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Conversion Factors

International System of Units to U.S. customary units

Multiply By To obtain
Length
centimeter (cm) 0.3937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
Area
hectare (ha) 2.471 acre
square kilometer (km?) 247.1 acre
hectare (ha) 0.003861 square mile (mi?)
square kilometer (km?) 0.3861 square mile (mi?)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8 x °C) + 32.

Abbreviations
ANILCA Alaska National Interests Land Conservation Act
ANWR Arctic National Wildlife Refuge
DOI U.S. Department of the Interior
DSM digital surface model
DTM digital terrain model
IfSAR interferometric synthetic aperture radar
NPRA National Petroleum Reserve-Alaska
RMSE root mean square error
USGS U.S. Geological Survey
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A Comparison of Photograph-Interpreted and IfSAR-
Derived Maps of Polar Bear Denning Habitat for the 1002
Area of the Arctic National Wildlife Refuge, Alaska

By George M. Durner and Todd C. Atwood

Abstract

Polar bears (Ursus maritimus) in Alaska use the Arctic National Wildlife Refuge (ANWR) for
maternal denning. Pregnant bears den in snow banks for more than 3 months in winter during which
they give birth to and nurture young. Denning is one of the most vulnerable times in polar bear life
history as the family group cannot simply walk away from a disturbance without jeopardizing survival
of newly born cubs. The ANWR includes the “1002 Area”, a region recently opened for oil and gas
exploration by the U.S. Department of the Interior (DOI). As a part of its mission, the DOI “... protects
and manages the Nation's natural resources ...” and is therefore responsible for conserving polar bears
and encouraging development of energy potential. Because future industrial activities could overlap
habitats used by denning polar bears, identifying these habitats can inform the decisions of resource
managers tasked to develop resources and protect polar bears. To help inform these efforts, we
qualitatively compared the distribution of denning habitat identified by two different methods:
previously published habitat from manual interpretation of aerial photographs, and habitat derived by
computer interrogation of interferometric synthetic aperture radar (IfSAR) digital terrain models
(DTM). Because photograph-interpreted methods depicted denning habitat as a line and IfSAR-derived
methods depicted habitat as a polygon, we assessed agreement between the two methods with distance
measurements. We found that 77.5 percent of IfSAR-derived denning habitat (79.6 km?; 1.2 percent of
the 6,837.0 km? 1002 Area) was within 600 m of photograph-interpreted habitat (3,026.9 km), including
53.9 percent within 200 m. This distribution differed from that of randomly distributed points, as only
49.4 percent of these occurred within 600 m of photograph-interpreted habitat, including 18.3 percent
within 200 m. Both methods appear to identify the major physiographic features that polar bears might
select for denning. [fSAR-derived methods identified habitat at greater frequency beyond major
landscape features such as coastal bluffs, river banks and lakeshores, were more likely to identify
isolated pockets of putative denning habitat, and were easier to implement than deriving habitat from
photograph-interpretive efforts. However, previous research suggests that photograph-interpretation
methods may identify denning habitat more correctly than computer interrogation of IfSAR DTMs.
Future work should quantify the distribution of IfSAR-derived denning habitat relative to actual
landscape features and polar bear maternal dens in the 1002 Area, and investigate the feasibility of
habitat identification from finer grained DTMs.



Background and Summary

Historically, most polar bears (Ursus maritimus) from the Southern Beaufort Sea subpopulation
constructed maternity dens on the sea ice. However, over the last three decades, there has been a
landward shift in the distribution of dens, with most now occurring on land (Fischbach and others, 2007,
Olson and others, 2017). Based on data collected from radio-tagged adult female bears, maternal
denning now occurs at relatively high densities along the central and eastern Arctic coastal plain of
Alaska (Pearce and others, 2018). The availability of denning habitat—mediated by landscape features
that facilitate the formation of snow drifts—appears to increase in the eastern part of the coastal plain
(Durner and others, 2001, 2006).

Durner and others (2006) used manual interpretation of high-resolution aerial photographs to
identify 3,621 km of linear denning habitat within a 7,994 km? area of the Arctic National Wildlife
Refuge (ANWR), which is situated in the eastern side of the Arctic coastal plain. Durner and others
(2006) determined that mapped denning habitats in the ANWR were widely distributed and occurred
along the coast and inland to the Brooks Range, including part of the coastal plain known as the 1002
Area. Congress created the ANWR under the Alaska National Interests Land Conservation Act
(ANILCA) of 1980. Section 1002 of ANILCA designated an area of the coastal plain (that is, the 1002
Area) for potential oil and gas exploration and development.

In December 2017, Federal legislation (that is, Public Law 115-97) was passed that included a
provision to open the 1002 Area to oil and gas exploration and eventual extraction. As a result, there is
renewed interest in estimating the amount and distribution of polar bear maternal denning habitat in the
1002 Area, as a step toward better understanding environmental and biological characteristics of
important polar bear habitats in the ANWR. No evaluation of denning habitat in ANWR has occurred
since that described in Durner and others (2006), despite potential improvements in mapping
methodologies (for example, Durner and others, 2013). Herein, we describe an analysis done to
qualitatively compare maps of maternal denning habitat constructed using manual interpretation of high-
resolution color aerial photographs (as described in Durner and others, 2006) and computer
interrogation of radar-derived digital terrain models (as described in Durner and others, 2013).

Study Area

The ANWR is the largest and northernmost wildlife refuge in the United States, encompassing
7.9 million hectares. The 1002 Area is a 0.6 million ha region on the coastal plain of the ANWR that
lies north of the Brooks Range and south of the Beaufort Sea, with an eastern boundary of the Aichilik
River and a western boundary of the Canning River (fig. 1) (Jorgenson and others, 2002). Sixteen land-
cover classes have been mapped within the ANWR, with moist sedge-tussock tundra, moist sedge-dryas
tundra, wet graminoid tundra, and moist sedge-willow tundra being among the most common land
classes in the 1002 Area (Douglas and others, 2002).



Pearce and others (2018) described how climate conditions of the greater 1002 Area have
changed over the last four decades. Jorgenson and others (2015) stated that the mean annual temperature
at the Kuparuk weather station, 190 km west of the 1002 Area, increased by 2.5 °C between 1984 and
2009 (Western Regional Climate Center, 2010). Regional marine climate conditions also have changed.
For example, warmer air temperatures have been accompanied by rising near-surface sea water
temperatures along the coast, which increased by 1.0-1.5 °C during 20072011 relative to the 1982—
2011 long-term mean (Johannessen and others, 2004; Stroeve and others, 2014). Warmer air and ocean
temperatures have altered sea ice extent and phenology, causing the annual number of days that the
southern Beaufort Sea was covered by ice to decrease at a rate of -17.5 days per decade from 1979 to
2014 (Stern and Laidre, 2016). Since the late 1990s, the mean duration of the open-water season (that is,
period of time when sea ice is largely absent from the biologically productive continental shelf) has
increased by 36 days (Atwood and others, 2016).
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Figure 1. Map showing 1002 Area of the Arctic National Wildlife Refuge, Alaska, including the extent of IfSAR data
(that is, IfSAR tiles) used in this report.



Methods

The boundaries of the 1002 Area were obtained as a geographic information system (GIS)
shapefile (ESRI, Redlands, California) from the U.S. Fish and Wildlife Service, Region 7, Realty and
Natural Resources GIS data page (https://www.fws.gov/alaska/nwr/realty/data.htm; accessed December
21, 2017). We determined that the northern boundary of the original 1002 Area GIS data excluded parts
of barrier islands when overlaid on interferometric synthetic aperture radar (IfSAR) digital terrain
models. To ensure that all lands within the east, west, and southern boundaries of the 1002 Area were
included in our analysis, we extended the northern boundary 500 m seaward. This modified 1002 Area
became the study area used in subsequent analyses and includes all coastal barrier islands, nearshore
marine waters and the area of the Kaktovik Inupiat Corporation (fig. 1).

IfSAR-Derived Maternal Denning Habitat

A digital terrain model (DTM) derived from IfSAR elevation data was used to construct a map
of denning habitat for comparison to the photograph-interpreted map described in Durner and others
(2006). IfSAR data for the 1002 Area of the ANWR (fig. 1) were collected by Intermap Technologies
during July—August 2016 with the Intermap STAR-3i® airborne IfSAR system (Intermap, 2016) and
processed into a digital surface model (DSM). The DSM had a horizontal cell dimension of 5 x 5 m
(1.25 m root mean square error, or RMSE) and a vertical cell resolution of 0.01 m (1.0 m RMSE; Nolan
and Prokein, 2003; Intermap, 2016). The DSM was composed of overlapping 15 % 15 minute (latitude x
longitude) tiles in UTM projection. Intermap Technologies converted the DSM into a DTM by
removing buildings and vegetation so that the final elevation data represented a closer approximation to
the true surface of Earth. DTM projection information is provided in table 1.

Table 1. Projection data for the IfSAR digital terrain models used for estimating polar bear maternal denning habitat
in the Arctic National Wildlife Refuge 1002 Area.

Projection Albers

Datum NADS3

Units meters

1st standard parallel 55 00.00 (degrees minutes seconds)
2nd standard parallel 65 0 0.00 (degrees minutes seconds)
central meridian -154 0 0.00 (degrees minutes seconds)
false easting (meters) 0.0

false northing (meters) 0.0



https://www.fws.gov/alaska/nwr/realty/data.htm

The procedures of Durner and others (2013) were followed and GIS tools were used to identify
individual pixels from the DTM that had an elevation difference of greater than or equal to 1.0 m
between the focal pixel and all surrounding pixels within a 3 x 3 neighborhood. Pixels meeting this
criterion were deemed sufficient to facilitate the accumulation of drifting snow to allow polar bears to
den (that is, polar bear maternal denning habitat). Identified pixels were converted into an ESRI polygon
coverage. No field measurements were available with which to assess the ability of IfSAR to identify
polar bear maternal denning habitat correctly in the 1002 Area. However, Durner and others (2013)
determined that similar methods used on IfSAR data in the National Petroleum Reserve—Alaska
correctly identified 82 percent of denning habitat.

Photograph-Interpreted Maternal Denning Habitat

An ESRI line coverage of features depicting putative linear maternal denning habitat was created
from photograph-interpretation methods for the ANWR coastal plain (Durner and others, 2006; obtained
from https://alaska.usgs.gov/science/biology/polar bears/products.html, accessed January 2018).
Denning habitat was derived by manual interpretation of high-resolution aerial photographs (scale: 1
centimeter (cm) = 178.6 m), which were subsequently digitized (Durner and others, 2001). The final
denning habitat map was ground-truthed with 127 survey transects that radiated west, south, and east
from the general vicinity of Barter Island (see Durner and others, 2006, fig. 1). Additionally, 38 polar
bear dens located in years prior to the mapping effort were used as a qualitative check of mapped
habitat. The photograph-interpreted denning habitat map was in agreement with the distribution of 84
percent (32) of the 38 known dens and 91.5 percent of denning habitat measured in the field (Durner
and others, 2006).

Comparing Photograph-Interpreted Denning Habitat to IfSAR-Derived Denning Habitat

Durner and others (2001) determined that the distance between mapped denning habitat and the
actual features on the ground averaged 32.0 m (standard deviation: £29.2 m). Ground-truthing of
IfSAR-derived denning habitat on the 1002 Area has not been done; hence, a similar estimate of spatial
error was not possible. Therefore, we limited the horizontal error for IfSAR pixels to 1.25 m RMSE
(Intermap, 2016). Because photograph-interpreted denning habitat was composed of lines, it was not
possible to estimate the actual area of the habitat to directly compare to IfSAR-derived habitat
(composed of polygons). As a result, we compared proximity of features between the two methods
instead of area of overlap. We assumed that IfSAR habitat less than or equal to 62.45 m from
photograph-interpreted habitat implied agreement between the two methods. This assumption
accommodated most human error in drafting the original lines that delineated denning habitat, potential
errors in 1:63,360 topographical maps used (Durner and others, 2006), and the estimated horizontal
error of IfSAR pixels (Intermap, 2016). GIS distance tools were used to measure the proximity of
features derived from the two methods. Differences were qualitatively compared as a histogram with
frequencies by 200 m distance bins.

The resulting large abundance of IfSAR denning habitat polygons (see section, “Results™)
suggested that the distribution of IfSAR-derived habitat could reflect a uniform distribution across the
1002 Area. To compare the actual distribution of IfSAR habitat to a uniform distribution, we used
randomly distributed points as a proxy of denning habitat across the landscape. Then the proximity
between random points and photograph-interpreted habitat was measured and this distribution was
qualitatively compared as a histogram with frequencies by 200 m distance bins overlaid on IfSAR
distance bins.


https://alaska.usgs.gov/science/biology/polar_bears/products.html

Results

The original study area as defined by U.S. Fish and Wildlife Service, Region 7, was 6,741.1 km?
for the 1002 Area and 0.55 km? for the village of Kaktovik. After applying a 500 m seaward extension
to the northern border, the entire study area, including marine waters within the 500 m seaward
extension, was 6,837.0 km?.

IfSAR-Derived Maternal Denning Habitat

A total of 152,503 unique polygons comprising 79.6 km? of polar bear maternal denning habitat
were derived from the interrogation of the IFSSAR DTM. This represented 1.2 percent of the 6,837.0 km?
1002 Area.

Photograph-Interpreted Maternal Denning Habitat

The total length of photograph-interpreted denning habitat within the 1002 Area was 3,026.9
km. Durner and others (2006) found the distribution of photograph-interpreted denning habitat was
uniform throughout the coastal plain of the ANWR.

Comparison of Photograph-Interpreted Denning Habitat to IfSAR-Derived Denning Habitat

The distribution of IfSAR-derived denning habitat polygons generally occurred in close
proximity to photograph-interpreted linear denning habitat (fig. 2). Distance measures between IfSAR-
derived and photograph-interpreted denning habitat showed that 82,201 IfSAR polygons (53.9 percent)
occurred within 200 m of photograph-interpreted linear denning habitat, including 17,654 IfSAR
polygons (11.6 percent) within the assumed 62.45 m mapping error. Area within 600 m of photograph-
interpreted habitat included 118,260 (77.5 percent) IfSAR polygons (fig. 2). This distribution differs
from that of 152,503 locations distributed randomly within the 1002 Area. For random locations, 28,156
(18.3 percent) were within 200 m of photograph-interpreted habitat and 75,296 (49.4 percent) were
within 600 m (fig. 2). Hence, IfSAR-derived habitat was spatially distributed closer to photograph-
interpreted habitat than could be expected by chance. Whereas photograph-interpreted habitat generally
followed linear landscape features that could be recognized by the cartographer drafting the habitat
maps, IfSAR-derived habitat also included discontinuous, finer-scale landscape features, demonstrating
the ability of computer processing to capture isolated pockets of suitable habitat that were not
recognized in manual interpretation of aerial photographs (fig. 3).
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Figure 2. Distance between [fSAR-derived maternal denning habitat polygons (n = 152,503) and random locations
(n =152,503) within the 1002 Area of the Arctic National Wildlife Refuge, to photograph-interpreted maternal
denning habitat lines (n = 4,458). Bins are centered within 200 m intervals. The comparison suggests a high level of
spatial agreement between polar bear denning habitats derived with IfSAR (polygons) and habitat derived from
photograph-interpretation (lines), and that IfSAR-derived habitat is not uniformly distributed. The x-axis has been
truncated to 4,750 meters (m).
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Figure 3. Comparisons of photograph-interpreted and IfSAR-derived polar bear maternal denning habitat in the
1002 Area of the Arctic National Wildlife Refuge, Alaska. Photograph-interpreted habitat followed large and easily
identified terrain features identified on aerial photographs. IfSAR-derived habitat identified landscape nuances
including isolated pockets of suitable habitat. (Note delineated habitat on lakeshores and in braided rivers).



Discussion

The qualitative comparison of IfSAR-derived and photograph-interpreted maps indicated that
differences exist in the ability of the two methods to identify the same maternal denning habitat in the
ANWR. Terrain features suitable for denning habitat in the ANWR mostly include large segments of the
coast and river- and streambanks (Durner and others, 2006) and denning habitat identified by both
mapping methods consisted mostly of those features.

It is important to reiterate that the two methods were not easily comparable due to the previously
mentioned differences in the initial formats of the respective datasets. fSAR-derived denning habitat
was formatted as polygons, which allowed the areal estimation of denning habitat. Photograph-
interpreted denning habitat was formatted as lines, allowing the linear estimation of denning habitat.
Therefore, only an indirect comparison (proximity) between these two methods is possible. Although
we attempted to account for the potential spatial error when assessing agreement between the two
methods, we note that, unlike photograph-interpreted habitat, we lacked a similar field error estimate for
IfSAR-derived habitat. Therefore, we can reasonably expect that the spatial error we used (that is, 62.45
m) would have been larger if we had verified IfSAR denning habitat in the field. This could have
suggested greater agreement between the two methods, by virtue of a larger spatial error. Hence, the
results presented in this report are conservative.

Despite what appears to be a large discrepancy in the distribution of photograph-interpreted lines
and IfSAR-derived polygons, non-overlapping features from each method often were in close proximity.
For example, photograph-interpreted habitat often bordered the large banks on both sides of braided
rivers and small pockets of IfSAR-derived habitat within the river corridor (fig. 3). More than 77
percent of IfSAR-derived habitat was less than 600 m from photograph-interpreted maternal denning
habitat and our comparison to distances from randomly derived locations suggests the observed
distribution was a function of habitat and not chance. Both photograph- and IfSAR-derived habitats
capture the major physiographic features that polar bears may select for denning.

Durner and others (2013) determined that an IfSAR-derived DTM used to map maternal denning
habitat for the National Petroleum Reserve—Alaska (NPRA) had a greater omission error rate (18
percent) than photograph-interpreted methods (8.5 percent) used for the ANWR (Durner and others,
2006). Durner and others (2013) suggested two reasons why a greater omission error could be expected
from analysis of IfSAR data. First and probably most important, the 5 x 5 m pixel size of IfSAR
imagery may preclude its ability to resolve very-fine scale landscape features suitable as maternal
denning habitat. Of polar bear maternal den chambers (that is, the cavity where the adult and her cubs
will spend the winter) measured in the field, the maximum width was 190 cm and there was an average
of 72 cm of snow between the interior of the den and the environment (Durner and others, 2003).
Assuming that dens have a circular area (radius 95 + 72 c¢m), the footprint of a polar bear den could be
8.76 m?. This is a magnitude smaller than the area of an IfSAR pixel (25 m?). Hence, landscape features
suitable for accumulating snow sufficient for denning are sometimes not detected by IfSAR sensors or
identified by subsequent processing of IfSAR data. Second, vertical accuracy could influence the
outcome. Although the vertical resolution of the native DSM was 0.01 m, independent estimation of the
vertical accuracy was greater than or equal to 0.46 m RMSE (Mercuri and others, 2006). This means
that differences as small as 1 cm between IfSAR data and the true landscape could make the difference



between a cell classified as denning habitat or not. Altering the minimum threshold elevation difference
(that is, less than 1.0 m) between neighboring IfSAR pixels will reduce the omission error rate for
identifying denning habitat (Durner and others, 2013). However, by reducing the threshold for fSAR
pixel capture the error rate for false positive denning habitat will also increase, causing the method to
identify more polygons of denning habitat than actually occurs on the landscape. Durner and others
(2013) estimated a 25 percent error rate for false positives when the selection threshold was set at 1.0 m,
compared to an approximately 10 percent error rate for false positives when the selection threshold was
1.3 m.

Both IfSAR-derived and photograph-interpretation methods for identifying potential polar bear
maternal denning habitat similarly identify major landscape features. Manual photograph-interpretive
methods appeared to correctly identify 95.5 percent of denning habitat (Durner and others, 2006).
Because field verification is lacking within the 1002 Area for IfSAR-derived habitat we were not able to
make a similar assessment, but correct identification is likely lower (that is, near 82 percent; Durner and
others, 2013). Photograph-interpretive cartography methods are labor-intensive, so reassessing habitat is
costly and does not lend itself to adjusting thresholds. For example, once photograph-interpreted
denning habitat is identified it is not known whether the denning habitat is 1 or 5 m in height. In
contrast, IfSAR elevation data provide a relatively cost-effective (after initial collection), flexible and
repeatable means for identifying most polar bear maternal denning habitat within a region. Previous
work (Durner and others, 2013) and this report suggests that fSAR data have limitations that may be
surmounted with DTMs whose pixel size is reduced to that of the average footprint of a typical polar
bear maternal den.

Summary

We qualitatively compared two methods for identifying polar bear maternal denning habitat in
the ANWR 1002 Area. We determined that manual photograph-interpretive methods and computer
processing of fSAR DTMs produce similar estimates on the distribution of denning habitat.
Differences exists between the two methods in their ease of execution, their output, and the accuracy of
output relative to actual landscape features. Future investigations should ground-truth IfSAR-derived
denning habitat to quantify precision and omission of actual polar bear maternal denning habitat on the
ANWR 1002 Area.
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