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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 National Park Service (NPS) 
has also had an ongoing mapping effort for their lands with the goal of mapping all Parks in 
Alaska. The goal of this project was to continue the mapping effort for both the BLM and NPS 
while reducing the overall cost by simultaneously mapping the Yukon-Charley Rivers National 
Preserve its surrounding environs and the Black River/Fortymile River BLM lands. One Landsat 
Thematic Mapper (TM) satellite scene (Path 66, Row 14, acquired August 20, 1991, shifted 40% 
south) was used to classify the project area into 30 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. A helicopter 
was 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 record locations of new 
sites selected in the field. Data was collected on 316 field sites during a 10-day field season 
from August 3, 1997 through August 13, 1997. Approximately 40% (134) of these field sites 
were set aside for accuracy assessment. The field data collected in 1997 was supplemented with 
field data collected by the NPS in 1988 and 1990 for unrelated projects. The NPS data provided 
an additional 54 training sites and 1 I 2 accuracy assessment sites. Twenty-five accuracy 
assessment sites for earth cover classes not visited in the field ( clear water, turbid water and 
snow) were obtained through photo interpretation. 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 of the major 
categories was 80%. 
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Introduction 

In Alaska, most ground-based inventories of 
vegetation have been limited by accessibility 
to the area, or logistically restricted to a 
single large watersheds or several smaller 
watersheds. Aerial photography is available 
for much of Alaska, but is highly variable in 
scale and typically outdated which generally 
limits its usefulness for determining earth 
cover over large regional areas. In the last 
two decades, space-borne remote sensors 
(Landsat, Systeme Pour l' Observation de la 
Terre, European Remote Sensing Satellite-I, 
and others) have emerged as the best 
platforms for developing regional earth 
cover databases. Access to these large 
databases allow researchers, biologists and 
managers to define and map crucial areas for 
wildlife, do analysis of related habitats, plot 
movement patterns for large ungulates, 
generate risk assessments for proposed 
projects and provide baseline data to which 
wildlife and sociological data can be related. 

A satellite inventory of earth cover serves 
many purposes. It provides baseline acreage 
statistics and corresponding maps for areas 
that currently lack or have outdated 
information for decision making. It is very 
useful for planning environmental impact 
statements, comprehensive management 
plans, and other regional studies that are 
mandated by the federal government. It can 
be integrated with other digital data sets into 
a geographic information system (GIS) to 
produce maps, overlays, and further 
analysis. It also helps researchers identify 
areas most important to specific species of 
interest and can guide biologically driven 
decisions on land use practices (Kempka et 
al. 1993). Knowledge of the size, shape, 
distribution and extent of earth cover types, 
when linked to species habitat and human 
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activities, vastly improves our decision­
making capabilities. The greater the area 
encompassed by earth cover information, in 
association with other digital base layers, the 
more regional, landscape-level assessment 
can be made and the more reliable land 
management decisions will become. 

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 GIS technologies since 
1988 (Ritter et al. 1989). The initial 
mapping projects that were undertaken 
focused on mapping only the wetland types 
such as deep marsh, shallow marsh and 
aquatic classes (Ritter et al. 1989). It soon 
became apparent that mapping the entire 
landscape was more cost effective and most 
useful for habitat studies and wildlife 
management. Over the years, many 
refinements have been made to both the 
techniques of collecting field information 
and classifying the imagery. The BLM is 
currently in the process of mapping all of 
their lands in Alaska using this 
methodology. Many other agencies in 
Alaska (i.e. National Park Service, United 
States Fish and Wildlife Service, United 
States Forest Service, Alaska Department of 
Natural Resources and Alaska Department 
of Fish and Game) are also using similar 
techniques for mapping and wildlife 
analysis. 

Landsat Thematic Mapper (TM) satellite 
imagery was chosen as the primary source 
for this mapping. Satellite imagery offers a 
number of advantages for a project of this 
size. It is a cost effective data source for 
regional mapping~ can be processed using 
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automated mapping techniques~ and is 
collected on a repeat cycle, providing a 
standardized data source for future database 
updates (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 data can produce 
highly accurate classifications with a 
moderately detailed classification scheme. 

The BLM was planning on performing earth 
cover mapping for the Steese National 
Conservation Area (SNCA) and the White 
Mountains National Recreation Area 
(WMNRA) during the 1997-98 calendar 
year in cooperation with DU. Adjacent to 
the SNCA is the Yukon-Charley Rivers 
National Preserve (YUCH). Through a 
series of meetings and conferences, the 
BLM and National Park Service (NPS) 
embarked upon a cooperative mapping 
project adjacent to the Steese and White 
Mountains area that encompasses the YUCH 
and adjacent BLM lands. It is to the mutual 
benefit of the BLM and NPS to 
cooperatively develop maps of these areas 
thereby accruing considerable monetary 
savings, and promoting consistency in 
mapping efforts among sister Department of 
Interior agencies. 

Project Objective 

The objective of this project was to develop 
a baseline earth cover inventory using 
Landsat TM imagery for the Yukon-Charley 
Rivers National Preserve and Black 
River/Fortymile River BLM areas. More 
specifically, this project purchased, 
classified, field verified and produced high 
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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 

The project area (Figure 1) is located along 
the eastern border of Alaska and 
encompasses the area covered by one 
Landsat TM scene, path 66, row 14 shifted 
40% south. Bounding coordinates for the 
study area are: UL- 66d 08' 14"N, 143d 37' 
33"W; UR- 65d 33' 06"N, 139d 47' 41 "W~ 
LR- 64d 07' 58"N, 141d 12' 57"W; LL -
64d 41' 07"N, 144d 52' 23"W. This 
includes the town of Eagle, AK, the entire 
area of Yukon-Charley Rivers National 
Preserve, the Fortymile River area, portions 
of the Black River, a portion of Canada, and 
includes all or portions of the following 
United States Geological Survey (USGS), 
1 :250,000 scale quadrangles: Big Delta, 
Black River, Charley River, Circle, and 
Eagle. Elevations range from 5 50 feet along 
the Yukon River to over 6000 feet in the 
mountains within Yukon-Charley Rivers 
National Preserve. The area is found within 
the northern boreal forest region that 
stretches through northern Alaska and 
Canada. Major vegetative communities 
include open and woodland black spruce 
(Picea mariana) and white spruce (Picea 
glauca) forest, tussock tundra, low shrub 
tundra and dwarf shrub tundra. The climate 
is extreme, with winter temperatures 
reaching -70°F in winter and up to 90°F in 
summer. 

Data Acquisition 

One Landsat TM scene was purchased to 
cover the project area. The scene was 
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Figure 1. The project area for Yukon-Charley/Black River/Fortymile Mapping Project. 

purchased from Earth Resource Observation 
Systems (EROS) data center in Albers Equal 
Area projection and was terrain corrected. 
The scene was Path 66, Row 14 (shifted 
40% south) acquired on August 20, 1991. 
(Table l, Figure 2). In addition, a spring 
image was purchased for the project area to 
help in the identification of certain earth 
cover types. The scene was Path 66, Row 
14 (shifted 40% south) acquired on April 16, 
1986 with an root mean squared error of 
15 .11 meters (Table 1, Figure 2). It was also 
purchased terrain corrected from EROS 
Data Center in Universal Transverse 
Mercator (UTM) Zone 7. This scene was 
re-projected into Albers Equal Area to 
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conform to the NPS Standard. 

Field data was collected over a 10-day 
period from August 3, 1997 to August 13, 
1997. This data was supplemented with 
field data collected by in 1988 and 1990 for 
an unrelated project. The ancillary data used 
in this project included: National 
Aeronautics and Space Administration 
(NASA) I :60,000 aerial photographs (color 
infrared transparencies from 
1980,1981,1982,1984, and 1986, color 
infrared prints from 1984 and 1987), USGS 
1 :63,360 and I :250,000 scale Digital 
Elevation Models (DEM), BLM's land 
status coverage and Intensive Management 
Areas polygons. 
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Table 1. The satellite imagery used for the Yukon-Charley/Black River/Fortymile Mapping Project. 
I 

r 
SENSOR PATH/ROW % SHIFT DATE RMS ERROR l 

Landsat Thematic Mapper 66/14 40% 8/20/91 NIA 
Landsat Thematic Mapper 66/14 40% 4/16/86 15.11 Meters 

l 

f 

f 

Figure 2. The imagery used in the Yukon-Charley/Black River/Fortymile Mapping Project. 
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Methods 

Classification Scheme 

The first step in any mapping project is the 
definition of a classification system that 
categorizes the features of the earth to be 
mapped. The system is derived by the 
anticipated uses of the map information and 
the features of the earth that can be 
discerned with the data (e.g., satellite 
imagery, aerial photography or field 
information) being used to create the map. 
A classification system has two critical 
components: (1) a set oflabels (e.g., forest, 
shrub, water); and (2) a set of rules, or a 
system of assigning labels. It is important 
that the set of rules of the system for 
assigning labels be both mutually exclusive 
and totally exhaustive (Congalton 1991). In 
other words, any area to be classified should 
fall into one and only one category or class 
and every area should be included in the 
classification. 

Until recently, the classification system for 
the BLM/DU earth cover projects was 
tailored to the needs of the area being 
studied. As the projects expanded in size 
and as other cooperators (i.e. United States 
Fish and Wildlife Service and National Park 
Service) began mapping and sharing data, 
the need to standardize the classification 
system arose so that data could be shared 
and utilized on a statewide basis. At the 
BLM Earth Cover Workshop in Anchorage, 
March 3-6, 1997, a classification system 
based on an existing vegetation 
classification (Viereck et al. 1992) was 
designed to address these needs. The goal 
of the classification system 
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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 agencies so a 
common integrated database can be built for 
the state of Alaska. Since the March 1997 
meeting, the classification system has been 
revised due to small inconsistencies that 
were found during field data collection on 
the Steese/White, Yukon-Charley and 
Gulkana projects. 

The classification scheme consisted of 10 
major categories and 27 subcategories 
(Table 2). A classification decision tree 
(Appendix A) and written description was 
developed in order to eliminate any 
confusion in the classification. A few 
additional sub-classes, were added to the 
regional classification scheme, while others 
were omitted. The additional classes are 
woodland needle leaf moss, terrain shadows 
and burned (Table 3). Each class was 
assigned a value or code that was used fi.)r 
the final classified file. When compared to 
the classification scheme developed at the 
BLM Earth Cover Workshop, some classes 
are missing. There are two reasons for the 
missing classes. First, not all of the cover 
types developed in the BLM Earth Cover 
Workshop arc found in the project area (e.g. 
- urban, agriculture). Second, we were 
unable to collect an adequate number of 
field sites for some of the classes that were 
uncommon or, when found, were typically 
under five acres in area (e.g. - low shrub 
lichen, dwarf shrub lichen, emergent). An 
asterisk (*) indicates the class was not found 
in the final classification. 
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Table 2. The classification scheme developed at the BLM Earth Cover Workshop. 

1.0 Forest 
1.0 Closed Needleleaf 
1.2 Open Needleleaf 

1.21 Open Needleaf Lichen 
1.3 Woodland Needleleaf 

1.31 Woodland NeedleafLichen 
1.4 Closed Deciduous 

1.41 Closed Birch * 
1.42 Closed Aspen * 
1.43 Closed Cottonwood/Balsam Poplar * 
1.44 Closed Mixed Deciduous * 

1.5 Open Deciduous 
1.51 Open Birch* 
1.52 Open Aspen * 
1.53 Open Cottonwood/Balsam Poplar * 
1.54 Open Mixed Deciduous * 

1.6 Closed Mixed Needleleaf/Deciduous 
1. 7 Open Mixed Needleleaf/Deciduous 

2.0 Shrub 
2.1 Tall Shrub 
2.2 Low Shrub 

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

2.3 Dwarf Shrub 
2.31 Dwarf Shrub/Lichen 
2.32 Other Dwarf Shrub 

3.0 Herbaceous 
3.1 Byroad 

3.11 Lichen 
3.12 Moss 

3.2 Wet Herbaceous 
3.21 Wet Graminoid 
3.22 Wet Farb 

3.3 Mesic/Dry Herbaceous 
3.31 Tussock Tundra 

3 .311 Tussock Tundra/Lichen 
3 .312 Tussock Tundra Other 

3.32 Mesic/Dry Sedge Meadow 
3.33 Mesic/Dry Grass Meadow 
3.34 Mesic/Dry Graminoid 
3.35 Mesic/Dry Farb 
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4.0 Aquatic Vegetation 
4.1 Aquatic Bed 
4.2 Emergent Vegetation 

5.0 Water 
5.1 Snow 
5.2 Ice 
5. 3 Clear Water 
5.4 Turbid Water 

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

7.0 Urban 
8.0 Agriculture 
9.0 Cloud/Shadow 

9.1 Cloud 
9.2 Shadow 

10.0 Other 
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Table 3. The classes mapped and assigned value for the Yukon-Charley/Black River/Fortymi!e Mapping 
Project. 

VALUE CLASS NAME 

1 Closed Needleleaf 
2 Open Needleleaf 
3 Open Needleleaf Lichen 
4 Woodland Needleleaf 
5 Woodland Needleleaf - Lichen 
6 Woodland Needleleaf - Moss 
10 Closed Deciduous 
13 Open Deciduous 
16 Closed Mixed Needleleaf/Deciduous 
17 Open Mixed Needleleaf/Deciduous 
20 Tall Shrub 
21 Low Shrub 
22 Low Shrub - Lichen 
23 Low Shrub - Tussock Tundra 
24 Dwarf Shrub 
32 Wet Graminoid 
34 Wet Sedge 
40 Dry Herbaceous 
50 Tussock Tundra 
51 Tussock Tundra - Lichen 
60 Aquatic Bed 
70 Clear Water 
71 Turbid Water 
72 Snow 
80 Sparsely Vegetated 
81 Rock/Gravel 
92 Cloud 
93 Cloud Shadow 
94 Terrain Shadow 
96 Fire (Burned) 

Yukon-Charley/Black River/Fortymile 

f 

f 

r 
/. 

L 

f 
'-

F 
t. 

l 

L 
8 



Image Preprocessing 

The first step that is taken when an image is 
received is to check the image for quality 
and consistency. Each band is looked at by 
displaying the image on screen and by 
viewing the histogram. Combinations of 
bands are then displayed to check for band 
to band registration and for clouds, shadows, 
and haze. The positional accuracy is 
checked using any available ancillary data 
such as adjacent imagery, hydrography, and 
DEMs. If the image is of acceptable quality, 
it is then archived onto a compact disk and 
recorded into a database of available GIS 
data. 

The largest single expense for field data 
acquisition is helicopter time. In order to 
maximize the helicopter time budgeted for 
the project, field sites are delineated and 
plotted on the field maps before the fieldwork 
begins. The field sites need to cover the 
whole spectral variation of the imagery and 
extend throughout the project area to produce 
an adequate classification. In other words, it 
is important to have enough samples in each 
class to include the variation of spectral 
responses of the class throughout the entire 
image. For example, a shrub class in the 
southern part of the image may have a 
different spectral response than the same 
shrub class in the northern part of the image. 
The spectral response of the northern shrub 
may be confused with a deciduous class in 
the south. Therefore, it is important to have 
enough samples in each class to compensate 
for the spectral variation. 

The field sites were delineated using an 
unsupervised clustering and seeding 
technique to initially generate spectrally 
unique areas within the study area. These 
spectrally unique areas were then refined and 
selected as sample sites for the fieldwork 
using aerial photography and a decision tree 
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of the earth cover classification. Whenever 
possible, training sites were grouped in 
clusters in order to reduce the amount of 
ferrying time between sites. A tally of 
estimated number of field sites per class was 
kept until all of the classes were adequately 
sampled throughout the project area. The 
coordinates of the center points of the field 
sites were generated and uploaded into a 
military GPS unit (PLGR) to be used while 
field sampling. 1 :63,360 scale quadrangle 
color infrared plots of the Landsat TM data 
were also produced for the placement of 
additional field sample sites and for 
navigational purposes. 

Field Verification 

The purpose of field data collection is to 
assess, measure, and document the on-the­
ground vegetation variation within the 
project area. This variation will then be 
correlated with the spectral variation in the 
satellite imagery during the image 
classification process. Low-level helicopter 
surveys are a very effective method of field 
data collection since a much broader area 
can be covered with an orthogonal view 
from above, similar to a satellite sensor 
(Figure 3). 

Figure 3. Data collection with helicopters 
effectively covers the extensive project area. 
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Helicopter surveys are sometimes the only 
alternative in Alaska due to large amounts of 
roadless areas that are difficult to access. 
The procedures for collecting field data have 
evolved into a very efficient and effective 
means of data collection. The navigator uses 
a PLGR GPS to locate the site and verifies 
the location on the field map. As the 
helicopter approaches the site at about 300 
feet above ground level the navigator 
describes the site (Figure 4) and the biologist 
takes a picture with a digital camera. The 
pilot will then descend to approximately 5-10 
feet above the vegetation and laterally move 
through the site so that the biologist can call 
out the vegetation to the recorder. The 
biologist will also take another picture with 
the digital camera for a close up view of the 
site. The pilot will then ascend to 
approximately 100 feet so that the biologist 
can call out the percentages of each species 
to the recorder. The navigator will then 
direct the pilot to the next site. On average, it 
normally takes about 6-10 minutes to collect 
all of the pertinent information for one site. 
In order to obtain a reliable and consistent 

Figure 4. The navigator describes the site to 
the biologist. 
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field sample, a custom field data collection 
card (Kempka et al. 1994) was developed 
and used to record field information (Figure 
5). A five-person helicopter crew was 
designated to perform the field assessment. 
Each crew consisted of a pilot, biologist, 
recorder, navigator and alternate. The 
navigator, who runs the GPS equipment and 
interprets the satellite image derived field 
maps, occupies the co-pilot seat. The 
biologist, the person most knowledgeable 
regarding the vegetation, and the recorder, 
who records species percentages and other 
data on the field form, occupy the remaining 
two seats in the back of the helicopter. The 
alternate is responsible for flight following, 
data entry of the previous day's work and 
substituting in case of sickness. On the first 
day of fieldwork, sampling was performed 
by landing the aircraft on the ground to 
verify and standardize the classification and 
sampling techniques. After the first day, the 
majority of the sites were observed without 
landing the helicopter to determine the 
percent cover for each species and an overall 
earth cover class. Ground verification was 
performed when identification of dominant 
vegetation and/or species was uncertain. 

Field Data Analysis 

The field sites were entered into a customized 
database Ducks Unlimited Field Form (DUFF) 
designed by the BLM and DU and 
programmed by GeoNorth. The relational 
database is powered by Standard Query 
Language Anywhere (SQL) with a user 
interface programmed in Visual Basic. The 
user interface looks similar to the hard copy 
field card. It utilizes pull down menus and 
checks for data integrity (Figure 6). The 
database program also automatically 
calculates an overall class name for each site 
based on the recorded species and percentages 
of cover. 
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The digital images of the site are also 
recorded in the database and are accessible 
directly from the database. After each field 
session, the field data is entered into the 
customized database. The field sites can 
then be summarized by class name to ensure 
that adequate samples are obtained for the 
project. The class that the database assigns 
the field site is also compared to the class 
that the biologist assigned the site as an 
additional check for data integrity. 

An ARC/INFO polygon coverage was 
generated for each site collected in the field. 
The pertinent attributes from the database 
were then related to the ARC/INFO 
coverage. A new attribute (Type) was added 
to the coverage indicating if the site was to 
be used as a training area or for accuracy 
assessment. Two separate coverages were 
created using the Type attribute to separate 
the training sites from the accuracy 
assessment sites. The coverage with all the 
field sites and the coverage with the 
accuracy assessment sites were stored in 
separate files. Only the coverage with the 
training sites was used in the classification 
process. 

Classification 

Every image is unique and presents it's own 
special problems in the classification process. 
The approach that was used in this project 
has been used and proven to be successful 
over many years (Figure 7). The image 
processor's site-specific experience and 
knowledge in combination with high quality 
ancillary data can overcome image 
uniqueness to produce a high quality and 
extremely useful product. Therefore, the 
image processor should be actively involved 
in the field data collection and hopefully have 
first hand knowledge of every training site. 

Yukon-Charley/Black River/Fortymile 

Generation of New Bands 

New bands can be derived from the raw data 
by simple operations like dividing one band 
by another or complex statistical 
computations like principle components 
transformations. The idea behind generating 
new bands is that unique information will be 
derived from the process and will enhance 
the classification. The possibilities of 
generating new bands from the raw imagery 
are infinite. A few of the more popular ones 
are principle components, tasseled cap, band 
ratios, and Normalized Difference Vegetation 
Index. It is beyond the scope of this project 
to generate and test every possible 
combination. However, based on past 
experience and other studies, one new band 
was generated from the raw Landsat TM data 
for this project. The new band was generated 
by dividing the digital number (DN) of band 
4 by the DN of band 3. From past experience 
in Alaska and other vegetation studies the 4/3 
ratio was chosen for this project (Kempka et 
al. 1995, Congalton et al. 1993). The 4/3 
ratio typically reduces the shadow effects and 
enhances the differences between vegetation 
types. This new band was subset with the six 
raw bands to produce a seven band file to be 
used in the classification. The thermal band 
was not used in the classification. 

Removal of Clouds and Shadows 

The clouds and cloud shadows are removed 
from the image before the classification is 
started. This process eliminates the 
confusion that is caused between the clouds 
and cloud shadows and other vegetation 
types. They are removed using an 
unsupervised classification and manual on­
screen editing. The clouds are separated 
from the shadows and the two classes are 
recoded to their respective class number. 
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The cloud/shadow layer is then combined 
with the rest of the classified image during 
the last step in the classification process. 

Seeding Process 

The field sites that were designated as 
training areas were "seeded" (generate 
statistics from the imagery) in ERDAS, Inc. 
Imagine (Imagine) software using spectral 
bounds as the limit for seed growth. The 
standard deviations of the seeded areas were 
kept to about 3 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. These classes were easily recognized 
on the imagery and aerial photography. 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 is generated 
using the six raw bands and the 4/3 ratio. 
One hundred and fifty signatures are derived 
from the unsupervised classification using the 
ISODA TA program in Imagine. The output 
of this process is a signature file similar to 
that of the seeding process only it contains 
the 150 unsupervised signatures. A 
maximum likelihood classification of the 150 
unsupervised signatures is generated using 
the supervised classification program in 
Imagine. 

Modified Supervised/Unsupervised 
Classification 

A modified supervised/unsupervised 
classification approach (Chuvieco and 

Yukon-Charley/Black River/Fortymile 

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 
approach is an iterative process because all of 
the supervised signatures are not going to 
cluster perfectly with the unsupervised 
signatures the first time. The unsupervised 
signatures that match well with the supervised 
signatures were inspected 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. This 
classification approach provides three major 
benefits: (1) it aids in the labeling of the 
unsupervised classes by grouping them with 
known supervised training sites; (2) it helps 
identify classes that possess no spectral 
uniqueness, (i.e. training sites that are 
spectrally inseparable t and (3) identifies areas 
of spectral reflectance present in the imagery 
that have not been represented by a training 
site. 

Editing and Modeling 

The final step of the classification process 
was to model the remaining confusion and 
make final edits. There may be a few 
problem areas in the classification that the 
spectral data can not separate, but a simple 
model can take care of the problem. For 
instance, water may be classified where there 
are terrain shadow effects, which can be 
easily modeled out of the classification using 
DEMs. In the end, there may be a few 
problems in the classification which can not 
be addressed with either spectral separation 
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or modeling. When this happens, the image 
processor must use aerial photographs and 
on screen digitizing to remedy the situation. 

Accuracy Assessment 

The purpose of quantitative accuracy 
assessments is the identification and 
measurement of map errors. There are 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). There are many factors to consider 
when designing an accuracy assessment. 
These include how to determine the sample 
size how to allocate this sample, and which 
sam~ling scheme to employ. 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 is 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 the sample size is determined, 
it then must be allocated among the 
categories in the map. A strictly 
proportional allocation is possible. 
However, the smaller categories in aerial 
extent will have only a few samples that 
may severely hamper future analysis. The 
other extreme is to force a given 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. 

Yukon-Charley/Black River/Fortymile 

Error Matrix 

The standard method for assessing the 
accuracy of a map is to build an error matrix 
( also known as a confusion matrix or 
contingency table). The error matrix 
compares the reference data (field site or 
photo interpreted site) with the 
classification. 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. The individual accuracy of each 
category are 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. It is important to note that the 
error matrix and accuracy assessment is 
based on the assumption that the reference 
data is 100% correct. This assumption is not 
always true, especially when the reference 
data is derived from aerial photographs. 
In addition to clearly showing errors of 
omission and commission, the error matrix 
can be used to compute overall accuracy, 
producer's accuracy, and user's accuracy 
(Story and Congalton 1986). Overall 
accuracy is simply the sum to 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. Producer's and user's 
accuracies are ways of representing 
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individual category accuracy instead of just 
the overall classification accuracy. 

Kappa Analysis 

A Cohen's coefficient of agreement (Kappa) 
analysis is performed on the error matrix as 
a further measure of accuracy (Congalton 
1991). Kappa is a measure of overall 
agreement in the error matrix after chance 
agreement is removed from consideration. 
In other words, Kappa attempts to provide a 
better measure of agreement by adjusting the 
overal 1 accuracy for chance agreement or 
that agreement that might be contributed 
solely by chance matching of the two maps. 
The result of the Kappa analysis is the 
KHAT statistic. Landis and Koch (1977) 
characterized the possible ranges for KHAT 
into three groupings: a value greater then 
0.80 (i.e., 80%) represents strong agreement; 
a value between 0.40 and 0.80 (i.e., 40 -
80%) represents moderate agreement; and a 
value below 0.40 (i.e., 40%) represents poor 
agreement. In addition to calculating 
KHAT confidence intervals can be 

' 
calculated using the approximate large 
sample variance. The large sample variance 
can then be used to test if the agreement 
between the classification and reference data 
is significantly different from zero or a 
random classification with the Z statistic. 
The Z statistic in the Kappa analysis can 
also be used to test if a classification is 
significantly different from another 
classification. A "Z", statistics of 1.98 or 
less means that the classification is not 
significantly different from a random 
classification at the 99% confidence level. 

Accuracy Assessment Software 

In order to automate the accuracy 
assessment process, a program was 
developed in Visual Basic to format the 
data, calculate the statistics for each 
individual accuracy assessment polygon, 
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flag mixed sites and generate the error 
matrix and statistics. The program uses 
three input files to perform the analysis. 
The first input file is a text file of the results 
of a summary routine in Imagine using the 
classification and rasterized version of the 
accuracy assessment sites. The second input 
is a list of site numbers and an associated 
label ( class name). This file is used in the 
class listing to compare reference and 
classified values. The third input is a list of 
class names, total number of sites and total 
number of classes used in the classification 
and defines the error matrix. After the three 
files are input, the program generates a 
listing of accuracy assessment sites along 
with the assigned class value for both the 
reference data and classification. The class 
value that is assigned for the classification is 
based on the majority rule. The next column 
in the listing includes a "classified correctly" 
value from 1 to 3 that describes the degree 
of homogeneity of the classification that 
occurred in that particular site. A value of 1 
means that the majority class percentage in 
the site is greater than or equal to 60%, a 
value of 2 means that the majority class 
percentage in the site is less than or equal to 
40% and a value of 3 means that the 
maj~rity class percentage in the site is 
greater than 40% and less then 60%. 
Additional columns in the listing are the 
percentage and number of pixels by class 
that fell within the accuracy assessment site 
in descending order. The table is used to 
analyze the mixed classes and to clear up 
any confusion between the accuracy 
assessment site and the classification. The 
table also helps to identify any non-map 
errors in the accuracy assessment such as 
registration problems and labeling errors. 
The next step in the program calculates the 
error matrix and Kappa statistics for the 
classification. The program generates an 
error matrix based on the reference value 
and the classification value that was 
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generated in the previous step. The error guides the image processor to certain areas 
matrix was then used to compute the Kappa of confusion in the classification. 
statistics. The error matrix and Kappa f statistics were used to report the final Some Considerations 
accuracy of the classification and are 
produced for the final report. While the accuracy assessment performed in 

this project is by no means a robust test of 
Alaska Perspective the classification, it does give the user some r 

confidence in using the classification. It I 
L 

Obtaining adequate reference data for also provides enough detail for the end user 
performing an accuracy assessment can be to determine where discrepancies in the 
extremely expensive in remote areas. classification may cause a problem while 
Aircraft is the only means of transportation using the data. It is also important to note 
throughout most of Alaska. Aerial the variations in the dates of the imagery, [ 
photographs are available for most of aerial photographs and field data. For this 
Alaska, but most are at a scale that make it project, the imagery was from August 20, r difficult if not impossible to distinguish 1991, the aerial photographs spanned a 
some vegetation classes. Ideally, fieldwork seven-year period from 1980 through 1987, 
would be performed during one summer, the the field data was collected in August 1997, [ 
classification would be performed during the and the intensive management area data was 
winter and the reference data would be collected in 1988 and 1990. Differences due 
collected the next summer. This procedure to environmental changes from the different 
would allow a stratified random sample of sources may have a major impact on the 
the classification and ensure adequate accuracy assessment. A major assumption 

[_ 
sampling of all the classes. Unfortunately, of quantitative accuracy assessments is that 
this methodology is not typically feasible the label from the reference information 
due to the cost of obtaining the field data. represents the "true" label of the site and [ 
For this project, the fieldwork for obtaining that all differences between the remotely 
the training sites for classifying the imagery sensed map classification and the reference 
and the reference data for the accuracy data are due to classification and/or 
assessment was accomplished at the same delineation error (Congalton and Green 
time. Special care was taken during the 1993). Unfortunately, error matrices can be 
preprocessing stage and in the field to make inadequate indicators of map error because 
sure adequate samples were obtained. they are often confused by non-map error 

l_ However, funding limitations did not allow differences. Some of the non-map errors 
for the number of samples suggested for that can cause confusion are: registration 
each class (50) for the accuracy assessment. differences between the reference data and 
The primary objective for this project was to the remotely sensed map classification, 
create the best possible earth cover map. In digitizing errors, data entry errors, changes 
the classes that were not well sampled, few in land cover between the date of the r--

if any filed sites were withheld for the remotely sensed data and the date of the 
l 

accuracy assessment. This means that there reference data, mistakes in interpretation of r 

is little measure of confidence for those reference data, and variation in classification i 
I, -

classes in the accuracy assessment. and delineation of the reference data due to 
However, withholding a percentage of sites inconsistencies in human interpretation of [_ 
for the accuracy assessment does give us vegetation. 
some confidence in the classification and 

l_ 
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Results 

Field Verification 

Field data were collected on a total of 316 
field sites during the 10-day field season 
from August 3, 1997 through August 13, 
1997 (Table 4.). Approximately 40% (134) 
of these sites were reserved for accuracy 
assessment. The sites from the 1997 
fieldwork were supplemented with existing 
data from 166 field sites visited by the NPS 
in 1988 and 1990 for projects unrelated to 
this. The NPS data provided an additional 
54 training sites and 112 accuracy 
assessment sites. Twenty-five accuracy 
assessment sites for earth cover classes not 
visited in the field (clear water, turbid water 
and snow) were obtained through photo 
interpretation. A Bell Jet Ranger helicopter 
was used to gain access to the field sites. 
Field camps and fuel were based out of the 
Coal Creek Research Camp maintained by 
the NPS. 

Classification 

Classification of 30 earth cover classes was 
attempted. Many of these classes were 
inadequately represented in the field data 
available for training and accuracy 
assessment. As a result, classes with an 
inadequate sample size were grouped up into 
the next hierarchical cover type for accuracy 
assessment of the classification. This 
grouping resulted in 21 accuracy assessment 
classes (Table 5). The area and percent area 
was calculated for each of the 30 earth cover 
classes (Table 6) as well as for the grouped 
accuracy assessment classes (Table 7). A 
metadata file was also created for use with 
distributing the classified data (Appendix 
B). The result of the Landsat TM 
classification is shown in Figure 8. 

Table 4. The number of field samples and number withheld for accuracy assessment. 

1997 Field Sites NPS IMA Data Photo Sites Total 
Training 182 54 0 236 

Accuracy Assessment 134 112 25 271 
Total 316 166 25 507 
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Table 5. The classes used in the accuracy assessment. 

VALUE CLASS NAME GROUPED CLASSES 

1 Closed Needleleaf 
2 Open Needleleaf Open Needleleaf - Lichen 
4 Woodland Needleleaf Woodland Needleleaf - Lichen and Moss 
10 Deciduous Closed Deciduous, Open Deciduous 
16 Mixed Needleleaf/Deciduous Closed Mixed Ndl./Decid., Open Mixed Ndl./Decid. 
20 Tall Shrub 
21 Low Shrub Low Shrub - Other, Lichen, and Tussock 
24 Dwarf Shrub 
31 Wet Herbaceous 
40 Dry Herbaceous 
50 Tussock Tundra Tussock Tundra - Lichen 
70 Clear Water 
71 Turbid Water 
72 Snow 
80 Sparsely Vegetated 
81 Rock/Gravel 
94 Terrain Shadow 
95 Fire (Burned) 
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Table 6. The area and percent area of the 30 classified earth cover classes. 

CLASS# CLASS NAME ACRES %AREA 

1 Closed Needleleaf 42,936.69 0.5% 
2 Open Needleleaf 3,271,781.61 41.8% 
3 Open Needleleaf - Lichen 2,301.34 0.0% 
4 Woodland Needleleaf 1,223,988.91 15.6% 
5 Woodland Needleleaf - Lichen 39,649.91 0.5% 
6 Woodland Needleleaf - Moss 8,774.59 0.1% 

10 Closed Deciduous 311,919.00 4.0% 
13 Open Deciduous 32,725.65 0.4% 
16 Closed Mixed Needleleaf/Deciduous 327,268.25 4.2% 
17 Open Mixed Needleleaf/Deciduous 303,513.58 3.9% 
20 Tall Shrub 65,452.41 0.8% 
21 Low Shrub 692,623 65 8.8% 
22 Low Shrub - Lichen 826.64 0.0% 
23 Low Shrub - Tussock Tundra 316,287.95 4.0% 
24 Dwarf Shrub 293,156.86 3.7% 
32 Wet Graminoid 3,416.65 0.0% 
34 Wet Sedge 649.17 0.0% 
40 Dry Herbaceous 40,151.86 0.5% 
50 Tussock Tundra 65,494.66 0.8% 
51 Tussock Tundra - Lichen 3,446.23 0.0% 
60 Aquatic Bed 108.31 0.0% 
70 Clear Water 22,124.97 0.3% 
71 Turbid Water 46,037.54 0.6% 
72 Snow 7,893.24 0.1% 
80 Sparse Vegetation 156,671.27 2.0% 
81 Rock/Gravel 171,814.15 2.2% 
92 Cloud 1,630.82 0.0% 
93 Cloud Shadow 604.69 0.0% 
94 Terrain Shadow 295,415.06 3.8% 
96 Fire (Burn) 80,332.19 1.0% 

Total 7,828,997.87 100.0% 

Yukon-Charley/Black River/Fortymile 21 



Table 7. The area and percent area of the 21 accuracy assessment classes . 

·CLASS# •·· .. ,, .:; .·· .. ·· CLASS NAME . . · ... , ,· · ... ACRES .:"'.:;'. 

1 Closed Needleleaf 42,936.69 
2 Open Needleleaf 3,274,082.96 
4 Woodland Needleleaf 1,272,413.42 

10 Deciduous 344,644.64 
16 Mixed Needleleaf/Deciduous 630,781.83 
20 Tall Shrub 65,452.41 
21 Low Shrub 1,009,738.24 
24 Dwarf Shrub 293,156.86 
31 Wet Herbaceous 4,065.82 
40 Dry Herbaceous 40,151.86 
50 Tussock Tundra 68,940.89 
60 Aquatic Bed 108.31 
70 Clearwater 22,124.97 
71 Turbid Water 46,037.54 
72 Snow 7,893.24 
80 Sparse Vegetation 156,671.27 
81 Rock/Gravel 171,814.15 
92 Cloud 1,630.82 
93 Cloud Shadow 604.69 
94 Terrain Shadow 295,415.06 
96 Fire (Burn) 80,332.19 

Total 7,828,997.87 
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Figure 7. Results of the Yukon-Charley/Black River/40 Mile classification. 

Figure 8. Results of the Yukon-Charley/Black River/Fortymile classification. 
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Modeling 

Modeling of several classes was performed 
using a shaded relief image and an elevation 
zone image derived from USGS DEMs. 
1 :63,360 scale DEMs were used when 
available and 1 :250,000 scale DEMs were 
used for the remainder of the imagery. The 
shaded relief image was created in Imagine 
using the solar azimuth and solar elevation 
listed in the header file for the TM image. 

The terrain shadow class is entirely the 
result of modeling. In the initial 150 class 
unsupervised classification, the first 6 
classes showed heavy confusion between 
terrain shadows, water, open needleleaf and 
closed needleleaf classes. Where the shaded 
relief image indicated heavy shadowing, 
these classes were modeled to terrain 
shadow. The remaining areas in these 6 , 
classes were then run through an iteration of 
the combined supervised/unsupervised 
classification method to classify the water, 
open needleleaf and closed needleleaf areas. 
During post classification editing 
procedures, some editing was performed to 
re-label areas initially modeled to terrain 
shadow. 

Modeling was also performed on the open 
and closed deciduous classes. Even after 
several iterations of the 
supervised/unsupervised classification 
process, visual inspection of the classified 
map indicated that tall shrub areas at high 
elevations were being classified as open 
deciduous and closed deciduous. A model 
was written to re-label all pixels over 3000 
feet elevation that were classed as open or 
closed deciduous into the tall shrub class. 
The 3000 feet elevation break was 
determined through visual inspection of the 
image, notes taken on field maps, and photo 
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interpretation. Although open and closed 
deciduous classes can and do occur over 
3000 feet in the study area, it is uncommon, 
and more errors would have occurred by 
leaving these pixels labeled as open and 
closed deciduous. 

Light shadowing caused problems on north 
slopes, particularly in areas of relatively 
higher elevations. Typically these shadowed 
areas would class as large expanses of open 
or woodland needleleaf. Although the open 
and woodland needleleaf classes are 
commonly found in these areas, large 
portions of the shaded areas should have 
been labeled as tall shrub, low shrub, low 
shrub tussock, tussock tundra and dwarf 
shrub. The shaded relief model was used to 
'flag' open and woodland needleleaf classes 
in shadowed areas at elevations over 3000 
feet. These pixels were then masked out of 
the image and run through an unsupervised 
classification to label non-forest pixels. 
This process worked very well, but 
shadowed non-forest classes were still 
occasionally labeled as open or woodland 
needleleaf in shadowed areas. 

Editing 

Editing was performed on all classes to 
various extents depending on how well the 
iterative classification process worked for 
each. The woodland needleleaf lichen and 
woodland needle leaf moss classes in 
particular were heavily edited. Although 
these classes could be visually identified on 
the imagery, unsupervised classes that 
included the woodland needleleaf moss and 
woodland needleleaf lichen sub-classes in 
one portion of the image would always class 
woodland needleleaf (no lichen or moss) in 
other portions of the image. Areas of 
interest were digitized around the areas 
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containing the lichen and moss sub-classes, 
and these areas were re-coded accordingly. 

The wet sedge and aquatic bed classes were 
also the result of editing. The wet sedge 
class was edited in the same manner as the 
woodland needle leaf moss and woodland 
needleleaf lichen classes. The aquatic bed 
class is limited to areas along the flats of the 
Yukon River and corresponds to areas where 
field notes were taken from the helicopter 
indicating the presence of aquatic plants on 
lakes and ponds. 

Accuracy Assessment 

The overall accuracy of the grouped classes 
was 80% and the overall accuracy of the 
subclasses was 71 % (Table 8). The error 
matrices for both the grouped classes and for 
all classes are located in Appendix C, tables 
1 and 2 respectively. The error matrices 
present values for user's accuracy, 
producer's accuracy and Kappa statistic for 
each class. 

Accuracy of Grouped Classes 

For the grouped classes, the closed 
needleleaf, open needleleaf, woodland 
needleleaf, and deciduous classes all 
exceeded 70% accuracy (Appendix C, table 

C-1) and all but woodland needle leaf 
exceeded 80%. The lower accuracy of the 
woodland needleleaf classes is not 
surprising. The sparse tree crown cover in 
this class results in a large portion of its 
spectral signature consisting of the shrub 
and herbaceous cover in the understory. 
Because of this it is often confused with the 
shrub and herbaceous classes. 

The lowest accuracy is found in the tall 
shrub class. This class had a limited number 
of training sites, and is often found in 
narrow strips in riparian areas. Both of 
these difficulties made it a problematic 
cover type to classify. The mixed 
needleleaf/deciduous class also showed 
lower accuracy, around 65%. As expected, 
the confusion here was with the pure 
forested classes. 

Accuracy of Detailed Classes 

Accuracy of the closed needle leaf and open 
needleleaf classes remained above 70% 
(Appendix C, table C-2) when looking at the 
ungrouped classes. Confusion between the 
open and closed deciduous classes resulted 
in lower accuracy for these classes when 
they were split out from the grouped 
deciduous class. Lowest accuracy was again 
seen in the shrub and herbaceous classes. 

Table 8. Results of the accuracy assessment for the Yukon-Charley/Black River/Forty mile Mapping 
Project. 

Overall KHAT 
Accurac Accurac 

Grouped classes 80% 77% -----------------; All Classes 72% 69% 
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Of particular interest in the ungrouped 
classes are the woodland needleleaf lichen 
and woodland needleleaf moss classes. 
Both these classes have high user's 
accuracy. Because these classes were 
mostly edited into the maps, they are usually 
correct when they appear on the map. 
However, it was impossible to accurately 
edit the entire scene when adding these 
classes. For this reason, there will be areas 
in the map that should be labeled as 
woodland needleleaf lichen and woodland 
needleleaf moss but are not. These errors of 
omission are evident when you examine the 
producer's accuracy for the woodland 
needleleaf lichen class. 

Yukon-Charley/Black River/Fortymile 

Final Products 

The primary product of this project is a 
digital database of the 30 earth cover classes 
for the Yukon-Charley/Black 
River/Fortymile project. Hard copy maps of 
the classification and raw imagery were also 
created of the entire project area at a scale of 
1 :63,360. A small scale plot of the entire 
project area was also produced. In addition, 
the field database program with the digital 
images of the sites were delivered. An 
ArcView project was also created that 
showcases the classification, raw imagery 
and field data in a user-friendly system. 
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Conclusion 

The Bureau of Land Management - Alaska 
and Ducks Unlimited, Inc. have been 
cooperatively mapping wetlands and 
associated uplands in Alaska using remote 
sensing and graphic information system 
technologies since 1988. This project 
continued with the mapping effort for the 
Yukon-Charley/Black River/Fortymile 
project using Landsat Thematic Mapper 
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satellite scene, Path 66, Row 14 acquired 
August 20, 1991. The project area was 
classified into 30 earth cover categories. 
The overall classification accuracy of 17 
major (lumped) categories was 80%. The 
digital database of the classification was the 
primary product of this project along with 
hard copy maps of the classification, a 
complete field database and program, and an 
ArcView project. 
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Appendices 

Appendix A Decision tree for classification scheme. 

Description of Classes 

The following is a discussion of each of the 
earth cover types classified in the Yukon­
Charley/Black River/Fortymile Mapping 
Project. The first number indicates the class 
number from the BLM earth cover 
classification scheme. The second number, 
in parenthesis, indicates the class number in 
the classified digital map. 

1.0 Forest 
Needlcleaf and deciduous Trees-
The needle leaf species generally found are 
white spruce (Picea glauca) and black 
spruce (Picea mariana). White spruce tends 
to occur on warmer sites with better 
drainage, while black spruce dominates 
poorly drained sites, and thus is more 
common in the interior of Alaska. The 
nccdleleaf classes include both white and 
black spruce. 

The deciduous tree species generally found 
are paper birch (Betula papyrifera), aspen 
(Populus tremuloides) and cottonwood 
(Populus balsam(fera and Populus 
trichoca,pa). Cottonwoods (Populus 
trichocarpa) are found only in river valleys 
and on alluvial flats. Under some conditions, 
willow (Salix spp.) and alder (Alnus rubra) 
form a significant part of the tree canopy. 
Deciduous stands are found in major river 
valleys, on alluvial flats, surrounding lakes, or 
most commonly, on the steep slopes of small 
hills. Mixed deciduous/coniferous stands are 
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present in the same areas as pure deciduous 
stands. While needleleaf stands are extremely 
extensive, deciduous and mixed deciduous/ 
coniferous stands arc generally limited in size. 
The only exception to this rule is near major 
rivers, where relatively extensive stands of 
pure deciduous trees occur on floodplains and 
in ancient oxbows. 

1.1 (1) Closed Needleleaf 
At least 60% of the cover is trees, and :::75% 
of the trees are needleleaftrees. Closed 
needleleaf sites are rare because even where 
stem densities are high, the crown closure 
remains low. Generally, closed needleleaf 
sites are found only along major rivers. 

l.2 (2) Open Needleleaf 
25-59% of the cover is trees, and ?:75% of 
the trees arc ncedleleaf. This class is very 
common throughout the interior of Alaska. 
A wide variety of understory plant groups 
were present, including low and tall shrubs, 
forbs, grasses, sedges, horsetails, mosses 
and lichens. 

1.21 (3) Open Needleleaf Lichen 
25-59% of the cover is trees, :::75% of the 
trees are needle leaf, and ?:. 20% of the 
understory is lichen. This class is less 
common than either open needleleaf or 
woodland needle leaf lichen. 
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1.3 (4) Woodland Needleleaf 
From 10-24% of the cover is trees, and _2:75% 
of the trees are needleleaf. This is a fairly 
common class but the understory is 
extremely varied and includes most of the 
shrub, herbaceous or graminoid types present 
in the study area. 

1.31 (5) Woodland Needleleaf Lichen 
From 10-24% of the cover is trees, _2:75% of 
the trees are needle leaf, and .2: 20% of the 
understory is 1 ichen. This class is more 
common than open needleleaf lichen. The 
lichen often occurs in small round patches 
between trees. Within the study area, this 
class was generally found along ridgetops or 
on riparian benches. 

1.31b (6) Woodland Needleleaf Moss 
From 10-24% of the cover is trees, _2:75% of 
the trees are needleleaf, and 2: 20% of the 
understory is moss. Although this class was 
not included in the classification scheme 
developed at the BLM Earth Cover 
Workshop, there was enough evidence of the 
class in the Thematic Mapper(TM ) imagery 
and in field notes that an attempt was made to 
classify it. 

1.4 (10) Closed Mixed Deciduous 
At least 60% of the cover is trees, and _2:75% 
of the trees are deciduous. Occurs in stands 
of limited size, generally on the floodplains 
of major rivers, but occasionally on 
hillsides, riparian gravel bars, or bordering 
small lakes. This class may include paper 
birch (Betula papyrifera), aspen (Populus 
tremuloides) or cottonwood (Populus 
balsamifera and Populus trichocarpa). 

1.5 (13) Open Mixed Deciduous 
From 25-59% of the cover is trees, and 
2:75% of the trees are deciduous. There is 
generally a needleleaf component to this 
class even though it is less than 25%. This a 
relatively uncommon class. 
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1.6 (16) Closed Mixed 
Needleleaf/Deciduous 
At least 60% of the cover is trees, but 
neither needle leaf nor deciduous trees make 
up 2:75% of the tree cover. This class was 
uncommon and found mainly along major 
river channels. 

1.7 (17) Open Mixed 
Needleleaf/Deciduous 
From 25-59% of the cover is trees, but 
neither needleleaf nor deciduous trees make 
up _2:75% of the tree cover. This class is 
more common than the similar class, open 
deciduous, and can be found mainly on hill 
slopes or bordering lakes. 

2.0 Shrub 
The tall and low shrub classes are dominated 
by willow species (Salix spp.), dwarf birch 
(Betula nana and Betula glandulosa) and 
Vaccinium species, with alder (A/nus spp.) 
being somewhat less common. However, the 
proportions of willow to birch and the relative 
heights of the shrub species vary widely, 
making it difficult sometimes to determine 
whether a site is tall or low shrub. As a result, 
the height of the shrub species making up the 
largest proportion of the site dictates whether 
the site is called a low or tall shrub. The shrub 
heights will only be averaged within a genus, 
as in the case of a site with both tall and low 
willow shrubs. Dwarf shrub was usually 
composed of dwarf ericaceous shrubs and 
Dryas species, but often includes a variety of 
forbs and graminoids. The species 
composition of this class varies widely from 
site to site and may include rare plant species. 
It is nearly always found on hilltops or 
mountain plateaus, and may include some 
rock. 

2.1 (20) Tall Shrub 
Shrubs make up 25-100% of the cover, and 
the shrub height is 2:1.3 meters. This class 
generally has a major willow component 
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that is mixed with dwarf birch and/or alder, 
but can also be dominated by nearly pure 
stands of alder. It is found most often in wet 
draws, at the head of streams, or on the 
slopes of mountains and hills. 

2.22 (23) Low Shrubffussock Tundra 
Shrubs make up 25-100% of the cover, the 
shrub height is .25-1.3 meters, and .:::3 5% of 
the cover is made up of tussock forming 
cottongrass (Eriophorum vaginatum). This 
class is found in extensive patches in flat, 
poorly drained areas. It is generally made up 
of cottongrass, ericaceous shrubs, willow 
species, other graminoids and an occasional 
black spruce. 

2.23 (22) Low Shrub/Lichen 
Shrubs make up 25-100% of the cover, the 
shrub height is .25-1.3 meters, and .:::20% of 
the cover is made up of lichen. This class is 
found at mid- to high elevations. The shrub 
species in this class are nearly always dwarf 
birch. 

2.24 (21) Low Shrub 
Shrubs make up 25-100% of the cover, the 
shrub height is .25-1.3 meters. This is the 
most common low shrub class. It is 
generally composed of dwarf birch, willow 
species, Vaccinium species and Ledum 
species. 

2.31 (24) Dwarf Shrub 
Shrubs make up 25-100% of the cover, and 
the shrub height is .::S,25 meters. This class is 
generally made up of dwarf ericaceous shrubs 
and Dryas species, but often includes a variety 
of forbs and graminoids, and some rock It is 
nearly always found at higher elevations on 
hilltops, mountain slopes and plateaus. 

3.0 Herbaceous 
The classes in this category include bryoids, 
forbs and graminoids. Bryoids and forbs are 
present as a component of most of the other 
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classes but rarely appear in pure stands. 
Graminoids such as Carex spp., Eriophorum 
spp., or bluejoint grass (Calamagrostis 
canadensis) can dominate a community. 

3.11 Lichen 
Composed of 2:40% herbaceous species and 
between 5 and 25% water, and 2: 60% lichen 
species. This class was not found in patches 
large enough to map in this study area. 

3.12 Moss 
Composed of _2:40% herbaceous species and 
between 5 and 25% water, and .:::60% moss 
species. This class was not found in patches 
large enough to map in this study area. 

3.21 (32) Wet Graminoid 
Composed of 2:40% herbaceous species and 
between 5-25% water, where .:::60% of the 
herbaceous cover was graminoid. This class 
represents wet or seasonally flooded sites. It 
is often present in stands too small to be 
mapped at the current scale. 

3.21b (34) Wet Sedge 
Composed of _2:40% herbaceous species 
where _2:50% of the herbaceous cover was 
sedges, and between 5 and 25% water, or 
_2:20% of the site was Carex aquatilis. This 
class generally occurs in low, barely sloping 
areas, and represents wet or seasonally 
flooded sites. It is often present in stands 
too small to be mapped at the current scale. 

3.31 (50) Tussock Tundra 
Composed of .:::40% herbaceous species and 
_s25% water, where .:::50% of the herbaceous 
cover was graminoid, and 2:3 5% of the 
graminoid cover is made up of tussock 
forming cottongrass (Eriophorum 
vaginatum). Tussock tundra often includes 
ericaceous shrubs, willow species, forbs, 
bryoids and other graminoids, and is usually 
found at lower elevations in flat, poorly 
drained areas. 
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3.311 (51) Tussock Tundra/Lichen 
Composed of 2:_40% herbaceous species and 
.::;25% water, where 2:_50% of the herbaceous 
cover was graminoid, and ?::20% of the cover 
is lichen, and ?::3 5% of the graminoid cover is 
made up of tussock forming cotton grass 
(Eriophorum vaginatum ). Tussock tundra 
often includes ericaceous shrubs, willow 
species, forbs and other graminoids, and is 
usually found at lower elevations in flat, 
poorly drained areas. This class includes a 
major component of lichen. 

3.3 ( 40) Mesic/Dry Herbaceous 
Composed of 2:40% herbaceous species and 
.::;5% water, excluding tussock forming 
cottongrass (Eriophorum vaginatum) and 
Carex aquatilis. This class is made up of 
both mesic/dry graminoid and forb 
communities. These communities are 
uncommon in the study area and too few 
sites were visited to make up separate 
mesic/dry graminoid and mesic/dry forb 
classes. 

4.0 Aquatic Vegetation 
The aquatic vegetation is divided into aquatic 
bed and emergent classes. The aquatic bed 
class is dominated by plants with leaves that 
float on the water surface, generally pond 
lilies (Nuphar polysepalum). The emergent 
vegetation class is composed of species that 
are partially submerged in the water, and may 
include freshwater herbs such as horsetails 
(Equisetum spp.) marestail (Hippuris spp.) 
and buckbean (Menyanthes trifoliata). 

4.1 ( 60) Aquatic Bed 
Aquatic vegetation makes up ?::20% of the 
cover, and 2:_20% of the vegetation is 
composed of plants with floating leaves. 
This class is found in shallow water and is 
generally dominated by pond lilies. 
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4.2 (61) Emergent Vegetation 
Aquatic vegetation makes up ?::20% of the 
cover, and ?::20% of the vegetation is 
composed of plants other than pond lilies. 
Generally includes freshwater herbs such as 
horsetails (Equisetum spp. ), marestail 
(Hippuris spp.) or buckbean (Menyanthes 
trifoliata) and is found in shallow water in 
small ponds or along the edges of large 
water bodies. This class was not found in 
patches large enough to map in this study 
area. 

5.0 Water 
Water classes include snow, ice and clear 
and turbid water. The distinction between 
clear and turbid water is relative, but deep 
open water is usually clear, while shallow or 
particulate heavy water is usually classed as 
turbid. In this area, the Yukon River is 
classed as turbid water. Other rivers, creeks, 
and lakes/ponds are classed as clear water. 

5.1 (72) Snow 
Composed of 2:_50% snow. 

5.2 (73) Ice 
Composed of ?::50% ice. 

5.3 (70) Clear Water 
Composed of ?::80% clear water. 

5.4 (71) Turbid Water 
Composed of ?::80% turbid water. 

6.0 Barren 
This class includes sparsely vegetated sites, 
such as abandoned gravel pits or riparian 
gravel bars, along with non-vegetated sites, 
such as barren mountaintops or glacial till. 

6.1 (80) Sparse Vegetation 
At least 50% of the area is barren, but 
vegetation makes up 2:20% of the cover. 
This class is often found on riparian gravel 
bars, on rocky or very steep slopes and in 
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abandoned gravel pits. The plant species are 
generally herbs, graminoids and bryoids, 
and may include rare species. 

6.2 (81) Rock/Gravel 
At least 50% of the area is barren, 2:50% of 
the cover is composed of rock and/or gravel, 
and vegetation makes up less than 20% of 
the cover. This class is most often made up 
of mountaintops, talus slopes or glaciers. 

6.3 (82) Non-vegetated Soil 
At least 50% of the area is barren, 2:50% of 
the cover is composed of mud, silt or sand, 
and vegetation makes up less than 20% of the 
cover. This type is generally found along 
shorelines or rivers. This class was not found 
in patches large enough to map in this study 
area. 

(90) Urban 
At least 50% of the area is urban. This class 
was not found in the study area. 
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(91) Agriculture 
At least 50% of the area is agricultural. This 
class was not found in the study area. 
(92) Cloud 
At least 50% of the cover is made up of 
clouds. 

(93) Cloud Shadow 
At least 50% of the cover is made up of 
cloud shadows. 

(94) Terrain Shadow 
At least 50% of the cover is made up of 
terrain shadows. 

(96) Burned 
This class includes areas that have recently 
burned (within 2-3 years), or older burned 
areas that have retained enough standing 
dead trees to cause spectral confusion with 
recent burns. They typically contain a shrub 
(low and/or tall) or herbaceous understory 
and a snag overstory. 
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Appendix B 

Earth Cover Classification Metadata 

Metadata Information System (MIS): YUCH EARTHCOV 

GENERAL DESCRIPTION 

Coverage/Image Name: YUCH EARTHCOV 
Description: 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 technologies since 1988. The National Park Service 
(NPS) has also had an ongoing mapping effort for their lands with the goal of mapping all the 
parks in Alaska. The goal of this project was to continue the mapping effort for both the BLM 
and NPS while reducing the overall cost by simultaneously mapping the Yukon-Charley Rivers 
National Preserve, its surrounding environs and the Black River/Fortymile River BLM lands. 
One Landsat Thematic Mapper satellite scene (Path 66, Row 14, acquired August 20, 1991, 
shifted 40% south) was used to classify the project area into 30 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. A 
helicopter was utilized to gain access to field sites throughout the project area. Global 
positioning system technology was used both to navigate to pre-selected sites and record 
locations of new sites selected in the field. Data was collected on 316 field sites during a 10-day 
field season from August 3, 1997 through August 13, 1997. Approximately 40% (134) of these 
field sites were set aside for accuracy assessment. The field data collected in 1997 was 
supplemented with field data collected by the NPS in 1988 and 1990 for an unrelated projects. 
The NPS data provided an additional 54 training sites and 112 accuracy assessment sites. 
Twenty-five accuracy assessment sites for earth cover classes not visited in the field ( clear water, 
turbid water and snow) were obtained through photo interpretation. 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 of the major categories was 80%. The cooperators in this project included: National 
Park Service, Bureau of Land Management-Alaska, and Ducks Unlimited, Inc. 

Scale: 30-meter pixel resolution. Classes assumed accurate at a 5 acre minimum mapping unit 
or larger. 

Date of Image: August 20, 1991 
Date of Mapping: August, 1997 - June, 1998 

PROJECTION INFORMATION 

Projection: Albers Conical Equal Area 
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Spheroid: Clarke 1866 
meters Units: 

Parameters: 
1st standard parallel: 
2nd standard parallel: 
longitude of central meridian 
latitude of origin of projection: 
false easting: 
false northing: 

SOURCE INFORMATION 

55d 00' 00" 
65d 00' 00" 
154d 00' 00" W 
50d 00' 00" 
0.00 
0.00 

Landsat TM scene purchased and terrain corrected by EROS data center, Sioux Falls, 
ND. 

CONTACT INFORMATION 

Ducks Unlimited Inc. 
Western Regional Office 
3074 Gold Canal Dr. 
Rancho Cordova, CA 95670 

Bureau of Land Management 
Alaska State Office 
222 West ih A venue, # 13 
Anchorage, AK 99513-7599 
907-271-3431 
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Appendix C 

Error Matrices 

C-1. Error matrix for grouped earth cover classes. 

Closed j Open 
,,uuula ,<>parse, 

i 
nd Mixed i iY User's I I NeedleleiNeedlel Needlel Decidu Ndl./De !Tall jLow Dwarf Dry Tussock I Clear Turbid IVegetat Rock/ Terrain Accura I 

lass at ieaf eaf ous cid. Shrub !Shrub Shrub Herb. Tundra lwater Water Snow led Gravel Shadow Bumed Total cy Lowl Upper LI Kappa ivariance 

I. Ndl. 4 ' 4 100 95 100 1 

Open Ndl. 1 48 2 2 1 2 
I ! 56 85.71 76,19 95.23 0.8182 

Wdlnd Ndl. 5 26 2 ! 3 ! 1' 
l 

37 70.27 ; 55 85,54 0.6601 

Deciduous ' I ' 1 21 2 I i 24 87.5 73.44 100 0.8617 

Mixed Ndl./Dec. 2 2 10 1 15 66.67 41.48 91.86 0.6458 

Tall Shrub 1 2 3 66.67 6.66 100 0.6565 

ow Shrub 2 6 2 4 47 2 1 1 65 72.31 61,12 83.5 0.6558 

Dwarf Shrub ' 1 8 1 
' 

10 80 53.21 100 0.7899 

Dry Herb. 
I ! 1! ! I 1 0 0 20 -0.0112 

[Tussock Tundra 1 7 
' 

a 87.5 62.08 1001 0.8702 i 
Clear Water : ! 15 

I 
15 100 98.67 100, 1: 

' • ' 1ooi [Turbid Water 
' 

5 5 100 96 1 
' 

I ' 
Snow 5 5 100 96 100 ti 
Sparse Veg. 

i 2i 7 1 10 70 39.6 100 o.692 I 
Rock/Gravel 

I ' 5 5 100 I ; 96 100 1 
I ' I oi If errain Shadow i 1 1 0 0 20 

Bum i I 7 7 100 97.14 100 1 

[Total 5 58 34 26 16 8 53 13 3 10i 15 5 5 7 6 o 7 271 : 
i --

Producer's soi 82.76 76.47 80.77 62.5! 2sl 88.68, 61 541 0 70' 100 100 100 100 1 83.33 ----- 100 80.07 -
Low L 40 941 72.69 61.62 64.85 37 53 I Oj 79.77 33~6L 0 39.6[ 98.67 96 96 9714 50.17 ---- 97.14 75.13 

•. ,., ••• 1 ---, ---------- --

Upper L 100! 92.83 91.32 96.69 87.47• 57.51 97.59 89.52 6.67 100 100 100 100 100 100 ---- ' 100 85 01 I 
-•••Ma --

iKappa 1 0 8182 0.6601 0 8~171 0.6458 0.6565 0.6558 0 7899 -0.011 0.8702; 1 1 1 0.692 1 0 1 j 0 7711_! -----
I 

Variance i 0.0008 . --
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C-2. Error matrix for all earth cover classes. 

GI. Op. ! Low ! ! 
Open M~ed Mixed I Sh. ' ! 

losed Open Ndl. Wdlnd. W.Ndl. W.Ndl. cmed Open Ndl.10 Ndl./Deci Tall Low Tussoc o.vart Dry Tussock iru.Tundr Clear Turbid Sparse Rook/ Terrain 
Class Ndl. Ndl Lichen Ndl. lichen Moss Dec. Dec. ecid. d. Shmb Shrub k Shrub Herb. Tundra I a Uc hen Wat,,r Wa!ef Snow Veg. Gravel Shadow Bumed l'otol User's LowL Upperl Kappa Variance 

aosed Needleleaf 4 I 4 100 95 100 1 

' Open Neodleleof 1 45 4 1 1 1 1 1 2 57 78.95 68.02 89.81 0.7383 

Open Ndl. Lichen I 0 ---- ----- --- ---
Woodland Needleleaf 4 1 19 3 1 1 1 2 1i 33 57.58 40.11 75.0! 0.5364 

Wdlnd. Ndl. Liohen 1 4 : ' 5 so 40.94 10( 0.7931 

Wdlnd. Ndl. M"'6 2 ' I I 
I 2 100 90 10( 1 

Closed Dec. 1 16 2 2 ! i 21 76.19 57.02 95.3! 0.741! 

Open Deo, 2 1 i ! I 3 33.33 0 93.3 0.320! ; 

Ct Mixed Ndl./Deoid. 1 1 6 1 I I 9 66.67 33.65 99.6! 0.652l 

Open Mixed Ndl./Deo. 1 1 2 1 5 40 0 86.9 0.388 

all Shrub 1 2 / 3 66.67 6.66 100 0.6565 

Low Shrub 1 1 2 13 7 1 I 25 52 31.62 72.31 0.4755 

Low Sh. Tussoc:k 1 1 1 1 1 2 5 21 1 1 ' 35 60 43.2 76.8 0.5502 

DwalfShrub 1 5 1 11 81.82 57.21 100 0.809 

Dry Her~ 1 1 0 0 20 -0.0112 

tTussoc:kTundra 1 1 6 1 i 9 66.67 33.66 99.6! 0.6566 

truss. Tundra Lichen : I 0--- ---- -- ---
Clearwater I 1! I 15 100 98.67 100 1 

tTurl>dWatar I 5 ! I 5 10C 96 100 1 

Snow I 
I 

l I 5 100 96 100 1 

SmfseVeg, ! 2 7 1 I 10 70 39.6 100 0.692 

Rock/ Gravel 5 5 100 96 100 1 

' i C emain Shadow 1 1 0 0 20 

Burned 7 100 97.14 10( 1 

lrotal 5 53 5 23 9 2 21 5 11 5 8 23 30 13 3 8 2 15 5 ' ' 0 271 

Producer's 80 84.91 0 82.61 44.44 100 76.19 20 54.55 40 25 56.52 70 69.23 0 75 0 1CO 10( 10C 1DI 83.3, - 11X 71.59 

Lowl 40.94 74.9 0 6[25 9.75 90 57.02 0 23.31 0 0 35.39 5293 42.E 0 42.49 0 98.67 Q€ QE 97.1 50.1 - 97.1 66.04 

Uooer L 100 94.92 4 9a97 79.13 mo 95.36 5906 85.79 86.94 57.51 77.65 87.07 95.86 M7 100 10 100 10( 10C 1DI 10C- ' 1IX 77.1< 

Kappa 1 0.7383 - 0.5364 0.7931 l 0.7419 0.3208 0.653 0 38871_ 0 6565_ 0.4755 0.5502 0.809 -0011 065651- 1 1 1 0.69 1 0 1 0.68TI 

I 
·--

i o.ooogj Variance 
·-·--
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