KS

DUCKS
UMLINMITED

U.S. Department of the Interior BLM-Alaska Technical Report 47
Bureau of Land Management - ~ : BLM/AK/ST-02/020+6500+931
October 2002

U.S. Department of the Interior -
U.S. Fish and Wildlife Service :

Ducks Unlimited, Inc.

Innoko Earth Cover
Classification



http:�.............�

Mission Statement

The Bureau of L.and Management (BLM) sustains the health, diversity and productivity of the public lands for
the use and enjoyment of present and future generations.

Partners

The Department of the Interior, Bureau of Land Management, U.S. Fish and Wildiife Service, and Ducks
Unlimited, Inc. completed this project under a cooperative agreement.

Cover

The cover photo shows a portion of the Innoko National Wildlife Refuge. It depicts the remoteness of the
area and the need to use helicopters for data collection.

Technical Reports

Technical Reports issued by the Bureau of Land Management-Alaska present the results of research,
studies, investigations, literature searches, testing, or similar endeavors on a variety of scientific and
technical subjects. The results presented are final, or are a summation and analysis of data at an
intermediate point in a long-term research project, and have received objective review by peers in the
author’s field.

The reports are available while supplies last from BLM External Affairs, 222 West 7th Avenue, #13,
Anchorage, Alaska 99513 (907) 271-3318 and from the Juneau Minerals Information Center, 100 Savikko
Road, Mayflower Island, Douglas, AK 99824, (307) 364-1553. Copies are also available for inspection at
the Alaska Resource Library and Information Service (Anchorage), the United States Department of the
Interior Resources Library in Washington, D. C., various libraries of the University of Alaska, the BLM
National Business Center Library (Denver) and other selected locations.

A complete bibliography of all BLM-Alaska scientific reports can be found on the Internet at:
http://www.ak.bim.gov/affairs/sci_rpts.htmi.

Related publications are also listed at:
http://juneau.ak.blm.gov.
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Abstract

The Bureau of Land Management (BLM) — Alaska and Ducks Unlimited, Inc. (DU) have been
cooperatively mapping wetlands and associated uplands in Alaska using remote sensing and
geographic information system (GIS) technologies since 1988. The goal of this project was to
continue the mapping effort by mapping the Innoko National Wildlife Refuge (INWR) and
surrounding BLM, Native, and State lands—hence called the Innoko Earth Cover Mapping
Project (approximately 22 million acres). Because the entire project area was so large, three sub-
project areas were defined: the Innoko National Wildlife Refuge (INWR), the Unalakleet arca,
and the Aniak area. Sub-project boundaries were delineated using several factors, including
acquisition dates of available Landsat images, limitations in field logistics, geographic features,
and political boundaries (i.e. - mapping the entire INWR in one sub-project area). Fieldwork,
image classification, and accuracy assessment were completed independently for each of the sub-
project areas. The digital maps produced for the three areas were mosaicked post-classification
to produce an earth cover map for the entire Innoko project area. A total of six Landsat
Thematic Mapper (TM) satellite scenes (two for INWR: Path 76, Rows 15 and 16, acquired
August 26, 1991; three for the Unalakleet area: Path 77 Rows 15-17, acquired August 8, 1995;
and one for the Aniak portion: Path 76 Row 17, acquired August 26, 1991) were used to classify
the project area into 34 earth cover categories. An unsupervised clustering or seeding technique
was used to determine the location of field sites and a custom field data collection card and
digital database were used to record field information. Helicopters were utilized to gain access
to field sites throughout the project area. Global positioning system (GPS) technology was used
both to navigate to pre-selected sites and to record locations of new sites selected in the field.
Data were collected on 1,544 field sites during a 17-day field season from July 17, 1998 through
August 2, 1998. A modified supervised/unsupervised classification technique was performed to
classify the satellite imagery. The classification scheme for the earth cover inventory was based
on Viereck et al. (1992) and revised through a series of meetings coordinated by the BLM —
Alaska and DU. The overall accuracy at the +/-5% level of variation for each project area was
86%, 80%, and 84% for the Aniak, Unalakleet, and INWR areas, respectively. The cooperators
in this project were the Bureau of Land Management-Alaska, the U.S. Fish and Wildlife Service,
and Ducks Unlimited, Inc.
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Introduction

The Bureau of Land Management (BLM) —
Alaska and Ducks Unlimited, Inc. (DU)
have been cooperatively mapping wetlands
and associated uplands in Alaska using
remote sensing and geographic information
system (GIS) technologies since 1988
(Ritter et al. 1989). The earliest mapping
projects focused exclusively on mapping
wetlands (Ritter ef al. 1989) but it soon
became apparent that mapping the entire
landscape was more cost-effective and
ultimately more useful to land managers.
The BLM is currently in the process of
creating a satellite inventory of all BLM
managed lands in Alaska. Many other
agencies in Alaska (i.e. National Park
Service, U.S. Fish and Wildlife Service,
U.S. Forest Service, Alaska Department of
Natural Resources, Alaska Department of
Fish and Game) are also using similar
techniques, and cooperating on multi-agency
mapping projects. This project represents a
cooperative effort between the BLM, the
Innoko National Wildlife Refuge (INWR),
and DU to map the INWR and the BLM’s
Unalakleet area lands, as well as State and
Native lands between and surrounding the
Refuge and BLM lands. The objective of
this earth cover mapping project is to
provide an inventory of Alaska’s land base
that can be used for regional management of
land and wildlife. The earth cover database
will allow researchers, biologists, and
managers to define and map crucial areas for
wildlife, to perform analysis of related
habitats, to detect changes in the landscape,
to plot movement patterns for large
ungulates, to generate risk assessments for
proposed projects, and to provide baseline
data to which wildlife and sociological data
can be related.

Innoko Earth Cover

Landsat Thematic Mapper (TM) satellite
imagery was chosen as the primary source
for the BLM/DU earth cover mapping effort.
Satellite imagery offers a number of
advantages for region-wide projects. It is a
cost-effective data source for regional
mapping; can be processed using automated
mapping techniques; and is collected on a
cyclical basis, providing a standardized data
source for future database updates or change
detection studies (Kempka et al. 1993). In
addition, TM imagery includes a mid-
infrared band, which is sensitive to both
vegetation and soil moisture content and has
proven useful in identifying earth cover
types. When combined with other GIS data
sets, such as elevation, slope, aspect, shaded
relief, and hydrology, Landsat TM imagery
can produce highly accurate classifications
with a moderately detailed classification
scheme.

The Innoko Earth Cover Mapping Project
area contains highly diverse landscapes and
is important for its wildlife and recreational
values. The project boundary (Figure 1)
stretches from just north of the village of
Koyuk, on Norton Sound, southward along
Norton Sound to the northeast portion of the
Yukon Delta National Wildlife Refuge near
Russian Mission, to the Russian Mountains
in the east, moving north to include most of
the INWR, and then northwest back towards
Koyuk. The eastern and northern
boundaries of the project area are defined by
the extent of the satellite images purchased
for the project. The project area
encompasses approximately 22 million acres
and includes lands owned or managed by
several Federal and State agencies, Native
corporations, and private landowners



(Figure 2 and Table 1). Geographically
located in the Yukon and Kuskokwim River
drainages, this area is vital habitat for many
types of waterfowl and for a large
population of moose. The upland areas are
in the migration paths of the Mulchatna and
Western Arctic caribou herds, and have
significant populations of bears and wolves.
The Innoko Earth Cover Mapping Project
covers approximately 400 miles of the
Yukon River and almost 70 miles of the
Kuskokwim River drainage. The data
gathered from this project will assist in the
critical process of resource planning for this
valuable and diverse area.

Project Objective

The objective of this project was to develop
a baseline earth cover inventory using
Landsat TM imagery for the INWR, the
BLM’s Unalakleet area lands, and
surrounding Native, State, and Federal
lands. More specifically, this project
purchased, classified, field verified, and
produced high quality, high resolution
digital and hard copy resource base maps.
The result of this project is an integrated
GIS database that can be used for improved
natural resources planning.

Project Area

Aniak Project

The Aniak Project makes up the southern
portion of the Innoko Earth Cover Mapping
Project. This portion of the greater Innoko
Project is named for the town of Aniak
located at the intersection of the Aniak and
Kuskokwim Rivers, which is roughly the
center of the project area. The project area is
sectioned into thirds in a north-east to south-
west direction by the Yukon and
Kuskokwim Rivers, with the Yukon River
cutting through the north-west third, and the

Innoko Earth Cover

Kuskokwim River sectioning off the south-
eastern third of the project area. The project
area extends to the west of Aniak including
the town of Russian Mission. To the north,
the project is bounded by the town of Holy
Cross, and to the south extends into the
Kilbuck Mountains. The eastern border of
the project runs from the eastern edge of the
Russian Mountains, south to the Kilbuck
Mountains. The project covers portions of
the Russian Mission, Slectemute, and Bethel
1:250,000 United States Geological Survey
(USGS) scale quadrangles.

A diverse selection of habitat is represented
in the Aniak Project, from the innumerable
small lakes and lowland black spruce
muskeg of the Kuskokwim and Yukon River
drainages, to the rock and lichen peaks of
the Kilbuck and Russian Mountains at
elevations of 3000 feet. A diverse
population of wildlife is present in the Aniak
Project area. Large populations of moose
were observed and logged with their
position and physical characteristics for use
in the Bureau of Land Management’s
wildlife database. A variety of waterfowl
and other bird species were also observed,
including sandhill cranes, northern harriers,
tundra swans, short-eared owls, and
ptarmigan.

Unalakleet Project

The Unalakleet Project encompasses the
western half of the Innoko Earth Cover
Mapping Project area. The Yukon River
forms the eastern boundary. The northern
boundary is defined by the extent of the
Landsat image for path 77, row 15. The
eastern boundary is formed by Norton
Sound and a 10-mile buffer along the
western edge of the Unalakleet, Holy Cross,
and Russian Mission 1:250,000 scale USGS
quadrangles. The Unalakleet Project
includes the majority of BLM lands within

e
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Inoko
Earth Cover Mapping
Project Area

Figure 1. Map of Innoko mapping project location and sub-project boundaries.

Table 1. Acreage of project area by land status.

Land Status Acres
Bureau of [.and Management 5,937,690
U.S. Fish and Wildlife Service 6,969,010
Stated Patent or TA 1,862,132
State Selected 2,333,599
Native Patent or IC 3,411,948
Native Selected 1,362,680
Military 8,829
Private 1,921
Total 21,887,809
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the Innoko Project area. The project area is
very diverse and contains two major
ecoregions; the coastal plains near Norton
Sound in the west, and the more interior-
likeboreal forest and river flats along the
Yukon River drainage and in the Nulato
Hills in the east.

The western half of the project area is flat,
mostly treeless, plains and treeless rolling
hills that are influenced by coastal weather
patterns. These areas, near Norton Sound,
are comprised primarily of tussock tundra,
dry graminoid, and dwarf shrub cover types,
with stringers of tall shrub, low shrub, and
deciduous trees in riparian areas, and tall
shrub and low shrub on hill-slopes. The
tundra and dwarf shrub plains contain
significant amounts of lichen, which
provides an important food source during
the annual migration of the Western Arctic
caribou herd.

The eastern portion of the Unalakleet Project
is comprised of rolling hills of needleleaf
and deciduous trees along the Yukon River.
The northern portion includes higher
elevations in the Nulato Hills, containing
dwarf shrub, dwarf shrub lichen and sparse
vegetation on the hilltops, and boreal forest
types in the valleys and at lower elevations.
The southern portion of the project area is
within the flats of the Yukon River drainage,
including portions of the Yukon Delta
National Wildlife Refuge (NWR), and has
numerous, small lakes and ponds, wetlands,
and dwarf shrub/dry graminoid uplands
between the waterbodies.

Innoko National Wildlife Refuge Project
The Innoko National Wildlife Refuge
(INWR) Project encompassed the majority

of INWR lands. A small portion of INWR
is located to the north, beyond the extent of
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the Landsat imagery, and was, therefore, not
mapped as part of this project.

The Yukon River flows along the north and
west sides of the project area and also serves
as the boundary between the Unalakleet and
INWR projects; the Innoko River bisects the
southern portion of the INWR from the
northeast to the southwest. The project area
extends south of the INWR and includes the
town of Flat and the old settlement of
Iditarod. The town of McGrath lies
approximately 100 miles outside the east
boundary of the INWR project. Portions of
the following 1:250,000 USGS scale
quadrangles are included in the project area:
Nulato, Ophir, and Iditarod. This project
area contains a variety of lowland
environments primarily around lake
complexes, streams and rivers. Much of the
vegetation found in these areas, including a
variety of floating and emergent vegetation,
sedges, mosses, lichens, shrubs, and black
spruce, is associated with bogs and muskegs.
The upland vegetation is primarily black
spruce with lichen understory, birch, and a
variety of shrubs. Much of the area contains
little relief. Outside the northern section of
the INWR, however, the Kaiyuh Mountains
extend to just above 2000 feet and contain
various herbaceous or barren cover types
such as tussock tundra, sedge meadows,
lichens, and rock.

Moose, bear, and beaver can be found
throughout the project area, as well as
variety of waterfowl and shorebird species,
including white fronted geese, northern
pintail, American wigeon, green-wing teal,
scaup spp., canvasback, lesser yellowlegs,
snipe, and dowitcher spp. Much of the
project lies in a low, well-drained area and is
heavily impacted by fire. The central and
southern part of INWR is made up of mossy
bogs and hummocks with abundant wetland
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vegetation (sedges, grasses, and other
herbaceous species) surrounding lake
complexes, while much of the northern and

eastern regions near the Yukon River are
covered with black spruce and a variety of
shrubs.

AX.
*

General Status
Innoko Project Area

[] Bureau of Land Management
[] Fish and Wildlife Service

| Nilitary

# Native Patent or IC

[] Mative Selected

[] Pavate
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Figure 2. General status within the Innoko mapping project area.

Data Acquisition

A total of scven Landsat TM satellite scenes
were used in this project: Two for INWR -
Path 76, Rows 15 and 16, acquired August
26, 1991; three for Unalakleet - Path 77,
Rows 15-17, acquired August 8, 1995; and
one image for Aniak - Path 76, Row 17,
acquired August 26, 1991 (Figure 3). The
scenes were purchased from EROS Data
Center in Universal Transvers Mercator

Innoko Earth Cover

(UTM) projection and were terrain-corrected
by EROS Data Center.

Field data for all project areas was collected
from July 17 to August 2, 1998. The
ancillary data used in this project included
1:65,000 scale aerial photographs (color
infrared transparencies from 1976, 1978,
1984, and 1985) on loan from the BLM
Alaska State Office, as well as USGS
1:63,360 scale Digital Elevation Models
(DEM).



Innoko Project Area
Landsat 7 TM Images

Path 77, Raws 15-17
August 8, 1995

Path 76. Rows 15-17
August 26, 1991

Kilometers

50
e Mlilas
50 25 0

Figure 3. The satellite imagery used for the Innoko earth cover mapping project. Sub-project boundaries
shown in yellow,
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Methods

Classification Scheme

The classification system (Table 2)
categorized the features to be mapped. The
system was derived from the anticipated
uses of the map information and the features
of the earth that could be discerned by
Landsat Thematic Mapper (TM) data. The
classification system had two critical
components: (1) a set of labels (e.g., forest,
shrub, water); and (2) a set of rules, or a
system for assigning labels. The set of rules
for assigning labels was mutually exclusive
and totally exhaustive (Congalton 1991).
That is, any given area fell into only one
category and every area was to be included
in the classification.

Until recently, the BLM/DU classification
systems were project-specific. As projects
expanded in size, and as other cooperators
began mapping and sharing data across
Alaska, the necessity for a standardized
classification system became apparent. At
the BLM Earth Cover Workshop in
Anchorage from March 3-6, 1997, a
classification system based on the existing
Alaska Vegetation Classification (Viereck et
al., 1992) was designed to address this need.
The goal of this meeting was to: (1) develop
an earth cover classification system for the
State of Alaska that can be used in large
regional mapping efforts, and (2) build
consensus for the system among multiple
land management agencies. The
classification system has been slightly
improved since this meeting.

The classification scheme consisted of ten
major categories and 27 subcategories. A
classification decision tree and written
description (Appendices A and B) were

Innoko Earth Cover

developed to clarify the classification.
Though based largely on Level 11 of the
Viereck et al. (1992) classification, some
classes have been modified, added or
omitted for the earth cover mapping
projects: €.g., rock, water, ice, cloud and
shadow classes were added. Other classes
that could not reliably be discerned from
satellite imagery were collapsed, such as
open and closed low shrub classes, or dryas,
ericaceous, willow, and dwarf shrub classes.
Because of the importance of lichen for site
characterization and wildlife, and because
the presence of lichen can be detected by
satellite imagery, shrub and forested classes
with and without a component of lichen
were distinguished. A few classes from
Level IV of the Viereck et al. (1992)
classification were also mapped because of
their identifiable satellite signature and their
importance for wildlife management. These
Level IV classes included tussock tundra
and low shrub tussock tundra.

Image Preprocessing

Each image was examined for quality and
consistency. Each band was examined
visually and statistically by reviewing the
histogram. Combinations of bands were
displayed to check for band to band
registration and for clouds, shadows, and
haze. Positional accuracy was checked by
comparing the image to available ancillary
data such as adjacent imagery, hydrography,
or Digital Elevation Models (DEM’s).

To optimize helicopter efficiency, field sites
were identified and plotted on field maps
before ficldwork began. Sufficient samples
for each mapped class were selected to span
the variation of spectral responses within



Table 2. Classification scheme developed at the BLM Earth Cover Workshop

Level I
1.0 Forest

2.0 Shrub

3.0 Herbaceous

4.0 Aquatic Vegetation

5.0 Water

6.0 Barren

7.0 Urban
8.0 Agriculture
9.0 Cloud/Shadow

10.0 Other

Level II/1II

1.1 Closed Needleleaf
1.2 Open Needleleaf

1.3 Woodland Needleleaf

1.4 Closed Deciduous

1.5 Open Deciduous

1.6 Closed Mixed Needleleaf/Deciduous
1.7 Open Mixed Needleleaf/Deciducus

2.1 Tall Shrub
2.2 Low Shrub

2.3 Dwarf Shrub

3.1 Bryoid

3.2 Wet Herbaceous

3.3 Mesic/Dry Herbaceous

4.1 Aquatic Bed
4.2 Emergent Vegetation

5.1 Snow

5.2 Ice

5.3 Clear Water
5.4 Turbid Water

6.1 Sparsely Vegetated
6.2 Rock/Gravel
6.3 Mud/Silt/Sand

9.1 Cloud
9.2 Shadow

Level 1V

1.210pen Needleleaf Lichen
1.31 Woodland Needleleaf Lichen

1.41 Closed Paper Birch

1.42 Closed Aspen

1.43 Closed Balsam Poplar/Cottonwood
1.44 Closed Mixed Deciduous

1.51 Open Paper Birch

1.52 Open Aspen

1.53 Open Balsam Poplar/Cottonwood
1.54 Open Mixed Deciduous

2.21 Low Shrub Willow/Alder
2.22 Low Shrub Tussock Tundra
2.23 Low Shrub Lichen

2.24 Low Shrub Other

2.31 Dwarf Shrub Lichen
2.32 Dwarf Shrub Other

3.11 Lichen
3.12 Moss

3.21Wet Graminoid
3.22 Wet Forb

3.31 Tussock Tundra

3.32 Mesic/Dry Sedge Meadow
3.33 Mesic/Dry Grass Meadow
3.34 Mesic/Dry Graminoid
3.35 Mesic/Dry Forb
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that class throughout the entire image. For
example, a shrub class in the southern part
of an image may have a different spectral
response than the same shrub class in the
northern part of that image. Many factors
contribute to such variation, including
aspect, terrain shadow, or small differences
in soil moisture. In addition, each earth
cover type encompassed a variety of
subtypes; e.g., the open needleleaf class
included forested arcas with 25%-60%
crown closure, trees of varying height, and a
diverse understory composition.

An unsupervised classification was used to
identify spectrally unique areas within the
study areca. The image analyst individually
selected training sites from these spectrally
unique arcas. Whenever possible, training
sites were grouped in clusters to reduce the
amount of travel time between sites. The
image analyst also tried to place training
sites near landmarks that were casily
recognizable in the field, such as lakes,
streams, or abrupt changes in cover type. A
tally of the estimated number of field sites
per class was kept until all of the target map
classes were adequately sampled throughout
the project area. The coordinates of the
center points of the field sites were then
uploaded into a Y-code Rockwell Precision
Lightweight Global Positioning System
Receiver (PLGR) for navigational purposes.
Training sites were overlain with the
satellite imagery and plotted at 1 inch =1
mile scale. These field maps were used for
recording field notes, placing additional
ficld sample sites, and navigating to field
sites.

Field Verification

The purpose of ficld data collection was to
assess, measure, and document the on-the-
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ground vegetation variation within the
project area. This variation was correlated
with the spectral variation in the satellite
imagery during the image classification
process. Low-level helicopter surveys were
a very effective method of field data
collection since a much broader area was
covered with an orthogonal view from
above, similar to a satellite sensor. In
addition, aerial surveys were the most
efficient alterNative due to the large area
and the lack of roads throughout the project
area.

To obtain a reliable and consistent field
sample, a custom field data collection form
(Kempka et al., 1994) was developed and
used to record field information (Figure 4).
Five-person helicopter crews performed the
field assessment. Each crew consisted of a
pilot, biologist, recorder, navigator, and
alternate. The navigator operated the GPS
equipment and interpreted the satellite
image dertved field maps to guide the
biologist to the pre-defined field site. It was
valuable for the image processor to gain
first-hand knowledge of the project area,
therefore, the image processor also fulfilled
the role of the navigator. The biologist
identified plant species, estimated the
percent cover of each cover type,
determined the overall earth cover class, and
photographed the site. The recorder wrote
species percentages and other data on the
field form and generally assisted the
biologist. The aliernate was responsible for
crew flight following, data entry, and
substitution in case of sickness. The
majority of sites were observed without
landing the helicopter. Ground verification
was performed when identification of
dominant vegetation was uncertain. These
BLM /DU procedures for collecting field
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data have evolved into a very efficient and
effective means of data collection. The
navigator used a GPS to locate the site and
verified the location on the field map. As
the helicopter approached the site at about
300 meters above ground level, the
navigator described the site and the biologist
took a picture with a digital camera. The
pilot then descended to approximately two
to five meters above the vegetation and
laterally moved across the site while the
biologist called out the vegetation to the
recorder. The biologist took another picture
with the digital camera for a close-up view
of the site. The pilot then ascended to
approximately 100 meters so the biologist
could estimate the percentages of each
species for the recorder. The navigator then
directed the pilot to the next site. On
average, it took approximately five to eight
minutes to collect all of the information for
one site.

Field Data Analysis

The collected field information was entered
into a digital database using the Ducks
Unlimited Field Form (DUFF) custom data
entry application, designed jointly by the
BLM and DU and programmed by
GeoNorth. The relational database was
powered by SQL Anywhere software, while
the user interface was programmed in Visual
Basic. The user interface was organized
similarly to the field form to facilitate data
entry (Figure 5). The application utilized
pull down menus to minimize keystrokes
and checked for data integrity to minimize
data entry errors. The database program
also calculated an overall class name for
cach site based on the recorded species and
their cover percentages. Digital images
from each site were stored in the database

Innoko Earth Cover

and were accessible from within the user
interface. The number of field sites per
earth cover class was tracked daily to ensure
that adequate samples were being obtained
within each class.

Classification

Every image is unique and presents special
problems in the classification process. The
approach used in this project (Figure 6) has
proven successful over many years. The
image processors were actively involved in
the field data collection and had first-hand
knowledge of every training site. The image
processors’ site-specific experience and
knowledge, in combination with high quality
ancillary data, overcame image problems to
produce a high quality, useful product.

Erdas Imagine (vers. 8.4) was used to
perform the classification and manage all
raster datasets. Arclnfo (vers. 7.2.1 and
vers. 8.0.1) was used to manage the field site
polygons and all other vector datasets.
Various word processing and data analysis
software packages were also used during the
image classification including Microsoft
Word, Excel, and Access.

Generation of New Bands

The Landsat TM imagery contained seven
bands of data: three visible bands, one near-
infrared band, two mid-infrared bands, and
one thermal band. One new band was
generated for this project. This new band
was created using a band-4/band-3 ratio, a
band ratio that typically reduces the effect of
shadows in the image and enhances the
differences between vegetation types
(Kempka ef al. 1995, Congalton et al. 1993).
This 4/3 ratio band replaced the thermal

11



'-,‘ i‘-

High Photo

ubDservel S

TFOREST- CLOSED MEEDLELEAF
— FOREST- OPEM NEEDLELEAF
'|"IFOREST- OPEN NDLF-LICHEN _
[ FOREST- WOODLAND NEEDLELEAF
| FOREST- WOODLND NDLLF-LICHEN
[ FOREST- CLOSED DECIDUOUS
[~ FOREST- OPEN DECIDUOUS
: -CLOSED MIXED
I FOREST- DPEN MIXED
] SHRUB- TALL
] SHRUB- SAZAL LOW
i1 SHRUB- TUSSOCK LOW
I SHRUB- OTHER LOW
1 SHRUB- OTHER LOW-LICHEN
] SHRUB- DWARF
0 SHRUB- DWARF-LICHEN
"] HERBACEOUS- LICHEN
T THERRACEDUS- MOSS

| POPULUS TREMULDIDES
] ALNUIS CRISPA
| BETULA PAPYRIFERA

ROSA ACICULARIS

MOSS

BARE GROUND
CEAGLAUCA

| GRASS

"ASPEN,QUAKING

(GREEN

BIRCH,PAPER
{ROSE PRICKLY

MOSS
BARE GROUND

Figure 5. The customized database and Ducks Unlimited Field Form (DUFF) user interface for

field data entry.

Innoko Earth Cover

12

M

A

oy ———

"



Terrain Corrected
Landsat TM images

v

4 Y
QA/QC Imagery and

Clip to Project Area

*

Ratios, PCA

v

[Generation of New BandsJ

Unsupervised Clustering
and Seeding for Determining
Field Site Locations

v

Merge Raw Bands
J with New Bands

v

Select and Verify
Field Sites

‘K[ Aerial Photographs ]

Plot and Laminate Field
Maps with Field Sites

v

Field Verification

v

J

Signatures From Imagery

Remove Clouds/Shadows

v

Cluster Unsupervised
Signatures with Training Site
Signatures

Historic Fire
Boundaries

{ Generate 150 Unsupervised}

Training Sites from AA Sites

[ Data Analysis - Separate

Training Sites
] v v

} [ Good Clusters] [ Confused Clusters ]

Combine and Recode
into Draft Classification

Training Sites

Iterative Process

of Masking Confused

Clusters Using Training

DEM l

Edit and Model }

Remaining Confusion
:

[ Aerial Photographs ]

Sites, Unsupervised
Classes, and Aerial

Photographs.

[ Aerial Photographs ]

Additional

Signatures

[ FINAL CLASSIFICATION J

. 4 v

[ Accuracy Assessment Accuracy Assessment
Sites

Reprocess if Accuracy —
Assessment below Standard

v

Final Maps and Statistics

Figure 6. The image processing flow diagram.

Innoko Earth Cover

Unsupervised

13



band (band six) to retain a seven-band image
for classification.

Removal of Clouds and Shadows

The clouds and cloud shadows that were
present in the imagery were removed from
the image before field sites were selected.
This process eliminated any confusion
between clouds, cloud shadows, and other
vegetation types. They were removed using
an unsupervised classification and manual
on-screen editing. Clouds were separated
from shadows and classes were recoded to
their respective class number. The
cloud/shadow layer was then combined with
the rest of the classified image during the
last step in the classification process.

Several areas in the Unalakleet project area
were cloud-covered on the path 77 images
from August 8, 1995. In areas where the
1991 (path 76) images overlapped the path
77 imagery, classification of the 1991
imagery was performed and “stitched” into
the final classification to replace the clouds
in the path 77 images.Terrain shadows were
identified with models using unsupervised
classifications and shaded relief images as
inputs. The shaded relief images were
produced in Erdas Imagine using USGS
1:63,360 scale DEM’s. Where 1:63,360
scale DEMs were unavailable, 1:250,000
scale DEMs were substituted. Solar
azimuth and solar angle values for use in the
shaded relief algorithm were obtained from
the header files of the appropriate l.andsat
TM images. This allowed the shaded relief
images to most closely mimic the terrain
shadows present at the times of the Landsat
TM image acquisitions. The terrain shadow
images consisted of values ranging from 0.0
to 1.0 with the most shaded areas equal to
0.0 and the brightest or least shaded areas
equal to 1.0. Terrain shadows were most
often spectrally confused with earth cover
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classes that appeared very dark on the
image, e.g. water, closed needleleaf, closed
mixed needleleaf deciduous, and open
needleleaf. An unsupervised classification
was used to identify spectral classes that
confused terrain shadowed areas with these
spectrally “dark™ earth cover classes. The
model then compared the pixels from these
spectral classes to the most shaded areas in
the shaded relief image. If a pixel fell
within one of these classes and had a
relatively low value in the shaded relief
image, it was labeled as a terrain shadow.
The image processor determined the
threshold value for the shaded relief image
after viewing the terrain shadow image over
the raw TM imagery, and by examining ficld
site data and notes taken on field maps.
Some additional on-screen digitizing was
used to identify teérrain-shadowed pixels that
were not identified by the modeling
procedure. All the remaining “non-shadow”
pixels were put back into the image for
further iterations of combined
supervised/unsupervised classifications that
were used to identify earth cover classes.

Seeding Process

Spectral signatures for the field sites that
were designated as training areas were
extracted from the imagery using a
“seeding” process in ERDAS Imagine
(Imagine). A pixel within each training area
was chosen as a “seed” and adjoining pixels
were evaluated for inclusion in each training
site, using a threshold value based on a
spectral Euclidean distance. The standard
deviations of the seeded areas were kept at
or below three and all seeded areas were
required to be over 15 pixels (approximately
3.75 acres) in size. Along with the field
training areas, additional “seeds” were
generated for the water, turbid water, and
snow classes. These classes were not visited
in the field because they are easily
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recognized on the imagery and aerial
photography, and time spent visiting these
casily identifiable classes was an inefficient
use of helicopter time. The output of the
seeding process in Imagine is a signature file
that contains all of the statistics for the
training areas. The signature file is then
used in the modified
supervised/unsupervised classification.

Generation of Unsupervised Signatures

An unsupervised classification was
generated using the six raw bands and the
4/3 ratio band. One hundred and fifty
signatures were derived from the
unsupervised classification using the
ISODATA program in Imagine. The output
of this process was a signature file similar to
that of the seeding process but containing
the 150 unsupervised signatures. A
maximum likelihood classification of the
150 unsupervised signatures was generated
using the supervised classification program
in Imagine.

Modified Supervised/Unsupervised
Classification

A modified supervised/unsupervised
classification approach (Chuvieco and
Congalton, 1988) was used for the
classification. This approach uses a
statistical program to group the spectrally
unique signatures from the unsupervised
classification with the signatures of the
supervised training areas. In this way, the
spectrally unique areas were labeled
according to the supervised training areas.
This classification approach provided three
major benefits: (1) it aided in the labeling of
the unsupervised classes by grouping them
with known supervised training sites; (2) it
helped to identify classes that possessed no
spectral uniqueness, (i.e. training sites that
were spectrally inseparable); and (3) it
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identified areas of spectral reflectance
present in the imagery that had not been
represented by a training site. This approach
is an iterative process because all of the
supervised signatures do not cluster
perfectly with the unsupervised signatures
the first time. The unsupervised signatures
that matched well with the supervised
signatures were inspected, labeled with the
appropriate class label, and removed from
the classification process. The remaining
confused clusters were grouped into general
categories (forest, shrub, non-vegetation,
etc.) and re-run through the process. This
process was repeated until all of the spectral
classes were adequately matched and
labeled, or until the remaining confused
classes were spectrally inseparable.
Throughout this iterative process, interim
checks of classification accuracy were
performed by intersecting the classified
image with a coverage of the training sites to
determine if the training sites were being
accurately labeled by the classification.
Areas with incorrectly classified training
sites were run through further iterations of
the supervised/unsupervised classification
and further refined. The iterative process of
interim accuracy assessments and refining
classifications is terminated when the
accuracy assessments indicate no
improvements between one iteration and the
next.

Editing and Modeling

In any image classification there are areas
where the spectral data alone cannot
distinguish between different earth cover
classes. Models that incorporate ancillary
data sets such as elevation, slope, aspect,
shaded relief, or hydrography can often help
to separate these confused classes. For
instance, water may be classified where
there are terrain shadow effects. Most of
this shadow/water confusion can casily be
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modeled out of the classification using a
shaded relief layer derived from DEM’s.

For this project, the final steps of the
classification process were to model the
confused classes remaining after the
iterative supervised/unsupervised
classification process and to make final edits
in areas that still had classification errors.
Editing of classification errors was a process
of comparing the classified image to the raw
satellite image, aerial photography, and
notes on field maps to identify errors
remaining in the classification. These errors
were then corrected by manually changing
the class value for the pixels, that were
classified in error, to their correct class
value.

Accuracy Assessment

There were two primary motivations for
accuracy assessment: (1) to understand the
errors in the map (so they can be corrected),
and (2) to provide an overall assessment of
the reliability of the map (Gopal and
Woodcock, 1992). Factors affecting
accuracy included the number and location
of test samples and the sampling scheme
employed. Congalton (1991) suggests that
50 samples be selected for each map
category as a rule of thumb. This value has
been empirically derived over many
projects. A second method of determining
sample size includes using the multinomial
distribution and specifying a given
confidence in the estimate (Tortora 1978).
The results of this calculation tend to
favorably agree with Congalton’s rule of
thumb. Once a sample size is determined, it
must be allocated among the categories in
the map. A strictly proportional allocation is
possible. However, the smaller categories in
arcal extent will have only a few samples
and this may severely hamper the analysis.
The other extreme is to force a given
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number of samples from each category.
Depending on the extent of each category,
this approach can significantly bias the
results. Finally, a sampling scheme must be
selected. A purely random approach has
excellent statistical properties, but is
practically difficult and expensive to apply.
A purely systematic approach is easy to
apply, but could result in sampling from
only limited areas of the map.

Alaska Perspective

Obtaining adequate reference data for
performing an accuracy assessment can be
extremely expensive in remote areas.
Aircraft is the only means of transportation
throughout most of Alaska. Aerial
photographs are available for most of
Alaska, but most are at a scale that makes it
difficult, if not impossible, to distinguish
some vegetation classes. Ideally, fieldwork
would be performed during one summer, the
classification would be performed during the
winter, and the reference data would be
collected the next summer. This procedure
would allow a stratified random sample of
the classification and ensure adequate
sampling of all the classes. Unfortunately,
this methodology is not typically feasible,
due to the cost of obtaining the field data in
Alaska.

In this project, the fieldwork for obtaining
the training sites used in classifying the
imagery, and the reference data for the
accuracy assessment, were accomplished at
the same time. Special care was taken
during the pre-processing stage, and in the
field, to make sure adequate samples were
obtained. However, funding limitations did
not allow for the number of samples
suggested for each class (n=50) for the
accuracy assessment. Some earth cover
classes were naturally limited in size and
distribution, so that a statistically valid
accuracy assessment sample could not be
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obtained without additional field time. For
classes with low sample sizes, few, if any,
field sites were withheld for the accuracy
assessment. This does not indicate that the
classification for these types is inaccurate
but rather that no statistically valid
conclusions can be made about the accuracy
of these classes. However, withholding
even a small percentage of sites for the
accuracy assessment provided some
confidence in the classification and guided
the image processor and end user in
identifying areas of confusion in the
classification.

Selection of Accuracy Assessment Sites

Approximately 30% of the collected field
sites were set aside for use in the assessment
of map accuracy, while the remaining sites
were utilized in the classification process.
Unfortunately, given time and budget
constraints, it was not always possible to
obtain enough sites per class to perform both
the classification and a statistically valid
accuracy assessment. Generally, a
minimum of 15 sites in an individual class
(five for accuracy assessment, ten for image
processing training sites) were required
before any attempt was made to assess the
accuracy of that class. Classes with less
than 15 field sites were still classified.
However, much fewer, if any, field sites
were utilized for accuracy assessment for
these classes. Accuracy assessment sites
were selected randomly across the project
area to reduce bias.

Qualification of Accuracy Assessment
Standards

While the accuracy assessment performed in
this project is not a statistically robust test of
the classification, it gives the user some
confidence in using the classification. It
also provides enough detail for the end user
to determine where discrepancies in the
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classification may cause a problem while
using the data. It is also important to note
the variations in the dates of the imagery,
aerial photographs, and field data. For this
project, the imagery was from 1991 and
1995; the aerial photographs spanned a nine-
year period from 1978 through 1987, and the
field data was collected in July/August

1998. Differences due to environmental
changes from the different sources may have
had a significant impact on the accuracy
assessment.

In addition, several major ecological
changes have occurred throughout the study
area during the past three to eight years,
since the acquisition date of the satellite
imagery. Primarily, significant land cover
change has occurred throughout the project
area as a result of the natural processes of
flooding, river/stream channel meandering,
revegetation of formerly sparsely or barren
areas, and fire activity. This ongoing
phenomenon has had a remarkable impact
on the density and composition of forest and
other vegetative species within the study
area. The objective of this mapping project
was to classify and map earth cover
conditions as they existed in 1991 and 1995,
when the satellite imagery was acquired.
Capturing field data for accuracy assessment
in 1998, for 1991 and 1995 imagery,
obviously results in the potential
introduction of error and/or variation in
human interpretation of land cover
composition that may impact the reliability
and consistency of the reference accuracy
assessment data.

A major assumption of quantitative accuracy
assessments is that the label from the
reference information represents the “true”
label of the site and that all differences
between the remotely sensed map
classification and the reference data are due
to classification and/or delineation errors
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(Congalton and Green, 1993).
Unfortunately, error matrices can be
inadequate indicators of map error because
they are often confused by non-map error
differences. Some of the non-map errors
that can cause confusion are: registration
differences between the reference data and
the remotely sensed map classification,
digitizing errors, data entry errors, changes
in land cover between the date of the
remotely sensed data and the date of the
reference data, mistakes in interpretation of
reference data, and variation in classification
and delineation of the reference data due to
inconsistencies in human interpretation of
vegetation.

Images were terrain corrected to minimize
registration errors between map locations
and GPS locations in the field. Rigorous
quality checks of the data were used to
reduce and, hopefully, eliminate any data
entry errors. Efforts were also made to
account for some of the variation in human
interpretation in the accuracy assessment
process. In addition to generating a
standard accuracy assessment that assumed
100% accuracy in human interpretation of
reference data, overall classification
accuracies were also generated assuming a
+/- 5% variation in estimation of vegetation
compositions for each of the accuracy
assessment sites. In other words, if a
variation of +/- 5% in the interpretation of
species crown cover percentages would have
resulted in the generation of a different
reference site label, this new label was also
considered an acceptable mapping label for
the reference site.

Error Matrix

The standard method for assessing
theaccuracy of a map is to build an error
matrix, also known as a confusion matrix, or

Innoko Earth Cover

contingency table. The error matrix
compares the reference data (field site or
photo interpreted site) with the
classtfication. The matrix is a square array
of numbers set out in rows and columns that
express the number of sites assigned to a
particular category in the reference data,
relative to the number of sites assigned to a
particular category in the classification. The
columns usually represent the reference
data, while the rows indicate the
classification (Lillesand and Kiefer, 1994).
An error matrix is an effective way to
represent accuracy in that the individual
accuracy of each category is plainly
described along with both the errors of
inclusion (commission errors) and errors of
exclusion (omission errors) present in the
classification. A commission error occurs
when an area is included in a category it
does not belong. An omission error is
excluding that area from the category in
which it does belong. Every error is an
omission from the correct category and a
commission to a wrong category. Note that
the error matrix and accuracy assessment are
based on the assumption that the reference
data was 100% correct. This assumption was
not always true.

In addition to clearly showing errors of
omission and commission, the error matrix
can be used to compute overall accuracy,
producers accuracy, and users accuracy
(Story and Congalton, 1986). Overall
accuracy is simply the sum of the major
diagonal (i.e., the correctly classified
samples) divided by the total number of
samples in the error matrix. This value is
the most commonly reported accuracy
assessment statistic. Producers and users
accuracies are ways of representing
individual category accuracy, instead of just
the overall classification accuracy.
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Results

Field Verification

Bell Jet Ranger helicopters were used to
gain access to the field sites. Three field
crews performed the field sampling.
Although the areas mapped by the Aniak,
Unalakleet, and Innoko NWR projects
varied greatly in size, the entire project area
was split into three nearly equal areas for
field sampling (Figure 7). This optimized
helicopter efficiency by eliminating long
travel distances between base camps and
field sites, and therefore provided a better
distribution of field sites throughout the
project area. Upon returning from the field,
field sites were redistributed among image
processors so all field sites visited,
regardless of the crew responsible for
sampling, were grouped by the boundaries
for image processing.

Although helicopter surveys are the most
efficient and economical sampling method
for this type of fieldwork, they are still
extremely expensive. In an effort to
minimize travel time between sites, and
maximize sampling time, priority was given
to sampling areas with an abundance of pre-
selected field sites concentrated in areas of
high cover class diversity. Sampling of
other, more scattered pre-selected sites was
accomplished, usually when less common
cover classes were encountered while en
route between areas with higher
concentrations of pre-selected sites. This
sampling method produced a distribution of
clustered sites that were scattered across the
entire image. Field data was collected during
a 17 day field season, from July 17 through
August 2, 1998. Flight time did not exceed
six hours per day. A total of 1,544

sites were visited, 460 by the Aniak field
crew, 490 by the INWR field crew, and 594
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by the Unalakleet field crew. The
distribution of sites per class for each project
area is listed in Table 3. The proportions of
sites per class largely reflect the proportion
of corresponding earth cover types within
the project area.

Classification

To simplify the image processing for the
three project areas, boundaries were
developed based on images with the same
acquisition date and/or ecological
similarities. As a result, the areas processed
follow the colored boundaries shown in
Figure 7. The boundary between INWR and
Unalakleet follows the Yukon River.
Thirty-four earth cover classes were mapped
(Figure 8), not including clouds, cloud
shadows, and terrain shadows. Acreage
summaries by earth cover class for the entire
Innoko mapping project area and for each
sub-project area are presented in Table 4.
The following classification descriptions,
acreages, and percentages refer to each sub-
project area.

Aniak Project

The most extensive class of the Aniak
project area unfortunately was clouds and
cloud shadows. A relatively cloud-free scene
was not available for this area. The use of
adjacent scenes with their overlap made it
possible to adjust the boundaries for the
processing of the data. This adjustment
optimized the use of cloud-free imagery for
the greater Innoko mapping project, giving
us the best possible final product. However,
cloud cover still represents approximately
18.5% of the Aniak project area.
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Table 3. Field sites per mapped class.

Total # Field Sites

Sites Withheld for

per Class by Field Crew Accuracy Assessment**

Class Name Crew: Aniak Unal | INWR | Aniak Unal INWR
CLOSED NEEDLELEAF 1 0
OPEN NEEDLELEAF

OPEN NEEDLELEAF 31 70 32 5 23 20

OPEN NEEDLELEAF LICHEN 3 7 55 0 0 22
WOODLAND NEEDLELEAF

WOODLAND NEEDLELEAF 23 32 25 0 9 17

WOODLAND NEEDLELEAF LICHEN 12 4 20 5 0 14
CLOSED DECICUQUS 28 27 39 4 6 18

CLOSED BIRCH* (18) (19) (4)

CLOSED ASPEN* (1) () (0)

CLOSED POPLAR* (1) 3) (1)

CLOSED MIXED DECIDUOUS* () (5 (34)
OPEN DECIDUOUS 14 7 12 0 0 0

OPEN BIRCH* (12) (6) (3)

OPEN POPLAR* 2) (1) )

OPEN MIXED DECIDUOUS* (0) () (7)
CLOSED MIXED NEEDLELEAF/DECIDUOUS 0 5 15 0 0 9
OPEN MIXED NEEDLELEAF/DECIDUQOUS 25 21 17 6 6 13
TALL SHRUB 43 48 27 9 17 17
LOW SHRUB

LOW SHRUB - WILLOW/ALDER 3 26 0 0 8 0

LOW SHRUB ~ TUSSOCK/TUNDRA 3 2 3 0 0 0

LOW SHRUB - LICHEN 6 10 1 1 0 0

LOW SHRUB - OTHER 30 49 27 7 16 19
DWARF SHRUB

DWARF SHRUB — LICHEN 34 52 18 9 16 11

DWARF SHRUB — OTHER 35 58 46 5 18 18
LICHEN 16 23 13 3 10 5
MOSS 23 30 52 5 9 26
WET GRAMINOID 18 24 25 5 8 18
WET FORB 0 0 3 0 0 0
TUSSOCK TUNDRA

TUSSOCK TUNDRA LICHEN 1 8 5 0 0 0

TUSSOCK TUNDRA 6 12 1 0 0 0
MESIC/DRY GRAMINOID 10 37 15 0 5 5

MESIC/DRY SEDGE MEADOW * (2) (13) (6

MESIC/DRY GRASS MEADOW * (8) (16) ()

MESIC/DRY GRAMINOID * (0) (8) 7]
MESIC/DRY FORB 1 1 0 0 0 0
AQUATIC BED 5 0 4 0 0 0
EMERGENT VEGETATION 7 4 23 3 0 19
CLEAR WATER 10 0 0 0 0 10
TURBID WATER 1 0 0 0 0 6
ROCK/GRAVEL 12 12 1 6 0 0
SPARSE VEGETATION 18 8 0 2 0 0
NON-VEGETATED SOIL 7 8 1 1 0 0
OTHER 30 7 9 0 0 0
TOTAL 460 594 490 76 151 267

* Classes grouped into next highest hierarchical class for classification. **Some accuracy assessment totals result from
combining accuracy assessment sites from multiple field crews.
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Figure 7. Field site distribution

The remaining 81.5% of the project area was
made up of a diverse group of earth cover
types. Shrub types predominated, accounting
for 1,624,596 acres, or 39% of total arca.
Distribution within the shrub classes was:
dwarf shrub — 416,183 acres (9.9% of total
area), dwarf shrub lichen — 447,572 acres
(10.6% of total area), low shrub — 408,591
acres (9.7% of total area), low shrub lichen —
39,597 acres (0.9% of total area), and tall
shrub — 312,653 acres (7.4% of total area).
The effect of the Yukon and Kuskokwim
River’s drainage basins, and their associated
lowland areas, dominate this region. Mottled
with many small lakes and the oxbows of
the aforementioned rivers, the Aniak project
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area consists of 203,600 acres of clear water
or 4.8% of the total area. Other large classes
included closed mixed needleleat/deciduous
forest, commonly found in broad riparian
corridors of the major river drainages, as
well as on steep west- and northwest-facing
slopes. Stands of closed-canopy deciduous
trees were found on steep, well-drained,
south-facing slopes in the northern portion
of the project arca, or on alluvial deposits
near major rivers. These stands were
composed primarily of birch. Mixed
needleleaf/deciduous stands also appeared to
be constrained by soil conditions and were
found only near major river drainages.
Large expanses of dwarf shrub lichen cover
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a good portion of the northwestern and
southern portion of the project area. These
areas are interspersed with a dwarf shrub
component. This is due mainly to the higher
elevations and rolling type hills leading up
to the Kilbuck Mountains.

Unalakleet Project

The open needleleaf class (17.6% or 1.7
million acres) was the most common class in
the Unalakleet project area, although shrub
and graminoid classes, combined, accounted
for approximately 54% of the overall area.
The large percentage of shrubs and
graminoids was a result of the largely
treeless areas found in proximity to Norton
Sound and the higher elevation treeless areas
in the Nulato Hills. Forested areas were
found mostly in the eastern half of the
project area, near the Yukon River, and in
the lower clevation areas of the Nulato Hills,
in the northern portion of the project area.
Closed mixed needleleaf/deciduous forests
(54,024 acres or 0.6% of the project area)
were restricted almost exclusively to
hillsides and flats along the Yukon River
and its major tributaries. Open mixed
needleleaf/deciduous forests were more
widespread throughout the forested portions
of the project area. Closed and open
deciduous classes were most common in the
more forested, eastern portion of the project
area along the Yukon River, but were also
found along rivers and drainages in the
mostly treeless western portions of the
project area. Open and woodland needleleaf
lichen classes (0.8% and 0.1%, respectively)
were relatively insignificant within the
project area. This was a marked difference
from the INWR project area, just across the
Yukon River, and seems somewhat
unnatural. The field data does indicate a
much greater presence of open and
woodland needleleaf lichen in the INWR
project area (75 sites) than in the Unalakleet

Innoko Earth Cover

project area (11 sites). This is partially
accounted for by coastal influence on the
western half of the Unalakleet project area,
but it could possibly be a result of biases in
the percent cover estimates for lichen made
by the two different vegetation-callers on the
Unalakleet and INWR field crews

The three major shrub cover types occurred
in relatively equal proportions in the project
area, with tall shrub accounting for 12.6%
(1,227,400 acres), dwarf shrub and dwarf
shrub lichen accounting for 16.8%
(1,635,118 acres), and low shrub types
accounting for 14.2% (1,384,480 acres) of
the project area. Tall shrub was most
commonly found on hillslopes and in
drainages in the western half of the project
area. It was also commonly found on the
islands and flood plains of the Yukon River,
around drainages at higher elevations, and in
the transition areas between forested types
and dwarf/low shrub types at higher
elevations in the mountains. Low shrub
types were found throughout the project
area, with the low shrub willow/alder type
being more common in the western half of
the project area and the low shrub other type
being slightly more common in the eastern
half of the project area. Dwarf shrub and
dwarf shrub lichen types were found mostly
on the flat treeless areas surrounding Norton
Sound and at the highest elevations in the
Nulato Hills.

Graminoid types accounted for
approximately 10% (1,016,412 acres) of the
project area, with dry graminoid and tussock
tundra types accounting for approximately
8% (827,769acres) and wet graminoids
accoun