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ABSTRACT

The Tanana River Basin Project, as part of NASAs Applications
System Verification and Transfer (ASVT) program, is a cooperative
effort with agencies in the state of Alaska to assess the utility
of remote sensing technology in meeting critical resource manage-
ment needs, while providing DNR with baseline resource information.
Digital image classification techniques were used to classify land
cover/resource information in the Tanana River Basin. Portions of
four scenes of LAndsat digital data were analyzed using computer
systems at Ames Research Center in an unsupervised approach to
derive cluster statistics. Identification of the spectral classes
was accomplished using the IDIMS display and color-infrared photo-
graphy.' Classification errors, identified during two workshops
with DNR personnel, were corrected using stratification procedures.
The classification scheme resulted in the following eleven cate-
gories: sedimented/shallow water, clear/deep water, coniferous
forest, mixed forest, deciduous forest, shrub and grass, bog,
alpine tundra, barrens, snow and ice, and cultural features. Color
coded maps and acreage summaries of the major land cover cateogories
wefe generated for selected USGS quadrangles (1:250,000) which lie
within the drainage basin. The Tanana Project, initiated in

October, 1980, was .completed within. six months.
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CHAPTER I

INTRODUCTION

Scope of the report

The Tanana Project, as part of NASA's technology transfer
program, is comprised of two subprojects: generation of a regional
land cover map of most of the Tanana River Basin using Landsat
digital data and a forestry resource inventory for an area north-
west of Fairbanks. This report was prepared to summarize the
regional resource inventory.

Chapter 1 provides background information concerning overall
project objectives, participants, and agency needs related to
legislative mandates. An overview of the technical approach,
responsibilities, desired output products, and delineation of
the study area are discussed in Chapter 2. Chapter 3 examines
in detail digital processing of the Landsat data. This document
should assist agency participants in assessing the utility of
remote sensing technology in relation to specific state needs.
The final chapter is to be completed by state agency participants

and will be included in the final report.

Introduction

The Tanana Project is a cooperative effort with agencies
within the state to demonstrate and facilitate the operational
use of remote sensing technology in meeting state inventory
objectives in a timely and cost efficient manner. While the

Tanana project was conceived as a demonstration project, the main



goal was to provide the Department of Natural Resources with
l1and cover information which will be utilized in the Tanana
Basin Area Plan as a basis for initial delineation of potential
'feettlement areas, substantlatlon of forestry public interest
lands, fire planning, habitat verification, and identification
of areas requiring more detailed information. Moreover, .the
project initiated in the fall of 1980, needed to be completed
the following spring to be useful in DNR's planning process.

Completion of the analysis phase of the project will serve
to meet three main objectives: 1) to provide resource inventory
information useful for the development of a general management
 p1an, 2) traln agency personnei to understand the advantages and
limitations of the technology, and 3) serve as a basis for evalua-
tion of the technology for meeﬁing specific state needs.

Recent and impending legislative mandates in the state
require transfer of nillions’of acres of land to federal, state,
2 ioéal agencias and Native gfduﬁs. One of thosé mandates, the
Alaska Statehood Act, tranferred 104 million acres to state
jurisdiction, while the Land Policy Act (1978) mandates regional
management plans for state 1ande selected under the Statehood
;iAct.' To meet these critical needs the Division of Research and

'Deveiopment is re5ponsib1e for developlng a comprehensive
"regional plan £6r the Tanana Rlver Basin. - Land transfer require-
ments of these ‘acts dictate statewide land inventory and use -

classification, now largely non-existent in Alaska.



Considering the size of the state, complicated and changing

land ownership patterns, inaccessiblity, and high cost of land -
based inventories, coupled with numerous legislative mandates,
the availability of color infrared (CIR) aerial photography and
Landsat data provides an ideal data base to meet these various
inventory requirements. In addition, analysis of Landsat digital
data will provide state agencies with information readily com-

patible with geo~based information systems.

Background

Landgat digital data, used in conjunction with high altitude
color infrared photography, can provide agencies with accurate
resource information in a timely manner which becomes increasingly
cost effective for large project areas such as the Tanana River
Basin. Additionally, digital image classification provides rapid,
consistent classification decisions where each picture element
is assigned to a resource class. The use and application of the
final output products is an important factor when considering
image classification techniques. The digital format provides an
efficient means for summarizing land cover statistics within a
specified areal unit. Digital classification results provide
greater flexibility in displaying data in various formats and
map scales and results can be dggregated to simulate various
minumum mapping units.

Photo-interpretation of land cover information can provide

polygonal information for extensive regions given the availability



of aerial photography or satellite imagery. The resultant poly-
gonal format of the data base, however, is not particularly
useful. It is difficult and laborious to convert polygonal data
into a digital format which would facilitate integration with
other data sets. 1In contrast, the digital format of Landsat data
provides a capability for easy data extraction and manipulation.
A digital iﬁventory base, used in conjunction with other

data, offers a multitude of unique opportunities for specialized
study needs. The successful merging of Landsat resource informa-
tion with other data sets can dramatically extend the usefulness
of the digital data base and begin to provide innovative solutions
to many problems confronting resource managers and planners. In
addition, the initiation of specific applications utilizing the
generalized land cover inventory will provide a basis for final
assessment of the remote sensing technology by participating
agencies. The Tanana Project has been designed to test the use-
fulness and feasibility of utilizing remote sensing technology
in a wide variety of situations and applications. The following
list summarizes possible applications where the landcover inventory
might prove useful.

Land use/cover inventory

Wetland delineation

River Basin study support

Floodplain mapping

Water quality monitoring

Change detection applications

Land use suitability mapping

Baseline data for GIS integration
Habitat evaluation



Integration of the land cover maps produced from Landsat
digital data with other ancillary data sets in the Alaska Land
and Resources System (ALARS) geo-based information system would
further enhance the usefulness of the land cover information.
Many facets of land capability can be keyed to land cover infor-
mation. For example, areas with impeded grainage, saturated soils
and permafrost can often be infered from a black spruce bog
vegetative cover. In addition, the land cover map used in con-
junction with landform, slope, aspect and other data cah be
reinterpreted to represent desired land capability categories.
Follow-on subprojects, identified by each of the participating
state agencies, will be supported with technical assistance
from NASA in utilization of the digital data base for specific

applications during the third year of the ASVT.

Project Responsiblities

One of the major factors determining the success of a
technology transfer project is the level of commitment and con-
tribution of participating personnel. This demonstration project
requires active agency participation in all phases of the project
to be able to adequately assess the utility of the technology
for meeting state needs. The major responsiblities of NASA and
participating state agencies are summarized below.

NASA's Role

Information and Training
Image Analysis Processing
User needs survey



Overall project support
Provide satellite and aircraft imagery
Conduct training workshops

Participating State Agencies

Ground data collection

State coordinating functions
Identification of applications needs
Active participation

Commitment of personnel

Technology evaluation

The cooperative nature of the demonstration project requires
active participation of agency personnel. At the completion of
the project, the burden of evaluation (the most-important phase
of the project) will reside with the agencies. The final assess-
ment of the technology, hence the success of the project, is
solely determined by agency personnel.

Agency,Pafticipation

The' following divisions within DNR are actively participating
in this demonstration:
Alaska Department of Natural Resources
Division of Research and Development
Division of Forest, bhand and Water Mangement
The following agencies are providing project support of

demonstration activities, such.as field data collections, training

course attendance, and evaluation of output products:



Alaska Department of Fish and Game
Alaska Department of Natural Resources

Division of Technical Services

Division of Research and Development

Division of Forest, Land and Water Management

Division of Minerals and Energy Management
Alaska Department of Community and Regional Affairs
Alaska Department of Environmental Conservation
U.S. Department of Agriculture

Soil Conservation Service






CHAPTER II -

PROJECT CONSIDERATIONS AND ORGANIZATION

Technical Overview

An unsupervised classification of Landsat digital data
covering the Tanana River Basin has been developed to provide
a regional land cover inventory base} Four Landsat scenes
falling within the basin were acquired. Portions of two scenes
within the same orbital path were mosaicked to create one central
scene, in addition to the scenes located east and west. The
spectral information for each scene was analyzed using clustering
algorithms to yield spectral statistics. The unsupervised cluster
statistics were then used to classify (assign) each picture element
to the cluster it most nearly resembled using a maximum likelihood
classifier. Classification results were evaluated by DNR personnel
to identify the resource characteristics of each spectral class.
This step was completed using the interactive display at the EROS
Field Office in Anchorage. Each spectral class was examined using
high altitude CIR photography. Classification errors or classes
which represent more than one resource category, were identified
for later stratification. A number of enhancement techniques were
utilized to resolved these errors. A series of color coded maps
of the eleven land cover categories with acreage summaries by

cover type were produced at 1:250,000 scale.

1 In a unsupervised approach, the MSS data is paritioned into an
arbitrary number of spectrally distinct groups of clusters.



Project Roles

The successful completion of the digital analysis project
depended, to a major extent, on the participation of DNR per-
sonnel for spectral class identification. 1In addition to the
project objectives stated in Chapter 1, specific support pro-
vided by DNR included:

Map of the drainage basih boundaries

CIR photography for areas within the eastern and
western Landsat scenes

IDIMS systems cost (éecond session)
Landsat color composite prints
Assessment of final products

Evaluation and documentation

Two évaiuation workshops were held at the IDIMS EROS Field
Office during the months of January and Februaty. P. McNees and
J. Wehrman provided expertise in the interpretation of spectral
classes for the three data sets. It must be noted that the
overall classification accuracy is proportional to the amount
of time spent in the speétral class evaluation phase. Due to
the limited coverage of aeriai photography and ground information,
the classification scheme used in the analysis was modified
during the workshop to maintain a high degree of reliability.
Utilization of the final classification by DNR will provide
additional time for further evaluation of results, and potentially,

a refinement of the eleven land cover categories by data set.



Study Area.

Selection of the study region was determined by DNR and the
availability of Landsat data. The main goal of the project was
to provide DNR with land cover information which would be utilized
in their Tanana Basin Area Plan. In addition, a Landsat search
of available imagery revealed a number of possible scenes. Four
scenes were‘chosen because they encompassed most of the lands
within the Tanana Basin under state jurisdication.

The study region, located within the Tanana River Basin,
extends north to Livengood, south t§ the Alaska Range, west to
the confluence of the Yukon and Tanana River, and just east to
George Lake (Figure 1). Along the southern boundary, the eleva-
tion of the Alaska Range varies from 6,000 to 9,000 feet culmina-
ting with Mount Denali (20,269 feet). North of the Alaska
Range, the foothills reach elevations of 2,000 feet. The lowlands
south of the Tanana river are characterized by low, gentle terrain.
North of the Tanana river the uplands consist of forested mountains
up to 6,000 feet in elevation.

The test site is traversed by major highways, the Alaskan
railroad, and the Alaska pipeline. Fairbanks is the largest
city with numerous other smaller settlements and a number of
military installations. Land ownership patterns have undergone
radical change due to numerous state and federal legislative
mandates regarding land selection, disposal and classification.
As a result, a need for cooperative land management exists. In

addition, the checker - board ownership patterns have increased

10
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accessibility problems. The principal political subdivision
within the basin is the Fairbanks North Star Borough. However,
federal, state and local agencies have jurisdiction of lands

within the basin.

Classification Scheme

The classification scheme used to characterizé the Tanana
Basin was devised to satisfy the needs of a number of state
agencies in an effort to demonstrate the use of Landsat satellite
data, while providing a reliable land cover inventory for the
region. The classification scheme was generalized to maintain
a high degree of accuracy and consistency in all three data
sets, although greater detail exists in each individual scene.
For instance, DNR was interested in differentiating shrublands
above and below the treeline. Hoewever, the spectral reflectance
of shrubs at any elevation appear identical. The resulting
classification scheme, therefore, evolved to reflect the charac-
teristics of the satellite, expertise of the individual photo-
interpreters, and limitations of time. The land cover categories
were classified according to dominant lifeform, site moisture
and other associated landform elements. The classification
scheme developed for the Tanana Basin, based on the analysis of
Landsat digital data, resulted in the following eleven land
cover/use categories:

Cultural : v _

Commercial, industrial, transportation, and residential

land uses comprise this class including.thé two major urban

areas of Fairbanks and Big Delta. Growing crops, fallow
fields and pastures are also included in this class.

12



Grass and Shrub
Encompasses those communities with a major vegetative com-
ponent of shrubs, grasses and sedges. This class occurs
:~as tundra above the treeline, as the primary successional
community on timber cuts, and along river floodplains. It
may also include up to 30% tree cover.

Coniferous Forest ,
This class includes any areas which have a dominant crown
cover of coniferous trees (white and black spruce). It
includes open and closed coniferous forests and may have up
to approximately one-third deciduous crown cover. 1In
addition, black spruce bogs with a forested crown cover
of greater than 30% are included in the class.

Mixed Coniferous/Decidous Forest
This class occurs whenever the deciduous or coniferous
vegetative components cover at least one-third of the
overall "“vegetative cover.

Deciduous Forest
Encompasses open and closed forests with deciduous trees
as the major vegetative component (greater than 30%). This
class can include up to one-third coverage of conifers;
usually the conifers present were below the deciduous
crown canopy. Main species found include birch and aspen
with an understory of various forbs, grasses and shrubs.

Barrens
All bare rock or soil surfaces with less than one-third
vegetative cover. Includes bare rock outcrops on the
major mountain ranges, floodplains, sandbars, gravel pits,
rubble on glaciers and some north-facing slopes in shadow.

Alpine Tundra
Basically, mat and cushion, low-lying vegetation commonly
found above the treeline (berries, prostrate shrubs, lichens).

Snow and Ice ‘ _
This class includes all perennial snow and ice fields in
the major mountain ranges surrounding the Tanana Basin.

Shallow and Sedimented Water .
Shallow lake shelves, turbid lakes, deltaic plumes, and
rivers and lakes with high sediment loads comprise this
- class. Emergent and aquatic vegetation may also be present.

Deep and Clear Water

Includes many of the hundreds of inland lakes and stream
courses in the Tanana Basin.

13



Bog
That community comprised of a black spruce or shrub overstory
with an understory of mosses, berries and small shrubs. Bogs
are basically found in two distinct areas: depressional basins
and on north-facing mountainous slopes. This cover type is
characterized by impeded drainage, saturated soils, and, in
many cases, is underlain with permafrost.

The original classification scheme proposed by DNR was modified

to reflect the spectral and ground truth information. The infor-

mation classes were generalized, when necessary, to maintain a

high level of accuracy. Spectral classes which were not con-

sistently identified during the evaluation workshops by agency

participants were grouped into a more generalized information

class. For example, spectral confusion between Black and White

Spruce necessitated their grouping. Black Spruce occupy depres-

sional basins with impeded drainage, while White Spruce are

found on slopes with integrated drainage. These two species

could be visually differentiated with a map overlaid on the

color-coded classification if the interrelationship of vegetation

and terrain is known. To reiterate, the Landsat classification

will provide more reliable and useful information when used in

conjunction with ancillary data.

Output Products

The digital format of the final classification is condu-
sive to a variety of display methods. Line printer maps, electro-
static printer/plotter maps (in which the spectfal classes are
represented by symbols), and photographic products generated

from a film recorder are common types of output products. A

14



fourth product is a tabular'summary of picture elements by land

M !

[,

cover caﬁégory. During éariy planning discussions with DNR,
NASA agreed to provide the following products for selected
1:250,000 U.S.G.S. quadrangles within the Tanana River Basin:
Color-coded maps (two sets) of the classified data
Acreage summaries by quadrangle
8" X 10" Polaroid prints of selected areas
In addition to praviding DNR with immediate products, NASA
will reproduce color coded prints of each of the three data
sets (at a scale of 1:500,00) for evaluation by other partici-

pating state agency personnel.

Training Workshops

In order to assist state agency participants in developing
an understanding of the advatages and limitations of remote
sensing technology, two training workshops sponsored by NASA,
were held in Anchorage. The first workshop centered on the
principles of photo-interpretation using color-infrared high
altitude photographj. The workshop was presented at the EROS
Field Office (Anchorage) in June, 1980. Participants included
five personnel from the Department of Natural Rdesources, three
from the Alaska Department of Fish and Game, two from the
Department of Community and Regional Affairs, and one from the
Department of Environmental Conservation. Participants were
given a set of aerial photographs for the Fairbanks region, a
course notebook and instruction in ground data collection pro-

cedures.



During a second workshop,.state agency participants were
given hands-on training on the Interactive Display Image Manipula-
" tion System (IDIMS), held at the EROS Field Office the last
week in October, 1980. Participants to the introductory digital
workshop included four from the Department of Natural Resources,
one from the Department of Environmental Conservation, one from
the Department of Community and Regional Affairs and two from
the Soil Conservation Service. All participant had previous
photo-interpretation training; hence made an easy transition
to Landsat digital data. The use of CIR photography to increase
the usefulness and reliability of the Landsat derived information

was emphasized in the digital workshop.

16
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CHAPTER III

TECHNICAL ANALYSIS METHODOLOGY

Digital analysis refers to the steps involved in the
generation of a classified Landsat scene. Simply stated, in
the digital process the reflectance characteristics of each
picture element are correlated with resource categories. This
'is possible because the reflectance values are recorded in a
digital (numerical) format easily manipulated with computers.
This chapter describes the various steps in the digital analysis
of the Tanana Basin (Figure 2).

Digital analysis of the three data sets utilized in the
Tanana Basin encompassed five major steps: clustering, classifi-
cation, evaluation, stratification and generation of output
products. In an unsupervised clustering, the multispectral (MSS)
data is clustered into a number of spectrally distinct groups
to develop statistics (means, variances). These unsupervised
cluster statistics are then utilized in the classification of
each Landsat scene, a process in which each picture'element
(pixel) is assigned to the statistical cluster it most nearly
resembles. Evaluation of the classification involved identifying
the spectral classes by comparing the classes :(viewed on the IDIMS
Comtal display) with color infrared photogfaphy. Classification
errors, identified during the evaluation workshops, are the
fesult of spectral confusion between two distinct land cover

categories. Stratification techniques involve renaming "problem"

17
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classes within specified areas. Upon completion of the stratifi-
cation step, output products, color coded maps and acreage summaries,

were produced.

Imagery Acquisition

The initial step in the digital anlysis of Landsat data
involves the acquisition of imagery and ground data information.
Classification of the Tanana River Basin required the following
data inputs:

Landsat digital data (in the form of computer compatible tapes)

False=-color composite photographic prints

Field data

Color-infrared U-2 photography

Landsat scenes were selected on the basis of cloud cover,
season of the year, and orbital path. Coverage of most of the
Tanana Basin lands under state jurisdiction (Figure 3) was obtained

with portions of the following Landsat scenes:

2583 - 20190 August 27, 1976
30918 & 20501 September 8, 1980
30555 - 20433 September 11, 1979
30555 =~ 20435 September 11, 1979

Two of these scenes (September 11, 1979) are within the same
orbital path, and the other two scenes are from orbital paths
to the east and west. The 1979 Landsat scenes were mosaicked
to form a central scene prior to digital analysis. This central
mosaicked scene, in addition to the other two scenes, comprise

the three data sets utilized in the analysis. Computer compatible

19
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tapes (CCTs) were purchased from EROS (Earth Resources Observation
Systems) Data Center in Sioux Falls, South Dakota. Color-infrared
photography (CIR) provided a necessary link between ground visits
and the Landsa£ digital data with the development of photo-
interpretation keys which allow the analyst to extrapolate infor-
mation gathered during ground visits over larger areas. The CIR
photography is primarily useful for collection of ground data and
spectral class verification.

A search of available CIR photography was made at the U-2
Data Facility located at Ames Research Center. Flight lines
of all CIR photography falling within the study region were
plotted on 1:1,000,000 scale map (Figure 4). Photography with
excessive cloud cover were eliminated from further consideration.
Each of the participating agencies was given selected photographic
coverage (Appendix A) of areas they had designated high priority
NASA also maintained a duplicate set of photographs for evalua-

tion of the classifications.

Computer Systems

Analyéis of the Tanana scenes utilized several computer
systems available at Ames Research Center. The EDITOR (ERTS
Data Interpreter and TENEX Operation Recorder) software package
developed by the Center fér Advance Computation (CAC) provided
the mainstay for interactive image analysis. The EDITOR package
is available on the TENEX PDP-10 at the computer facility of
Bolt, Berenak, and Newman (BBN) in Boston, and is accessed

through telephone lines via the ARPA (Advanced Research Projects

21
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Agency) Network. Development of cluster statistics for the
eastern scene, generation of output products, and evaluation of
the spectral classes was completed using IDIMS (Interactive
Digital Image Manipulation System) software and Comtal display
implemented on the HP 3000 computer at Ames. Large scale clus-
tering and classification required the use of the ILLIAC 1V, also on
the ARPA Network, while preprocessing, reformattipg and acreage
summaries were completed using the IBM 360/67. The CDC 7600

was used for bulk processing steps: classification of the western
scene and post-processing tasks. Access to several computers
allowed use of the most efficient system for each specific pro-

cessing task.

Field Data Collection

The accurate classification of land use and land cover infor-
mation with Landsat multispectral data requires the careful
collection of ground data throughout the study region. 1In an
unsupervised clustering approach ground data provides the basis
for identification and evaluation of spectral classes. In addition,
ground excursions coupled with the recognition of spectral response
on the aerial photoéraphs supplements photo-interpretation training
for state agency personnel.

Personnel from a number of state agencies participated in
the ground data collection effort in thé summer of 1980. Each
agency was responsible for a specific area within the drainage

basin. NASA provided CIR photography, coordination, and instruction

23



in the acquisition of training site information in support of
Landsat analysis. The procedure for establishing training sites
is shown in Appendix B.

To familiarize agency personnel in the recognition of major
vegétative species, a photo key was completed containing ground
photogréphs of major_tree:species along with written descriptions.
In addition, data collection forms (Appendix C) and a preliminary
classification scheme (based on Vierecks) were also included in
the ground data collection package. Prior to the onset of the
. field season, and as part of a photo-interpretation workshop
sponsored by NASA, personnel participated in field orientation
excursions in Anchorage and Faifbanks. One day was spent in the
field_to familiarize personnél with major vegetative communities
and most importantly, to standardize the completion of the data
forms. | |

During the first week in July, a TGS analyst accompanied
project team members into the field.. Ground truth forms were
completed for each training site and ground photographs were
taken to provide a permanent record of each site. In addition,
an'aérial overflight provided reconnaissance information for
inacceséible areas sduth of thé Tanana River. Upon completion
of the field season, ground site information was compiled for

use in the digital analeié described in the next section.

24



Preprocessing

Preprocessing of the data priér to classification included
removal of bad data lines, geometric correction and rotation of
the data to north. Preprocessing of the three scenes varied
and each will be described individually.

Preprocessing of the eastern scene using the IBM 360
involved the removal of skew (caused by the earth's rotation
beneath the satellite), and rotation of the picture elements
to a north orientation for ease of use. Skew paraméters for
this type of geometric correction were computed using a program
available on the IBM 360. The corrected data was then reformatted
for use on the Illiac and BBN TENEX systems.

The Landsat data sets for the central and western scenes
were processed at the EROS Data Center. Beginning in 1980,
standard processing of Landsat MSS data at EROS includes radio-
metric correction, haze removal and geometric correction to a
57 square meter pixel size. The western scene was missing
one-fourth of the data due to line start problems with the
scanner. Despite this problem, the scene was utilized because
the missing data fell outside the study region. In addition
to the line start problem, 10 lines of data in the upper por-
tion of the scene were only_intermittently recorded.

The central data set is a composite of portions of two
Landsat scenes. The north ﬁalf of the southern-most scene and
south half of the norther-most scene were mosaicked using the

VICAR software package available on the IBM 360. Greyscales of

25



the areas of overlap of the two scenes were utilized to determine
the degree of overlap of the two data sets. Upon completion of
mosaicking the data sets, the composite central scene was then

reformatted for use on other computer systems.

Clustering and Classification

Analysis of the central and weséern scene was completed

" using the EDITOR software package and the ILLIAC IV. A data
reduction program in EDITOR enables clustering of an entire
Landsat scene on the Illiac 1IV. The program maintains a count
of the number of pixels which have the same reflectance values
in the four bands. Though the program will condense an entire
scene, only 25% of the data set was sampled (every second line
and column) for each Landsat scene. This large sample increased
the probability of sampling non-extensive land cover types.

This "weighted file" created with the condensing program was
then transferred over the ARPA Network to the Illiac IV where

it was clustered into a number of spectrally distinct clusters
as specified by the analyst. Each scene was clustered twice,
specifying 30 and 40 clusters. Each clustering provided a set
of statistics, including a mean, variance, and covariance matrix
of the four-band data for each cluster. Preliminary examination
of the statistics, including sepafability (distance between
clusters), determines whether the clusters were statistically
acceptable. Clusters with few pixels or high variances were

deleted while clusters with low sepérability and low variances,
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indicating :spectral overlap, were pooled. Statistics from each
clustering were merged and edited. The central scene utilized
31 clusters (Appendix E) and 36 clusters for the eastern scene
(Figure 5). The statistics for each scene, as well as the MSS
data, .were transferred to the Illiac IV to perform a maximum
likelihood classification, assigning each pixel to the cluster
it most nearly resembled. The assumption is made in the unsuper-
vised approach that spectral classes - individualy or collec-
tively correspond to desired resource categories.

The development of cluster statistics for the western
scene was accomplished using the IDIMS software package. Random
boxes were located throughout the scene using the RANDSAMP pro-
gram. The RANDSAMP created a‘composite image comprised of all
the sample boxes, with each box being‘ls x 15 pixels, and the
total sampled pixels reflecting a 5% sampling of the entire
data set. This composite RANDSAMP output was then input to the
ISOCLS clustering algorithm on IDIMS. A maximum of 30 clusters
were requested; the minimum number of pixels per cluster was
specified as 50, with clusters to be split if the standard devia-
tion exceeded 2.5 while containing over 100 pixels. The ISOCLS
recommended pooling of two sets of clusters, but all thirty were
meintained separately, in preference for post-classification
grouping. The statistics file generated by ISOCLS was reformatted
for use on the CDC 7600. The statistics and MSS data, was sub-

mitted to the maximum likelihood classifier on the CDC 7600.
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Statistical Plot of the Eastern Scene
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shown. Each number represents the location of the cluster
mean, while the circle portrays the variance.
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Due to extremely low variances (below 0.l1) two of the clusters
were not used by the classifier. Of the remaining 28 spectral
classes, five classes represented background information on the
scene. A two-dimensional plot of the cluster statistics for the

western scene is shown in Appendix D.

Identification of Spectral Classes

Spectral class identification was accomplished using the
IDIMS Comtal display by enlarging areas within the three scenes
and comparing these same areas to available CIR photography.
Individual classes were identified and evaluated to ensure con-
sistent identification throughout each scene. Two digital work-
shops were held at the EROS Field Office in Anchorage. P. McNees,
J. Wehrman, and N. Mahalow participated in the evaluation pro-
cess. A number of classification errors were located and
stratification strategies devised. Generally, spectral confusion
was found to occur between physiographic provinces. For example,
on the central scene one spectral class represented deciduous
forests north of the Tanana River and shrub tundra on the foothills
of the Alaska Range. Once identified, problems could be corrected
with a number of stratification techniques.

The reliability of the identification of spectral classes
reflect three major components: 1) the expertise of the photo-
interpreter, 2) the correlation of spectral classes to resource
categories, and 3) the availability of CIR photography. A map

of CIR photography flight lines (Figure 4) indicate areas in the
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drainage basin which have photographic coverage and, therefore,

a higher degree of reliability for the digital data. 1In contrast,
areas where there was .not any aerial photography were not checked
during the workshops and may, therefore, have a lower reliability.
The spectral classes were grouped into one of the eleven desired
land cover categories specified by DNR. Individual spectral
classes, however, represent a greater level of detail than is
found in the final grouping. For instance, the individual
spectral classes, collectively identified as deciduous forest,
represent varying crown densities, species composition and aspect.
The constraints of field information, time, and budget necessitated
a more generalized grouping of land cover categories which could

be consistently identified on the CIR photography.

Post-Processing

Post-processing refers to digital processing steps which
are performed after clssification and may include geometric
correction, stratification for refinement of the classification,
grouping of the spectral classes into desired resource categories
and smoothing to simulate a minimum mapping unit. Geometric
correction of the data was performed prior to classification and
was, therefore, is not part of the post-processing for the Tanana
scenes,

During the evaluation workshop, spectral confusion of classi-
fication errors were noted and strategies devised to correct the

problem areas. There are two basic sources of classfication
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error: 1) distinct land cover categories with similar spectral
characterists, and 2) poor identification of spectral classes.
Stratification techniques are available in which the misclassi-
fied pixels are identified, and reassigned within specific
polygons. The strategy works well when spectral confusion can
be separated along physiographic boundaries. For instance, in
the Tanana River Basin, most stratification was accomplished
within physiographic provinces: the Tanana lowlands, the Alaska
Range and foothills, and the uplands north of the Tanana River.
More important, the correct identification of spectral classes
is required prior to stratification and is dependent on two
major factors: availability of CIR photography for checking
classes and the experience and ability of the photo-interpreter.
This phase of the project is exceedingly time consuming and of
utmost importance in the generation of accurate and reliable
land cover information.

Stratification of the three scenes was coﬁpleted on IDIMS
using the ZIP function. An area of misclassified pixels were
located and digitally isolated within polygons delineated using
the Comtal track ball to locate vertice points. Pixels within
the analyst specified polygons were then reassigned to a new
spectral class number. The new spectral class was then assigned
to the land cover category it actually represented on the ground,
therby correcting the initial spectral confusion.

Upon completion of stratification, the spectral data is

then grouped into one of the eleven desired land cover categories
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and then smoothed to a nine acre minimum mapping unit. The
grouping of the spectral classes was completed on the IBM 360/67
and the IDIMS system. Grouping is a process whereby spectral
classes are generalized to desired resource categories. This
generalization of the data maintains reliability of class
assignments, however, it effectively eliminateg more detailed
information known about each speétral class. For instance,

the spectral classes which make up each grouped or generalized
land cover category represent variations in crown density, slope,
éspect etec, . Howevef, because these individual classes could not
consistently be identified throughout the scene (due to lack of
adequate photographic coverage), were grouped into a more reliable
and consistently identified category. Smoothing of the classified
data, completed on the CDC 7600, examined each pixel in comparison
to its surrounding eight pixels and reassigned the center pixel
based on the dominant land cover of surrounding pixels. Smoothing
enhances the classified data visually by removing the random,
isolated occurrence of single pixels and thus generalizing land
cover patterns. Smoothing is advised when output products are

requested at a fairly small scale (1:250,000).

Output Products

Final output products for the Tanana project include color
coded maps, tabular acreage summaries by quadrangle, and a com-

‘puter tape of the final data sets. Negative and positive
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transparencies were generated using the DICOMED film recorder.

To fulfill DNR requirements, each of the three scenes were
reproduced at a scale of 1:250,000. For general distribution,
these same data sets were enlarged to 1:500,000. Additional
color coded prints.were generated on the DUNN film recorder for
specific areas within the study area. An example of a DUNN

print of a subsection of the eastern scene near Delta Junction

is shown in Figure 6. Notice the extent of agricultural fields
in this data set (acquired in 1976). Tabulations by land cover
category, acreage and percent of total, were generated for each
quadrangle encompassed within the data (Table 1). In many cases,
the acreage summary includes only a portion of the quad. Computer
tapes of the final classification will also be provided to DNR

for integration into the ALARS geo-based information system.

Cost Approximation

Analysis of Landsat digital data provides reliable resource
infomation over large areas in a cost effective manner. Computer
charges by task, labor and materials have been compiled for the
land cover classification of the Tanana Basin (sce Table 2).

This section should provide baseline information for those who
are considering the use of Landsat data for generating resource
information.

A number of computer systems utilized in the analysis are
subsidized by Ames Research Center and not charged by task.

For instance, the Illiac IV has no equivalent commercial system

ot software. Therefore, the charge for a specific processing
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task completed on the Illiac was equivalent to a commercially
available system. The IDIMS system is also supported through
NASA overhead. Charges for IDIMS were computed by connect time
($100/hour) at a commercially available rate. Charges to the
CDC 7600, which is also subsidized by NaASA, were multiplied by
a factor of three.

Many of the costs associated with a demonstration project
would not necessarily be duplicated in an operational mode.
They do represent the charges incurrea by NASA in conducting
. the project. For example, they include the necessity of main-
taining an in-state coordinator and travel costs associated with
conducting the project at an analysis center outside the state
of Alaska. Cost figures were not included for agency training,
agency personnel ground data collection, or use of the Illiac IV.
Based on this model, the cost of classifying portions of three
Landsat scenes, 79,000 square kilometers (30,620 square miles),
was approximately $1.96 per square kilometer ($5.06 per square
mile). The unsupervised classification technique is useful for
mapping land cover information over large areas where multispectral
Landsat data are available and other source materials are not.
Although a rigorous evaluation of the results has not been com
pleted, a comparison of the color coded maps and aerial photo-
graphs indicates the classification is a reliable representation

of land cover information.



Table 2

Approximate cost of land cover classification of the Tanana

Basin (portions of three scenes)

Category Cost
Data Acquisition (CCTs, aerial photos) 7,000
Preprocess 1,900
Cluster and Classify 1,850
évaluation . - 5,200
Post~-Processing 7,800
Output Products 6,000
Staff Support (person/years) , 50,000
Photo Products 5,000
Travel y 10,000
IPA (in-state coordinator) 30,000
Project Coordination 20,000
NASA Overhead | 10,000

$ 154,750
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CHAPTER IV

AGENCY EVALUATION

Completion and generation of final products for the Tanana

unsupervised classifications await evaluation by the participating

agencies. As the most important phase of the project, evaluation

of the final products is the sole realm of the agencies. Factors

which should be considered in the assessment process can include:

1,
2.

8.

Did the project address a real resource management need?

Ease of incorporating results (color coded maps) or procedures
into existing agency operations.

Relate usefulness of the data products produced to data needs
of your agency. :

Discuss and compare alternate ways that the data products
might have been produced.

Discuss and compare the data results with other available
data sources (Spetzman e.g.).

Describe differences and discrepancies between the project
results and the planned results (products).

Describe your experience in team activities (workshops) with
participants from other agencies.

Assess the final products (color coded maps and acreage
summaries) in terms of:

Information Content
Format

Geographic Coverage
Scale

Resolution
Accuracy

What is the long term potential for operational application
in your agency?
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PREFIELD

1.

APPENDIX B |

PROCEDURE FOR ESTABLISHING TRAINING SITES

STEPS:

Obtain stereo model prints (sets of 3 per location)
of aerial photography to be used in the field with
mylar overlay.

Scotch tape phot and mylar to sleeve. On mylar
overlay indicate north arrow, frame number and
fiducial marks.

Locate a number of homogenious training sites for
each landcover type (or spectral signature) on the
center frome of the stereo prints on aerial photo-
graphy. Sites should be distributed over entire
test region. .

a. Locate sites in ralation to prominent surface
features which can be found in the field
(roadwayus, intersections, creeks, power lines,
railroads tracks, lakes, houses, etc.).

b. Training sites should be at least 10 acres in
size, preferable 40 acres. Avoid linearsites;
at least S acres in width (40 acre field is
roughle %" x k: 1:62,500 photo).

¢. Check for road access to sites. Will four-
wheel drive be required?

d. Concentrate training sites for maximum use of
field time.

Outline each homogeneous training site on mylar
over aerial photography. Assign a field number
along side of boundary.

Transfer training site boundaries to topographic
maps.

Delineate training site locations on maps and
determine best route. (With an auto approximately
10 sites can be visited per day.)

FIELD WORK:

1.

For each honogeneous training site outlined & ref-
erenced on an aerial photograph, £ill out a ground
truth data form from information readily available
on topo maps and aerial photographs.

If on field examination, area selected does not
meet criteria in step 2b, reject area and select
another.

Horizontal and vertical ground photos will provide
a permanent record of each site.
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APPENDIX C
TRAINING SITE DATA SIHEET

GENERAL
Observer Date
Quadrangle Scale Time
Locality Description Township Range
Section
Latitude/Léngl:ude
Roll

Photography Flight Line & Frame No. BIM Code
Photo Date Film Type Test Site No.

Road Access to Site Alrcraft Acceas to Site

Other
PHYSIOGRAPHY (See attached legend)
Elevation Slope Aspect N S E' W

Position on Slope (Toe, Mid, Upper, Ridge)

Macrorelief Landform

VEGETATION (See attached legend)
Level I Forest___ Woodland Tundra___ Grassland__ Sﬁtubland__ﬁquatic__ Wetland__

Level Il Level III

Community Type (Dominant species in order of prominance, phenology)

Overstory 1. 2, 3.
Intermediate 1. 2. 3.
Ground Layer 1. 2, 3.

Cumulative Vegetative Ground Cover (enter number of crown cover classes after
each species listed above)

Percentage Cover

1] 95 - 1004 | 44 25 - 49% Coniferous Trees
Deciduous Trees

2] 75 = 94y 54 10 - 25% Tall Shrubs {( 2 m)
Medium ht Shrubs (.5~2 m)
3.4 50 = 74% 6 - 10% Dwarf Shrubs {10-50 cm)
Progtrate Shrubs ( 10 cm)
Grass & Sedges

Forbs
Mosses & Lichens
Bare soil
Rock
Water
LAND USE (See attached legend)
Soils: (optional) Sand Sitt Clay Gravel Loam Stones
Bedrock
Moisture: Dry Moist Saturated

COMMENTS




APPENDIX D

Statistical Plot of the Western Scene
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APPENDIX E

Statistical Plot of the Central Scene
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