with communities and ports and all three categories cannot be visually displayed on one map.
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Figure A-10. Current development footprint change agent zoom map of Nome area.
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Figure A-11. Future (current and proposed) development footprint change agent map.
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Figure A-12. Future (current and proposed) development footprint zoom map of Nome area.
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Other types of current development change agents were reviewed but not ultimately included in the
SNK REA due to a lack of mapped information and/or because they were not considered significant in
terms of development impact, including: commercial aquaculture, commercial agriculture, commercial
forestry, landfills, electrical/pipeline infrastructure, and recreation.

There may be one small-scale fish hatchery, but no large-scale commercial aquaculture is identified
within the ecoregion.

Lichen is used as forage by domesticated reindeer, but there is no large-scale commercial agricultural
production, in the conventional sense, within the ecoregion.

Wood is harvested for local fuel in the east, but there is no large-scale commercial logging within the
ecoregion.

No comprehensive mapped data is available about community landfills; they are included within the
community footprints because roads are seasonal and therefore not viable in winter for use in hauling
refuse any distance from the communities.

Very small segments of linear transportation features in the Alaska Department of Natural Resources
63,360 linear transportation infrastructure are identified as electricity/telegraph/pipelines, but all are
believed to be abandoned, and of no significant development impact.

There is little to no current recreation development, in the conventional sense of high impact, within
this ecoregion.

A-4.1.1 Communities

Thirty-three human population centers/communities are located within the ecoregion. Community
footprints were derived from the 2010 Tiger Census Places data. Nome and Kotzebue are the two largest
towns, with populations over 3,000, while the rest of the communities are all relatively small (Table
A-6).

Port Clarence was included in the 2010 Tiger Census Places dataset as a community; however, it is
actually an abandoned military site and therefore was removed from the current community footprint.

The Tiger Census Places footprints tend to be larger than the actual on-the-ground development
infrastructure because they include all municipal incorporated lands and therefore the development
impact of communities may be over-estimated.

Three communities occur along the SNK REA boundary and spill over into the adjacent REA: Ambler,
Shungnak, and Holy Cross. The areal extent of the Tiger Census Places data for these three communities
was clipped to the buffered SNK REA.

The coastline on the barrier island community of Shishmaref is rapidly eroding and in the near future the
community will need to relocate to the mainland. To model this change in the future community
footprint dataset, the current polygon footprint of the community of Shishmaref was deleted from the
current community dataset and a circular polygon of the proposed future location of Shishmaref at Tin
Creek was on-screen digitized from the map (Figure 2 in the Shishmaref — Updated Relocation Plan
(Bristol project No. 210029). The areal extent of the circle was based on the total area of the current
footprint for the community of Shishmaref (1,423 acres).

The geographic extent of all other community footprints remain the same in the future community
dataset, as derived from the 2010 Tiger Census Places dataset, even though some of them may grow in
population. In general, the Tiger Census municipal footprints are already more extensive than the
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current built environment and therefore modeling community footprints based on population
growth/expansion would likely over-estimate the geographic extent of future communities.

Table A-6. Human population centers.

2010 Population 2010 Population
Place (2010 Census) Place (2010 Census)
Nome 3,598 Russian Mission 312
Kotzebue 3,201 Nulato 264
Selawik 829 Shungnak 262
Mountain Village 813 Ambler 258
Unalakleet 688 Shaktoolik 251
Noorvik 668 Teller 229
Pilot Station 568 Grayling 194
Shishmaref 563 White Mountain 190
Stebbins 556 Kaltag 190
St. Mary's 507 Holy Cross 178
Buckland 416 Golovin 156
Marshall 414 Wales 145
St. Michael 401 Deering 122
Brevig Mission 388 Pitkas Point 109
Kiana 361 Koyukuk 96
Koyuk 332 Anvik 85
Elim 330

A-4.1.2 Transportation

50: Where are current and planned roads located and where do they overlap with CEs
and other relevant habitat?

A-4.1.2.1 Roads

There are only three roads outside of the communities in this ecoregion, all radiating out from Nome
(Figure A-9 and Figure A-10). These are two-lane, raised, gravel roads, not maintained in winter. The
three main roads (and their connectors) were selected from the Alaska Department of Natural
Resources 63,360 linear transportation infrastructure dataset, based on a visual review of an Alaska
Department of Transportation, Northwest Transportation Plan map.

Several roads may be constructed in the future within the ecoregion. A road from Kotzebue to Cape
Blossom has been approved and funded and will be constructed in the near future. This route was on-
screen digitized from the report map (Figure A-13), and adjusted using Bing Imagery and the 60 meter
National Elevation Dataset (NED). Three of the eight potential road/railroad corridors from the proposed
Ambler mine expansion extend through the ecoregion (Figure A-14). These routes were also on-screen
digitized from report maps, and adjusted using Bing Imagery and the 60 meter NED. Although the NED is
known to have significant artifacts (inaccuracies in digital elevation values in a regular blocky pattern), it
is currently the best digital elevation model data available for the entire study area, and was used only
as a very general reference to visually adjust the proposed linework (i.e., to try to ensure the
road/railroad routes were situated in valleys rather than adjacent mountain tops). In addition, a road
from Nome connecting to Manley Hot Springs (Fairbanks) in the interior of Alaska has been extensively
studied but not yet approved or funded (Figure A-13). All proposed roads were merged with current
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roads, to produce a future road dataset (Figure A-11). All of these proposed future road footprints are a
best guess approximation of where these routes might eventually be located and should not be
considered positionally accurate.

There is significant uncertainty about the likelihood that a road/railroad corridor from Ambler mining
district and/or the road from Nome to Manley Hot Springs will actually be constructed. Of note, all three
alternate Ambler mining district expansion routes are included in the SNK REA future road dataset, even
though only one road/railroad scenario might eventually be constructed. The AMT decided it was best
to include all three alternatives, rather than include none or only one, because it is unknown which, if
any, of the proposed routes will be constructed.

Figure A-13. Proposed Kotzebue to Cape Blossom Road (left) and proposed road to Nome (right). The
spatial location of the proposed Kotzebue to Cape Blossom Road was obtained from Environmental
Documentation, Project Number NCPD-0002(204)/76884. The digital proposed road to Nome was
obtained from Dowl Engineering.

Kotzebue Sound

Legend

— Current Road

= Proposed Road to Nome |
| Community f
[C]'SNK Boundary

Cape Blossom v
- Possible
. Port Site

Kotzebue to Cape Blossom Road Legend
Environmental Documentation

4 " .
o Project Number: NCPD-0002(204)/76884 ———
FIAE — e— oS = = = Other Allematives
i 0 075 15 3

]
Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report
Appendix A: Change Agents Page 33


http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_CA_DV_N_CapeBlossomRoad_FigA13/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_CA_DV_C_N_RoadToNome_FigA13/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_CA_DV_N_CapeBlossomRoad_FigA13/MapServer�
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_CA_DV_C_N_RoadToNome_FigA13/MapServer�

Figure A-14. All eight proposed alternate road/railroad corridor routes for the Ambler mine
expansion, from the Ambler Mining District Access Summary Report (AKSAS 63812), 2011, Figure 2.
Routes 6, 7, and 8 from this map that occurred within the SNK were on-screen digitized.
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A-4.1.2.2 Trails

Seasonal trails or ice roads occur throughout the ecoregion and are used to access camps, hunting areas,
and in some cases, nearby communities. All trails, ice roads and secondary roads (excluding the roads
around Nome) were selected from the Alaska Department of Natural Resources 63,360 linear
transportation infrastructure dataset. The assumption was that any secondary roads identified in this
dataset were really trails, given that the only roads suitable for car travel are identified as the routes
around Nome. These trails were then merged with all of the trails from the Northeast Arctic Borough
Trails dataset and the Iditarod Historic Trail dataset (Figure A-9 and Figure A-10). Given the seasonal /
ephemeral nature of trails, this dataset is likely somewhat incomplete and/or out-of-date depending on
whether trail routes have changed since the mapped information was collected. Ice roads can have an
impact on the surrounding landscape if the communities dam a lake or divert water to raise the water
level in a river; however, no spatial information was available to assess the environmental impact of ice
roads.

A-4.1.2.3 Railroads

There are currently no active railroads in the ecoregion. There is an abandoned railroad and proposed
railroads.

An abandoned railroad corridor was identified in the Alaska Department of Natural Resources 63,360
linear transportation infrastructure data (Figure A-9 and Figure A-10). This railroad corridor was built
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approximately 100 years ago and has since been abandoned and/or partially converted to roads, and
therefore may have very little impact in terms of development (Figure A-11 and Figure A-14).

A proposed railroad linking the Ambler mine to the coast may be constructed in the future within the
ecoregion. Three of the eight potential road/railroad corridors from the proposed Ambler mine
expansion extend through the ecoregion (Figure A-14). These routes were on-screen digitized from
report maps, and adjusted using Bing Imagery and the 60 meter NED.

There is significant uncertainty about the likelihood that a road/railroad corridor from Ambler mining
district will be constructed. Of note, all three alternate Ambler mining district expansion routes are
included in the SNK REA future road/railroad dataset, even though only one road/railroad scenario
might eventually be constructed. The AMT decided it was best to include all three alternatives, rather
than include none or only one, because it is unknown which, if any, of the proposed routes will be
constructed.

A-4.1.2.4 Landing Strips/Airports

Within the SNK ecoregion, 102 landing strips were identified in the Alaska Department of Natural
Resources 63,360 polygon transportation infrastructure dataset. However, this dataset may not be
complete and/or up-to-date, since some of these are likely historic, and any substantial river gravel bar
is readily used as a natural landing strip. Nome and Kotzebue have small, commercial airports, while the
interior region is served by numerous gravel landing strips (Figure A-9 and Figure A-10).

A-4.1.2.5 Ports

There are three small-scale, commercial ports in the communities of Nome, Kotzebue and St. Mary’s.
However, spatial data showing the specific location and extent of the port facilities within these three
communities is not available. As a surrogate, the spatial extent of the footprints for those three
communities (from the 2010 Tiger Census Places dataset) was used to represent port footprints; they
appear in blue in Figure A-9. Consequently, the actual areal extent of the ports is significantly over-
estimated. Because of this over-estimation, and the fact that the port spatial extents are simply
duplicates of the community footprints, ports were not included in the overlay of development change
agents with conservation elements; the community footprints are assumed to also represent the ports.

There is a push in the U.S. at the national level to build a deep water port in the Arctic to facilitate the
development of natural resources in the Arctic. There are two proposed port sites within the ecoregion:
Cape Blossom (south of Kotzebue) and Cape Darby (east of Nome) (Figure A-15). Cape Blossom would
have the shortest road/railroad access to the minerals coming out of Ambler (250 miles), compared to
Cape Darby (340 miles) (Figure A-14). Cape Darby would be a true deep water port, whereas Cape
Blossom would need to be dredged. For each proposed port site, small, semi-circular polygons were on-
screen digitized near the terminus point of the proposed Ambler road/railroad corridor. These footprints
are a best guess/highly subjective approximation of where one or both of these ports might eventually
be located and should not be considered accurate in terms of location or areal extent. Therefore, future
proposed ports were not used in the assessment of future development change agents by conservation
elements.
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Figure A-15. Proposed port sites at Cape Blossom (south of Kotzebue) and Cape Darby (east of Nome).
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A-4.1.3 Energy
A-4.1.3.1 Oil and gas

There are no current or planned oil/gas activities within the ecoregion.

A-4.1.3.2 Renewable

Potential wind power within 25 miles of communities was derived from the Alaska Energy Authority’s
Alaska Renewable Energy Atlas Wind Power Potential map (Figure A-16). Potential woody forest
biomass within 25 miles of communities was derived from USDA Forest Service Forest Inventory and
Analysis Alaska Biomass map (Figure A-16).

Figure A-16. Potential wind power within 25 miles of communities (left) and potential woody forest
biomass within 25 miles of communities (right).
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Ten renewable energy fund sites occur within the ecoregion (Table A-7). These are currently funded
projects, as listed in the Alaska Energy Authority’s (AEA) renewable energy fund sites dataset. All of
these sites are small-scale and limited to the communities within which they occur because there is no
existing or planned powerline infrastructure between communities within this ecoregion. Site-specific
footprints were not available for these renewable energy fund sites, but the data did identify the city
where they were located; therefore, current community footprints were used to map the general
location of renewable energy fund footprints. This is a polygon dataset, with the communities of Nome
and Kotzebue each having two renewable energy fund sites and therefore two overlapping polygons
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(i.e., one community footprint polygon for each renewable energy fund site). The renewable energy
fund site footprints overlap with themselves and overlap with the community footprints and therefore
would not produce any meaningful results in an assessment of development change agents by
conservation elements.

Table A-7. Alaska Energy Authority (AEA) Renewable Energy Fund Sites.

Renewable
Energy Fund
Site Type Location Name Applicant

Wind Noorvik Buckland/Deering/Noorvik Wind Northwest Arctic Borough
Farm Construction

Wind Kotzebue | Kotzebue Wind Farm Expansion Kotzebue Electric Association
Construction

Heat Recovery | Kotzebue | Kotzebue HR and Ammonia Power | Kotzebue Electric Association
Cycle

Wind Deering Buckland/Deering/Noorvik Wind Northwest Arctic Borough
Farm Construction

Wind Buckland Buckland/Deering/Noorvik Wind Northwest Arctic Borough
Farm Construction

Heat Recovery | Ambler Ambler HR_City of Ambler City of Ambler

Wind Unalakleet | Unalakleet Wind Farm Construction | Unalakleet Valley Electric

Cooperative, Inc

Wind Shaktoolik | Shaktoolik Wind_AVEC Alaska Village Cooperative (AVEC)

Transmission Nome Nome Banner Peak Wind Farm City of Nome d/b/a Nome Joint
Transmission Construction Utilities System

Wind Nome Nome/Newton Peak Wind Farm City of Nome d/b/a Nome Joint
Construction Utility System (NJUS)

A-4.1.4 Mining

46: Where are historic, current, and potential mining activities located, and where do
they overlap with CEs or other relevant habitat?

All mine records, excluding prospects and mineral occurrences, were selected from the USGS Alaska
Resource Data File (ARDF) (Figure A-9 and Figure A-10). These represent mines that currently have
production or have had production in the past. Each of the 380 mine sites were buffered to a five-acre
circular polygon based on communications with Robert Loeffler, former head of the Alaska Division of
Mines, Alaska Department of Natural Resources. Approximately 90% of placer mines in this ecoregion
each have a disturbed land area under five acres because the state does not require bonding and
permitting for mines on less than five acres of land (R. Loeffler, pers. comm.). Of the 380 mines in the
ARDF database, only 26 sites are identified as active, and it is unknown how long ago the other 354
inactive (historic) mine sites were in production. The comments section of the ARDF sometimes makes
reference to time period of production and some of the records appear to have been active over 100
years ago, so the impact of development change from these historic mines may be over-represented.

No future mining activities were identified within the ecoregion. The ARDF dataset includes prospects
and mineral occurrences; however, virtually none of these prospect or mineral occurrence sites are
likely to become productive mines (R. Loeffler, pers. comm.), so these sites were not used to identify
future mining activities. BLM’s 2006 Kobuk-Seward Peninsula Resource Management Plan (KSPRMP) and
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Environmental Impact Statement includes future mining scenarios but they are defined as large
geographic areas within the ecoregion that may be open or closed to different types of mining and
therefore cannot be used to identify site-specific future mining activities; in other words, the geographic
areas for potential mining scenarios are so extensive that it wouldn’t provide a meaningful indication of
potential impact on individual CEs if these areas were used in the assessment of future development Of
note, the Ambler mine, located to the north of the SNK REA, is proposed for expansion and the potential
road/railroad infrastructure that might be constructed within the ecoregion is evaluated (see
transportation above).

A-4.1.5 Recreation

49: Where are historic, current, and potential recreation use areas located, and where
do they overlap with CEs or other relevant habitat?

There is no historic or current recreation development, in the conventional sense, within this ecoregion.
There are designated parks, Areas of Critical Environmental Concern (ACEC), and numerous ATV trails,
that elsewhere are commonly used as a proxy to represent recreation as a development change agent.
However, within this REA, off-road vehicle use is primarily by subsistence hunters, with impacts assumed
to be extremely low and diffuse, and therefore not considered a significant development change agent.
Therefore, recreation was not included as a current development change agent in the assessment.

Multiple future recreation planning scenarios are identified in BLM’s 2006 Kobuk-Seward Peninsula
Resource Management Plan (KSPRMP) and Environmental Impact Statement. However, the majority of
these proposed future recreation planning areas extend across large portions of the ecoregion and are
expected to have very low and diffuse impact, making it difficult to justify using any, or all of them, to
represent areas of significant future recreation development change within the SNK REA. One exception
is the proposed Salmon Lake Kigluaik Special Recreation Management Area (SRMA), north of Nome
(Figure A-11). This is the only proposed future recreation site within the ecoregion that may incur
significant recreation activity/impact to warrant inclusion as a future recreation development change
agent.

A-4.1.6 Military

51: Where are historic and current military sites areas located, and where do they
overlap with CEs or other relevant habitat?

Ten small-scale, historic (inactive) military sites were identified in the Alaska Contaminated Sites
Database, based on the Site Name and Land Owner attributes (Table A-8). These are point sites and are
assessed as part of the contaminated sites development change agent dataset.

Table A-8. Historic military sites.

Military Site Name (Nearest) City
AKARNG Ambler Federal Scout Armory | Ambler

USCG Port Clarence Loran Station Brevig Mission
Kotzebue Army Aviation Facility Kotzebue
AKARNG Mountain Village FSA Mountain Village
Former West Nome Tank Farm Nome
AKARNG Saint Mary’s FSA Saint Mary’s
AKARNG Selawik FSA Selawik
AKARNG Stebbins FSA Stebbins
North River RRS Unalakleet
AKARNG Wales Federal Scout Armory Wales
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There are three small-scale, active military sites in the ecoregion: Tin City Long Range Radio Relay
Station, Kotzebue Long Range Radio Relay Station and the Stewart River Training Area north of Nome
(Figure A-10 and Figure A-17). The footprints of the two radio relay station sites were on-screen digitized
from Bing Imagery, while the Stewart River Training Area footprint was derived from the USGS Protected
Areas Database (PADUS), version 1.2.

The Stewart River Training Area includes a substantial amount of wilderness, and it is not possible to
identify the portion of the site with development infrastructure, so the development impact of military
lands is likely over-represented.

Figure A-17. Active military sites within the ecoregion.

Kotzebue Long Range Radio ReISation

ACtive M"itary Sites Stewart River Training Area

A-4.1.7 Contaminated Sites

Hazardous waste sites within the ecoregion were identified from the Alaska Contaminated Sites
Database (http://dec.alaska.gov/spar/csp/db_search.htm). One hundred and twenty-one open
contaminated sites were selected from the database (Figure A-9 and Figure A-10). There is no
consistent, standardized information available about the areal extent of each contaminated site. The
most conservative approach was applied in mapping the areal extent of these sites; each contaminated
site was identified as a single 30 meter pixel for analysis. Many of them are small spills (e.g., residential
fuel tank spill) and would actually be confined to this small a geographic extent. Given this mapping
approach, the areal extent of contaminated sites is likely somewhat under-represented in the ecoregion.
Using a larger buffer for all contaminated points would have been entirely arbitrary, and would likely
significantly over-represent many of the contaminated sites which tend to be localized. In addition,
there is no consistent, standardized information available about the significance or severity of each
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contaminated site. Therefore, it was not possible to identify the relative level of significance of
contaminated sites.

Four of the contaminated sites are thought to be more significant, based on literature/expert
knowledge, including the former Utica Gold mine, the Elim Old AVEC tank farm, the North River Radio
Relay Station, and the Former West Nome Tank Farm (Figure A-18). These sites were initially identified
as the only significant contaminated sites, assigned areal extents, and delivered to BLM. However, each
of these four sites were subsequently reduced back to a single pixel to be consistent with the
conservative mapping approach described above. This decision was based on the idea that a lack of
information about the other 117 contaminated sites doesn’t necessarily mean they are not
significant/shouldn’t preclude them from being included in the analysis.

Figure A-18. Four significant contaminated sites within the ecoregion.
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The current location of the community of Shishmaref will be considered a contaminated site once the
island is abandoned. A point was added to the future contaminated sites for the community of
Shishmaref (Figure A-11). A point was added, rather than a polygon footprint, in order to maintain

consistency with the methodology used for mapping the current contaminated sites.

The communities of Shaktoolik and Unalakleet are also both identified by the US Army Corps as in
imminent danger from erosion (March 2009 Alaska Baseline Erosion Assessment). However, there is no
information available about whether these communities would most likely be relocated, or whether the
erosion would be mitigated; therefore, they were not included as sites in the future contaminated sites
dataset.
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B Conservation Elements

This appendix contains additional detail on methods and results for assessment components relating to
conservation elements.

Highly detailed methods are provided here for the modeling or mapping of CE distributions or predicted
habitats; they are covered in far greater detail than the Methods chapter of the main report. Additional
distribution results are provided in the form of maps, but the Current Conditions chapter contains the
discussion relating to these results.

Both methods and results for the bioclimate envelope modeling are discussed in this Appendix with
some additional detail that is not provided in the higher-level discussions contained in the Methods,
Current Conditions, and Future Conditions chapters of the main report.

B-1 Spatial Modeling Methods for CE Assessments

Available data and information largely determined the extent to which the current and future
distributions of CEs could be projected within the SNK ecoregion within the context of a rapid
assessment. Early in the REA process, only current distributions of individual CEs were proposed to be
mapped or modeled, due to data limitations and model availability.

Boreal ALFRESCO permits a general characterization of the projected shifts in the spatial distribution of
four broad vegetation classes — white spruce, black spruce, tundra, and deciduous — resulting from the
effects of fire and successional dynamics in a changing climate. The model is not designed to be used
with the more finely defined terrestrial coarse-filter CEs; instead, the ALFRESCO results show broad
patterns of projected change in distribution that can be used to estimate changes to individual CEs. The
Future Conditions chapter in the main report and Appendix A contain the results of the ALFRESCO fire
modeling assessment.

Relative to the size of the ecoregion, the current development footprint is limited, and in the context of
the entire ecoregion, projected development over the next 50 years will continue to be relatively
limited. Models projecting the expansion of various categories of development are not available for
Alaska as they are for the lower 48 (Bierwagen et al. 2009). Although much of the significant
development proposed within the SNK ecoregion over the next 50 years is assumed to be generally
known (e.g., roads and ports), there are multiple alternatives for each of these developments, and no
certainty or likely indication of which alternatives will eventually be selected. Given the level of certainty
of the mapped CE distributions and the uncertainty around the proposed development alternatives, it
was not possible to accurately model potential changes in CE distributions resulting from projected
development with a reasonable degree of certainty. However, a simple intersection of CEs with
proposed development CAs was proposed and developed to look at approximate proportions of overlap
and is summarized in Appendix D.

In relation to the major change agents in this ecoregion, climate is the one factor that was proposed to
be modeled for its potential impact on the future distributions of individual CEs, through bioclimate
envelope models, which are discussed later in this appendix (as well as in bioclimate sections of the
Current and Future Conditions chapters of the main report). As noted in that section, these models do
not represent the projected distribution of the CE, but rather the geographic area containing suitable
climatic conditions for the CE.
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B-1.1 Spatial Modeling of Current CE Distributions

B-1.1.1 Terrestrial Coarse-Filter CEs

The SNK REA terrestrial ecological system coarse-filter CE raster map (30 meter pixel resolution) has
twenty-eight classes (Figure B-1 and Table B-1). The terrestrial ecological system CE map is primarily
derived from a cross-walk of the Alaska Natural Heritage Program land cover mosaic to the NatureServe
United States Terrestrial Ecological System Classification (Table B-2). Details of the development of the
final terrestrial coarse-filter map are provided in this section.
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Figure B-1. Terrestrial coarse-filter ecological systems of the SNK ecoregion (28 classes).
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Table B-1. Total acreage of each terrestrial coarse-filter ecological system and percentage of ecoregion
it occupies.

Percent
CE Total Area Total Area
Code* Terrestrial Ecosystem Name (Acres) of SNK REA
Upland Types
5277 | Arctic Scrub Birch-Ericaceous Shrubland 6,118,470 16.02
9908 | Boreal Black or White Spruce Forest and Woodland 5,481,040 14.35
9902 | Arctic Acidic Dwarf-Shrub and Birch Lichen Tundra 3,204,510 8.39
5328 | Arctic Mesic Alder 2,464,510 6.45
5104 | Arctic Dwarf Shrubland 1,907,550 5.00
4335 | Boreal White or Black Spruce - Hardwood Forest 1,148,550 3.01
4162 | Boreal Mesic Birch-Aspen Forest 1,145,390 3.00
4288 | Boreal Spruce-Lichen Woodland 726,103 1.90
5103 | Arctic Acidic Sparse Tundra 585,060 1.53
7166 | Arctic Lichen Tundra 416,833 1.09
9901 | Arctic Mesic Tundra 342,707 0.90
3196 | Bedrock Cliff, Talus, and Block Fields 87,679 0.23
3130 | Snow-Ice 9,202 0.02
3195 | Arctic Active Inland Dunes 4,044 0.01
Lowland Types
9903 | Arctic Shrub-Tussock Tundra 6,065,470 15.89
9904 | Arctic Wet Sedge Tundra 2,730,690 7.15
5276 | Arctic Mesic-Wet Willow Shrubland 1,274,260 3.34
9358 | Arctic Dwarf Shrub-Sphagnum Peatland 1,123,460 2.94
9424 | Arctic Wet Sedge-Sphagnum Peatland 578,056 1.51
9376 | Boreal Black Spruce Dwarf Tree Peatland 455,662 1.19
9900 | Large River Floodplain 307,651 0.81
9419 | Arctic Fresh Water Marsh 140,308 0.37
Coastal Types
9414 | Arctic Coastal Brackish and Tidal Marsh 217,717 0.57
7167 | Arctic Marine Beach and Beach Meadow 18,711 0.05
Other or Unknown Classes
9905 | Freshwater 1,358,430 3.56
9906 | Salt water 55,843 0.15
9907 | Urban 1,152 0.00
9999 | Unclassified 214,270 0.56
Total 38,183,327 100.00

**The terrestrial coarse-filter CE map codes are NatureServe ecological system (ESLF) codes; some
classes are mosaics, unique to this project, and do not exist in the NS ESLF classification, and therefore
were assigned new unique numeric codes in the 9900 range for this assessment effort.
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Table B-2. Cross-walk between NatureServe terrestrial coarse filter ecological systems map classes and AKNHP land cover mosaic map classes,

with detailed reclassification notes.

NS SNK REA MapCode

Terrestrial Coarse | (ESLF or New Model ANHKP SNK REA Land Cover

Filter CE Class 99xx code) Group Mosaic Mapped Class Reclassification Notes
Arctic Acidic 9902 upland Dwarf Shrub Lichen and Low | Renamed AKNHP Dwarf Shrub Lichen and Low Shrub/Lichen
Dwarf-Shrub and Shrub/Lichen to NS Arctic Acidic Dwarf-Shrub and Birch Lichen Tundra
Birch Lichen
Tundra
Arctic Acidic 5103 upland Sparse Vegetation Renamed AKNHP Sparse Vegetation to NS Arctic Acidic Sparse
Sparse Tundra Tundra
Arctic Active 3195 upland No Match in AKNHP - new NS | Burned in entire distribution of Landfire EVT Active Inland
Inland Dunes SNK REA CE class Dunes
Arctic Coastal 9414 coastal Tidal Marsh Renamed AKNHP Tidal Marsh to NS Arctic Coastal Brackish
Brackish and Tidal and Tidal Marsh
Marsh
Arctic Dwarf 5104 upland Dwarf Shrub Renamed AKNHP Dwarf Shrub to NS Arctic Dwarf-Shrubland
Shrubland
Arctic Dwarf 9358 lowland No Match in AKNHP — new Burned in entire distribution of Landfire EVT Arctic Dwarf-
Shrub-Sphagnum NS SNK REA CE class Shrub-Sphagnum Peatland
Peatland
Arctic Freshwater | 9419 lowland Herbaceous Marsh Renamed AKNHP Herbaceous Marsh to NS Arctic Freshwater
Marsh Marsh
Arctic Lichen 7166 upland Lichen Renamed AKNHP Lichen to NS Arctic Lichen Tundra
Tundra
Arctic Marine 7167 coastal Bareground and Herbaceous | Selected all AKNHP Bareground and AKNHP Herbaceous
Beach and Beach Mesic-Dry Mesic-Dry within 300 meters of coast under 100% slope and
Meadow renamed to NS Arctic Marine Beach and Beach Meadow
Arctic Mesic 5328 upland Tall Shrub (open-Closed) Split AKNHP Tall Shrub (open-Closed) on >20% slope and
Alder renamed to NS Arctic Mesic Alder
Arctic Mesic 9901 upland Herbaceous Mesic-Dry Renamed all AKNHP Herbaceous Mesic-Dry inland more than
Tundra 300 meters from coast and renamed to NS Arctic Mesic

Tundra
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NS SNK REA MapCode
Terrestrial Coarse | (ESLF or New Model ANHKP SNK REA Land Cover
Filter CE Class 99xx code) Group Mosaic Mapped Class Reclassification Notes

Arctic Mesic-Wet | 5276 lowland Tall Shrub (open-Closed) Split out AKNHP Tall Shrub (open-Closed) on <20% slope and

Willow Shrubland renamed to NS Arctic Mesic-Wet Willow Shrubland

Arctic Scrub 5277 upland Low Shrub Renamed AKNHP Low Shrub to NS Arctic Scrub Birch-

Birch-Ericaceous Ericaceous Shrubland

Shrubland

Arctic Shrub- 9903 lowland Tussock Tundra (Low Shrub Renamed AKNHP Tussock Tundra (Low Shrub or Herbaceous)

Tussock Tundra or Herbaceous) to NS Arctic Shrub-Tussock Tundra

Arctic Wet Sedge | 9904 lowland Herbaceous Wet Renamed all AKNHP Herbaceous Wet to NS Arctic Wet Sedge

Tundra Tundra; And also burned in entire distribution of Landfire EVT
Arctic Polygonal Ground Wet Sedge Tundra and renamed to
NS Arctic Wet Sedge Tundra

Arctic Wet Sedge- | 9424 lowland No Match in AKNHP - — new Burned in entire distribution of Landfire EVT Arctic Wet

Sphagnum NS SNK REA CE class Sedge-Sphagnum Peatland

Peatland

Bedrock Cliff, 3196 upland Bareground Renamed AKNHP Bareground to NS Bedrock Cliff, Talus, and

Talus, and Block Block Fields. And also selected all AKNHP landcover classes

Fields within 300 meters of coast on > 100% slope and renamed NS
Bedrock Cliff, Talus, and Block Fields (these clearly represent
documented coastal cliffs within the SNK REA).

Boreal Black or 9908 upland White Spruce or Black Spruce | Renamed AKNHP White Spruce or Black Spruce (Open-Closed)

White Spruce (Open-Closed) and White to NS Boreal Black or White Spruce Forest and Woodland.

Forest and Spruce or Black Spruce Split out AKNHP White or Black Spruce (Woodland) on >3%

Woodland (Woodland) slope and renamed to NS Boreal Black or White Spruce Forest
and Woodland.

Boreal Black 9376 lowland White Spruce or Black Spruce | Split out AKNHP White Spruce or Black Spruce (Woodland) on

Spruce Dwarf- (Woodland) <3% slope and renamed to NS Boreal Black Spruce Dwarf-Tree

Tree Peatland Peatland

Boreal Mesic 4162 upland Deciduous (Open-Closed) Renamed AKNHP Deciduous (Open-Closed) to NS Boreal

Birch-Aspen Mesic Birch Aspen Forest

Forest
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NS SNK REA MapCode
Terrestrial Coarse | (ESLF or New Model ANHKP SNK REA Land Cover
Filter CE Class 99xx code) Group Mosaic Mapped Class Reclassification Notes
Boreal Spruce- 4288 upland White Spruce or Black Renamed AKNHP White Spruce or Black Spruce/Lichen
Lichen Woodland Spruce/Lichen (Woodland/Open) to NS Boreal Spruce-Lichen Woodland
(Woodland/Open)

Boreal White or 4335 upland White spruce or Black Renamed AKNHP White Spruce or Black Spruce-Deciduous

Black Spruce — spruce-Deciduous (Open- (Open-Closed to NS Boreal White or Black Spruce — Hardwood

Hardwood Forest Closed) Forest

Freshwater 9905 Other Freshwater Same

Large River 9900 lowland Herbaceous (Aquatic) Renamed AKNHP Herbaceous (Aquatic) to NS Large River

Floodplain Floodplain. And also burned in entire distribution of Landfire
EVT classes Arctic Large River Floodplain and Western North
American Boreal Lowland Large River Floodplain

Salt Water 9906 Other Salt Water Same

Snow-Ice 3130 upland Snow-Ice Same

Unclassified 9999 Unknown | Unclassified Same

Urban 9907 Other Urban Same

Various Various Various Cloud Within Cloud areas, some Landfire EVT classes were cross-
walked to NS Terr CE classification and burned in. See
Cloud_Reclass.dbf and SNK REA TerrCE tbx model for details.

Various Various Various Fire Scar Within Fire Scar areas, some Landfire EVT classes were cross-
walked to NS Terr CE classification and burned in. See
FireScar_Reclass.dbf and SNK REA TerrCE tbx model for
details.

Various Various Various GAP (Nodata area in AKNHP Within Gap areas, some Landfire EVT classes were cross-

Land Cover Mosaic in
NorthEast)

walked to NS Terr CE classification and burned in. See
Gap_Reclass.dbf and SNK REA TerrCE tbx model for details.
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Four regional land cover datasets, of varying spatial and classification resolution, were used as the
source data for the AKNHP land cover mosaic: Natural Resources Conservation Service (NRCS)
Vegetation, 1979-1984; Ducks Unlimited Interior EarthCov Mosaic, 2007; Arctic Network (ARCN)
Ecotypes, 2009; and Yukon Delta Landcover Mosaic Phase 1n2, 2011 (Figure B-2). Figure B-3 illustrates
the extent of each of these four data sets that was used to compile the land cover mosaic. The National
Hydrologic Dataset (NHD) was also used as a source dataset to delineate lakes and estuaries. These five
source datasets were cross-walked to the generalized AKNHP land cover mosaic classification (see Figure
B-4 and Table B-3).

Figure B-2. Four land cover source datasets used to produce the AKNHP land cover mosaic map.

Natural Resources Conservation Service (NRCS) Ducks Unlimited (DU) Interior EarthCov Mosiac, 2007
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Figure B-3. The geographic extent used from each of the four source land cover datasets to create the
land cover mosaic.
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Figure B-4. AKNHP land cover mosaic map (26 cl

asses) plus the data gap (

£

right pin

Ay

) SNK Boundary

M carP

M Bareground

[ cloud

I Deciduous (Open-Closed)
[ Owarf shrub

] Dwarf shrub Lichen

M Fire Scar

B Freshwaler

[ Herbaceous (Aquatic)
[] Herbaceous (Marsh)
] Herbaceous (Mesic-Dry}
] Herbaceous (Wet)

M Lichen

[ Low Shrub

M Low ShrubiLichen

W salt water

1 Snow-lce

[ Sparse Vegelation

[ Tall Shrub (Open-Closed)
] Tidal Marsh

k) in the northeast.

I Tussock Tundra (Low Shrub or Herbaceous)

M Unclassifled
M Urban

I white spruce or Black spruce (Open-Clased)

B White spruce or Black spruce (Woodland)

I white spruce or Black spruce-Deciduous (Open-Closed)
I White spruce or Black spruce/Lichen (Woodland-Open)

Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report

Appendix B: Conservation Elements

Page 16


http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_TES_Ecosystems_ANKHP_LandCoverMosaic_FigB2/MapServer
http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/SNK_2010/SNK_TES_Ecosystems_ANKHP_LandCoverMosaic_FigB2/MapServer�

Table B-3. Cross-walk between AKNHP land cover mosaic classification and the five source datasets used to create the land cover mosaic.
NRCS = NRCS vegetation map for Seward Peninsula; DU = Ducks Unlimited mosaic for interior; YKD = Yukon Delta map; NPS = NPS Arctic
Network vegetation map; NHD = NHD SWD Network

(upland)

Source
Value | Count Map Source Map Class Detailed_L Coarse_Lc_
1 105249 | NRCS Black Spruce Woodland Black Spruce/Moss White spruce or Black spruce
(Woodland)
2 1943 | NRCS Complex 11-32: Black spruce, and Mixed shrub Open Black Spruce (Mesic) White spruce or Black spruce
(tundra) (Open-Closed)
3 8601 [ NRCS Complex 11-44: Black spruce, and Shrub-lichen Open Black Spruce (Mesic) White spruce or Black spruce
(upland) (Open-Closed)
4 11191 | NRCS Complex 11-45: Black spruce, and Water sedge- Open Black Spruce (Mesic) White spruce or Black spruce
muskeg (bog-fen) (Open-Closed)
5 2879 | NRCS Complex 11-60: Black spruce, and Lichen (tussock Open Black Spruce (Mesic) White spruce or Black spruce
tundra) (Open-Closed)
6 5679 | NRCS Spruce-Lichen/Palsa Woodland Black Spruce/Lichen (Palsa) White spruce or Black
spruce/Lichen (Woodland-
Open)
7 72677 | NRCS Complex 15-45: Spruce-Lichen (palsa), and Water Woodland Black Spruce/Lichen (Palsa) White spruce or Black
sedge-muskeg (bog-fen) spruce/Lichen (Woodland-
Open)
8 3155316 [ NRCS White Spruce / Upland Woodland White Spruce (Upland) White Spruce or Black spruce
(Woodland)
9 54481 | NRCS Complex 11-12: Black spruce, and White spruce Open White Spruce (upland) White spruce or Black spruce
(upland) (Open-Closed)
10 143456 | NRCS Complex 12-22: White spruce (upland), and Tall shrub Open White Spruce (upland) White spruce or Black spruce
(hillside) (Open-Closed)
11 31799 | NRCS Complex 12-32: White spruce (upland), and Mixed Open White Spruce (upland) White spruce or Black spruce
shrub (tundra) (Open-Closed)
12 8194 | NRCS Complex 12-44: White spruce (upland), and Shrub- Open White Spruce (upland) White spruce or Black spruce
lichen (upland) (Open-Closed)
13 6237 | NRCS Complex 12-60: White spruce (upland), and Lichen Open White Spruce (upland) White spruce or Black spruce
(tussock tundra) (Open-Closed)
14 720300 | NRCS Spruce-Lichen/Upl Sh Woodland White Spruce/Lichen (Upland) White spruce or Black
spruce/Lichen (Woodland-
Open)
15 63019 | NRCS Complex 11-13: Black spruce, and Spruce-Lichen Open White Spruce/Lichen (upland) White spruce or Black

spruce/Lichen (Woodland-
Open)
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Source
Value | Count Map Source Map Class Detailed_L Coarse_Lc_
16 47595 | NRCS Complex 12-13: White spruce (upland), and Spruce- Open White Spruce/Lichen (upland) White spruce or Black
Lichen (upland) spruce/Lichen (Woodland-
Open)
17 17995 | NRCS Complex 13-11: Spruce-Lichen (upland), and Black Open White Spruce/Lichen (upland) White spruce or Black
spruce spruce/Lichen (Woodland-
Open)
18 70519 | NRCS Complex 13-44: Spruce-Lichen (upland), and Shrub- Open White Spruce/Lichen (upland) White spruce or Black
lichen (upland) spruce/Lichen (Woodland-
Open)
19 224756 | NRCS Mixed Forest/Floodplain Woodland White Spruce (Floodplain) White Spruce or Black spruce
(Woodland)
20 237562 | NRCS Complex 10-20: Mixed forest (Floodplain), and Tall Woodland White Spruce (Floodplain) White Spruce or Black spruce
shrub (floodplain) (Woodland)
21 10044 | NRCS Complex 10-21: Mixed forest (Floodplain), and Tall Woodland White Spruce (Floodplain) White Spruce or Black spruce
shrub (drainageway) (Woodland)
22 574301 | NRCS Complex 10-34: Mixed forest (Floodplain), and Low Woodland White Spruce (Floodplain) White Spruce or Black spruce
shrub (floodplain) (Woodland)
23 7840 | NRCS Complex 10-66: Mixed forest (Floodplain), and Lichen Woodland White Spruce (Floodplain) White Spruce or Black spruce
mat (lowland tundra) (Woodland)
24 8383 [ NRCS Complex 12-14: White spruce (upland), and Paper Open White Spruce-Birch (Upland) White spruce or Black spruce-
birch (upland) Deciduous (Open-Closed)
25 29600 | NRCS Paper birch / upl Closed Birch (upland) Deciduous (Open-Closed)
26 1684393 | NRCS Tall Shrub/Hillside Alder (Upland) Tall Shrub (Open-Closed)
27 125831 | NRCS Complex 22-12: Tall shrub (hillside), and White spruce Alder (Upland) Tall Shrub (Open-Closed)
(upland)
28 19968 | NRCS Complex 22-32: Tall shrub (hillside), and Mixed shrub Alder (Upland) Tall Shrub (Open-Closed)
(tundra)
29 11740 | NRCS Complex 22-41: Tall shrub (hillside), and Shrub Alder (Upland) Tall Shrub (Open-Closed)
Meadow (mountain)
30 2145 | NRCS Complex 22-42: Tall shrub (hillside), and Tussock Alder (Upland) Tall Shrub (Open-Closed)
tundra
31 1662 | NRCS Complex 22-52: Tall shrub (hillside), and Sedge (wet Alder (Upland) Tall Shrub (Open-Closed)
lake bed)
32 22312 | NRCS Complex 22-61: Tall shrub (hillside), and Lichen Alder (Upland) Tall Shrub (Open-Closed)
meadow (mountain)
33 2492 | NRCS Complex 22-65: Tall shrub (hillside), and Lichen slope Alder (Upland) Tall Shrub (Open-Closed)
(upland)
34 891782 | NRCS Tall Shrub/Floodplain Alder-Tall Willow (Floodplain) Tall Shrub (Open-Closed)

]
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Source

(upland)

Vaccinium uliginosum-Salix planifolia (upland)

Value | Count Map Source Map Class Detailed_L Coarse_Lc_
35 886488 | NRCS Complex 20-34: Tall shrub (floodplain), and Low shrub | Alder-Tall Willow (Floodplain) Tall Shrub (Open-Closed)
(floodplain)
36 1512 | NRCS Complex 20-54: Tall shrub (floodplain), and Sedge Alder-Tall Willow (Floodplain) Tall Shrub (Open-Closed)
(Drainageway)
37 205301 | NRCS Complex 20-82: Tall shrub (floodplain), and Riverwash Alder-Tall Willow (Floodplain) Tall Shrub (Open-Closed)
38 194546 | NRCS Riverwash Tall willow (Floodplain) Tall Shrub (Open-Closed)
39 2969196 | NRCS Tall Shrub/Drainagew Tall Salix planifolia (Water track) Low Shrub
40 1839 | NRCS Complex 21-13: Tall shrub (drainageway), and Spruce- Tall Salix planifolia (Water track) Low Shrub
Lichen (upland)
41 37152 | NRCS Complex 21-35: Tall shrub (drainageway), and Low Tall Salix planifolia (Water track) Low Shrub
shrub (hillside)
42 58395 | NRCS Complex 21-42: Tall shrub (drainageway), and Tussock [ Tall Salix planifolia (Water track) Low Shrub
tundra
43 431853 | NRCS Shrub-Lichen Upland Low Shrub birch/Lichen (upland) Low Shrub/Lichen
44 706022 | NRCS Complex 42-54: Tussock tundra, and Sedge Low Shrub birch/Lichen (upland) Low Shrub/Lichen
(Drainageway)
45 79221 | NRCS Complex 44-52: Shrub-lichen (upland), and Sedge (wet | Low Shrub birch/Lichen (upland) Low Shrub/Lichen
lake bed)
46 4604 [ NRCS Complex 44-72: Shrub-lichen (upland), and Bald Low Shrub birch/Lichen (upland) Low Shrub/Lichen
limestone slope
47 2087457 | NRCS Shrub Meadow/Mountain Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
planifolia (upland)
48 50214 | NRCS Complex 21-32: Tall shrub (drainageway), and Mixed Open Low Shrub Birch-Ledum decumbens- Low Shrub
shrub (tundra) Vaccinium uliginosum (upland)
49 126992 | NRCS Complex 32-42: Mixed shrub (tundra), and Tussock Open Low Shrub Birch-Ledum decumbens- Low Shrub
tundra Vaccinium uliginosum (upland)
50 2557 | NRCS Complex 32-44: Mixed shrub (tundra), and Shrub- Open Low Shrub Birch-Ledum decumbens- Low Shrub
lichen (upland) Vaccinium uliginosum (upland)
51 64450 | NRCS Complex 32-52: Mixed shrub (tundra), and Sedge (wet | Open Low Shrub Birch-Ledum decumbens- Low Shrub
lake bed) Vaccinium uliginosum (upland)
52 13204 | NRCS Complex 32-54: Mixed shrub (tundra), and Sedge Open Low Shrub Birch-Ledum decumbens- Low Shrub
(Drainageway) Vaccinium uliginosum (upland)
53 61279 | NRCS Complex 32-60: Mixed shrub (tundra), and Lichen Open Low Shrub Birch-Ledum decumbens- Low Shrub
(tussock tundra) Vaccinium uliginosum (upland)
54 2078703 | NRCS Mixed Shrub/Tundra Open Low Shrub Birch-Ledum decumbens- Low Shrub
Vaccinium uliginosum (upland)
55 7249 | NRCS Complex 35-12: Low shrub (hillside), and White spruce | Open Low Shrub Birch-Ledum decumbens- Low Shrub
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Source

tundra

Value | Count Map Source Map Class Detailed_L Coarse_Lc_
56 53781 | NRCS Complex 35-43: Low shrub (hillside), and Alpine Open Low Shrub Birch-Ledum decumbens- Low Shrub
Mountain Meadow (complex) Vaccinium uliginosum-Salix planifolia (upland)
57 49914 | NRCS Complex 35-52: Low shrub (hillside), and Sedge (wet Open Low Shrub Birch-Ledum decumbens- Low Shrub
lake bed) Vaccinium uliginosum-Salix planifolia (upland)
58 34067 | NRCS Complex 35-61: Low shrub (hillside), and Lichen Open Low Shrub Birch-Ledum decumbens- Low Shrub
meadow (mountain) Vaccinium uliginosum-Salix planifolia (upland)
59 4098281 | NRCS Low Shrub/Hillside Open Low Shrub Birch-Ledum decumbens- Low Shrub
Vaccinium uliginosum-Salix planifolia (upland)
60 12459 | NRCS Complex 35-41: Low shrub (hillside), and Shrub Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
Meadow (mountain) planifolia (upland)
61 6032 | NRCS Complex 41-20: Shrub Meadow (mountain), and Tall Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
shrub (floodplain) planifolia (upland)
62 426119 | NRCS Complex 41-32: Shrub Meadow (mountain), and Mixed | Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
shrub (tundra) planifolia (upland)
63 96085 | NRCS Complex 41-42: Shrub Meadow (mountain), and Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
Tussock tundra planifolia (upland)
64 52160 | NRCS Complex 41-43: Shrub Meadow (mountain), and Alpine | Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
Mountain Meadow (complex) planifolia (upland)
65 181075 | NRCS Complex 41-52: Shrub Meadow (mountain), and Sedge | Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
(wet lake bed) planifolia (upland)
66 15918 | NRCS Complex 41-54: Shrub Meadow (mountain), and Sedge | Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
(Drainageway) planifolia (upland)
67 963 | NRCS Complex 41-56: Shrub Meadow (mountain), and Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
Breached lake bed planifolia (upland)
68 50566 | NRCS Complex 41-61: Shrub Meadow (mountain), and Lichen | Low Shrub birch-Vaccinium uliginosum-Salix Low Shrub
meadow (mountain) planifolia (upland)
69 1241588 | NRCS Low Shrub/Floodplain Open Low Shrub Birch-Vaccinium uliginosum- Low Shrub
Low Salix planifolia-S. alaxensis (Floodplain)
70 16455 | NRCS Complex 21-34: Tall shrub (drainageway), and Low Open Low Shrub Birch-Vaccinium uliginosum- Low Shrub
shrub (floodplain) Low Salix planifolia-S. alaxensis (Floodplain)
71 25829 | NRCS Complex 34-54: Low shrub (floodplain), and Sedge Open Low Shrub Birch-Vaccinium uliginosum- Low Shrub
(Drainageway) Low Salix planifolia-S. alaxensis (Floodplain)
72 3644 | NRCS Complex 34-56: Low shrub (floodplain), and Breached Open Low Shrub Birch-Vaccinium uliginosum- Low Shrub
lake bed Low Salix planifolia-S. alaxensis (Floodplain)
73 44207 | NRCS Complex 34-82: Low shrub (floodplain), and Riverwash | Open Low Shrub Birch-Vaccinium uliginosum- Low Shrub
Low Salix planifolia-S. alaxensis (Floodplain)
74 40269 | NRCS Complex 34-42: Low shrub (floodplain), and Tussock Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or

Herbaceous)
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Source

Shrub Meadow (mountain)

Value | Count Map Source Map Class Detailed_L Coarse_Lc_

75 152466 | NRCS Complex 42-34: Tussock tundra, and Low shrub Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
(floodplain) Herbaceous)

76 7478 | NRCS Complex 42-43: Tussock tundra, and Alpine Mountain Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
Meadow (complex) Herbaceous)

77 5440 | NRCS Complex 42-44: Tussock tundra, and Shrub-lichen Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
(upland) Herbaceous)

78 919089 | NRCS Complex 42-55: Tussock tundra, and Cottongrass- Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
water sedge (low center polygons) Herbaceous)

79 5114 | NRCS Complex 42-56: Tussock tundra, and Breached lake Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
bed Herbaceous)

80 7354 | NRCS Complex 42-57: Tussock tundra, and Sedge (wet lake Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
bed) Herbaceous)

81 333017 | NRCS Complex 42-60: Tussock tundra, and Lichen (tussock Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
tundra) Herbaceous)

82 36388 | NRCS Complex 42-80: Tussock tundra, and Lava bed Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or

Herbaceous)

83 503575 | NRCS Dryas Limestone Slop Dryas (Non-acidic, Upland) Dwarf shrub

84 6247 | NRCS Complex 71-52: Dryas limestone slope, and Sedge (wet | Dryas (Non-acidic, Upland) Dwarf shrub
lake bed)

85 2479280 [ NRCS Lichen Granitic Slop Dryas-Lichen (upland) Dwarf shrub Lichen

86 2125395 | NRCS Lichen-Meadow/Mountain Dryas-Lichen (upland) Dwarf shrub Lichen

87 37781 | NRCS Complex 61-32: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Mixed shrub (tundra)

88 318004 | NRCS Complex 61-43: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Alpine Mountain Meadow (complex)

89 73909 | NRCS Complex 61-44: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Shrub-lichen (upland)

90 58232 | NRCS Complex 61-52: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Sedge (wet lake bed)

91 8631 [ NRCS Complex 61-64: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Lichen-sedge meadow (upland)

92 4380 [ NRCS Complex 61-72: Lichen meadow (mountain), and Bald Dryas-Lichen (upland) Dwarf shrub Lichen
limestone slope

93 65384 | NRCS Complex 61-74: Lichen meadow (mountain), and Dryas-Lichen (upland) Dwarf shrub Lichen
Dryas-Lichen (ridges)

94 29888 | NRCS Complex 70-41: Lichen granitic slope (alpine), and Dryas-Lichen (upland) Dwarf shrub Lichen
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Source
Value | Count Map Source Map Class Detailed_L Coarse_Lc_
95 11246 | NRCS Complex 70-43: Lichen granitic slope (alpine), and Dryas-Lichen (upland) Dwarf shrub Lichen
Alpine Mountain Meadow (complex)
96 39507 | NRCS Complex 70-61: Lichen granitic slope (alpine), and Dryas-Lichen (upland) Dwarf shrub Lichen
Lichen meadow (mountain)
97 2614213 [ NRCS Alpine Mountain Meadow (complex) Dwarf shrub (upland) Dwarf shrub
98 2129 | NRCS Complex 43-22: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Tall shrub (hillside)
99 10980 | NRCS Complex 43-32: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Mixed shrub (tundra)
100 47129 | NRCS Complex 43-35: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Low shrub (hillside)
101 144195 | NRCS Complex 43-52: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Sedge (wet lake bed)
102 1313 | NRCS Complex 43-55: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Cottongrass-water sedge (low center polygons)
103 7519 | NRCS Complex 43-71: Alpine Mountain Meadow (complex), Dwarf shrub (upland) Dwarf shrub
and Dryas limestone slope
104 22086 | NRCS Complex 44-22: Shrub-lichen (upland), and Tall shrub Dwarf shrub (upland) Dwarf shrub
(hillside)
105 1838019 | NRCS Cottongrass-Water Sedge Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
106 16352 | NRCS Complex 34-55: Low shrub (floodplain), and Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
Cottongrass-water sedge (low center polygons)
107 5039 | NRCS Complex 52-55: Sedge (wet lake bed), and Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
Cottongrass-water sedge (low center polygons)
108 971732 | NRCS Complex 55-42: Cottongrass-water sedge (low center Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
polygons), and Tussock tundra
109 31223 | NRCS Complex 55-57: Cottongrass-water sedge (low center Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
polygons), and Sedge (wet lake bed)
110 2740 | NRCS Complex 56-55: Breached lake bed, and Cottongrass- Carex aquatilis (Low Centered Polygons) Herbaceous (Wet)
water sedge (low center polygons)
111 5110 | NRCS Water Sedge-Muskeg/Bog-fen Carex aquatilis/Sphagnum (Peatland) Herbaceous (Wet)
112 151168 | NRCS Sedge/Drainageway Sedge (Wet) Herbaceous (Wet)
113 3093749 | NRCS Sedge/Wet Lake Bed Sedge (Wet) Herbaceous (Wet)
114 319309 | NRCS Sedge/Wet Meadow Sedge (Wet) Herbaceous (Wet)
115 137444 | NRCS Complex 52-32: Sedge (wet lake bed), and Mixed shrub | Sedge (Wet) Herbaceous (Wet)
(tundra)
116 3193 | NRCS Complex 52-34: Sedge (wet lake bed), and Low shrub Sedge (Wet) Herbaceous (Wet)
(floodplain)
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Source

(floodplain)

Value | Count Map Source Map Class Detailed_L Coarse_Lc_
117 42817 | NRCS Complex 52-35: Sedge (wet lake bed), and Low shrub Sedge (Wet) Herbaceous (Wet)
(hillside)
118 176534 | NRCS Complex 52-41: Sedge (wet lake bed), and Shrub Sedge (Wet) Herbaceous (Wet)
Meadow (mountain)
119 37219 | NRCS Complex 52-43: Sedge (wet lake bed), and Alpine Sedge (Wet) Herbaceous (Wet)
Mountain Meadow (complex)
120 351291 | NRCS Complex 52-54: Sedge (wet lake bed), and Sedge Sedge (Wet) Herbaceous (Wet)
(Drainageway)
121 6541 | NRCS Complex 52-56: Sedge (wet lake bed), and Breached Sedge (Wet) Herbaceous (Wet)
lake bed
122 70695 | NRCS Complex 52-60: Sedge (wet lake bed), and Lichen Sedge (Wet) Herbaceous (Wet)
(tussock tundra)
123 64864 | NRCS Complex 52-61: Sedge (wet lake bed), and Lichen Sedge (Wet) Herbaceous (Wet)
meadow (mountain)
124 4068 | NRCS Complex 52-72: Sedge (wet lake bed), and Bald Sedge (Wet) Herbaceous (Wet)
limestone slope
125 2086 | NRCS Complex 56-57: Breached lake bed, and Sedge (wet Sedge (Wet) Herbaceous (Wet)
lake bed)
126 1728 | NRCS Complex 57-34: Sedge (wet lake bed), and Low shrub Sedge (Wet) Herbaceous (Wet)
(floodplain)
127 536760 | NRCS Breached Lake Bed Graminoid (Wet) Herbaceous (Wet)
128 667747 | NRCS Marsh/Tidal Graminoid Marsh (Tidal) Tidal Marsh
129 28670 | NRCS Complex 34-51: Low shrub (floodplain), and Marsh Graminoid Marsh (Tidal) Tidal Marsh
(tidal)
130 8210 | NRCS Complex 51-52: Marsh (tidal), and Sedge (wet lake Graminoid Marsh (Tidal) Tidal Marsh
bed)
131 74322 | NRCS Dunes/Beach Leymus (Coastal) Herbaceous (Mesic-Dry)
132 24041 | NRCS Complex 50-52: Dunes (Beach), and Sedge (wet lake Leymus (Coastal) Herbaceous (Mesic-Dry)
bed)
133 11449911 | NRCS Tussock tundra Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
Herbaceous)
134 2820988 | NRCS Lichen/Tussock Tundra Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
Herbaceous)
135 21845 | NRCS Complex 21-60: Tall shrub (drainageway), and Lichen Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
(tussock tundra) Herbaceous)
136 18944 | NRCS Complex 60-20: Lichen (tussock tundra), and Tall shrub | Tussock Tundra/Lichen Tussock Tundra (Low Shrub or

Herbaceous)
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Source

Value | Count Map Source Map Class Detailed_L Coarse_Lc_

137 120369 | NRCS Complex 60-32: Lichen (tussock tundra), and Mixed Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
shrub (tundra) Herbaceous)

138 47234 | NRCS Complex 60-34: Lichen (tussock tundra), and Low Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
shrub (floodplain) Herbaceous)

139 99768 | NRCS Complex 60-42: Lichen (tussock tundra), and Tussock Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
tundra Herbaceous)

140 1055826 | NRCS Complex 60-54: Lichen (tussock tundra), and Sedge Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
(Drainageway) Herbaceous)

141 216358 | NRCS Complex 60-55: Lichen (tussock tundra), and Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
Cottongrass-water sedge (low center polygons) Herbaceous)

142 4264 [ NRCS Complex 60-56: Lichen (tussock tundra), and Breached | Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
lake bed Herbaceous)

143 7555 | NRCS Complex 43-21: Alpine Mountain Meadow (complex), Lichen (Lava bed) Lichen
and Tall shrub (drainageway)

144 9433 | NRCS Complex 60-80: Lichen (tussock tundra), and Lava bed Lichen (Lava bed) Lichen

145 80144 | NRCS Complex 80-60: Lava bed, and Lichen (tussock tundra) Lichen (Lava bed) Lichen

146 321167 | NRCS Lava bed Lichen (Mafic) Lichen

147 3720 | NRCS Complex 41-80: Shrub Meadow (mountain), and Lava Lichen (Mafic) Lichen
bed

148 13098 | NRCS Lichen Mat/Lowland Tundra Lichen (upland) Lichen

149 6086 | NRCS Lichen-sedge meadow (upland) Lichen (upland) Lichen

150 249485 | NRCS Lichen-Slope/Upland Lichen (upland) Lichen

151 4064 | NRCS Complex 64-43: Lichen-sedge meadow (upland), and Lichen (upland) Lichen
Alpine Mountain Meadow (complex)

152 929 | NRCS Complex 66-20: Lichen mat (lowland tundra), and Tall Lichen (upland) Lichen
shrub (floodplain)

153 48838 | NRCS Complex 66-54: Lichen mat (lowland tundra), and Lichen (upland) Lichen
Sedge (Drainageway)

154 1619 | NRCS Complex 66-55: Lichen mat (lowland tundra), and Lichen (upland) Lichen
Cottongrass-water sedge (low center polygons)

155 356465 | NRCS Lichen-Sedge/Coastal Lichen-sedge (coastal tundra) Lichen

156 8885 [ NRCS Complex 63-43: Lichen-sedge (coastal tundra), and Lichen-sedge (coastal tundra) Lichen
Alpine Mountain Meadow (complex)

157 17455 | NRCS Complex 63-52: Lichen-sedge (coastal tundra), and Lichen-sedge (coastal tundra) Lichen
Sedge (wet lake bed)

158 250992 | NRCS Complex 63-54: Lichen-sedge (coastal tundra), and Lichen-sedge (coastal tundra) Lichen
Sedge (Drainageway)

159 1822013 | NRCS Bald Limestone Slope Sparse Dryas Sparse Vegetation
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Source

and Sedge (Wet)

Value | Count Map Source Map Class Detailed_L Coarse_Lc_
160 1537 | NRCS Complex 72-12: Bald limestone slope, and White Sparse Dryas Sparse Vegetation
spruce (upland)
161 12320 | NRCS Complex 72-22: Bald limestone slope, and Tall shrub Sparse Dryas Sparse Vegetation
(hillside)
162 737116 | NRCS Barren Sparse Dryas Sparse Vegetation
163 797807 | NRCS Burned Forest Fire scar (Burned forest) Fire Scar
164 7107 | NRCS Complex 90-22: Burned forest, and Tall shrub (hillside) Fire scar (Burned forest) Fire Scar
165 3317596 | NRCS Burned Tundra Fire scar (Burned tundra) Fire Scar
167 130162 | NRCS Lagoon Salt Water Salt water
168 3660 | YKD Open Needleleaf Lichen Open White spruce or Black spruce/Lichen White spruce or Black
spruce/Lichen (Woodland-
Open)
169 1016510 | YKD Open Needleleaf Other Open White spruce or Black spruce White spruce or Black spruce
(Open-Closed)
170 856197 | YKD Closed Deciduous - general [Closed Deciduous (Mixed Closed Deciduous Deciduous (Open-Closed)
Deciduous Species)/Closed Mixed Deciduous]
171 547499 | YKD Closed Mixed Needleleaf/Deciduous Closed White spruce-Birch White spruce or Black spruce-
Deciduous (Open-Closed)
172 608 | YKD Open Mixed Needleleaf/Deciduous Open White Spruce-Birch White spruce or Black spruce-
Deciduous (Open-Closed)
173 14934 | YKD Woodland Needleleaf Lichen Woodland White spruce or Black spruce/Lichen | White spruce or Black
spruce/Lichen (Woodland-
Open)
174 981119 | YKD Woodland Needleleaf Other Woodland White spruce or Black spruce White spruce or Black spruce
(Woodland)
175 5747042 | YKD Tall Shrub - general Alder-Tall Willow Tall Shrub (Open-Closed)
176 2176228 | YKD Low Shrub - general Low Shrub birch-Low Willow Low Shrub
177 68283 | YKD Low Shrub Sweetgale (or Wet Low Shrub) Myrica gale (Peatland) Low Shrub
178 837014 | YKD Alpine Dwarf Shrub Lichen Dwarf shrub-Lichen Dwarf shrub Lichen
180 2142288 | YKD Mesic Dwarf Shrub Lichen (Mesic Dwarf Birch- Dwarf shrub birch-Dwarf Ericaceous-Lichen Dwarf shrub Lichen
Ericaceous Shrub Lichen)
181 30165 | YKD Mesic Dwarf Shrub Other (Mesic Dwarf Birch- Dwarf shrub birch-Ericaceous Dwarf shrub
Ericaceous Shrub)
183 2317501 | YKD Dwarf Shrub Peatland Dwarf shrub-Sphagnum (Peatland plateau) Dwarf shrub
184 3947102 | YKD Dwarf Shrub Lichen Peatland Dwarf shrub-Lichen-Sphagnum (Peatland Dwarf shrub Lichen
plateau)
185 141635 | YKD Dwarf Shrub/Wet Graminoid Mosaic Mosaic of: Dwarf shrub-Sphagnum (Peatland) Herbaceous (Wet)
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Source

Value | Count Map Source Map Class Detailed_L Coarse_Lc_

188 64274 | YKD Moss/Graminoid Peatland Sedge/Sphagnum (Peatland) Herbaceous (Wet)

189 1863 | YKD Mesic/Dry Graminoid Meadow Graminoid (Mesic) Herbaceous (Mesic-Dry)

190 615491 | YKD Wet Graminoid Sedge (Wet) Herbaceous (Wet)

191 676244 | YKD Freshwater Marsh (Emergent) [Fresh Marsh Herbaceous Marsh Herbaceous (Marsh)

(Emergent)]

192 129135 | YKD Lower Coastal Salt Marsh Carex ramenskii (Tidal) Tidal Marsh

193 80255 | YKD Upper Coastal Brackish Meadow Wet Sedge-Carex rariflora (Upper Tidal) Tidal Marsh

195 1015532 | YKD Clear Water Clear Water Freshwater

196 681688 | YKD Turbid Water Turbid Water Freshwater

197 63244 | YKD Sparse Vegetation Dwarf shrub >20%, Bareground >50% Dwarf shrub

198 39432 | YKD Rock/Gravel Bareground (rock-gravel; <20% vegetation) Bareground

199 45685 | YKD Non-Vegetated Soil (Sandbars/Mudflats) Bareground (Sandbars/Mudflats) Bareground

200 5291 | YKD Urban Urban Urban

201 38983 | YKD Snow/Ice Ice Snow-Ice

202 318834 | YKD Cloud Cloud Cloud

203 267529 | YKD Shadow Cloud Shadow Cloud

204 10164 | YKD Burn Fire Scar Fire Scar

205 8640 | YKD Peatland Dwarf Shrub - Regenerating Burn Dwarf shrub-Sphagnum (Peatland) Herbaceous (Wet)

206 81191 | YKD Dwarf Shrub Other (lowlands & uplands - Phase 2) Dwarf Shrub Dwarf Shrub

207 332251 | YKD Dwarf Shrub Lichen (lowlands & uplands - Phase 2) Dwarf shrub-Lichen Dwarf Shrub Lichen

210 94001 | DU Closed Needleleaf Closed White spruce or Black spruce White spruce or Black spruce
(Open-Closed)

211 11169974 | DU Open Needleleaf Open White spruce or Black spruce White spruce or Black spruce
(Open-Closed)

212 1582720 | DU Open Needleleaf - Lichen Open White spruce or Black spruce/Lichen White spruce or Black
spruce/Lichen (Woodland-
Open)

213 6073792 | DU Woodland Needleleaf Woodland White spruce or Black spruce White spruce or Black spruce
(Woodland)

214 522190 | DU Woodland Ndl. - Lichen Woodland White spruce or Black spruce/Lichen | White spruce or Black
spruce/Lichen (Woodland-
Open)

217 1404562 | DU Closed Mixed Needleleaf/Deciduous Closed White spruce or Black spruce-Deciduous | White spruce or Black spruce-
Deciduous (Open-Closed)

218 3027692 | DU Open Mixed Needleleaf/Deciduous Open White spruce or Black spruce-Deciduous White spruce or Black spruce-
Deciduous (Open-Closed)

219 2520772 | DU Closed Deciduous Closed Deciduous Deciduous (Open-Closed)

220 5046 | DU Closed Aspen Closed Aspen Deciduous (Open-Closed)

]
Seward Peninsula — Nulato Hills — Kotzebue Lowlands Ecoregion — Final REA Report

Appendix B: Conservation Elements Page 26



Source

Value | Count Map Source Map Class Detailed_L Coarse_Lc_

221 594917 | DU Closed Birch Closed Birch Deciduous (Open-Closed)

223 38139 | DU Close Willow Close Willow Deciduous (Open-Closed)

224 819066 | DU Open Deciduous Open Deciduous Deciduous (Open-Closed)

225 22042 | DU Open Aspen Open Aspen Deciduous (Open-Closed)

226 358702 | DU Open Birch Open Birch Deciduous (Open-Closed)

228 33642 | DU Open Willow Open Tall willow Tall Shrub (Open-Closed)

229 5182113 | DU Tall Shrub Tall Shrub Tall Shrub (Open-Closed)

230 5574677 | DU Low Shrub Low Shrub birch-Low Willow Low Shrub

231 411189 | DU Low shrub - Lichen Low shrub - Lichen Low Shrub/Lichen

232 3666133 | DU Low Shrub-Tussock Tundra Low Shrub-Tussock Tundra Tussock Tundra (Low Shrub or
Herbaceous)

233 2847451 | DU Dwarf Shrub Dwarf Shrub Dwarf shrub

234 1653149 | DU Dwarf Shrub-Lichen Dwarf shrub-Lichen Dwarf Shrub Lichen

235 873430 | DU Low Shrub - Willow/Alder Alder-Low willow Low Shrub

240 686417 | DU Wet Graminoid Graminoid (Wet) Herbaceous (Wet)

241 1375 | DU Wet Forb Forb (Wet) Herbaceous (Wet)

242 294660 | DU Wet Sedge Sedge (Wet) Herbaceous (Wet)

244 388835 | DU Lichen Lichen Lichen

245 315622 | DU Moss Herbaceous-Moss (Wet) Herbaceous (Wet)

247 3510 | DU Mesic/Dry Sedge Meadow Sedge (Mesic) Herbaceous (Mesic-Dry)

248 16209 | DU Mesic/Dry Grass Meadow Grass (Mesic) Herbaceous (Mesic-Dry)

249 769357 | DU Mesic/Dry Graminoid Graminoid (Mesic) Herbaceous (Mesic-Dry)

250 27090 | DU Mesic/Dry Forb Forb (Mesic) Herbaceous (Mesic-Dry)

252 2305284 | DU Tussock Tundra Tussock Tundra Tussock Tundra (Low Shrub or
Herbaceous)

253 573586 | DU Tussock Tundra - Lichen Tussock Tundra/Lichen Tussock Tundra (Low Shrub or
Herbaceous)

254 12956 | DU Aquatic Bed Pondlily Herbaceous (Aquatic)

255 211033 | DU Emergent Forb(wet) Herbaceous (Wet)

258 972358 | DU Clear Water Clear Water Freshwater

259 838258 | DU Turbid Water Turbid Water Freshwater

260 2671 | DU Snow/Ice Ice Snow-Ice

262 16563 | DU Saltwater Salt Water Salt water

263 555999 | DU Sparse Vegetation Herbaceous (Mesic) >20%, Bareground >50% Herbaceous (Mesic-Dry)

264 145842 | DU Rock/Gravel Bareground (rock-gravel; <20% vegetation) Bareground

265 95661 | DU Non-vegetated Soil Bareground (<20% vegetation) Bareground

267 48 | DU Other - Driftwood Piles Bareground (Driftwood Piles) Bareground
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Value | Count Map Source Map Class Detailed_L Coarse_Lc_

268 1669 | DU Sand Bareground (Sandbars/Mudflats) Bareground

269 326 | DU Urban/Developed Urban Urban

271 566833 | DU Cloud Cloud Cloud

272 193089 | DU Cloud Shadow Cloud Shadow Cloud

273 345629 | DU Terrain Shadow Terrain Shadow Unclassified

274 27310 | DU Fire Scar Fire Scar Fire Scar

290 19 | NPS Alpine Lake Clear Water Freshwater

291 25046 | NPS Alpine Rocky Circumneutral Wet Sedge Meadow Sedge (Wet) Herbaceous (Wet)

292 89663 | NPS Alpine Rocky Dry Acidic Barrens Lichen (Upland acidic) Lichen

293 244139 | NPS Alpine Rocky Dry Dryas Dwarf Shrub Dryas-lichen (Acidic, upland) Dwarf shrub Lichen

294 239641 | NPS Alpine Rocky Dry Alkaline Barrens Dwarf Shrub (Non-acidic, Alpine, 44% Dwarf shrub

bareground)

296 60602 | NPS Alpine Rocky Moist Ericaceous Dwarf Shrub Dwarf shrub (upland) Dwarf shrub

297 117943 | NPS Coastal Water Salt Water Salt water

298 134723 | NPS Coastal Loamy Wet Brackish Sedge-Grass Meadow Carex ramenskii (Tidal) Tidal Marsh

299 152549 | NPS Lowland Acidic Ericaceous Shrub Bog Sedge/Sphagnum (Peatland) Herbaceous (Wet)

300 597657 | NPS Lowland Circumacidic Sedge Fen Carex chordorrhiza-Carex aquatilis (Peatland) Herbaceous (Wet)

301 465582 | NPS Lowland Lake Clear Water Freshwater

302 2381193 | NPS Lowland Moist Dwarf Birch-Ericaceous-Willow Low Low Shrub birch-Low Willow Low Shrub
Shrub

303 199921 | NPS Lowland Organic-rich Wet Acidic Black Spruce Forest Open Black Spruce (Mesic) White spruce or Black spruce

(Open-Closed)

304 523760 | NPS Lowland Organic-rich Wet Circumacidic Alder Tall Alder (Upland) Tall Shrub (Open-Closed)
Shrub

305 228481 | NPS Lowland Organic-rich Wet Circumacidic Willow Low Low Salix planifolia ssp. pulchra (Upland) Low Shrub
Shrub

306 483770 | NPS Riverine Water Fresh Water Freshwater

307 9687 | NPS Riverine Gravelly Dry Alkaline Dryas Dwarf Shrub Dryas (Non-acidic, Floodplain) Dwarf shrub

308 46219 | NPS Riverine Gravelly Moist Circumalkaline Barrens Sparse Vegetation (Floodplain) Sparse Vegetation

309 69940 | NPS Riverine Gravelly-loamy Moist Circumalkaline Poplar Open Balsam Poplar (Floodplain) Deciduous (Open-Closed)
Forest

310 23969 | NPS Riverine Gravelly-loamy Moist Circumalkaline White Open White Spruce-Balsam Poplar (Floodplain) | White spruce or Black spruce-
Spruce-Poplar Forest Deciduous (Open-Closed)

311 308182 | NPS Riverine Gravelly-loamy Moist Circumalkaline White Open White Spruce (Floodplain) White spruce or Black spruce
Spruce-Willow Forest (Open-Closed)

312 116375 | NPS Riverine Gravelly-loamy Moist Circumalkaline Willow Low Salix lanata ssp. richardsonii (Floodplain) Low Shrub
Low Shrub

313 504960 | NPS Riverine Loamy Moist Alder or Willow Tall Shrub Alder-Tall Willow (Floodplain) Tall Shrub (Open-Closed)
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Value | Count Map Source Map Class Detailed_L Coarse_Lc_

314 584261 | NPS Riverine Loamy Moist Circumacidic Birch-Willow Low Low Shrub birch-Salix planifolia (Floodplain) Low Shrub
Shrub

315 727152 | NPS Riverine Loamy Wet Circumacidic Wet Sedge Meadow | Sedge (Wet) (Floodplain) Herbaceous (Wet)

316 411682 | NPS Upland Loamy Moist Circumalkaline Willow Low Low Salix lanata ssp. richardsonii (Upland) Low Shrub
Shrub

317 4616222 | NPS Upland Organic-rich Moist Acidic Dwarf Birch-Tussock | Low Shrub-Tussock Tundra (Upland) Tussock Tundra (Low Shrub or
Shrub Herbaceous)

318 1834307 | NPS Upland Moist Dwarf Birch-Ericaceous-Willow Low Low Shrub birch-Low Willow Low Shrub
Shrub

319 354046 | NPS Upland Rocky-loamy Moist Alkaline Sedge-Dryas Dryas (Non-acidic, Upland) Dwarf shrub
Meadow

320 836009 | NPS Upland Rocky-loamy Moist Circumacidic Alder-Willow | Alder (Upland) Tall Shrub (Open-Closed)
Tall Shrub

321 127998 | NPS Upland Rocky-loamy Moist Circumacidic Birch Forest Open Birch (Upland) Deciduous (Open-Closed)

322 186377 | NPS Upland Rocky-loamy Moist Circumacidic Spruce-Birch Open White Spruce-Birch (Upland) White spruce or Black spruce-
Forest Deciduous (Open-Closed)

323 1583167 | NPS Upland Rocky-loamy Moist White Spruce Forest Open White Spruce (upland) White spruce or Black spruce

(Open-Closed)

324 51688 | NPS Upland Sandy Dry Acidic White Spruce-Lichen Woodland White Spruce/Lichen (Upland) White spruce or Black

Woodland spruce/Lichen (Woodland-
Open)

325 21550 | NPS Upland Sandy Dry Alkaline Barrens Sparse Vegetation (Sanddunes) Bareground

326 9286 | NPS Coastal Barrens Bareground (Tide flat) Bareground

327 14780 | NPS Coastal Dry Crowberry Dwarf Shrub Empetrum nigrum-Lichen (Acidic, Coastal) Dwarf shrub Lichen

328 45931 | NPS Lowland Moist Sedge-Dryas Meadow Dryas Dwarf shrub

329 3310 | NPS Coastal Dry Dunegrass Meadow Leymus (Coastal) Herbaceous (Mesic-Dry)

332 706 | NPS Snow Snow Snow-Ice

334 14370 | NRCS Unclassified-Swanson-74 Unclassified Unclassified

335 7119 | YKD Terrain Shadow Terrain Shadow Unclassified

336 398019 | NHD Small and disconnected Freshwater Freshwater

337 1014776 | NHD Large and connected Freshwater Freshwater

338 130631 | NHD Small and connected Freshwater Freshwater

339 119030 | NHD Large and disconnected Freshwater Freshwater

340 55624 | NHD Estuary Freshwater Freshwater
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In the SNK REA terrestrial coarse-filter CE map, sixteen of the twenty-eight classes were directly cross-
walked from the AKNHP Land Cover mosaic class, and the classes were simply renamed to a NatureServe
ecological system, based on a review of the AKNHP land cover map class conceptual model descriptions
(see Table B-2).

The distributions of six SNK terrestrial CE ecological system classes were all, or partially, delineated from
LandFire Existing Vegetation Type (EVT) data (see http://www.landfire.gov/vegetation.php). The
following six LandFire EVT classes were burned into the SNK terrestrial CE dataset: Arctic Active Inland
Dunes, Arctic Dwarf-Shrub-Sphagnum Peatland, Arctic Polygonal Ground Wet Sedge Tundra, Arctic Wet
Sedge-Sphagnum Peatland, Arctic Large River Floodplain, and Western North American Boreal Lowland
Large River Floodplain (Figure B-5). Wherever these LandFire EVT classes occurred within the SNK REA,
their distribution replaced the AKNHP Land Cover mosaic class on the map.
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Figure B-5. Distribution of five Landfire Existing Vegetation Type (EVT) classes burned into the coarse-
filter terrestrial ecological system map.
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The Alaska 60 meter National Elevation Dataset (NED) was used to model percent slope (Figure B-6).
Slope was used to parse out six terrestrial coarse-filter classes: AKNHP White Spruce or Black Spruce
(Woodland) on <3% slope was selected and renamed to Boreal Black Spruce Dwarf-Tree Peatland;
AKNHP White or Black Spruce (Woodland) on >3% slope was selected renamed to Boreal Black or White
Spruce Forest and Woodland; AKNHP Tall Shrub (open-Closed) on <20% slope was selected and
renamed to Mesic-Wet Willow Shrubland; AKNHP Tall Shrub (open-Closed) on >20% slope was selected
and renamed to Arctic Mesic Alder; AKNHP Bareground and AKNHP Herbaceous Mesic-Dry within 300
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meters of the coast on <100% slope was selected renamed to Arctic Marine Beach and Beach Meadow;
and all AKNHP Land Cover classes within 300 meters of the coast on >100% slope (i.e., coastal cliffs) was
selected and renamed to Bedrock Cliff, Talus, and Block Fields.

Coastal cliffs were also delineated using the slope map. Only a few scattered pixels had very steep
slopes (i.e., over 200%). A 100% slope threshold (45 degree slope) more consistently parsed out the
larger areal extent of coastal cliffs. The geographic extent of coastal cliffs throughout the SNK REA was
reviewed/confirmed in Kessel’s (1989) Birds of the Seward Peninsula, Alaska: Their Biogeography,
Seasonality and Natural History publication, which provides a detailed description of coastal cliffs on the
Seward Peninsula (pages 17-19).

The SNK terrestrial coarse-filter CEs are grouped into lowland, upland, or coastal model group types,
based on their relative elevation position in the landscape. There are fourteen upland classes which
represent 62% of the total area of the ecoregion, eight lowland classes which represent 33% of total
area, and two coastal classes which represent 0.6% of the ecoregion. In addition, there are three “other”
classes (freshwater, salt water and urban) which represent 4% of ecoregion and one “unknown” class
(Unclassified) which represents 0.6% of the ecoregion (see Table B-2 and Figure B-6).

Figure B-6. Percent slope map derived from the Alaska 60 meter National Elevation Dataset (NED)
(left) and upland, lowland and coastal model group map (right).
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B-1.1.1.1 Uncertainty and Limitations

Users of the SNK terrestrial coarse-filter data layer should note the following caveats about the original
AKNHP Land cover mosaic source data, the Alaska 60 meter NED, and the LandFire Existing Vegetation
Type data.
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The SNK terrestrial coarse-filter map layer was derived primarily from the AKNHP Land Cover Mosaic,
which was derived from five source datasets of varying classification accuracy, time period (ground
condition), spatial resolution, and classification resolution (see Figure B-2 and the AKNHP land cover
mosaic map metadata). The documented classification accuracy of the source land cover datasets used
to produce the AKNHP land cover mosaic range from 80% to 90% (see the AKNHP land cover mosaic
map metadata). These are unusually high assessed accuracy values, for this type of mapped data, and
may reflect some bias in the method of assessment. The time period of the imagery used to produce the
four land cover source datasets ranges from 1979 to 2011. Three of the four land cover datasets reflect
fairly recent ground conditions, 2007 or sooner (Figure B-2). The Natural Resources Conservation Service
(NRCS) vegetation map is derived from source imagery dating from 1979-1984. It is possible that land
cover in this mapped geography may have changed over the past thirty years. The NRCS vegetation map
is also a vector dataset of large, contiguous polygons ranging from 1 to 216,488 acres in size, with a
median size of 466 acres; whereas the other three land cover datasets are all raster with a significantly
finer resolution (30 meter pixel). The classification resolution among the four source land cover datasets
is also significantly different, ranging from 40 to 79 classes (Figure B-2). Cross-walking land cover
classifications from maps with varying classification resolutions generally means that the map with the
coarsest resolution, in this case the Natural Resources Conservation Service map having 40 classes,
tends to limit the level of classification of the final land cover map (e.g. the AKNHP land cover mosaic
has 26 classes). The final SNK terrestrial coarse-filter ecological system map reflects these variations in
classification accuracy, time period (ground condition), spatial resolution, and classification resolution of
the original source data. The spatial and classification differences can be seen as visual discontinuities
between classes and spatial distribution of classes along the boundaries of the original source land cover
datasets.

The Alaska 60 meter NED has significant discontinuities in elevation values between adjacent pixels
which produced artifacts, a regular blocky gridded pattern, when modeling the derivative percent slope
data (see Figure B-7). However, since the percent slope map was reclassified into general slope maps
with two classes (i.e., <3 percent slope and >3 percent slope) when parsing out the different coarse-filter
types, the effects of these blocky artifacts is less significant than if the slope map had been parsed into a
much larger number of classes for analysis.
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Figure B-7. Blocky/gridded artifacts in the percent slope map derived from the Alaska 60 meter
National Elevation Dataset.
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The LandFire EVT data has very low published assessed accuracy in Alaska — 23% overall. Accuracy values
for individual EVT classes varied. However, the accuracy assessment was based on an extremely small
and geographically limited set of samples and may not reflect the true accuracy of the LandFire EVT
map. For the several Landfire EVT classes used in the final map, the general distribution patterns reflect
expected patterns based on the concepts for those ecosystems. They represent biodiversity patterns
(peatlands, dunes, polygonal wet sedge tundra and floodplains) in the SNK that are important
components of the ecoregion’s dynamics. Given these considerations, the value of having them
represented in the spatial coarse-filter map provides some benefit to the users. Future work by the
LandFire Program is aiming to improve the mapping and accuracy across Alaska.

B-1.1.2 Aquatic Coarse Filter CEs

SNK MQ113: Where are the important aquatic resources, such as spawning grounds and other
fish habitats? (herring spawning grounds and areas used by waterfowl?)

SNK MQ 114: What is the condition of these various aquatic systems?

B-1.1.2.1 Headwater Streams

Headwater streams were defined as all first and second order streams. In order to obtain accurate
results from the stream order tool in Spatial Analyst, a raster stream network was created using the
terrain processing tools in ArcHydro by following the steps included in Comprehensive Terrain
Preprocessing Using Arc Hydro Tools (Djokic 2008). The terrain preprocessing steps are included in the
model for headwater streams and described in the Processing Methods. Upon completion of the stream
network, the stream order tool in spatial analyst was run to assign Strahler stream order to each stream.

The headwater streams model contains all of the steps used to create the headwater streams dataset.
Detailed descriptions of the terrain preprocessing steps are provided below. The 60 m National
Elevation Dataset for the State of Alaska was clipped to the project boundary as a first step before
implementing any terrain processing steps. In addition, the NHD required merging and clipping to the
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project area boundary so that it could be used in the DEM reconditioning step. The terrain pre-
processing steps were carried out in the following order:

1. Fill sinks. Sinks are areas where water flows, but does not exit and are often an artifact of DEM
construction. Sinks were filled so that all water on the landscape could be directed to the stream
channel.

2. DEM reconditioning. The DEM is reconditioned by burning in the linear stream features to
ensure that the elevations in the DEM match the existing known stream network captured in the
National Hydrography Dataset (NHD). The stream buffer is the number of cells around the linear
feature class around which smoothing will occur and was set at 5 cells. The drop or raise is the
number (in elevation units) that the DEM will be adjusted within the buffer width, which was set
at 10 cells. All features in the flowlines feature class in the NHD classified with ftype = 460
(stream or river) or 558 (artificial path) were exported from the NHD stream dataset and used to
recondition the DEM. In addition, stream segments with uninitialized flow were removed to
avoid creating unnecessary sinks disconnected from the stream network.

3. Fill sinks. Sinks are filled a second time in case any are created during the DEM reconditioning
step.

4. Flow direction. This tool attributes each cell in the DEM with a flow direction based on the
elevation of its neighboring cells. The flow direction values are 1, 2, 4, 8, 16, 32, 64, and 128
depending on the direction that the cell flows into.

5. Flow accumulation. Flow accumulation is the total number of cells that drain to each cell in the
raster. It can also be weighted to calculate watershed metrics.

6. Stream definition. The initiation of streams were defined as having a watershed area of 0.5 km2
to best match the first order streams included in the National Hydrography Dataset. Stream
densities varied throughout the project boundary in the NHD and it is not known if this is due to
real differences in watershed geomorphology that affect stream density or an artifact of
mapping accuracy. Generally, the raster stream network underestimated streams in the
southern portion of the REA study area and overestimated them in the northern portion, as
compared to the NHD.

Upon completion of the stream network, the stream order tool in spatial analyst was used to attribute
stream order to the stream raster dataset. Headwater streams were extracted from the stream order
dataset using map algebra and are defined as all first and second order streams.

B-1.1.2.2 Low-gradient Streams

Low-gradient streams were defined as streams of third order or higher with gradient less than two
percent. A raster stream network was created using ArcHydro's terrain preprocessing tools and a
detailed description of the steps are included in the metadata and model for headwater streams. The
stream network was separated into three habitat types: headwater streams (1°* and 2™ order streams),
low gradient streams (3" order and higher with gradient less than 2%), and rivers (3" order and higher
with gradient greater than 2%). Stream gradient was calculated in a 3 x 3 cell window for the stream
network following the steps in Nagel (2005) and included in the model for low gradient streams.

In order to calculate the stream gradient for each 60 m stream pixel in the stream raster dataset, both
rise and run were calculated in a 3x3 window following the steps in the low gradient stream model and
described 