
'TA~/-F6 (CODE -SE-(mu 
RRT:2OADU:ER :
 

" 




REMOTE SENSING APPLICATIONS 
IN FORESTRY 

ANALYSIS OF REMOTE SENSING DATA FOR
 

EVALUATING FOREST AND RANGE RESOURCES
 

b 

Robert N. CowelIet .c 

School of Forestry and Conservation
 
University of California
 

Annual Progress Report 30 September, 1969 

A reportofresearchperformedunderthe auspicesof the 

FORESTRY REMOTE SENSING LABORATORY, 

SCHOOL OF FORESTRY AND CONSERVATION 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA !: l 

A CoordinationTask CarriedOut in Cooperationwith 
The Forest Service, U.S. Department of Agriculture 0 

For 
EARTH RESOURCES SURVEY PROGRAM 
OFFICE OF SPACE SCIENCES AND APPLICATIONS 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



ABSTRACT
 

In the introductory chapter of this annual report, the rationale is
 

given for a systematic forestry remote sensing research program of the type
 

in which our Laboratory is engaged. The unit organization of our Laboratory
 

that has been developed in order to conduct a comprehensive program also
 

is described and a statement is given of the types of programs that are
 

investigated by the Laboratory's five major units, viz., (1) Operational
 

Feasibility, (2) Spectral Characteristics, (3) Image Enhancement and Inter

pretation, (4) Automatic Image Classification and Data Processing, and
 

(5) Training.
 

Chapters 2, 3, 4, 5 and 6 deal, respectively, with the activities and
 

accomplishments of these five units during the past year. Most of these
 

activities have been oriented toward a single objective: developing a
 

capability for extracting useful, timely earth resources information from
 

data of the type that soon will be provi.ded by ERTS-A and supporting data

collection vehicles.
 

In all of these studies a maximum effort has been made to relate
 

remote sensing capabilities to user requirements, based on the presumption
 

tha't the primary user will be the actual manager of earth resources.
 

Chapter 2 of this report gives a great deal of practical and philosophical
 

consideration to this aspect of the problem. When this rigorous criterion
 

is applied it serves to reinforce our earlier conclusion that the obtaining
 

of useful earth resource information by means of remote sensing from air

craft and spacecraft is, at best, a difficult task. When an attempt is
 

made to extract such information from only one photograph, the results can
 

be quite discouraging. However, our results show that the amount of useful
 

information derivable by means of remote sensing is greatly increased when
 



we employ multiband, and/or multidate photography, and when we employ multi

enhancement techniques through the use of various optical and electronic
 

image combiners. Furthermore, our studies on automatic data processing
 

techniques demonstrate that the extraction of useful earth resource informa

tion is facilitated when the human exercises the opportunity that can be
 

his to interact with the machine at each of several stages in the infor

mation-extraction process.
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CHAPTER 1-


INTRODUCTION
 

Robert N. Colwell
 
Gene A. Thorley
 

The tremendous worldwide scientific interest in Earth Resources
 

Technology Satellites and the imminent possibility of using ERTS data for
 

surveying earth resources has led to an accelerated program at our Forestry
 

Remote Sensing Laboratory and elsewhere for maximiiing the usefulness of
 

such data. A systematic program of the type in which our Laboratory is
 

engaged is one which (1) carefully defines user requirements for earth
 

resource data, including a determination of accuracy standards and timing
 

of the informational needs, (2) provides an assessment as to which needs
 

show signif-icant promise of being met by the use of remote sensing, (3)
 

attempts to demonstrate the technical feasibility of meeting those needs
 

through remote sensing, (4)'develops a means of properly calibrating
 

remote sensing data acquired, and (5) determines the extent to which the
 

proposed system and procedures would be more efficient in meeting the
 

user requirements than are the various systems and procedures currently
 

being employed. Appropriately, bur remote sensing research efforts are being
 

conducted, not only with these considerations in mind, but also on specific
 

earth resource problems which, when solved, will have the greatest economic
 

impact.
 

It is probable that the major economic benefits derivable from the
 

Earth Resources Survey Program will be those which permit more intelligent
 

management of renewable earth resources. Normally the supply and quality
 

of renewable resources will vary from year to year and from season to
 

season because the associated environmental factors vary. Managers of
 



these renewable resources can profit greatly if they are provided periodic

ally with detailed, accurate and timely information regarding the state
 

or condition of such resources and of various environmental factors (tem

.perature, precipitation, insects, pathogens, etc.) with which they are
 

known to interact. In fact, most of the activities engaged in by fores

ters, range managers and water resource managers merely consist of their
 

responses to the periodic changes in these environmental factors, however
 

inadequate the information about such factors may be. It follows that
 

such resource managers could better perform their tasks if periodically
 

they were given better information regarding both the resources and the
 

associated environmental factors. Judging from work which recently has
 

been done by our group and by other NASA-financed investigators under the
 

Earth Resources Survey Program, by far the best way to maintain the
 

necessary surveillance of renewable earth resources and many of the
 

associated environmental factors is by means of photography and related
 

imagery obtained from aircraft and/or spacecraft. Beyond this generaliza

tion, however, little has been agreed upon up to the present time. There
 

is great need for developing techniques which will be regarded as optimum
 

for maintaining surveillance of the earth's renewable resources by means
 

of aerial and space photography.
 

During the period covered by this report, the program of our Forestry
 

Remote Sensing Laboratory has attempted to take maximum advantage of the
 

S065 space photography and existing high flight coverage to determine the
 

applicability of ERTS type data to solve the wildland resource manager's
 

data acquisition and analysis problems. Our experience to date has con

vinced us of the necessity to use a systems concept and team approach in
 

solvigg problems of interest to the wildland resource manager. With a
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view to using a systems approach of the type previously described, our
 

Forestry Remote Sensi'ng Laboratory has been organized to include five func

tional units (see Figure 1.1). These units address themselves to the most
 

important problems which must be solved if a remote sensing system is to
 

be employed successfully for earth resources inventory purposes. The five
 

problem areas investigated under this team concept are as follows:
 

(1) determination of the feasibility of providing the resource mana

ger with operationaTly useful information through the use of remote sen

sing techniques;
 

(2) definition of the spectral characteristics of wildland resources
 

and the optimum procedures for calibrating the tone and color character

ist'ics of multispectral imagery of those resources;
 

(3) determination of the extent to which humans can extract useful
 

earth resource information through a study of remote sensing imagery in
 

either'original form or when enhanced by various means;
 

(4) determination of the extent to which automatic data handling
 

and processing equipment can extract~useful earth resources information
 

from remote sensing data and
 

(5) effective dissemination of remote sensing results through the
 

offering of various kihds of training programs in which the interaction
 

between users and scientists can be emphasized.
 

The five units of our Forestry Remote SensingLaboratory which are
 

engaged in these five problem areas are respectively, (1) the Operational
 

Feasibility Unit, (2) the Spectral Characteristics Unit, (3) the Image
 

Enhancement and Interpretation Unit, (4) The Automatic Image Classifica

tion and Data Processing Unit and (5) the Training Unit.
 

Consistent with the organization that has just been described, and
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Figure 1.1 Organizational diagram of the Forestry Remote Sensing Laboratory, School of Forestry and
 
Conservation, University of California, Berkeley, California.
 



mindful of the problems which each of the five units of our Forestry
 

Remote Sensing Laboratory seeks to solve, the next five chapters of this
 

report are devoted, respectively, to the activities of these five units.
 



CHAPTER 2
 

OPERATIONAL FEASIBILITY
 

William C. Draeger
 

Introduction
 

Responsibilities of the unit consist primarily of the develop

ment of operationally feasible means of using remote sensing capabil

ities to satisfy information requirements of users concerned with
 

earth resource management. In fulfilling this responsibility, the
 

unit provides the link between basic technical studies conducted by
 

other units of the Forestry Remote Sensing Laboratory and elsewhere,
 

and the applications of these techniques to actual earth resource
 

management problems.
 

The functions of the unit are performed by various sections,
 

some of which are concerned with studies conducted wholly by the unit,
 

while others involve direct services to, and interactions with, other
 

units of the Forestry Remote Sensing Laboratory.
 

A. Studies Conducted Within the Unit
 

1. 	Investigation of user requirements
 

a) Interviews and research are conducted to ascertain the types
 

of information required or desired by land managers which could
 

potentially be supplied, at least in part, by means of remote
 

sensing.
 

b) Determinations are made of the form of data, and methods of
 

data distribution which would provide maximum utility to the user.
 

2. 	Determination of technical feasibility
 

a) The unit makes analyses of basic research conducted within the
 

field of remote sensing to ascertain the technical feasibility of
 

performing needed operations.
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b) Within-unit studies of operational techniques of remote
 

sensing
 

3. 	Integration of needs and techniques
 

Use is made of the findings of 1 and 2 above to provide quantita

tive economic criteria for decisions regarding the deployment of
 

operational remote sensing systems, based on a determination of
 

the costs to be incurred and the benefits to be derived from
 

such undertakings.
 

B. Studies Involving Interactions With Other Units
 

1. Studies designed to provide coherence and direction to certain
 

aspects of the Lab program
 

The determination made by personnel, of this unit of specific
 

problems and needs within the field of earth resource management
 

should provide a basis., in part, for the organization of the research
 

efforts of the Lab as a whole. As a result of such determinations,
 

the various units, rather than operating as wholly autonomous bodies,
 

are able collectively to contribute to the solution of specific
 

application-oriented problems.
 

2. Studies designed to make Lab findings applicable to operational
 

problems
 

The Operational Feasibility Unit provides one means whereby the
 

results of the research performed by various units of the Lab can
 

be channeled to their ultimate end use, i.e. application to earth
 

resource management problems.
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Current Research Activities
 

A. Annual Progress Report for the study entitled "Applications
 

of Remote Sensing in Multiple Use Wildland Management".
 

I,. Introduction and Justification
 

To date the bulk of remote sensing research in forestry has
 

dealt with the capability of varioussensors or interpretation systems
 

to perform rather isolated tasks related to forest land management, often
 

on what is essentially a qualitative level. In addition,-limited
 

attempts have been made to quantify findings as to resolution require

ments and filmfilter sensitivity requirements for performance of specific
 

tasks at given levels of-accuracy.
 

However, the field of remote sensing in general, and that branch
 

concerned with natural resource inventory and management i-nparticular,
 

are rapidly approaching a more demanding stage of development--one in
 

which investigators will be expected to recommend an integrated remote
 

sensing system for performing several interrelated tasks. Parallel with
 

the development of such an integrated system, there should be the develop

ment of fully operational procedures which willmeet current needs of
 

persons engaged in earth resource management. Certainly these tasks
 

have been performed to a certain extent in terms of medium-to large

scale black-and-white aerial photography,-which has been used by-various
 

disciplines for decades. The same cannot be said, however, for the
 

many relatively sophisticated sensor-vehicle systems which have been
 

developed or perfected during.the past few years.
 

A number of projects are currently underway which seek to develop
 

operational high-altitude or orbital sensing systems, all of which
 

entail large expenditures, both in the procurement of data, and in
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development of facilities to handle and process these data. This
 

necessitates a thorough analysis of the potential economic benefits
 

to be derived from such undertakings before'they can be justified,
 

for certainly justification cannot "rely solely on the basis of tech

nical feasibi-lity.
 

Thus any pertinent discussion of the usefulness of such systems
 

must focus on the informational needs of land managers which might
 

best be satisfied by means of remote sensing-. Such 'information would
 

serve several purposes.
 

A. It would form a basis (at least in part) for determination of
 

the net benefits and costs of various systems. (It should be mentioned
 

that benefits as mentioned here-might include so called intangibles, and
 

that costs might include significant "opportunity costs".)
 

B. It could provide considerable insight into the heretofore
 

little discussed problem of how data gathered by means 6f remote sensing
 

systems might most efficiently be "filtered down" to the ultimate user
 

in the most usable form.
 

C. It would facilitate the legitimate "selling"of remote sensing
 

to the practicing wildland manager. Many applications of remote sensing
 

are presently avail-able on an operational basis, and many more are sure
 

to be developed, but often they are not used. Skepticism on the part
 

of potential users has arisen for a variety of reasons, including their
 

ignorance of remote sensing capabilities, a lack of-economic justifica

tion for the use of such techniques, the lack of qualified interpre

ters, etc. This situation might be alleviated if the potential were
 

described to the user in relevant terms.
 

This study attempts to investigate what would seem to be one
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of the more promi,siJng uses.for remote sens.ing data obtained from:high

altitude aircraft or satellites--namely the use of such data in making
 

".integrated interp.retations"1 of operatti,onal management units,, in their
 

antixrLty. Such interpretations are made with the reali.zation that a 

,mul-ti,plicity of potenti'al, uses exist for a managementunit, and the, 

objective, isto.facil itate the formul:ation of complex management.,
 

policy,, and development decisions regarding the allocation of lands to
 

various uses.
 

The argument for using small .scale.imager.y in such a study basi

cally stems from two factors,: I) the inherent characteristics of such
 

data which.cannot be proy.ided through.,other-methods, and 2) the .press-ing
 

needs ofearth resource,managers for timely, accurate i.nformation often
 

best,obtai,nedfrom such imagery;, Th'is is.true not only i.n.presently
 

underdeveloped countries, but also in those areas,, now managed.to some
 

degree,,.where population and technology trends.are creating requi re

ments for information not currently available.
 

Among the unique advantages of small scale .imagery obta.ined from
 

aircraft or space vehicles are several of interest to..the.,manager of
 

wildland resources:
 

1. The synopt-ic view. Probably the most obvious characteristic
 

of small scale imagery is the large area covered by each image, thus
 

enabeling any particular feature to, be viewed in relation to its sur

roundings. 'Often a natural feature which is not readil-y identified 

when viewed alone can be 'identified if it can be related to the sur

rounding topography. In addition,, the synqptic view often enables the
 

interpreter to more fully judge the significance of the vari-ous.features
 

of i.nterest. Finally, many natural features are of such a 'arge size
 

1.1
 

http:managed.to


that they can only be viewed in their entirety from relatively high
 

altitudes.
 

2. Opportunity for sequential coverage. Often annual, seasonal,
 

or even daily variation in the appearance of a terrain or vegetation
 

type is an aid to its identification, and thereforesuggests the desire

ability of image coverage 'being obtained at periodic intervals. Theo

retically, a satellite in sun-synchronous orbi't will pass over any
 

given point of the earth's surface at the same time of day. Thus, with
 

suitable planning and control, any point on-the earth's surface can be
 

imaged sequentially as desired, with uniform lighting conditions,
 

weather permitting. Furthermore, this capability affords a chance to
 

obtain imagery of widely spaced points within very short intervals, which
 

is often impossible with conventional aircraft given the usual time,
 

distance, and cost restrictions.
 

3. .Uniformity of the image. In the past, the only available
 

method of examining large areas of land on aeri'al imagery was by means
 

of a photomosaic--a patchwork of perhaps hundreds of individual photos.
 

Often photos comprising such a mosaic had been obtained at different times
 

of day, at different exposures, or with varying camera orientations,
 

As a result, colors or tones, shadows, weatherand ground conditions,
 

and spatial geometry were not constant throughout the mosaic. By means
 

of high-altitude reconnaissance it is possible to cover vast areas of
 

land with one image, thus providing uniform conditions.
 

Even though small scale imagery might lend itself to the extrac

tion of data pertinent to an integrated interpretation of managerial
 

units, the question must be considered as to whether such data are, in
 

fact, needed by the earth resource manager. The nature of current
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problems in wildland policy.and management would suggest that such needs
 

do exist and that, to a surprising extent, these needs are not being
 

met by present techniques.
 

Certainly the data needs of those entrusted with the care of
 

wildland resources varies with the type of land involved: i.e. its
 

geographic location, the degree of intensity to which the land is
 

presently being managed, its resource endowment, and the social and
 

economic environment of the region or nation within which the land
 

occurs. It seems obvious, however, that a need for integrated, broad
 

scale inventories exists in both under-developed regions, and intensively
 

managed areas, but for somewhat different reasons.
 

In presently undeveloped wildlands, the most pressing requirement
 

is for a knowledge as to what resources or potentials for resource
 

developments are present. Vast areas of such unmapped resources exist,
 

primarily in South America, Africa, Australia, and the extreme northern
 

latitudes. Naturally, meaningful policy decisions pertaining to poten

tial economic development, priorities of resource use, and areas to be
 

managed are impossible without adequate resource inventories.
 

A much more pertinent problem in relatively highly developed
 

countries such as the United States is that of somehow managing limited
 

areas possessing numerous resources, all of which are in high demand.
 

The opinion has been frequently expressed that small scale imagery is
 

of little use to wildland managers in the United States, because we
 

essentially know what wildland resources are present, where they are
 

located, and in what amounts. Such opinions overlook both the poten

tial of remote sensing, and numerous management problems not yet satis

factorily solved in this country.
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Economic benefits can accrue from remote sensing applications
 

in two basic ways. One is by providing the same kinds of data which
 

are now collected by more conventional means, but at a lower cost or
 

in a more useful form or accuracy. As an example, such operations as
 

timber type mapping, mapping of ownership boundaries, and detection of
 

insect and disease outbreaks are all things which can be and have been
 

done on the ground, but which can usually be performed much more
 

efficiently using aerial photography. The second way in whi.ch benefits
 

can be realized is through the accomplishment of tasks which are simply
 

infeasible using conventional techniques. For example, only by means
 

of aerial photography could a vegetation map of a vast, inaccessible
 

area such as the Amazon Basin be obtained. It would, for all practical
 

purposes, be impossible to conduct such a survey on the ground.
 

Thus small scale imagery cannot be eliminated from consideration
 

for use i.nthis country simply because we allegedly already possess
 

adequate inventories of our wildland resources. These inventories need
 

to be updated periodically, and future inventories could be obtained
 

quicker, cheaper, and with a greater degree of accuracy using small
 

scale imagery. But more importantly, only a lack of foresight or imagi

nation would prevent one from concluding that there may well be some
 

kinds of resource information,which are presently badly needed but un

available and which might be provided by means of small scale remote
 

sensing imagery.
 

For example, it has recently been suggested that in order to
 

provide for adequate land use planning for the state of Alaska, a
 

state-wide survey of potential land use would be essential. Furthermore,
 

to many experts it appears that the only practical way to compile such
 

14
 



data for themore than 500,000 square miles comprising the state is by
 

means of an aerial photographic survey. Such a survey would not, of
 

course, be highly detailed, but rather could only be concerned with
 

fairly gross features. It would seem that such an undertaking, which
 

is currently under serious consideration by government officials, might
 

face many of the problems which -are considered -inthe following investi

gation.
 

II. 	Description of Research Performed
 

Ai General
 

This study concentrates on the applicability of remote sensing
 

techniques to the multiple use management-of wildland areas. The
 

research consisted first of an attempt to define the multiple use con

cept as practiced by the U. S. Forest Service in a manner which would
 

facilitate evaluation of remotesensing applications. Secondly, an
 

attempt was made to determine the ways in which currently operational
 

remote sensing techniques might be used to provide information pertain

ing to current multiple use planning, as well as the possibility of
 

devising land classification systems particularly suited to aerial photo
 

interpretation, while still satisfying multiple use planning needs.
 

Finally, the feasibility of incorporating more exotic techniques currently
 

under development into multiple use mapping operations in the future was
 

considered.
 

B. Multiple Use Management
 

As a first step in investigating the use of small scale remote
 

sensing imagery as an input into a multiple use management plan, the
 

study must ascertain exactly what information is essential or desireable
 

in developing such plans. The multiple use concept, as described in
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most policy statements, is quite general in nature. Therefore, the
 

i-nvestigat'ions reported herein of necessity concentrated on interviews
 

with practicing land managers and others intimately associated with the
 

formulation of actual resource and land use plans, as well as reviews
 

of operational management directives. Thus an insight as to the
 

actual needs of those managersfor information pertaining to the
 

resources of an area was gained. Furthermore an attempt was made to
 

place these informational needs in a well integrated form: i.e. not
 

simply pertaining to the individual resources, but rather to the various
 

interactions of the resources pertinent to multiple use decisions.
 

C. Use of Conventional Techniques
 

The second phase of the investigation consisted of a survey of
 

currently operational remote sensing techniques, and entailed the use
 

of color infrared photography at large to intermediate scales, as such
 

photography might be better used to provide the kinds of information
 

discussed in the previous section. This phase concentrated primarily
 

on the NASA Bucks Lake Test site in the northern Sierra Nevada Mountains
 

of California. This area has been imaged, at least in part, wi-th nearly
 

all types of operational remote sensing systems, and has been the focus
 

of five years of detailed remote sensing experiments. In addition,
 

periodic aerial photo coverage of the entire test area taken over the
 

past thirty years is available, as are considerable data resulting from
 

various resource research projects carried out in the area. The test
 

site comprises the bulk of the American Valley Working Circle* on the
 

Plumas National Forest. Thi.s working circle forms the basic managerial
 

*A '1orkingcircle" is defined as: the primary unit of forest management,
 

with well-defined boundaries, usually based on topography, large enough
 
to furnish a sustained yield of forest products sufficient to support
 
dependent industries or communities.
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unit for which multiple use planning on the Plumas National Forest is for

mulated by the U. S. Forest Service. (The multiple use concept, which seeks
 

to find an optimum combination of uses of each part of an area, is discussed
 

in detail in the next section). Because of this fact, coupled with the
 

wealth of information available pertaining to the Meadow Valley area and
 

the willingness of the Forest Service personnel to cooperate by providing
 

additional data, it seemed that this area would be the most appropriate
 

test site for such a study.
 

D. Consideration of the Effects of Probable Future Developments
 

The third phase of the project investigated the utility of extremely
 

small scale photography and other techniques currently under development
 

for meaningful multiple use zoning and planning, drawing in part upon
 

those techniques developed in the previous sections. Imagery investi

gated include that obtained from very high flying aircraft as well as
 

from earth-orbital satellites. Test sites studied include the NASA-Bucks
 

Lake Test Site, the southern Lake Tahoe Basin, the coast ranges of
 

Southern California, and selected wildland areas in Southern Arizona.
 

The potential sites for such an investigation are limited by the small
 

amount of such photography that currently is available of appropriate
 

areas. Inrselecting areas for study, great weight was given to the fact
 

that the Southern California and Arizona sites have been photographed, 

with the S065 multiband camera system by the Apollo 9,Astronauts in
 

March, 1969. All of the above-mentioned test sites are the subject of 

a current program of very high altitude (e.g. 70,000 feet) multiband!
 

photography from aircraft. Furthermore, the sites are now being subjected
 

to multiple use management by the Forest Service, at least in part. As
 

previously indicated, this study seeks to determine the extent to which
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remote sensing techniques can aid in the development of multiple use
 

management plans. Thus, an excellent opportunity is afforded in these
 

sites to compare multiple use plans, as devised through remote sensing,
 

with multiple use plans currently be'ing implemented by the Forest Service
 

in the same areas,
 

III. Multiple Use Management: Policy and Information Requirements
 

A. Definitions of Multiple Use
 

The Multiple Use Act, passed by the 86th Congress on June 12, 1960,
 

defines "Multiple Use" as: 'The management of all the various renewable
 

resources of the national forests so that they are utilized in the
 

combination that will best meet the needs of the American people; making
 

the most judicious use of the land for some or all of these resources
 

or related services over areas large enough to provide sufficient latitude
 

for periodic adjustments in use to conform to changing needs and condi

tions; that some land will be used for less than all the resources; and
 

harmonious and coordinated management of the various resources, each
 

with the other, without impairment of the productivity of the land, with
 

consideration being given to the relative values of the various resources,
 

and not necessarily the combination of uses that will give the greatest
 

dollar return or the greatest unit output."
 

Presumably this definition was worded in its relatively loose and
 

ambiguous form for a specific purpose--i.e. so as not to be overly re

strictive on those persons charged with carrying out the dictates of
 

the act under the varying conditions which would be met in the operational
 

situation. While this might be viewed as an advantage, it has presented
 

a number of problems as well. In many cases, the public and those not
 

directly involved in wildland management grossly misunderstand the
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meaning of multiple use as practiced by public agencies, thus giving
 

rise to criticism that might not have been forthcoming,if less complex
 

management schemes were being implemented. Also, those governmental
 

agencies which have endeavoured to conduct multiple use management
 

have been faced with a dual problem--first to define the act in practi

cal workable terms, and secondly to devise techniques to actually imple

ment the concepts.
 

In an attempt to clarify the meaning of multiple use, the Forest
 

Service Manual,, in specifying the need for regional and distric multi

ple use management plans has stated that multiple use can be defined
 

variously as:
 

"1. The deliberate and carefully planned integration of various
 

uses so as to supplement each other as much as possible,,and totinter

fere with each other as little as possible,
 

2. The skillful adjustment of Jand resources and uses into a
 

pattern of harmonious act.ion to achieve overal.l.objectives,for the area
 

being managed.
 

3. The coordination of existing and potential uses and acti

vities with a resultant benefit ,to people that L.sgreater than the sum
 

of the individual uses if they were not coordinated.'
 

In analyzing these definitions, the. Manual states that,, while the
 

definitions exhibit certain differences, each deflnition prescribesthe
 

following elements inherent in multiple use management.
 

"1. It requires an anlysis of the inherentcapability of land
 

to produce a sustained yield of the several. resources or, services with

out impairment of the site.
 

2. It requires conscious planning and management.
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3. It is based primarily on satisfying the needs or desires of
 

people, within the capability of the site, rather than the ful'ldevelop

ment of a resource.
 

4. Its end objective is an increased yield of products and serv

ices- from a given area while maintaining resource productivity."
 

The implications of these definitions and guidelines on actual
 

Forest Service practice will be discussed in the following section.
 

However it is appropriate at this point to examine some less official
 

interpretations of the meaning of multiple use which might serve to
 

clarify the problems involved in its application.
 

Clawson and Held (1957) differentiate between various kinds of
 

land use si'tuations, each of which can be considered to be multiple
 

use management under specific sets of circumstances. Thus one mi'ght
 

encounter land with one dominant use with one or more compatible
 

secondary uses; several co-dominant compatible uses on the same plot
 

of land; or a number of small interspersed plots, each managed for a
 

single dominant use, but with the whole managed for its multiple uses.
 

A somewhat more general definition is given by Dana and Kreuger
 

(1958) as "planned management with due regard to all of the various
 

value§ involved. It does not mean the use of every acre or even of
 

an entire tract for all possible purposes, but -ather the combination
 

of uses that will yield the most satisfactory results in the management
 

of any given administrative unit from the standpoint of the owner."
 

Finally, Zivnuska (1961) warns of the danger of relying too
 

heavily on slogan terms with popular definitions which may be over
 

simplified. In essence, he feels that the term "Multiple Use" refers
 

both to 1) an economic concept concerned with multiple products
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resulting from common or interrelated production processes, and
 

2) an administrative and management philosophy closely linked with
 

the U. S. Forest Service which holds that all values and costs must
 

at least be considered when allocating land use.
 

By combining these three concepts it is possible to develop a
 

definition of multiple use as: the allocation of lands to various
 

uses such that the combination of uses best meets the needs of those
 

for whom the land is being managed, provided that in the process of
 

developing this allocation, values and cost of each of the many possi

ble patterns of exclusive uses and compatible co-uses are at least
 

taken into consideration. In some instances, depending on the circum

stances, several uses may be derived simultaneously from the same par

cel of land, while in other cases a particular area may be allocated
 

to only a single use but managed as a portion of a greater whole com

posed of many such exclusive-use parcels.
 

B. Actual Forest Service Multiple Use Practice
 

The implementation of multiple use management on the national
 

forests begins with the Regional Multiple Use Guides specified by the
 

Forest Service Manual. Essentially, the regional guides establish a
 

system of associations or zones possessing similar resource values and
 

management problems into which all National Forest lands in the region
 

can be categorized. For each zone, general management directions are
 

given, thus assuring that Forest Service multiple use policies are
 

uniformly applied in each planning unit. In some cases multiple use
 

guides are prepared for subdivisions of a region if, because of physical
 

and economic conditions, a single region-wide zoning procedure is not
 

feasible.
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The guides, while varying somewhat from region to region, in
 

general follow a somewhat similar format. First a general description
 

of each zone is given to enable the national forest administrators to
 

adequately map their lands according to the regional criteria. However
 

the 	descriptions are broad enough to allow for the variability that is
 

likely to exist in local conditions. Secondly, a general statement of
 

management direction is provided which specifies the management philoso

phy which should prevail in the zone. Finally, more specific coordina

ting instructions are given for each zone, describing more specific man

agement pertinent to each possible use in the zone. As an example,
 

the following are the specific coordinating instructions for the Crest
 

Zone of the Westside Sierra Subregion of California, in which the
 

Bucks Lake Test Site is located. (U. S. Forest Service, 1956):
 

A. 	SOIL
 
1. 	Inventory areas of accelerated erosion. Initiate and
 

maintain an action program with priority on critical
 
areas to achieve control of unacceptable erosion.
 

2. 	Locate and delineate areas where proposed or existing
 
use may cause unacceptable erosion and provide for pre
vention measures in project planning.
 

B. 	VEGETATION
 
I. 	Study need and feasibility of extending blister rust con

trol and other protective measures to this zone.
 
C. 	WATER
 

1. 	Inventory sites where lakes may be created or developed
 
for water power, flood control, recreation, or fish life.
 

D. 	RECREATION AND OCCUPANCY
 
I. 	Inventory and where necessary reserve sites suitable for
 

winter sports-and campgrounds.
 
2. 	Lay out road and trail system that will serve to distri
 

bute recreation use.
 
3. 	Establish allowable limits of fire loss.
 
4. 	Inventory and, where possible, relocate roads which tra

verse meadows.
 
E. 	TIMBER
 

1. 	(See Vegetation)
 
F. 	WILDLIFE
 

1. 	Inventory potential wildlife habitat improvement projects
 
including lakes where levels may be raised for maintenance
 
of streamflow.
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2. 	Develop habi.tat improvement programs for approval and
 
allocation of funds. Proceed with work as funds and
 
opportunities permit.
 

G. 	GRAZING
 
1. 	Delineate areas where commercial packers will be required
 

to import feed.
 
2. 	Sel-ect and delineate areas sui-table for sustained grazing
 

use within the framework of subregion direction.
 
3. 	Inventory existing and proposed physical improvements.
 
4. 	Reseed current burns in delineated areas where soils are
 

best adapted for forage production and management.
 
H. 	MINERALS
 

1. 	Continue appropriate action in event of abuse of the mining
 
law.
 

I. 	LANDS
 
I. 	In accordance with overall management direction, specify
 

the private lands which have priohity for inclusing in
 
consolidated exchange.
 

2. 	List rights-of-way needed and establish priorities.
 
J. 	FIRE
 

I. 	Fire control will aim to meet burned area objective for
 
the zone.
 

The final, and most critical level at which multiple use planning
 

is carried out is the individual ranger district. Each district is
 

required to prepare a Multiple Use Plan outlining the specific management
 

procedures to be followed, within the directions of the Regional Guides,
 

and each plan must be approved at the Regional level. Typical Ranger
 

District plans contain maps illustrating the zoning of the district as
 

well as written management direction for each zone. The district plans
 

follow a format similar to that of the regional guides, but are more
 

detailed, and they reference the specific areas and problems of the
 

District in question. A specific multiple use plan will be investigated
 

in detail in a later section devoted to the case study of the Meadow
 

Valley area of the Plumas National Forest.
 

It may seem that these multiple use plans do not really touch at
 

the root of the multiple use management problem, i.e. the optimization
 

of the multi-product, multi-producer function, in basic economic terms.
 

However it should be realized that the functional plan is at least an
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operational compromise which attempts to carry out directives and
 

philosophies for which even theoretical economists have not yet developed
 

practical solutions. In fact, this operational system has been praised
 

(Martin, 1969) as a "system maintenance mechanism" which serves quite
 

well to "resolve conflict at the organizational level where a decision
 

is being made". Thus by subdividing the management unit into zones
 

possessing specific physical and geographic characteristics bearing
 

directly on their possible uses, at least one of the basic tenets of
 

multiple use management is adhered to--i.e. that land managers should
 

be cognizant of the various possible uses and co-uses of the land, and
 

strive for some degree of optimum use allocation.
 

C. Criteria for Zoning and Planning:--Decision Making Models
 

In order to adequately investigate the applications of remote
 

sensing to multiple use management, two related studies must be undertaken.
 

First, an attempt must be made to ascertain the degree to which present
 

zoning procedures can be facilitated through the use of aerial photos
 

or other types of remote sensing data. Secondly, classifications
 

especially designed with mapping from remote sensing imagery in mind,
 

and which also satisfy the needs of multiple use management must be
 

considered.
 

Basic to the study of applications to present systems is an
 

understanding of precisely what criteria are used in multiple use
 

zoning at the present time. Zoning as practiced in the Westside Sierra
 

Subregion of California is essentially accomplished in two phases.
 

Initially, land is categorized as Valley Front, Westside Intermediate,
 

or Crest, depending primarily on its elevation which, in this area, is
 

closely correlatmd with climate and vegetation. These factors, in turn,
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are gross'determinants of the range of possible uses.- Thus the cri

teria for, this gene'ral zoning are fairly simple, being based on easily
 

identifiable-gross characterics. Within each of these general zones
 

the procedure is somewhat subtractive in nature, i.e. the final West

side' Intermediate Zone consi'sts of all lands within that, area not
 

further zoned as Waterfront, Streamside, Roadside, or Special. At
 

this stage the zoning criteria-become more specific, and are dependent
 

not only on the physical characterics of the land, but also on local
 

social and economic factors such as need for watershed, frequency of
 

travel, etc., as well as intangibles such as expectation of future use
 

or scenic value. Thus, among the factors which must be considered are
 

fishing potential in streams and lakes, location of municipal and
 

regional watersheds, effects of logging operations on both soil erosion
 

and aesthetic qualities of the'landscape, extent of wilderness areas, and
 

lochl requirements for grazing, mineral rights, and summer homesi'tes.
 

In essence, therefore, the decision making seems to operate on the
 

assumption that there is plenty of land'for use primarily in timber
 

production, and hence priority is.given to other uses, particularl.y as
 

they pertain to recreation, aesthetics and Watershed.
 

IV. Use of Conventional Techniques
 

A. Discussion of Aerial Mapping Problems
 

1. Mapping in General
 

The producti'on of a map from aerial photos can logically be sub

-divided into two operations: 1) that which involves the identification
 

and location of points, lines, or areas of interest-on the image, and
 

2) the transfer of these features from the individual images onto a flat
 

sheet of paper of suitable size and shape, and at a uniform scale, so
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that all of the features appear in their true plan positions relative
 

to each other. The second of these procedures has been widely discussed
 

in photogrammetric literature, and will not be dealt with here. The
 

first, however, represents the link between the disciplines of photo
 

interpretation and photogrammetry, and a discussion of the physical
 

and philosophical problems involved, as well as the evaluation of
 

mapping techniques can serve to shed some light on the more specific
 

problems encountered in the use of aerial photos for multiple use plan

ning.
 

The initial problem encountered in mapping meaningful types on
 

aerial photographs of wildland areas consists of deciding on the cri

teria to be used. This decision is, of course, based both on the
 

ultimate use of themap, and the limitations imposed by the character

istics of the image. Thus this step must of necessity involve persons
 

knowledgeable in the field of ultimate application as well as in photo

interpretation procedures. Mapping jobs range from those which may be
 

extremely simple and for which the interpreter can supply even more
 

detailed information than is needed, to those which cannot be performed
 

on aerial photos or which would prove to be too costly or time consum

ing to be practicable. Usually the result is a compromise between
 

what is desired and what can be readily and accurately performed. In
 

practicejmapping criteria are generally developed by means of an infor

mal procedure analagous to the selection of independent variable for
 

multiple regression estimation--i.e. environmental factors are selected
 

which can be identified or measured on the image and which either
 

singly or in combination are highly corellated with those attributes
 

of the environment which are to be mapped. Thus it is the job of the
 

interpreter to classify the area on the basis of image characteristics
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which in a sense allow an estimation of the actual environmental
 

parameters of interest. Only occasionally can these specific param

eters be evaluated directly on the aerial image. Finally, if the
 

criteria are to be of practical use to the interpreter, they must
 

include such factors as the amount of variability that will be accep

ted within a mapping unit and the minimum size of the unit.
 

Once the mapping criteria have been chosen, the next step con

sists of inspecting the image, drawing boundary lines between appro

priate "types", and accurately classifying each type. Essentially
 

the processes of delineation and classification must of necessity pro

gress concurrently, as each i-sdependent to a certain extent on the
 

other. This is not necessarily true if the environment consists entirely
 

of discrete uniform conditions with sharp, well defined boundaries.
 

However nearly all wildland environments are composed of extremely
 

complex mosaics of conditions, usually with gradual transitions from
 

one to another, and do not possess sharp boundaries.
 

Thus the interpreter is faced with making continual compromises
 

as to where delineations between types must be drawn. He'must decide
 

where within the gradual transition the delineation will be made. This
 

is dependent upon the accuracy with which he can classify or identify
 

the type being delineated, as well as adjoining types, and the vari

ability within a type which is allowed by the mapping criteria. On
 

the other hand, the classification of a type is dependent on the place

ment of the boundaries of the type and the amount of variability and
 

"transition zone" which will be included: this is an important considera

tion because the classification is generally based on an average of all
 

conditions included within the type. Naturally all of the foregoing
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are dependent upon the ability of the interpreter to recognize the
 

requisite image characteristics--a consideration which should be
 

taken into account during the selection of mapping criteria.
 

In summary then, the job of performing the first stage of
 

mapping on photo images can be considered to consist of four steps:
 

criteria selection, recognition, delineation, and classification, all
 

of which are intimately related and interdependent.
 

Fundamental to-the development of a specific mapping technique
 

and its application on a large scale to operational problems is the
 

preliminary testing of the procedure to ascertain its accuracy, effi

ciency, and reliability. When one seeks to evaluate the accuracy with
 

which mapping of wildland conditions has been performed, he encounters
 

some unique problems not always present in the testing of more straight

forward interpretation tasks. Basically, testing consists of a compari

son of the mapping results with what is commonly referred to as
 

"ground truth". However, often for relatively wild, vast, and poorly
 

accessible areas, the acquisition of ground truth is nearly impossible
 

by means other than remote sensing. Thus a common practice is to
 

compare the interpreter's findings with those of a panel of experts who
 

draw upon their experience and familiarity of the test area to produce
 

the "best possible" map. Obviously such a procedure may not always
 

adequately reflect the capabilities of an experimental technique which
 

may actually produce a map which is different than but superior to
 

that produced by the experts. This may hold true for both the location
 

of delineation lines and the correct classification of types. The
 

same problem may arise if the comparison is made with maps produced by
 

methods other than remote sensing but which might actually be inferior
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to the technique being tested. Often such situations cannot be avoided,
 

but cognizance of the possible bias in the test can lead to a more
 

objective evaluation.
 

In addition to a decision as to how to obtain ground truth,
 

the investigator must also give a great deal of consideration as to
 

the actual characteristics of the map upon which to base the test. In
 

certain instances, depending on the ultimate use of the map, the exact
 

location of boundary lines may be the critical factor. In other cases,
 

an accurate determination of the area included in each type constitutes
 

the measurement of interest, while the location of individual boundary
 

lines is of relatively little importance. In some instances the correct
 

classification of types may be extremely critical, while in others,
 

classification may be unimportant as long as the area has been deline

ated into relatively homogeneous units. The latter statement commonly
 

is true, for example, with respect to the use made of aerial photos in
 

stratified sampling systems.
 

Finally, when evaluating a mapping procedure, one must be care

ful to keep clear the distinction between "mapping" on the one hand, and
 

"identification" or "discrimination" on the other. Tests which require
 

the interpreter to simply identify isolated objects or conditions or to
 

discriminate one thing from another may be perfectly valid for certain
 

applications. However to draw conclusions from such tests as to the
 

feasibility of mapping (which, as has been stated, involves considerably
 

more than ident.ification) may in many instances be quite unjustified.
 

If it is possible in a given situation to provide a well founded
 

quantitative basis for comparison between interpretation results and
 

ground truth, many techniques exist for making a quantitative, statis
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tical evaluation of the interpretation technique and for comparing
 

various techniques. Certainly if at all possible, such evaluations
 

should be made, as they provide the most straightforward, objective
 

basis for selection of a technique. If, however, the nature of the
 

problem is such that only more subjective evaluations are possible.,
 

they may be entirely meaningful provided that the limitations and
 

possible bias are clearly understood and honestly stated.
 

2. Multiple Use Mapping
 

The preparation of a multiple use map from aerial imagery
 

entails not only the delineation of particular landscape characteristics
 

which are readily seen on the image, but in addition involves a thor

ough understanding of thd multiple use zoning criteria. Also of impor

tance is an ability to deduce the significance of environmental features
 

based on a knoledge of these criteria. Clawson (1965) points out that
 

if information is to be of optimum value, a distinction must be made
 

between the classification of the natural qualities of land and man's
 

present or potential activities. -He further states that while these
 

are often interrelated, a classification of "activities" should be
 

kept pure, with as little inclusion of "natural qualities" as possible.
 

Certainly multiple use planning is concerned with both present and
 

potential activities, thus often necessitating deduction and conver

gence of evidence in the interpretation process rather than the simple
 

classification of land based on its physical appearance.
 

As will be apparent in the Meadow Valley case study which follows,
 

the existing zoning criteria fall into three categories in regard to
 

their potential for aerial mapping. Some zoning, (that falling in the
 

first category) can be based purely on the physical appearance of the
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image. In a,second category is zoning which requi-res a familiarity
 

with the local needs for various kinds,of land use and-with the rela

tionships that exist-among various envi-ronmental factors which govern
 

land use,. Finally., some criteria may be based to so great an extent
 

on factors not apparent on the image that it is impossible to perform
 

meaningful zoning using only images. A major intent of this study is
 

to ascertain these limitations in one area (the Meadow ValleyArea)
 

and t6 determine what'degree of other knowledge is required to perform
 

meaningful multiple use mapping in that area.
 

B. Case Study: Meadow Valley
 

1. Use of existing multiple use criteria
 

In this study, the first step in determining the feasibility
 

of mapping multiple use zones using the standard criteria was as fol

lows: Zone boundaries as delineated on existing multiple use maps of
 

the area were transferred onto aerial photos. A photo-interpreter
 

experienced in typing of wildland areas was asked to make an evaluation
 

of the delineations thus produced to determine whether they could have
 

been derived using only the photos and the written official zoning
 

criteri-a.
 

,Quite negative findings resulted--i.e. the interpreter felt
 

that in only a few cases could he have produced delineations resembling
 

those on the multiple use map. Certainly this cannot be adjudged to
 

be a fault of the system, because each area had been zoned on the ground
 

by personnel intimately acquainted with the land involved and its char

acteristics, and also with the special local needs and situations.
 

The following is a synopsis of the zone descriptions and pro

posed-management practices as prepared by the staff of the Quincy
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Ranger District--one of the districts falling within.the study area.
 

It will be noted that four major zones are recognized (General
 

Forest Zone, Travel Influence Zone, Water Influence Zone and Special
 

Zone) and that numerous sub-zones are recognized within each of these
 

major zones.
 

QUINCY RANGER DISTRICT MULTIPLE USE ZONES
 

A. 	General Forest Zone
 

1. 	GF-1 Scenic Backdrop Areas
 

a. 	Description:
 

1) Consists of many irregularly shaped and varying shaped
 

parcels.
 

2) 	Provides scenic backdrop for the Travel and Water
 

Influence Zones.
 

b. 	Management:
 

1) Logging and road building designed to minimize the
 

impact upon the viewer.
 

2) 	Land uses confined to those that do not detract from
 

scenic beauty.
 

2. 	GF-2 Municipal Watershed Areas
 

a. 	Description:
 

1) Includes any watershed that provides a municipal
 

water supply that requires an individual watershed
 

management plan.
 

2) 	At present, Quincy Municipal Watershed is the only
 

watershed involved in this district. It includes
 

6352 acres, 78% of which is managed by USFS.
 

b. 	Management:
 

1) The use and harvest of resources are accomplished
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only when compatible with water production.
 

2) 	Logging operations are to follow guidelines indicated
 

by erosion hazard ratings.
 

3) Public use and occupancy are to be limited.
 

4) No livestock grazing is to be allowed.
 

5) With reference to fire hazard, this area is to be
 

given the highest priority for pre-attack planning and
 

implementation.
 

3. 	GF-3 Butterfly Botanical Unit
 

a. 	Description:
 

1) Consists of 262 acres, 142 of which are under USFS management.
 

2) It is comprised of springs, bogs, and mixed conifers.
 

3) There exists on this site the largest concentration of
 

Darlingtonia californica ( a rare insectivorous plant 

in California. 

4) There is a close proximity to contrasting plant communities. 

b. 	Management:
 

1) Prevent pollution and contamination through proper
 

sanitary facilitfes,
 

2) Encourage use as related to botanical attraction.
 

3) Limit campground and picnic area.
 

4) Encourage use by scientffically oriented organizations.
 

5) Maintafn roads, so as not to disturb bogs.
 

6) Use of herbicides is prohibited.
 

7) Large scale publ'icity i-sto be avoided.
 

4. 	GF-4 Lee Summit Seed Production Area,
 

a. 	Description.:
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I) 	This area was established in 1963 for production of
 

coniferous seed from naturally occurring timber stands.
 

b. 	Management:
 

1) Expand the production as it becomes economically feasible.
 

2) 	Harvesting plans are to be modified to eliminate danger
 

to seed production.
 

5. 	GF-5 Proposed Rock Creek Dam and Reservoir Area
 

a. 	Description:
 

1) 	The proposed reservoir is to have an estimated area of
 

610 acres.
 

b. 	Management:
 

I) 	The harvesting of timber and the designing of roads
 

are to be accomplished so that a near natural appearance
 

is retained.
 

2) All slash in potential campgrounds is to be disposed of.
 

3) No special use permits are to be issued.
 

6. 	GF-6 Scenic Roadside Areas
 

a. 	Description:
 

I) 	The roadside strip (not Travel Influence Zone) borders
 

logging roads of scenic value (including Slate Creek,
 

Deanes Valley, Snake Lake, and the proposed Jacks
 

Meadow roads).
 

2) The strip is not to exceed 200 feet on each side of the
 

road.
 

b. 	Management:
 

I) All slash in the unit is to be eliminated.
 

2) Timber harvest and cultural practices are to be
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adjusted to maintain scenic values.
 

3) 	Vegetative cover is to be established on newly disturbed
 

sites within one year.
 

7. 	GF-7 Red Hill, Mt. Hough, Claremont, and Spanish Peak Electronic
 

Sites
 

a. 	Description:
 

1) 	These sites offer the best positions for TV relays
 

between the Sacramento Valley and the American Valley.
 

b. 	Management:
 

1) All fixed"installation electronic operations are
 

restricted to these sites.
 

2) Neat appearances are to be maintained in these areas.
 

B. 	Travel Influence Zone
 

1. 	T-1 Quincy-Keddie Community Expansion Area
 

a. 	Description:
 

1) 	Those areas bordering the towns of Quincy and Keddie,
 

suitable for expansion by those communities.
 

b. 	Management:
 

1) Aim toward disposal of this unit by land exchange.
 

2) 	No additional special use permits are to be issued unless
 

to be succeeded by exchange.
 

2. 	T-1 All paved roads
 

a. 	Description:
 

1) 	All paved roads are considered to constitute a travel
 

influence zone.
 

b. 	Management:
 

1) Areas will be managed to preserve aesthetic quali'ties
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C. 	Water Influence Zone: This zone ,includes the canyon bottoms of the
 

North Fork of the Feather River and of Indian Creek, Spanish Creek,
 

American Valley, Silver Lake, Snake-Smith Lake-s, and Rock Creek.
 

Approximately 60 percent of the District's mining claims are in
 

this area.
 

1. 	Snake-Smith Lakes
 

a. 	Description: see above
 

b. 	Management:
 

1) These lakes support warm-water fish and are open to
 

fishing all year.
 

2) 	Investment for site development should be proportional
 

to the feasibility of aquatic weed control.
 

2. 	Rock Creek
 

a. 	Description: see above
 

b. 	Managemeit:
 

1) Two fee campgrounds are located on Rock Creek.
 

2) High power transmission lines are to be constructed to
 

corridor in North Fork canyon from Caribou to Rock Creek.
 

3) Aesthetics of the hydroelectric installations are to be
 

improved through the use of camouflage paint and vege

tative screening.
 

3. 	W-l Silver Lake Micro-Wilderness
 

a. 	Description: see above
 

1) Silver Lake was created by a dam for mining in the late
 

1880's.
 

2) 	Provides domestic water for a portion of Meadow Valley
 

residences.
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3) Limi-t development tolfoot trails and wilderness 

improvements except, around -Silver Lake,. 

4) RevLse-the area plan to-eliminate a proposed public 

service site for pack and,saddle stock at Jacks Meadow. 

4i W-2 Rich Bar Historical Site

aj Description: 

1) Rich Bar was one of the earliest gold settlements in 

Plumas County. 

2) A portion of the site is private land and the remainder 

is under the administration of the USFS. 

b. Management: 

I) Acquire the necessary private land. 

2) Develop a visitor information- program. 

3) Limit development to parking, sanitation, visitor 

displays, and trails. 

5. 	W-4 Ben Lomond High Lakes
 

a. 	Description: see above
 

b. 	Management:
 

I) 	The site is to be managed for the- preservation and
 

enhancement of water quality and quantity and for
 

aesthetics
 

2) 	Construct an observation point at Ben Lomond look

out site.

3) 	Construct helispots for fire protection to eliminate the
 

need for roads.
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D. 	The Special Zone--Middle Fork of the Feather River. This river
 

has been designated a 'Wild-Scenic River" under PL 90-542 on
 

Octobecr 2-,1968. This classification extends 20 chains to both
 

sides of the river bank. A management plan for this area is due
 

in October 1969 in compliance with PL 90-542.
 

As can be seen from the preceding descriptions, the major limita

tion to the use of aerial photos for zoning purposes is that the zone
 

descriptions are not always in terms of features discernible on the
 

photos. For the most part, the descriptions are adequate for one
 

personally familiar with the area but not for one who is not. 
 Of
 

course an interpreter could not be expected to delineate special 
use
 

areas such as GF-3 (Butterfly Botanical Unit), GF-4 (Lee Summit Seed
 

Production Area), W-2 (Rich Bar Historical Site), and U (Unclassified
 

Private Land), since these areas have no visible boundary that would
 

indicate an area of special interest. Other areas, however, could
 

perhaps be delineated with consistency on aerial photographs if the
 

descriptions of the zones were more explicit.
 

As an example of some of the difficulties encountered, the follow

ing are comments recorded by an experienced interpreter asked to deline

ate the zones on an Ektachrome Infrared mosaic.
 

GF-1 Scenic Backdrop: This zone provides the scenic back
drop for the travel influence and water influence zones. It
 
consists of many irregularly shaped parcels. Frequently it
 
is not'evident for which travel and/or water influence zone
 
the parcel provides a backdrop. Also, when this zone borders
 
the water and/or travel zones there is no guideline for
 
drawing the separating border between them.
 

GF-2 Municipal Watershed: This zone includes the watershed that
 
provides the water supply for the community of Quincy. The bound
ary for this zone can be delineated easily only if specific in
formation concerning the required watershed area is known.
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GF-6 Scenic Roadside: These ,roadside -strips border isome,,but
 
not all, of the existing roads, depending on whether the roads
 
are deemed to be of scenic value- The strips, by defini'tio,
 
should not exceed 200 feet on each side of the road. It is
 
not clear which roads should be -considered to be of scenic
 
value. Usually a scenic.road-,is:one that leads to an area of
 
high recreational value such as Deanes Valley, Snake-Smith
 
Lakes, or The Silver Lake.Micro-Wilderness. If the scenic
 
roadside definition is changed accordingly, this zone can be
 
delineated consistently on aerial photographs.
 

Travel Influence: This zone borders all paved roads under
 
Forest Service jurisdiction in the District. No strip width
 
is given to border the roads and there is confusion as to
 
where the travel influence zone ends and where the scenic
 
backdrop area begins.
 

2. Development of remote-sensinq oriented criteria
 

In view of the difficulties described above i'napplying photo 'inter

pretation to existing zoning procedures, it was,decided that much
 

could be gained by attempting,to develop a multiple-use zoning process
 

particularly amenable to the-use of aerial photography'. Initially,
 

the question arose as to whether any new system should be tied to the
 

zoning concept, or whether some totally different way of integrat'ing
 

potential land uses should be inyestigated. It was decided, however,
 

that despi-te its many apparent drawbacks, the concept of wildland zoning
 

probably best meets the needs of those asked to practice multiple use
 

land management in this area now.. Perhaps in.the future more refined
 

techniques for quantifying benefits derived from Various uses and
 

arriving at benefit-cost solutions for land allocation may render the
 

zoning approach obsolete, but at the present time no such practices
 

appear to be full-y operational.
 

A remote sensing oriented system, classifying lands in the Meadow
 

Valley Area should, in all probabili-ty, resemble the present system.
 

The primary difference would be the absence of'reiance on an intimate
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knowledge of the area in question and on criteria that can be gathered
 

only on the ground. In other words, the land classification based on
 

remote sensing should be viewed as an initial broad-scale planning aid,
 

and not as a final map of the type needed for develop'ing plans. It is
 

likely that any operational use of small scale imagery for land planning
 

would utilize interpreters trained in image interpretation and in the
 

general requirements of multiple use planning, but who would not be
 

extremely famliar with each plot of -land to be zoned-. This would be
 

particularly true of any operation designed to uniformly zone large,
 

widespread wildland areas, and would be even more true if i't included
 

areas previously little managed on an intensive basis. At the same
 

time, it is felt that any general mapping system should be designed
 

such that later modification and adjustment would be possible based on
 

on-the-ground checks of areas with specific local requirements, thus
 

providing the needed flexibility to move from the regional planning
 

phase to actual unit management without a total reappraisal being neces

sary.
 

Thus the remote sensing oriented zoning system which follows was
 

developed under the following assumptions and constraints:
 

I. It should provide the general kinds of information
 

necessary for multiple-use planning as practiced by the
 

U.S. Forest Service.
 

2. It should be amenable to subsequent refinement based on
 

more specific information that might be obtained either
 

from ground observation or through the use of more sophis

ticated remote sensing techniques.
 

3. It should be general enough to apply to rather diverse
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-wildland environments.
 

4. It was assumed that the identification of (not to,be
 

confused with the interpretation) of specific wi:ldl'and
 

conditi.ons is no more limi.ti.ng than would be, encountered usi-ng 

Ektachrome Infrared film at a scale of approximately 1:25,000. 

The determination of tone signatures and visual appearance of 

,features on aerial images of various types is a separate, prob

lem not to be investigated in this study.
 

5.'.It was, assumed that the interpreters would be ,reasonably
 

experienced with the image-types used, the general- ecological
 

relationships encountered in,the area, and the broad require

ments of the land -use-planners, but not intimatel'y -famili'ar
 

with' the parti-cular area to be zoned or 'specific socio-econbmic
 

factors which might affect land 'use decisions.
 

a) Selection of Zones
 

Based upon a thorough investigation of the various zoning pro

cedures being followed on the National Forests of Northern California,
 

a compilation of desireable zone categories to be included in the
 

photo interpretation system was prepared. It was felt that the selec

tion was general enough to apply at least to the bulk of the Westside
 

Sierra Subregion, the Northeast Plateau Subregion, and the northern harf
 

of the Sequoia Eastside Subregion, as they are designated by the U.S.
 

Forest Service. The 'list is 'Inessence,a combination of the zoning
 

systems used by each of the three Subregions, as it was found that
 

some variability existed depending on the vegetation types occuring
 

in each subregion and the date of preparation of the particular set of
 

guidelines.
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For reasons that will become apparent i-nlater sections deal

ing with the actual mapping procedures to be followed, the zones were
 

lumped into two groups.: 1. -General Zones,.which are based on the
 

broad climatic-vegetation-topography factors prevailing in the area,
 

and 2. Use or Occupancy Zones, which are based on speci-fic charac

teristics of the local environment likely to influence ultimate use.
 

The determination of the final management to be applied to an area
 

is subtractive in nature. For example, all land,classified as West

side Intermediate is subject to the management di'rectives of that
 

zone unless it is specified as constituting a Use or Occupancy Zone,
 

in which case the more restrictive directives will apply.
 

The following is a li.st of the zones with accompanying descrip

tions and appropriate management guideli-nes. However two points should
 

first be emphasized: 1. Much of this material is not wholly original,
 

but 	is an amalgamation of descriptions and directives contained in the
 

Forest Service Management Guides for the three subregions mentioned
 

above. Much more detailed management directives can be found in those
 

Guides. 2. Further refinement of the directives for some Use and
 

Occupancy Zones will be held independent of the surrounding General Zone.
 

I. 	General Zones
 

A. 	Valley Front
 

Description: Generally lower elevation areas below the inter

mediate zone, and fronting on the Sacramento Valley. Vegeta

tion consists of grass, oak-woodland, or brush, with scattered
 

low-elevation conifers in some localities.
 

Management: Primary emphasis will be placed on the preserva

tion, maintenance, and improvement of the plant cover so as
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to furnish optimum conditions fQr wildlife and livestock
 

grazing. This includes an active awareness of the potential
 

for fires, and both oh-site and downstream needs for watershed
 

protection, Recreationat use-will not be encouraged. Few
 

timber management practices are necessary.
 

B. 	Westside Intermediate
 

Description; Genarally heavily timbered areas lying in mid

elevations (range approx. 2000' to 7000') between the Valley
 

Front Zone And the Crest Zone. Vegetation consists primarily
 

of conifers and occasionaldense stands.of middle elevation
 

brush species.
 

Management: Primary emphasis is placed on maximum production
 

of forest products on a sustained basis,with concurrent maximum
 

production of water from snowpack-In'hlgher'elevations. Second

ary emphasis is on the maintenance-or improvement of forage
 

production for wildlife or livestock on areas unsuited,for
 

timber production. Transitory forage types should be utilized
 

in a manner consistent with ultimate timber production. Recrea

tional use will usually be limited to peripheral activities
 

originating in,:other high recreational use zones.
 

C. 	Crest
 

Description: A high-altitude zone, characterized by rugged
 

peaks, rocky slopes, plateaus, lakes, meadows, and sub-alpine
 

tree species.
 

Management: Primary emphasis is placed on the value of this
 

zone as the principal watershed for most major rivers of the
 

region. .Thus activities which adversely affect the quality,
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timing, or quantity of water flowing from the zone will be
 

avoided. The second important use for the zone is mountain
 

type recreation, and the need for such use will be met to the
 

limit of available resources without impairing watershed or
 

scenic values.
 

D. 	Eastside Intermediate
 

Description,:- A mid-elevation zone lying generally east of
 

the Crest Zone, and bordered to the east by the Basin Front.
 

Vegetation [s primarily ,coniferous, sometimes i-ntermingled
 

with brush and other semi-arid forage species.
 

Management: Primary emphasis is on maximum production of
 

timber on a sustained basis. Secondary emphasis is on the
 

maintenance of forage values for wildlife and livestock.
 

The arid nature of the zone precludes a high emphasis on
 

watershed management needs.
 

II. 	Use of Occupancy Zones
 

1. 	General Occupancy
 

Description: All lands which are presently in an "improved"
 

state rather than in the undisturbed wildland state. Includes
 

primarily built-up areas and lands obviously in private
 

commercial agriculture and ranching.
 

Management: While these lands do not fall under the direct
 

jurisdiction of public wildiand management agencies, some
 

adjustments may be necessary in adjacent wildland areas.
 

2. 	Streamside
 

Description: Includes all live streams (including intermit

tent streams) and associated riparian areas. Also includes a
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border fringe of vegetation of sufficient width to protect
 

the channel, and scenic canyon walls where applicable.
 

Management,: Objectives are to,.mi'nimize siltation, channel
 

bl-ockbge., channel, alteration, and temperature increases.
 

Merchantable trees may be cut within the streamside border on
 

an individual selection basis,,,but only when such cutting will
 

not adversel-y'affect the stream or desireable residual growth.
 

Cutting in general forest zones up-slope from streamside
 

zones should be carefully planned such that erosion-, sliding
 

logs,, etc. do not adversely affect.the stream environment.
 

3. 	Water Influence
 

Description: Areas of varying width along speci-fic streams
 

or lakes which due totheir-scenic values and/or accessibility
 

promise particularly attractive potential for recreational use.
 

Should include an area large enough to protect the water and
 

near view scenery, as well as provide for necessary recreational
 

,developments.
 

Management: Emphasis is on the preservation of- the aesthetic
 

environment, including the cuality of the pertinent lakes
 

or streams. Development of recreational facilities as neces

sary should be undertaken, with'appropriate concern given to
 

protectionagainst water pollution, damage to.the environment,
 

and protection against fire. Timber cutting should be limited
 

only to high-ri.sk trees and that necessary forconstruction of
 

roads, campgrounds, and other developments.
 

4. 	Travel Influence
 

Description: Areasof varying width which border main highways
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and roads. The area should be wide enough to protect
 

the near-view aesthetics.
 

Management: Timber cutting wi-thin. thils zone will be limited
 

to high-risk trees or those necessary for construction of
 

rights-of-way, scenic overlooks, adequate fire protection
 

breaks, and other necessary developments. Emphasis is on
 

maintaining the natural appearance of the zone.
 

5. 	Scenic Roadside
 

Description: Areas of varying width along secondary roads
 

of particular scenic value. Generally these will be roads
 

providing access to special scenic zones or water influence
 

zones.
 

Management: The aim will be to remove trees on an individual
 

selection basis while maintaining a near-natural appearance in
 

the roadside strip.
 

6. 	Distant View areas
 

Description: This zone provides scenic backdrop to the Water
 

Influence, Travel Influence, and special recreation zones, and
 

is located beyond near-view areas, either above or below the
 

elevation of the travel route or recreation use area.
 

Management: Activities should closely parallel those of the
 

surrounding General Zone, with the proviso that the shape, size,
 

and timing of patch or group cutting and construction of roads
 

should be such that a pleasing backdrop is maintained for the
 

recreational or travel use zones.
 

Finally, It was felt that some indication of the dominant cover
 

type would be helpful for planning the ultimate use of each area.
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Consequently twel've cover type designations were selected for inclusion
 

in the final zone description code.
 

b) Zone 'Description Code
 

It was anticipated that when zoning maps were finally completed,
 

a simple coding system would be needed which-would indi-cate the zone
 

description assigned to each area. Hence a three character code was
 

adopted as follows:
 

General Use of Dominant 
Zone Occupancy cover 

Zone (if . Type 
needed) 

I. General Zones
 
A. Valley Front
 
B. Westside Intermediate
 
C. Crest
 
D. Eastside Intermediate
 

II. Use or Occupancy Zones
 
1. General Occupancy
 
2. Streamside
 
3. Water Influence
 
4. Travel Influence
 
5. Scenic Roadside
 
6. Distant View Area
 
7. No use or occupancy designation
 

III, Dominant Cover Type
 
a. Dense mature conifer forest
 
b. Sparse mature conifer forest
 
c. Dense young conifer forest
 
d. Sparse young conifer forest
 
e. Dense chaparral
 
f. Sparse chaparral
 
g. lush herbaceous vegetation
 
h. dry herbaceous vegetation
 
i. riparian hardwood vegetation
 
j. dry-site hardwood vegetation
 
k. semi-arid shrubs 
I. bare rock or soil
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Thus the example code, "B 3 a", indicates an area in the Westside
 

Intermediate Zone which, in terms of use or occupancy, is of importance
 

primarily as a Water Influence area, and which has a dominant cover
 

consisting of dense mature conifers. Obviously, if no use or occu

pancy zone were involved, the code would consist of a code such as
 

"C 7 1", indicating a Crest Zone with predominant bare rock or soil
 

cover.
 

A source of confusion could arise, however, if when mapping
 

use or occupancy zones, one discovered that more than one designation
 

applied to the same piece of ground. The degree of "restrictiveness"
 

of the management to be applied to the zones helps to remedy this
 

situation--i.e. if there is a conflict, 'the more restrictive zoning
 

will apply, as indicated in the following table.
 

Conflicting 

Designations 


1,2 

1,3
 
1,4 

1,5 

1,6 

2,3 

2,4 

2,5 

2,6 


3,4 

3,5 

3,6 

4,5 

4,6 

5,6 


Designatior
 
to be Used
 

l
 

1 
1
 
1 
3
 
4
 
2
 
2
 

3
 
3
 
3
 
4
 
4
 
5
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V.- Planned Completion,of Study
 

It is,planned that the multiple use study -described'above will
 

be completed,within the next several months. Among those sections
 

which-are scheduled for inclusion in further reports are the following:
 

1. The development of mapping criteria-amenable to the use of
 

,image interpretation techniques for-mult'iple use planning. Prime
 

consideration wil- be given to such factors as amount and kind
 

of supplementary informati'on needed in'addition to the-images
 

themselves, the minimum ,size of land area that merits its own
 

classification, and the .number of classes that shoul'd 
be 

recognized. 

2.. The -development of image 'interpretation 'keys and guides 

applicable to the mapping system developed in (1)' above. 

3. A classification of one or more test sites'using the criteria
 

and guides described above., and a subsequent objective evaluation
 

of their usefulness.
 

4. An analysis of the potential applicabi-lity to multiple use
 

planning'of advanced techniques presently being,developed.
 

Included in this analysis will be specific applications of,
 

satellite photography, automated interpretation techniques,
 

color enhancement of multispectral and sequenti'al imagery, and
 

capabilities of sensors operating in other than the photogra

phic portion of the spectrum.
 

49
 



Future Research Activities
 

A number of projects, either currently in progress or soon to
 

be undertaken by the 
unit are listed below. The list is preented here
 

as an indication of the types-of investigations, that are considered to
 

be appropriate undertakings of the unit.
 

A. In order to adequately determine those areas of earth
 

resource management toywhich remote sensing techniques might most
 

usefully be applied, interviews with resource management per

sonnel responsible for making,policy decisions are being under

taken. Hopefully such interviews will provide a basis for
 

further benefit-cost studies.
 

B. A survey is being made of current state-of-the-art procedures
 

for determining benefits derivable from operational remote
 

sensing systems.
 

C. A compilation, on a continuing basis, of the results of
 

actual tests of image interpretation and data extraction, using
 

various sensor types and interpretation methods is being made,
 

as are appropriate evaluations of the validity and significance
 

of such tests.
 

D. Following completion of each of the successive compilations
 

in 3 above, recommendations will be prepared regarding the need
 

for and type of tests of image interpretation which are needed
 

to supply the necessary inputs for benefit-cost calculations.
 

E. Investigations of the operational requirements by foresters
 

and other managers of wildland resources for a large scale
 

system of image acquisition and data distribution as envisaged
 

by proponents of earth resource satellite programs could be
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undertaken. These studies would include image specifications,
 

distribution procedures, and,types of interpreter training (to
 

be carried out in cooperation with the Training Unit).
 

F. Tests are being developed to quanti-tatively evaluate various
 

interpretation techniques in terms of the ability of each to
 

satisfy specific operational needs. The Multiple Use study
 

currently being conducted by the unit is an example of this
 

type of activity. (Details of that study are presented in a
 

later section of this report).
 

G. Periodic cooperative undertakings with the Training Unit
 

in the form of seminars, discussion groups, and trai'ning pro

grams are planned. In addition to the dissemination of infor

mation, the inputs from representatives of various sensor and
 

application disciplines will be collated, discussed, and included
 

.in surveys of both technical feasibility and user needs.
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CHAPTER 3
 

SPECTRAL CHARACTERISTICS OF FEATURES AND CONDITIONS
 

Edwin H. Roberts
 

Introduction
 

This unit is responsible for investigating and characterizing
 

the spectral properties of wildland resource features and conditions.
 

The data -should provide criteria for discrimination of features of
 

interest and for the understanding of sensor returns. In addition,
 

the 	unit will seek to determine those parameters which significantly
 

affect the spectral characteristics of features and conditions of
 

interest, and investigate the manner in which they operate. Test
 

site ground intrumentation and consultation with experts from other
 

fields will be utilized in investigation of these parameters.
 

Knowledge of the spectral properties of features is necessary for
 

effective interpretation of multispectral sensor returns and speci

fication of necessary ground truth data.
 

A. 	Studies conducted within the unit.
 

1, 	Develop operational procedures for gathering meaningful
 

spectral reflectance and emission data in a wildland
 

environment through the use of portable equipment to
 

observe radiance phenomena of natural features in situ.
 

2. 	Characterize temporal variations in the spectral returns of
 

features of the wildland environment and investigate the
 

parameters responsible for these variations.
 

3. 	Determine those time periods and those parts of the spectrum
 

to be utilized for greatest discrimination between features
 

of interest.
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4. 	Monitor incident radiation and reflectance from selected
 

neutral targets at the time of photographic overflights
 

in order to facili~tate calibration of the resultant imagery.
 

B: Studies involving interactions with other units.
 

1'. Operational Feasibility. Determine that type of spec

tral data which can best be utilized to satisfy ultimate
 

user requirements and devise and recommend procedures and
 

methods by which-the pertinent'data'can be most dfficiently
 

obtained.,
 

2; Image Interpretation and Enhancement. Collect and
 

analyze spectral ground truth information in order to
 

explain sensor returns as necessary for effecti!Ve image
 

interpretation. Help determine what types of ground truth
 

information that are necessary to establish feature conditions.
 

By analysis recommend those film-fi'lter combinations most
 

l-ikely'to result in images whidh are easily interpreted
 

or enhanced for identification of" specific'features or
 

conditions by spectral signatures.
 

3. 	Automatic Image Classification and Data 'Procdssing. Examine
 

relationships between automatic image classification and'
 

the spectral characteristicsof'the features being classi

fied in ordcr to'help determine,the actual on-the-ground
 

factors responsible for differentiation of classification
 

units.
 

4. 	Training. Provide.training material and,examples for
 

understanding of spectral characteristics and their.ut'ili

zation in remote sensing Provide classroom and field

instruction for this aspect of remote ,sensing.
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Current Research Activities
 

Introduction
 

A study was initiated in order to assess the feasibility
 

of making in situ spectral reflectance measurements of wildland
 

vegetation and to compare the radiance levels from the resulting
 

data with optical density as measured from multiband photography.
 

A portion of the NASA Bucks Lake test site was used as a study area
 

and several brushfield species common to the area were used as
 

targets for the spectroradiometer measurements.
 

Mature brushfields are often impenetrable and topography
 

frequently limits ground visibility. Consequently, ground inventory
 

of the interior of large brushfield areas is virtually impossible.
 

Since a knowledge of brushfield species composition is important
 

for many types of management planning, it was of interest to
 

determine whether several of the prevalent brush species could be
 

identified from their tone,signatures on multiband aerial photography.
 

As a point of departure in making this determination it was
 

considered desirable to attempt a systematic analysis of factors
 

affecting the photo images of plants, as in the following section.
 

Then, in view of that analysis, a meaningful experiment could be
 

performed to determine the feasibility of identifying important brush
 

species. Such an experiment is described and the results of it are
 

presented and analyzed in subsequent sections of this chapter.
 

Factors Affecting the Photo Images of Plants
 

The appearance of a plant on aerial photography of a given scale
 

is influenced by several factors including (I) its morphological
 

characteristics, (2) its spectral reflectance characteristics
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'(3) its seasonal state or state of maturity, (4) the sun angle, (5)
 

the spectral sensitivity of the film and (6) the spectral transmit

tance of the photographic filter. It is difficult to discuss each
 

of these factors separately since the effect or relative importance
 

of each is often determined by the particular combination of all
 

factors. With these limitations in mind, the following brief summary
 

of the effects of each factor is presented.
 

1. The morphological characteristics of the plant include size,
 

shape and orientation of the leaves, plant height and foliage density.
 

These factors affect the textural appearance of the plant and also
 

determine the proportion of reflectance from leaf surface and from
 

stems, other plant parts and underlying litter and soil. As applied
 

to a photographic image, "texture" may be defined as the frequency of
 

tone change within the image.
 

2. The spectral reflectance characteristics of a healthy
 

green plant are governed primarily by its foliage. In a broader
 

sense, however, a plant's reflectance represents an integration of
 

the reflectance contributions from its leaves, stems, flowering parts,
 

and fruits and may even be influenced by spectral characteristics
 

of the underlying soil and litter.
 

3. The seasonal state or state of maturity may change the
 

spectral reflectance of a plant by altering the proportion-of plant
 

parts mentioned above. -Flowering, for instance, usually occurs during
 

a short period of each year; deciduous plants, of course, are leaf

less during a period of each year and present a dramatically different
 

appearance than during their leafy stage. Furthermore, the fall
 

coloration of some deciduous plants is distinctive enough 'to be
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an identifying characteristic. Because of these,factors, the 'spec

tral signature" of a plant species-may vary during the season and
 

during its life.
 

4. The sun angle affects the amount of ,shadow present in the
 

photographic image and the depth to which the plant canopy is illumi

nated. When the sun is at the zenith, the illumination of the .plant
 

interior, i.e., stem and dead material, and of the underlying soil and
 

litter is greatest. As the angle from the zenith increases the pro

portion of reflectance from the outer leaves increases while that
 

from stems, litter and soil decreases as they are immersed in shadow.
 

5. Spectral sensitivity of the film. The ''tonal response"
 

with which a plant is recorded on an aerial photograph is a function
 

not only of the intensity of the reflected energy returned-from the
 

plant but also of the sensitivityof the film to this energy. Both
 

the intensity of reflected energy and the sensitivity of the film
 

vary according to wavelength; thus, the appearance of a plant will
 

vary according to the type of film used.
 

6. The spectral trasmittance of the filter governs the wave

lengths of light allowed to strike the film. Filters used in the
 

acquisition of aerial photography preferentially absorb some wave

lengths of energy and transmit others. Many filters are available,
 

each allowing passage of a different band, or wavelength interval of
 

energy. Since both the energy return from the plant and the-sensi

tivity of the film vary with wavelength, it is often possible by
 

selecting the appropriate combination of film and filter to utilize
 

those wavelength intervals which result in maximum response differences
 

between one particular plant species of interest, and all other species
 

with which it might be confused.
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Reflectance Phenomena of Plant Parts
 

From the foregoing discussion it becomes apparent that, in
 

order to exploit the benefits of multispectral techniques as an aid
 

in the absorption and transmission phenomena of plant structures,
 

particularly leaves, should be known and understood.
 

Although radiant energy striking a leaf surface can be absorbed,
 

reflected, transmitted or scattered, a downlooking photographic
 

system detects only the radiant energy reflected from the scene
 

below. The greater the reflected energy from a plant or other fea

ture, the brighter the tone with which that feature will be registered
 

on a positive photograph. There are basically two types of reflectance,
 

specular or direct, and diffuse or scattered. The total reflectance
 

from a material is equal to the sum of the specular and the diffuse
 

reflectance fluxes.
 

Specular reflectance occurs when the incident energy falls on
 

a surface which has only small irregularities compared with the wave

length. For such surfaces the angle of incidence equals the angle
 

of reflection, as from a mirror. Among natural objects, smooth water
 

surfaces and some rock outcrops exhibit specular reflectanice.
 

Diffuse reflectance occurs from a surface having irregulari

ties that are large with respect to the wavelength of the radiant
 

energy. The diffusely reflected energy tends to be scattered equally
 

in all directions irrespective of the angle of incidence. Among
 

natural surfaces displaying essentially diffuse-reflectance are
 

blown sand (Romanova 1.964) and some vegetated surfaces.
 

Mixed reflectance occurs most frequently in nature. In this
 

case the reflecting surface returns radiant energy both diffusely and
 

specularly. Depending on which type of reflectance predominates, the
 

59
 



various kinds of surfaces found in nature display reflectances encom

passing the entire gamut from one extreme to the other. The reflec

tance properties of surfaces can be represented graphically in the
 

form of polar diagrams where the length of any particular radius
 

vector corresponds to the reflected radiant flux in that direction.
 

Leaves vary from those with an extremely glossy cuticle where
 

reflectance is largely specular, to those with essentially matte sur

faces where ieflectance is almost entirely d-iffuse and approximately
 

follows Lambert'scosine law (Myers and Allen, 1968). Most leaves
 

exhibit a mixture of specular and diffuse reflectance'. At grazing
 

angles the specular component from the upper surfaceof a leaf may
 

be large; however, as the incident angle decreases the specular
 

component rapidly decreases and the reflection becomes more diffuse
 

due primarily to multiple internal reflections. Howard (1966),
 

working with eucalypts in Australia, found that at small incidence
 

angl.es, the reflection pattern,of those leaves dbes not greatly dif

far from the pattern of well-known matte surfaces. At larger angles
 

the pattern was of the mixed reflectance type.
 

Most leaf constituents are relatively transparent, and with the
 

exception of the pigments found in the chloroplasts, do not'absorb
 

significant amounts of energy in the visible and near infrared wave

lengths (400-9OOnm) used in aerial photography. The typical leaf
 

anatomy (Figure 3.1) is such that there are many air-water interfaces
 

between the cell walls and the intercellular spaces. The change of
 

index of refraction from 1.33 for water in the cell walls to 1.00 for
 

air In the interspaces provides for efficient internal reflections
 

at these interfaces (Gates et al, 1965). Although there 'may be many
 

60
 



Figure 3.lThis drawing of a typical leaf anatomy (from Gates, 1965)
 

emphasizes the large'amount of air space present. The great number
 

of air-water interfaces at the cel'lwalls are effective reflectors
 

of radiant energy. Chloroplasts in the cells absorb at the blue and
 

red wavelengths, but otherwise cell materials are quite transparent;
 

therefore, most of the infrared aridmuch of the green energy escapes
 

the leaf as reflected or transmitted light, as indicated by the
 

curves in Figure 3.2.
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such reflections, if there is little absorption, much of the radia

tion which would have otherwise passed through a leaf is instead
 

returned as a component of the reflected radiation.
 

The radiant energy leaving a leaf from the side opposite the
 

illuminating source, i.e., the shaded side, is defined as the trans

mitted component. Usually this transmitted energy emerges only after
 

multiple internal reflections and, except for direction, is completely
 

analogous to its counterpart emerging from the illuminated side.
 

Figure 3.2 shows that qualitatively the spectral distnibution of
 

radiant energy from a leaf is very" similar, tothat reflected from it. 

Onlyenergy.that is absorbed by a leaf can be'used by it in photo

synthesis and other, biological, processes., Conseqtfently, the radiant
 

energy transmitted through a leaf and that reflected from a leaf to

gether comprise thatpart of the radiant energy "incident upon the leaf
 

which has been unused.
 

Although mbst leaf components are relati-vely transparent, plants
 

abF-rb energy very efficiently at those wavelengths required for pho

tosynthesis. The predominant leaf pigments, chlorophyll a, chlorophyll b,
 

carotene, and zanthophyll all absorb in the vicinity of 4'+5nm in the
 

blue part of the spectrum. In addition, chlorophyll absorbs in the
 

4

vicinity of 6 5nm in the red part of the spectrum. A small part of
 

the energy which is absorbed by chlorophyll (Figure 3.3), undergoos a
 

wavelength change and i.s.emitted as fluorescent energy. Most impor

tantly, another part is converted photochemically into, stored energy 

in the form of organic compounds which are, then available s -sources 

of energy to the plant itself and to other organisms which can not 

utilize light energy directly to synthesize food, but can utilize 
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light energy directly to synthesize food, but can utilize plant mate

"rials as food.
 

Laboratory Measurements of Spectral Reflectance
 

Spectral reflectance data for plant species have most often been
 

obtained using laboratory spectrophotometers to obtain measurements
 

from severed leaves mounted as flat samples. The following para

graph outlines the use of one such instrument, a General Electric
 

recording spectrophotometer.
 

In order to obtain a reflectance measurement, the sample and a
 

reflectance standard (MgO) are both mounted against openings in the
 

integrating sphere of the spectrophotometer. They are illuminated at
 

an angle of five degrees from the vertical by essentially monochro

matic light which is alternately directed at the sample and the
 

standard by a rapidly rotating prism and a decentered lens;
 

The illuminating energy is varied in wavelength from 400 to
 

1000 nanometers by a monochrometer system. The reflectance is alter

nately measured from the standard and sample by a photocell mounted
 

on the integrating sphere. The reflectance from the sample is recorded,
 

wavelength-by-wavelength, as a percent of the reflectance from the
 

standard, the latter having been chosen-because it gives essentially
 

100 per cent reflectance at all wavelengths, within the range recorded
 

'by the instrument. The-data are commonly expressed in graphical form
 

with reflectance plotted on the ordinate and-wavelength on the abscissa.
 

Laboratory measurements of reflectance from surfaces are help

ful in choosing filters that pass wavelength bands in which there
 

are maximum differences in reflectance levels between subjects for
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which discrimination is desired. However, laboratory measurements
 

of reflectance from leaf surfaces have three major limitations when
 

used to estimate the reflectance that will impinge on an airborne
 

sensor from an entire plant canopy: (1) The spectral reflectance
 

from such a canopy may not be the same as the reflectance from indi

vidual leaf samples. Furthermore, plant reflectance i.sa composite
 

of the reflectances from variously oriented and variously illuminated
 

leaves, stems and underlying soil and litter. ,(2)The density of
 

a plant's foliage and the orientation of its leaves with respect to
 

both the sun and the sensor may have a great influence on the spec

tral reflectance of the plant as recorded by the sensor. (3) Lab

oratory measurements are obtained wi.th, artificial illumination. The
 

resulting data are plotted for a constant spectral intensity source,
 

whereas in a natural scene as recorded by an airborne sensor the in

tensity of the i-lluminant, (consisting of direct sunlight, diffuse
 

skylight and reflectances from nearby.objects) varies greatly as a
 

function of wavelength.
 

Field Measurements of Spectral Reflectance 

- Field measurements of spectral reflectance overcome many of the 

limitations inherent in the laboratory. Measurements are made with 

the plant illuminated by sunlight, skylight and light reflected 

from nearby objects, as it is when recorded by a remote sensing device. 

In addition, it usually is possible for the field of view of the instru

ment to encompass an area of plant canopy large enough to integrate 

the reflectance from leaves, stem, soil and Jitter. However the 

making of field.measurements entails certain other difficulties. 
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Field measurements are more prone to variation than laboratory measure

ments because of the less controlled conditions usually prevailing.
 

Changeable conditions, such as weather, illumination and terrain,
 

make replication of experiments difficult. It may be expected, then,
 

that there should be somewhat greater variability In the reflectance 

data reported for a species when such data are gathered by field 

measurement as compared with laboratory measurement. 

The field measurements of spectral reflectance used In this study 

were made with an E.G.&.G. spectroradlometer model 580/585. This In

strument measures spectral intensity In absolute radlometrIc units. 

2
(watts/cm /nm) through a spectral range of 350-1200 nanometers. When 

the Instrument Is used as configured for-this study, the bandpass 

around any central wavelength in Its spectral scan Is 20nm in the 

4
visible and Onm In the IR region. For field use, the unit Is powered 

by a self-contained, rechargeable battery capable of operating the
 

unit for several days before requiring recharging. The Instrument
 

is of modular construction consisting of the beam input, optics 

monochromator housing, a detector head and an Indicator unit. The com

plete Instrumentation package weighs approximately 35 pounds. 

For measurement of spectral reflectance from brush plants, the
 

instrument was mounted on a heavy-duty tripod which allowed It to be
 

raised as much as eight feet above the ground. This put the Instru

ment three to four feet above the top of the brush In most Instances.
 

(Figure 3.4) The Instrument has a nominal field of view of fourteen de

grees. At the usual viewing distance of three to four feet, the re

flectance from an area of crown canopy nine to twelve Inches In dia

meter Is received by the detector. This size roughly corresponds with
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is shown here being used at the NASA 
Fiure 4 The spectroradiometer 
95Mk Lake Test Site to make spectral reflectance measurements from
 

brush plants. In this example, reflectance from snowbrush (Ceanothus 

velutinus) is being measured. The circle on the lower photo shows 

approximately the area from which the spectroradiometer accepts reflec

tance, i.e., the instrument's field of view. 
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the resolution of.the aerial photography used in this study; there

fore, the integrating effect of the photograph and the spectroradJometer 

should be about the same. 

Preliminary testing indicated thatspecular reflectance was an 

insignificant factor at instrument angles of less than forty degrees 

from the vertical at the time of year when the field data were obtained. 

(August and September) The data acquired for4 this study were at i nstru

ment angles of less than ten degrees.- Inorder to further ensure that 

specular reflectance would not pose. a problem of variability, the 

instrument was always oriented at right angles, to the shadows when

ever it was necessary to deviate from the vert-ical. -

It was felt necessary to take these pracautions-because very
 

little work had been done on'field measurement of plant reflectance.
 

The Russian worker, Krinov (1947), did some excellent prelimi-nary
 

work in the late 1930's on reflectance from natural formations, but
 

this apparently was never pursued farther. In the present study,
 

only limited tests could be made of the effects of,various angles
 

of inclination of the instrument from the vertical, in relation to
 

sun angles and azimuths. However, these tests indicate that the
 

reflectance data reported here do not suffer significantly from vari

ability due to these factors.
 

The process of obtaining a reflectance reading for a brush
 

'plant involved first selecting an "average" plant in a location which
 

was favorable for setting up the -instrument. In order that data
 

from several plants could be acquired each day, only a Limited area
 

was covered. Because data were acquired-only with relatively high
 

sun angles, that is, during midday, only a short time each day was
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available for collecting data. The time required for instrument set

up and data recording.at each spot was about thirty minutes for one
 

man working alone.
 

The instrument, elevated above the brush on a tripod head, was
 

operated through its spectral range by first fitting a grating mono

chrometer functioning in the 350-800 nanometer range, and an accompany

ing detector head sensitive in this range; then, after irradiance
 

had been read at intervals through this range, monochromater func

tioning was switched to the 700-1200 nanometer range and a detector
 

sensitive in these wavelengths was used. The signal from the detec

tor head was read on the indicator unit and recorded on a data sheet.
 

This raw data thus obtained were adjusted in the office to com

pensate for the spectral sensitivities of the detector heads. The
 

2

adjusted data in units of watts/cm /nm were displayed as graphs show

ing irradiance at the detector as a function of wavelength.
 

Multispectral Photography of the Study Area
 

Photography that had been taken with each of the following eight
 

film-filter combinations at an original scale of 1/5, 100 on June 25,
 

1968, was available for study:
 

Film Type Filter Viewing Form
 

Plus-X Aerographic 2401 Wratten 25 Opaque Print
 

Plus-X Aerographic 2401 Wratten 61 Opaque Print
 

Infrared Aerographic 5424 Wratten 89b Opaque Print
 

Infrared Aerographic 5424 Wratten 47b Opaque Print
 

Ektachrome Aero 8442 No Filter Transparency
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Cont. fm) (te (ilt.r (viewing form) 

Ektachrome Aero Infrared 8443 	 Wratten 12 Transparency
 

Ektachrome Aero Infrared 8443 	 Wratten 12 + Transparency
 
CC308
 

This multispectral photography was taken with a specially con

structed aerial camera capable of simultaneously photographing a
 

scene on two separate rolls of 70mm film. On each roll of film
 

two frames are simultaneously exposed through separate lenses, and
 

each lens is separately filtered. This results in four film-filter
 

combinations of a scene being'simultaneously exposed. The result

ant spectral sensitivities for the four black-and-white film and fil

ter combinations used in this study are shown on the following pages
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Figure 3.5 Resultant spectral sensitivity of Plus-X Aerographic film used with a Wratten 61 filter.,
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Figure 3.8 Resultant spectral sensitivity of Infrared Aerographic film used with a Wratten 47B filter.
 



Collection of Ground Truth Data
 

The area covered by the multiband photography was visited on
 

the ground by a two-man crew during September. Individual brush plants
 

were identified on the ground and then located on 1/1000 scale verti

cal color photography in the form of paper prints. The location was
 

marked by pinpricking the image and the plant identity was annotated
 

on the back of the photograph for future reference. In this manner
 

several hundred individual plants and groups of plants were identi-

fied and located.
 

The area covered by the photographs contains primarily mixed
 

brushfields, that is, brushfields which contain several species of
 

plants in a heterogeneous admixture. Because of this it was unusual
 

to find even a small area covered by only one species of brush. At
 

the scale of the color prints used in the 'ollection of ground truth
 

it is possible in most cases to resolve individual brush plants as
 

large enough images to have distinguishable color characteristics.
 

However, at the 1/5000 scale of the multispectral imagery this is not
 

usually the case.
 

Comparison of Spectral Reflectance Data and Photographic Image Tone
 

The aerial photo images are uncalibrated data and, therefore,
 

comparisons of absolute quantitative values between images from dif

ferent spectral bands are not valid. However, comparisons between
 

species on any given film-filter combination and relative ranking of
 

species between film-filter combinations can be made.
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A Welsh densitometer was used to make measurements of optical
 

density on the negatives for images of the following four brush types:
 

snowbrush (Ceanothus velutinus) , manzanite (Arctostaphylos patula)
 

"whitethorn (Ceanothus cordulatus) , and alder (Alnus rhombifolia). The
 

measurements were made for each of the black-and-white film-filter
 

combinations, and thus optical densit,ies for images of each of the
 

species can be compared in each of three broad spectral bands--namely
 

green, red and near-infrared.. (By inspection of the data, relative
 

difference in the blue part of the spectrum may be inferred.)
 

Optical density is a measure of the opacity of the negative..
 

image formed in the film emulsion after it has been exposed and pro

cessed. The higher the numerical value, the greater the negative
 

density, or opacity. On normally processed photography obtained with
 

any glven film-filter combination, density on the negative is governed
 

by: (1) the total amount of radiant energy striking the film in:the
 

wavelength interval that is being sensed,for and (2) the net sensiti

vity of the film within that same wavelength interval.
 

The ranking of species on an optical density-scale for any given
 

film-filter combination can be compared with a ranking of their reflec

tances as obtained from spectroradiometer readings-for the wavelength
 

interval to which the particular film-filter combi.nation responds.
 

At the time of this writing a-comparison of optical densities cannot
 

be made between film-filter combinations because the density measure

ments for this set of photography have not yet been.normalized.'
 

If the spectral reflectance measurements ,for the brush species
 

are valid analogs of the spectral irradiance at the film as reflected
 

from those brush species, then.there should be good correlation between
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'the rankings of species by optical density data-and spectral re

flectance data.
 

Results
 

Comparison of the data tabulated in Figure 3.9 for four plant
 

.species, and the summary curves shown in Figure 3.10 for the same four
 

species reveals that, for the spectral regions shown, there-is a
 

good correspondence between' the optical density of the-film emul

sion as exposed in the aerial camera and the spectral reflectance

as measured in situ bya field spectroradiometer.,
 

The tabulations of optical density in Figure 3.9 show a range of
 

values obtained from-fifteen measurements of each plant speci-es. The
 

optical density values for the -plant species can be compared only
 

within spectral bands. For'example,'.values for whiteth6rn and man

zanita can be compared for the spectral interval to which the Plus-X
 

Aerographic film and Wratten 61 filter combination (Pan 61') i-s
 

sensitive, but.the-optical density,val'ue ofwhitethorn for the Pan 61
 

film-filter combination cannot be ,compared with its value for the
 

IR89B film-filter combination. The reason for this -i-sthat differ

ences in exposure or processi'ng can raise or lower the absolute value
 

of optical density for the film negative. Processing differences
 

can also change the fi.lm gamma so, that the-effect of a change in film
 

irradiance is stretched out or compressed'on the optical density
 

scale. While the absolute optical density values are thus changed, 

none of these factors wi'llchange the relative positions of the plant 

species on the optical density scale for a given photograph. -

The curves of spectra' reflectance shown in Figure 3.10 are averages
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Figure 3.9 The summary of dat4 shown above for four brush species
indicates the range of optical density values measured on each
 
film-filter combination'. Comparison with Figure 3".-10-shows the,
 
good agreement in ranking with these film density measurements
 
and the spectral' reflectance measurements made in the field
 
with a portable spectroradi'ometer.
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Figure 3.10 Field spectroradiometer measurements of average reflected energy as a function of wave
length for the plant species shown in the legend above. 



of from two to five individual curves from each species. The 'within
 

species" variability of spectral reflectance readings is great enough
 

to preclude identification of a species on the basis of reflection
 

from one spectral region alone. However, when the reflectances from
 

several spectral regions are examined in concert, the chance of spe

cies identification becomes considerably better.,
 

It is difficult and tedious to interpret black-and-white images
 

simultaneously. One solution may be to optically combine the black

and-white images into a color composite such as that shown in Figure 3.
 

This procedure has the advantages of color presentation and selection
 

of optimum wavelength bands. Potentially, such a procedure would
 

result in the formation of a composite image containing more informa

tion relevant to species identification than is contained in present
 

color films. At the same time, it would be more interpretable than
 

its black-and-white components.
 

The gelatin absorption filters that were employed for the pho

tography used in this study are relatively broad-band filters. That
 

is, they allow a broad wavelength interval of light to pass. In this
 

case, the green, red and near-infrared spectral regions were sepa

rately utilized, but the blue.and infrared were combined. A plant
 

species can display very obvious differences in relative tone value
 

when photographed with these combinations. For example, alder, which
 

is intermediate in tone -on the Plus-X Wratten 61 photograph, is the
 

darkest vegetation, feature among those, studied when viewed on the
 

Plus-X Wratten 25 combination and the lightest when viewed on the
 

infrared combinations.
 

The'optical density values summarized in Figure 3.9 shows grey.
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Figure 3.11 To produce mblti-color image enhancement, transparencies
 
acquired with different film-filter combinations are projected in
 
common register, each through a different colored'filter, onto a
 
screen. The information content of the composite image is the sum
 
of the information from the individual images as suggested by the
 
letters a, b, and c at the top of the images.
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scale rankings for four species. If they were ranked according to
 

grey-scale tone with "1" the lightest and "4" the darkest, and then
 

were presented in the order that the spectral bands are presented
 

in that figure, each could be identified according to its unique
 

"signature" as fol'lows:
 

snowbrush 3-2-2-2 
whitethorn 1-1-3-3 
manzani-ta 4-3-4-4 
alder , 2-4-1-1 

However., notice that on any given film-filter combination the
 

range of optical density readings for one species may.overlap that
 

for another species. Consequently, identification cannot generally
 

be made on the basis of one spectral band as mightat first appear
 

possible.
 

Conclusions
 

The results of this study indicate that, for the species of
 

brush plants investigated, there are sufficient differences between
 

spectral reflectance signatures to permit species identification
 

through comparison of optical density values on multispectral aerial
 

photography. The spectral reflectance characteristics of these
 

species, when gathered in situ with a field portable spectroradiometer 

agree in ranking.with the optical density of the image as measured 

on the negative. Although it was not the intent of this study to 

predict the relative density levels of brush specTes on the film

filter combinations used, it appears that this could have been done. 

In situ, measurements show more promise for these predictions than 

laboretory measurements of leaves only because the in situ measure

ments can provide an integration of all the factors which contribute
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to the reflectance of a plant or plant association as seen from the
 

aerial view.
 

In this experiment it was necessary to obtain all spectral
 

measurements under cloudless sky and within a limited angle of
 

solar elevation in order to ensure that the illumination would be
 

as uniform as possible for all measurements. It would be desire

able in future work to monitor the intensity and spectral character

istics of the illumination so that spectral measurements of plant
 

reflectance could be obtained under a variety of conditions and
 

adjusted to a "standard" illumination. Such a procedure would allow
 

direct comparison of data obtained under different conditions; the
 

effectiveness of a program for in situ spectral reflectance measure

ments would thus be greatly enhanced, even though meaningful results
 

were obtained in the present test despite a lack of such monitoring.
 

Future Research Activities
 

The unit anticipates acquisition of equipment for monitoring the
 

spectral intensity of incident illumination. The use of this, together
 

with present equipment, will allow meaningful in situ spectral reflec

tance data to be obtained for natural features under a variety of
 

illumination conditions and then be standardized so that valid compari

sons can be made among all the data.
 

A variety of data recording systems are being evaluated in order
 

to provide faster data acquisition in the field and efficient inter

facing with the data handling facilities within our Forestry Remote
 

Sensing Laboratory. The adaptation of such a system would allow many
 

more reflectance measurements to be made at each location and provide
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a better statistical base for the analysis of data.
 

Studies are planned to characterize the change in spectral reflec

tance of selected wildland features as a function of detector-target-sun
 

angles for changes in both azimuth and elevation.
 

A study will be -implemented to define natural features which are
 

of sufficient size and spectral stability to ,be used as natural cali

bration targets for multiband photography.
 

In order to determine the type of ground truth necessary to define
 

a natural resource .and its condition for remote sensingpurposes, a
 

study to define the effect of several ground truth parameters on the
 

spectral reflectance of various wildland features will be instigated.
 

The results should indicate what kinds of ground data are important
 

and with what degree of precision each needs to be measured for various
 

levels of interpretation accuracy.
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CHAPTER 4
 

IMAGE ENHANCEMENT AND INTERPRETATION
 

Lawrence R. Pettjnger
 
Andrew S. Benson
 

Introduction
 

A primary role of the Forestry Remote Sensing Laboratory is to demonstrate
 

the overall value and feasibility of collecting useful earth resource data
 

from aircraft and spacecraft. In order to carry out this important responsi

bility, it is imperative that we continue to utilize state-of-the-art sensors
 

and the latest image interpretation and enhancement techniques. The basic
 

function of this Laboratory Unit is to develop a thorough understanding of
 

the comppnents of the image interpretation process. This effort involves a
 

continuation of on-going research in several forest and range environments
 

and centers on two major objectives: (1) evaluation of human/psychological
 

factors (i.e., color-tone perception, photo interpretation skill, fatigue,
 

etc.) and technical/physical factors (i.e., film-filters, resolution, expo

sure, processing parallax, distortions, etc.) influencing the interpreta

bility of imagery, and (2) developing a methodology for extracting useful
 

resource information from imagery (i.e., feature description, key preparation,
 

interpretation tests, enhancement equipment, sampling procedures, etc.)
 

The following sections of this chapter describe in detail three case
 

studies. The tests performed at the Klamath Falls site demonstrate the
 

value of small scale aerial photography for stratifying valuable homogeneous
 

forest stands. Such forest stratification information can then be used as
 

the first stage in a multistage sampling scheme whereby more detailed forest
 

inventory data can be obtained. The study done at the Bucks Lake site shows,
 

when proper image interpretation techniques are employed, ultra-high altitude
 

photography is useful to the wildland manager for mapping ground cover types,
 

for monitoring changes in ground cover with sequential coverage and for
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selecting primary sample units for more detailed study in multistage sampling.
 

Work done at the Mississippi/Louisiana site evaluates the potential for land
 

use mapping on Apollo 9 photography. The degree of' image detail, the synoptic
 

view and sequential coverage are among the parameters studied which affect
 

the interpretability of land use categories on space photography.
 

Literature Review
 

Depending upon the kind of forest survey information needed, photo

graphic scale specifications can vary widely. Studies that have been con

ducted in a variety of forest environments support the conclusion that certain
 

broad mapping objectives can be met adequately through the use of photography
 

flown at a scale of 1/30,000 or smaller. For acquiring detailed information
 

regarding species composition and timber stand volume, however, it is generall
 

recognized that larger scale photography must be used.
 

Kummer (1964) reports that panchromatic photographs, scale 1/60,000,
 

were successfully used on Weyerhauser timberlands in southwestern Washington
 

to determine the presence or absence of timbered land and to ascertain how
 

these lands were situated with respect to the existing road network. Photo
 

map enlargements (4X) were prepared for coordination with existing logging
 

progress maps and to extend map coverage to scattered holdings where exist

ing maps were not available. These photographs served many other purposes:
 

They provided the basis for preparing fire report maps and maps that could
 

be used to portray plans for aerial seeding, spraying or planting; they
 

facilitated the location of areas in which snag-failing operations should be
 

conducted or where road maintainance and construction should be undertaken.
 

Wind damage from the hurricane of October 12, 1962, was quickly assessed
 

from such photographs taken within 30 days following the damage. Previous
 

photography was compared with the new photography to isolate the newly
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damaged,areas'and to make damage apprai,sals and salvage plans.' These applI

cati6ns indicated that a number of practical uses can be.made of very small
 

scale photography by commerci'al timber managers.
 

Forest inventory studies were carried out in Maine by Young, et al.,
 

(1963) using a combination of aerial and ground techniques. I'twas deter

mined that essentially the same information could be derived on photos flown
 

at a scale of '1/31,680 as on those flown at a scale of 1/15,840. In this way,
 

costs of flying, mapping and interpretation were substantially reduced.
 

Eight classes of pulpwood stands were typed on the photography, with four
 

vegetation classes and two categories of merchantability for each vegetation
 

class. Field sampling in stri'ps resulted i'nchanging only 1% of the type
 

delineations.
 

Small scale (1/30,000) panchromatic aerial photographs have been used
 

to improve the management of many resources of East Africa. Howard (1965)
 

indicates that nine important vegetation types could be identified on the
 

bas'is of tone and texture,' and sometimes-shadow. This information was used
 

to program timber cruises and to locate areas for permanent forest reserves.
 

Using these same photographs, areas suitable for new agricultural settlement
 

could be identified, and other areas best suited to grazing by livestock
 

could be located. Information regarding existing management of settled areas

could be derived from the photographs, thereby indicating where adjustments
 

should be made in the balance between forestry, agriculture and grazing uses.
 

An interesting timber volume estimation study has been reported,upon
 

by Swellengreb (1961) for "greenheart" (Ocotea rodiaei) timber in British
 

Guinea. The assumption that greenheart volume per acre is constant has been
 

proved to be correct by correlating timber volume, measured in the field,
 

with the areas of Greenheart-bearing forest types, measured on type maps pro

duce-d from photo interpretation. Of the five forest types which could be
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Forest and Greenheart Forest--were
distingui.shed, two classes--Mixed Ra-i,n 


For this study, the.error of estimation
found to contain Greenheart trees. 


in a land area containing a year's production, harvest was 15%, which was
 

deemed adequate for the purposes of the-inventory.,
 

The success of interpretation on small scale :panchromatic photographs
 

a forest survey of 3.,400,,000 hectares
(1/50,000) has also been documented in 


of the Caspian forests of Iran which was, begun in-1958 (Rogers, 1960, 1961).
 

Four forest types were identified: beech, oak, mixed hardwoods and cypress.
 

Within these types,, it was possi~ble to recognize three density classes
 

(poor,.medium and well stocked) and four 'stand height classes (seedling and
 

young sawtimber, and old sawtimber). As has been
 

mentioned for other studies of this kind, the photographs themselves served
 

Estimates
 

sapling;.pole trees,; 


as map substitutes and were, used for fieLd planning and guidance. 


of forest growthand volume on a per hectare basi~s, were made using multiple
 

regressi'on techniques and data from ground surveys.
 

An indication of the range-of success 
possible with vegetation,classi

fication-using 1/40,000 scale panchromatic photographs is given by two studies
 

in tropical forest environments. Dillewijn (1957) has prepared a ,selective
 

,key for identifying vegetation types on aerial photographs of northern
 

Surinam. Within five broad,classes of vegetation (coastal, swamp, marsh,
 

savannah and dryland forest).28 dist.inct types were identi-fied. The main
 

identifying characteristic was the appearance -of the stratum as a whole,
 

i.e., the upper canopy as a continuous surface. In, contrast to Dillewijnls
 

success, Loetsch (1960) could- recognize only two strata on the same type ,and
 

scale of photography, Working in the uniform lowland Semangus forest of
 

South Sumatra, he could distinguish only (.I,)the heavily expiloited perimeters
 

and (2) the undisturbed-centers of forests. Complications -inmaki.ng distinct
 

stratifications were caused by local differences due to topographic changes
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and the complex mixtures of spme species. A significant amount of variability
 

in ease of interpretation of small scale photography,appears to be induced
 

by ecological factors and the complexity of the area being.inventoried.
 

Encouraging success Ln inventorying extensive forest areas inthe
 

Amazon basin of Brazil is summarized by Heinsdijk (1960),. The objective
 

of this study was to obtain data about the composition of mixed tropical
 

rain forests as a base for -better economic.considerati.on of the resources
 

of this area. Trimetrogon photography was available at a scale of 1/40,000
 

on, the vertical photograph. Usi.ng this imagery, the.followilng tasks were
 

judged to be the easiest to ,perform: map artificial features; determine the
 

borders of rivers and seas where not obscured by vegetation; delineate the
 

boundaries between forest and,scrub/grass savannahs. Of more importance,
 

photo interpretation techniques permitted several forest.formations to be
 

mapped, including saltwater swamp, sweetwater. swamp and marsh, and dryland
 

forests. Within,the dryland forest formation, itwas also.possible to dis

tinguish secondary forests-(with a pattern of shifting~agriculture) and
 

savannah (or.caatinga) forests., Only when a formation, contains unique tree
 

species (such as Rhizophora mangle and Avicennia nitida i.nsaltwater swamp
 

forests) can floristic names be assigned. In such cases, identification of
 

particular species is inferred from recognition of the forest formation.
 

From Heinsdijk's work it was also discovered that with clearphotog

raphy the same forest formations could alsobe identified at the center of
 

the oblique trimetrogon photographs where the scale,was apprpxi.mately
 

1/70,000, If vertical, photographs taken at this smaller scale has been pro

cured, the cost of photography could have been nearly halved. And, perhaps 

- more importantly,- almost twice as much area could be photographed on the 

same few cloudless days. This.iatte advantage takes on increased signifi

cance when one considers that, in a humid tropical area, very few days are
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sufficiently cloud-free to permit the taking of aerial photography.
 

Another aspect of this study relates to the actual planning for exploi

tation of valuable tree species of tropical forests. If these particular
 

trees to be harvested can be located with certainty, it would justify pro

curement of larger scale photographs and the preparation of stand maps for
 

management purposes. This justification can also be warranted when one
 

considers the difficulty of engaging in field work in the swamp and marsh
 

areas. Photo interpretation results have been shown to produce more reliable
 

results than ground sampling, and the time savings that result from reducing
 

field work also can be very significant.
 

The advantages of large scale photos, on the one hand, and of small
 

scale photos on the other, as highlighted in the preceding paragraphs, can
 

be realized when both types of photography are combined in some form of
 

sampling scheme. Conventional forest survey techniques have long used one
 

scale of aerial photograph to stratify forest land prior to employing ground
 

survey procedures to obtain inventory data. The advantages of using both
 

large and small scale photographs in addition to ground survey methods can
 

be exploited most fully when two or more scales of photography are integrated
 

into a multistage sampl-ing design. In an early article entitled, "Futuristic
 

Photo Interpretation", A. J. Nash (1963) suggested that combining large
 

scale sample photography with small scale coverage "shows promise for the
 

future". He envisioned that small scale photos would be used to determine
 

stand type, height, canopy density and acreage of stands. Photographs of
 

large scale would be used to make detailed measurements and to complete more
 

valid appraisal of stand conditions. Although he was considering small scale
 

photographs, of scale 1/20,000, it-has been demonstrated (Langley, et al.,
 

1969) that for certain applications space photographs (scale 1/3,000',000)
 

can serve satisfactorily as the first stage of the sampling design.
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Current Research Activities
 

A, FOREST TYPE MAPPING - KLAMIATH FALLS TEST SITE-' 

Studies conducted at the San PabloRes~rvoi'r Test Site '(Lauer,
 

1967) and the Flicker Ridge Study Area (Lauer, 1968) indicate that
 

homogeneous forest stands can' e-identified a~d mapped'on small' scale
 

(1/30,000) 'multispectral aerial photography. In 'each study,'
 

trained photo interpreters used photo'interpretation keys and refer

ence materials prepared for the study area to perform the tasks. In
 

both cases, Infraied Ektachroie film Was judged'sl'ighil'9 superior to 

other film types for interpretation purposes. 'In addi'tion, du6stantial 

savings in interpretation time were noted for Infrared' Ektachromne film. 

As a sequel to thes 'investigations,'it was deemed necessary to 
evaluate the possibil'iti~s for 'perforpmiri the same'maping tasks on 

panchromatic (Wrattei 25A .filter') an4' i n frred Ektachrome (Wratten 12 

plus EF-2200 filters) photographs of'even' maller scale (1/30,000 to
 

1/100,000). For this purpose, a'72 square-mile area 1'ocated 25 miles
 

north of Klamath Falls i south-central Oregon was chosen (referred
 

to as Klamath Falls Test Site) to test 'th'relative interpretability
 

of the two film types." Re'latively 'homogen~ous stands 6f the following
 

forest speci'es are'found within'the Test Site: (1) Ponderosa pine
 

(Pinus ponderosa)', (2) Lodgepole pine (L.u contorta) , (3) Mixed 

Conifer - consisting primarily of ponderosa pine, lodgepole pine, 

sugar pine (Pinus lambertiana) and white fir (Abies concolor) and
 

(4) Quaking aspen (Populus tremuloides).
 

Of these forest types, ponderosa pine and the mixed conifer type
 

have the greatest economic value to the forest manager. In the Test
 

Site, lodgepole pine is of secondary economic value but is now being
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harvested to provide pulpwood supplies for Oregon paper mills. Quaking
 

aspen is one of the more common riparian species that occurs in small
 

isolated stands and has little or no economic value in this area.
 

Because there are differences in the relative value of these forest tre(
 

species, the preparation of an accurate forest type map is the first
 

step in the inventory phase of any extensive forest management project.
 

Improved photo interpretation techniques will reduce the costs of
 

completing such inventories.
 

On August 29, 1968, a commercial photographic firm flew the
 

prescribed flight lines using the following film, filter, and scale
 

combinations:
 

1. 	Complete coverage, 1/50,000 scale:
 

Plus-X Aerecon (8401) with Wratten 25A filter
 
IR Aerographic (5424) with Wratten 89B filter
 
Ektachrome Aero (8442) with HF-3 filter
 
Ektachrome Infrared Aero (8443) with Wratten 12 plus
 

EF-2200 filters
 

2. 	Complete coverage, 1/25,000 scale:
 

Ektachrome Aero (8442) with HF-3 filter
 
Ektachrome Infrared Aero (8443) with Wratten 12 plus
 

EF-2200 filters
 

3. 	Coverage of 25% subsample, 1/10,000 scale:
 

Plus-X Aerecon (8401) with Wratten 25A filter
 
Ektachrome Aero (8442) with HF-3 filter
 
Ektachrome Infrared Aero (8443) with Wratten 12 plus
 

EF-2200 filters
 

Ground surveys were made with the photography in hand to study
 

the forest types of the Test Site. Recently prepared maps of forest
 

types on lands of the Winema National Forest in the Test Site were
 

used as the base for preparation of a ground truth map. Type bound

aries were updated by field checking, and the remainder of non-Forest
 

94 



legend system.
 

Reference materials and a dichotomous key were prepared for
 

administering the interpretation test. Photo examples of each forest
 

type and representative density classes were prepared from photographs
 

of analogous areas adjacent to the Test Site. The dichotomous keys for
 

panchromatic and Infrared Ektachrome film types appear in Table IV-lA
 

and IV-lB.
 

The testing procedure was administered in its entirety to two
 

photo interpreters. Both were trained with the appropriate photo
 

Service land in the Test Site was mapped using the same 


interpretation techniques and showed proper motivation and good
 

judgment in performing the various tasks associated with completing
 

the test. Each followed the steps as outlined in Table IV-2.
 

The information derived from photo interpretation was compiled
 

in map form. Type boundaries from the photographs were transferred
 

to a map sheet using a Kail plotter. Planimetric maps of equal scale
 

(1/30,000) were produced in this manner. The ground truth map was
 

reproduced at the same scale as the maps from interpretation results
 

so that visual comparison for accuracy could be made. Photo reproduc

tions of the finished maps appear in Figure 4.1.
 

An area calculation device was used to compare, stand by stand,
 

the ground truth map with each interpreter's results for each film
 

type. The results of these comparisons appear in Table IV-3.
 

Summarized in chart form are the individual results for each interpre

ter and the combined results for both interpreters. Also given is the
 

actual distribution of cover types. In each chart, the cover type
 

categories are listed in rows, and each interpreter's results are
 

arranged in the columns. For example, in chart #1, Interpreter l's
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Table IV-IA Dichotomous photo interpretation key for four Oregon forest
 

types. (Klamath Falls Test Site)
 

Film: Panchromatic (8401) with Wratten 25A filter
 
Season: Late summer seasonal state
 
Scale: 1/50,000
 

I. 	Small isolated stands having medium grey tone. Populus tremuloides
 
2.
 

1. 	Extensive continuous stands having dark to very dark grey tone.
 

2. Stands of heterogeneous tone and texture which occur on moderately
 
moist protected slopes which usually face north and east.
 

Mixed conifer
 

2. 	Stands of homogeneous tone and texture which occur on flatlands or
 
dry slopes which usually face south and west. 3.
 

3. 	Fine-textured stands which are dark to very dark grey, in tone and occur
 
on wet flats and/or imperfectly drained slopes. Pinus contorta
 

3. 	Coarse-textured stands which are dark grey in tone and occur on dry well
drained south- and west-facing slopes. Pinus ponderosa
 

Table IV-lB 	 Dichotomous photo interpretation 'key for four Oregon forest
 
types. (Klamath Falls Test Site)
 

Film: Infrared Ektachrome (8443) with Wratten 1-2 + EF 2200
 
filters
 

Season: Late summer seasonal state
 
Scale: 1/50,000
 

I. 	Small isolated stands having bright magenta color. Populus tremuloides
 

1. 	Extensive continuous stands having medium or dark magenta to purple
 

color. 
 2.
 

2. 	Stands of heterogeneous color and texture which occur on moderately
 
moist, protected north- and east-facing slopes. Mixed conifer
 

2. 	Stands of homogeneous color and texture which occur on flatlands or
 
dry slopes. 3.
 

3. 	Fine-textured stands which are dark magenta to purple in color and occur
 

on wet flats and/or imperfectly drained slopes. Pinus contorta
 

3. 	Coarse-textured stands which are medium magenta in color and occur on
 
dry, well-drained south- and west-facing slopes. Pinus ponderosa
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Table IV-2 	Instruction sheet for photo interpreters - Klamath Falls Forest
 

type mapping study.
 

I. Training 	Period #1 (panchromatic photography)
 

A. Study each stand description in the 	photo interpretation key.
 

B. 	Analyze each of the stand types as shown in the photo examples.
 

2

C. Classify 	example forest stands (6 mi ) with reference to the dichoto

mous 	key, tree description and photo illustrations.
 

I. Identify 	species composition (numerator)
 

Symbol Species
 

pp ponderosa pine
 

LP lodgepole pine
 
MC mixed conifer
 
A aspen
 
N non-stocked
 

2. Estimate timber density (denominator)
 

Percent of total ground
 
Symbol Density space covered by crowns
 

I Dense 80-100
 

2 Semidense 50-80
 

3 Open 20-50
 
4 Very Open 5-20
 
5 Unstocked 0-5
 

D. Check results and review.
 

II. 	 Interpretation Period #1 (panchromatic photography)
 

A. Review each stand description in the photo interpretation key.
 

B. Review example forest stands.
 

C. Classify forest types within the 66 mi test area
 

1. Identify 	species composition (numerator)
 

2. Estimate timber density (denominator)
 

III. Training Period #2 (same as #1, but with Infrared Ektachrome photography)
 

IV. 	 Interpretation Period #2 (same as #1, but with Infrared Ektachrome
 

photography)
 

97
 



INTERPRETER #1 INTERPRETER #2
 

NN 

Fl~gure 4,.1 Reproduced here are forest type maps prepared by each interpreter for both panchromatic 
and infrared Ektachrome film types. The following key to each type is helpful in comparing results: 
tan-ponderosa pine; red=lodgepole pine; green=mlxed conifer; yellow=non-stocked. The outlined strip 
across the center of each map is the area for which "ground truth" was available. A ground truth 
map for that strip is reproduced below each pair of maps for comparison. 
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Table IV-3 	 Interpretation results for Klamath Falls forest type mapping
 
test. (Percent identifications for two interpreters using
 
panchromatic and infrared Ektachrome films).
 

Interpreter #1
 

3 Percent Identified As Percent Identified As
 

Area mi PP MC LP NS Areami PP MC LP NS
 

PP 33.6 73.9 17.1 0.8 8.2 PP 33.6 10.2 69.9 13.0 6.9 

MC 19.1 17.6 79.6 2.8 NC 19.1 62.3 36.2 1.5 

S LP 7.3 41.2 6.9 47.1 4.8 , LP 7.3 3.5 13.3 78.9 4.3 

NS 6.0 14.1 1.1 5.4 79.4 NS 6.0 - 10.9 5.9 84.0 

Total % Correct: 72.6 Total % Correct : 32.0 

Panchromatic Infrared Ektachrome 

3Interpreter #2 

Percent Identified As
 

Iota ! 	 Total 
Area m2 PP MC LP NS 

Percent Identified As 


Area mi
2 

PP MC LP NS 

PP 33.6 56.6 10.5 13.3 19.6 PP 33.6 65.1 19.4 1.8 13.7 

MC 19.1 70.4 26.0 3.6 MC 19.1 62.6* - 30.2 6.9 0.3 

0 >0
 ° 

LP 7.3 27.9 24.5 46.1 1.5 t LP 7.3 19.6 33.0 42.0 

NS 6.0 2.0 - 7.0 91.0 NS 6.0 25.9 1.9 1.9 70.3 

Total % Correct: 52.6
 

Panchromatic 


Total % Correct: 49.2 


Infrared Ektachrome
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results are given for panchromatic film. The first row contains
 

information regarding how well ponderosa pine was identified. Of the
 

total area, 33.6 square miles, of ponderosa pine, 73.9% was correctly
 

identified (first row, under PP). However, 17.1% was incorrectly
 

identified as mixed conifer (first row, under MC), 0.8% was incorrectly
 

identified as lodgepole pine (first row, under LP), 8.2% was incorrectly
 

identified as non-stocked (first row, under NS). Percentages outlined
 

in the boxes are correct identifications for each category. No data
 

is presented for quaking aspen because all stands of this species were
 

less than the 40 acre size minimum for mapping.
 

One of the most obvious results from the study is the relatively
 

low accuracy achieved in overall correct identification of the various
 

types for both interpreters. (Summary of results in Table IV-4). In
 

only two cases (both for category NS) did the interpretation accuracy
 

exceed 80%. In addition, there were better results for certain type
 

categories on panchromatic film than on Infrared Ektachroma film.
 

Results with both film types for identifying ponderosa pine and
 

mixed conifer types were generally poor. Since these types are
 

economically more important than the others, the results are especially
 

disappointing. However, much of the overall discrepancy occurs between
 

these two types. If they are grouped into a single category, this
 

category can be identified with much higher success (85.5% on pan

chromatic film, 86.7% on Infrared Ektachrome film) than as individual
 

types. The justification for such grouping lies in the fact that both
 

types have similar commercial value; thus, for certain purposes, a
 

system employing only three categories (non-stocked, lodgepole pine,
 

and commercial conifer) would be quite satisfactory.
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Table IV-4 Summary of Percent correct Identification of Oregon forest
 

types. (Data for PP and MC given individually and grouped.)
 

Interpreter #1 

Pan 25A IR Ekta 

Typev% 
PP 
MC 
LP 
NS 

Overail 
Accuracy 

73.9 
79.6 
47.1 
79 

72.6 

93.2 

47.1 
79. 

86.9 

Type 
PP 
MC 
LP 
NS 

Overall 
Accuracy 

_ 

10.2 
36.2 
78.9 
84.0 

32.0 

86.3 

78.9 
84.o0 

85.2 

Interpreter #2 

Pan 25A IR Ekta 

Tye I 

PP 56.6 
MC 26.0 
LP 46.1 
NS 91.0 

Overall 
Accuracy 49.2 

IType 

8 
77.8 
16.1 
91.0 

75.4 

PP 
MC 

LP 
NS 

Overall 
Accuracy 

_ 

65.1 
30.2 

42.0 
703 

52.6 

} 
87.1 

42.0 
70.3 

80.6 

U Ave rage 

Pan 25A IR Ekta 

Type 

PP 
MC 
LP 
NS 

Overall 
Accuracy 

% 

65.3 
52.8 
46.6 
8. 

60.9 

85. 5 

46.6 
85.2 

81.2 

Type 

PP 
MC 
LP 
NS 

Ovorall 
Accuracy 

7 

37.7 
33.2 
60.5 
77.2 

42.3 

86. 7 

60.5
.2 

82.9 
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Without such grouping, average overall correct identification
 

for panchromatic film (60.9%) is greater than for Infrared Ektachrome
 

film (42.3%). Using the grouping for ponderosa pine and mixed conifer
 

types, Infrared Ektachrome (82.9/ correct identification) film pro

vides slightly better results than panchromatic film (81.2%). Since
 

the data are not consistent for both interpreters, it is difficult to
 

determine from these results which film type is superior. In a forth

coming test of this same area, more interpreters will be used so that
 

a statistical treatment of the data will be possible.
 

Data were collected regarding the time required for interpreta

tion. A summary of the time needed to interpret each type of photo-.
 

graphy can be found in Table IV-5. Both interpreters completed their
 

work in much less time using Infrared Ektachrome film (reduction of
 

32% in time required) than when using panchromatic film. This finding
 

coincides with results from earlier tests (Lauer, 1968) regarding
 

interpretation times. The implication of this conclusion is that,
 

even though the difference in interpretation accuracy between Infrared
 

Ektachrome and panchromatic film may not be great, the savings in time
 

might warrant using Infrared Ektachrome film for mapping forest types.
 

Another factor which affects the accuracy of the results is that
 

photographs were interpreted without the benefit of stereo coverage.
 

This limitation was placed on the study because it is believed that
 

stereo parallax will have negligible influence on satellite imagery of
 

forested areas. 
 In the Klamath Falls Test Site, the relationship
 

between vegetation type and topography suggests that better interpreta

tion results would be possible if stereo viewing were possible. An
 

example of this point can be seen in Figure 4.2. On a single Infrared
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TABLE IV-5
 

TABULATION OF INTERPRETATION TIME AND COSTS OF
 
PANCHROMATIC VS. INFRARED EKTACHROME PHOTOGRAPHY
 

PANCHROMATIC 
INTERPRETER I (Time, hours) 

Training 1 
Interpretation 3 1/2 
Total 4 1/2 

INTERPRETER 2 

Training 1 1/2 
Interpretation 
Total 1/2 

AVERAGE (I and 2) 

Training 1 1/4 
Interpretation 3 1/4 
Total4 1/2 

COST DATA - AVERAGE (I and 2)
 

Hourly wage $3.25 


Interpretation cost $14.60 


.2 

Total area mapped 66 mi. 


Cost/sq. mile mapped $0.22 


Cost ratio 100% 


INFRARED EKTACHROME
 
(Time, hours)
 

1/2
 
2 1/2
 

3
 

1
 
2
 

3
 

3/4
 
2 1/4
 
3
 

$3.25
 

$9.75
 

2

66 mi.
 

$0.15
 

68%
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.(a) Plus-X Aerecon (8401) -(b) Ektachrome Infrared Aero (844~3) 
Wratten 25A filter Wratten 12 + EF-2200 filters
 
August 29, 1l68 August 29, 1968
 

Scale: 1/50,000 Scale" 1/50,000
 

two film types used in the inter-3p
'Fig'ure If.2 Photo examples of the 

pretation tests. Although interpretation was performed without bene- L 

fit of stereo viewing, stereo coverage is reproduced here to provide 

the reader with a better impression of the relationship between for- 1t 
est type and typography. By comparing the ground control map with2 
the outlined area above, it can be observed that, in this example., 

lodgepole pine occupies Imperfectly drained lowland sites while pon- L 

derosa pine occupies the surrounding better-drained sites. As dis-2 N 
cussed in the text, the association of vegetation wth relief is not
 

sO apparent on a single photograph as when two overlapping photo- Ground control map for area out
lined above.
graphs are viewed stereoscopically 
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Ektachrome photograph ponderosa pine at "A" (see map) can be distin

guished from lodgepole pine at "B" on the basis of the color differ

ence. However, on the adjacent panchromatic photograph, this differ

ence is not apparent (non-stereo viewing). If the interpreter realizes
 

that ponderosa pine is more common to well-drained slopes and that
 

lodgepole is frequently found on low lying areas, he can use informa

tion about relief obtained through stereo viewing to aid in vegetation
 

identification.
 

Figures 4.3 and 4.4 contain ground photographs which correspond
 

to portions of the area depicted in Figure 4.2. They help to illustrat&
 

the statements just made regarding relationship of vegetation and
 

relief.
 

Errors in map preparation continue to add to the inaccuracy of 

the results. The Kail plotter, while simple to operate, does not 

provide the accuracy necessary to transfer type boundaries faithfuljy 

from a photo overlay to a map sheet. A more sophisticated mapping 

system is needed to ensure that differences in type boundary locations 

from one map to another are due only to differences in interpretation 

and not to mapping error. 

A final word regarding the use of the key is necessary. It was 

sometimes difficult to differentiate between certain types because of 

their similarity in tone and texture. Perhaps the dichotomous key and 

example photographs can be reexamined to determine If changes might be 

made to improve their usefulness for discriminating subtle differences 

between species. 

To ensure that future studies of this type will produce meaning

ful results, the following recommendations are made: 1) Use several
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Figure 4.3. Ground photograph indicating relationship of various forest types.
 

(See Figure 4.2b for photo location -- at 3). Note ponderosa pine in immediate
 

foreground, lodgepole pine along Spring Creek (two densities), and ponderosa
 

pine on the better-drained slopes in the background. Compare with type map
 

(Figure 4.1) to determine which boundaries are distinguishable.
 

Fiur2 4.4. The boundary between young todgepote pine on the low-lying flat
 

(foreground and ponderosa pine on the better-drained slopes (background) is
 

evident on this ground photograph. (See Figure 4.2b for photo location -- at
 

4.) Distinct boundaries such as this one, in which there is a unique associa

tion between topography and vegetation, are consistently delineated by the
 
u. 


interpreters. By referring to the map of interpreters results (Figure 4.1)
 

it can be seen that the boundary was correctly delineated and the types cor

rectly identified in all but one case.---
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photo interpreters to produce more data so that an adequate statistical
 

analysis of the results can be made. 2) Prepare reference materials
 

so that they present in clearest form the most important recognition
 

characteristics. 3) Take pains to prepare accurate maps from overlays
 

or other interpretation material. 4) Choose type classes to be recog

nized so that they constitute all of the important classes for the
 

particular objective. Thus, a large or small list of types may be
 

specified, depending upon the amount of information required.
 

An opportunity to view the Klamath Falls Test Site at smaller
 

scale was provided this year when the NASA-based RB-57F aircraft
 

obtained imagery of the Klamath Falls area. Mission 100 was flown
 

on July 18, 1969, over NASA test site 189, the Klamath Falls Test
 

Site. Figure 4.5 contains an example of that photography, scale
 

1/120,000. A portion of the area seen in that figure also appears
 

in Figure 4.2. Although the scale of the NASA photography is more than
 

twice as small as the photography used in the tests reported here, much
 

of the same kind of information regarding forest type composition is
 

discernible (compare Figure 4.5 with Figure 4.2). Although crown
 

detail is less apparent at the smaller scale, there are texture simi

larities which can be seen on both scales of photography. In addition,
 

there are similarities in color signatures for various forest types on
 

both types of photographs. It thus seems possible that the same
 

criteria used for type mapping from 1/50,000 scale photographs (tone
 

and texture) could be used for interpretation of 1/120,000 scale photo

graphs.
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NOT REPRODUCIBLE
 

oI
 

Figure 4.5 Infrared Ektachrome stereogram (scale 1/120,000) of a portion
 
of the Klamath Falls Test Site obtained from the NASA RB57F aircraft on
 
Ju Iy 1 8, 1969, on Mission 100. The central part of this stereogram
 
appears in Figure 4.2 at a scale of 1/50,000. Comparison with that
 
figure reveals that color similarities exist between the two scales of
 
photography, and that many of the same identifications that are possible
 
on the larger scale photographs could also be made on the smaller scale
 

photographs.
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B. EVALUATION OF WILDLAND RESOURCES - BUCKS LAKE TEST SITE
 

The 100,000 acre NASA Bucks Lake Test Site, located on the westside
 

portion of the Sierra Nevada Mountains of California, has been studied
 

extensively by the Forestry Remote Sensing Laboratory of the University
 

of California for the past five years. The site contains a wide variety
 

of wildland resources including timber, which is the primary factor in the
 

economy of the area; brush, which provides the habitat for wildlife but
 

which, in some instances, might profitably be replaced by timber; forage
 

suitable for grazing by domestic livestock; water, which is rapidly becoming
 

the most important resource of the area; and both present and potential
 

recreation resources. Elevations within the test site vary from 3600 to
 

7000 feet, thus providing a number of climatic regimes which are reflected
 

in the differing soil and vegetation types found in the area (Draeger, 1967).
 

High 	altitude photography can aid the wildland manager in evaluating
 

his 	resources in the following ways:
 

1. 	Mapping types of ground cover (vegetation).
 

2. 	Monitoring changes in the ground cover with sequential coverage.
 

3. 	Selecting primary sample units for more detailed study in multi

stage sampling.
 

Conventional low altitude photography also can be used for the above
 

tasks, but since fewer high altitude photographs are needed to cover a
 

given area, these tasks can be simplified. For example, the entire Bucks
 

Lake Test Site was covered with one flight line of four high altitude photo

graphs (60% overlap); similar coverage with 9 x 9 inch low altitude photo

graphs (1/20,000) would require at least three flight lines of 10 photographs
 

each.
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GROUND COVER TYPE MAPPING
 

For the purposes of ground cover typing, three types of high altitude
 

photography were used and compared: Infrared Ektachrome, Infrared-89B and
 

Panchromatic-25A. The original 35mm photography was enlarged to produce
 

5 x 7 inch prints having a scale of 1/150,000. The photography obtained
 

with each film-filter combination was viewed stereoscopically, and the
 

cover type boundaries were drawn. The delineations were transferred to
 

an Infrared Ektachrome mosaic (Figure 4.6, Overlay 2) and single photographs
 

(Figures 4.7 and 4.8) for comparison. The delineations of the high altitude
 

Infrared Ektachrome photography were compared with similar delineations made
 

on low altitude Infrared Ektachrome photography that had been taken in June,
 

1966 (Figure 4.6, Overlay 1).
 

Ground cover was typed in the following six categories (160 acres
 

minimum area):
 

1. Brush-dry site hardwood
 
2. Medium-high density conifer
 
3. Low density conifer
 
4. Rock-bare soil
 
5. Meadow-riparian hardwood
 
6. Water
 

The advantage of using high altitude photography for delineating these
 

categories is quite apparent. Because so few photographs are required to
 

cover the entire area, the photographic tones and textures used in identify

ing any given type of ground cover tend to be consistent throughout most of
 

the area, and the number of photographs to be handled is small, thereby
 

facilitating the mapping of ground cover types. In an area like Bucks Lake,
 

the mapping of ground cover types on photographs of conventional scale
 

(e.g., 1/20,000) would introduce much greater variability in photographic
 

tones and textures of any given type of ground cover, and would require the
 

shuffling of 30 or more photographs. This is not only time consuming but
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Figure 4.6 This mosaic of the NASA Bucks Lake Test Site has been made from 

35mm Infrared Ektachrome photography which was flown at an altitude of
 
approximately 71,000 feet on August 4, 1969. Overlay I shows ground cover
 

boundaries that were originally delineated on low altitude photography of
 

J une 11, 1966. Overlay 2 shows ground cover boundaries as delineated on
 

the high altitude photography. Two major boundary discrepancies occur on
 

the overlays at areas A and B. See text for discussion.
 

LEGEND
 

1. Brush-dry site hardwood
 

2. Medium-high density conifer
 

3. Low-density conifer
 
4. Rock-bare soil
 
5. Meadow-riparian hardwood
 

6. Water
 



Figure 4.7 Infrared-89B photography taken on July 15, 1969, from an altiude
 

of 71,000 feet. This type of photography proved to be of little use for
 

ground cover typing. Except for bodies of water and riparian hardwoods,
 

most of the above delineations and identifications are of questionable accur

acy, as indicated by comparing this figure with the preceding one (Figure 4.6).
 

LEGEND
 

.1. Brush-dry site hardwood
 

2. Medium-high density conifer
 

3. Low-density conifer
 

4. Rock-bare soil
 

5. Meadow-riparian hardwood
 

6. Water
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Figlure 4.8 Panchromatic-25A photography taken on July 15, 1969, from an 
altitude of 71,000 feet. Ground cover typing can be done fairly consis
tently on this photography although not as readily as on the Infrared 
Ektachrome photography of Figure 4.6. Some difficulty occurs, for example, 
when one attempts to distinguish between categories 2 and 3, and also be
tween 3 and 4. 

LEGEND
 

1. Brush-dry site hardwood 
2. Medium-high density conifer
 
3. Low density conifer
 
4. Rock-bare soil
 
5. Meadow-riparian hardwood 
6. Water
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interrupts the concentration of the interpreter.
 

Of the three types of photography used, Infrared Ektachrome proved
 

to be the most satisfactory for cover typing (Figure 4.6). Each category
 

for the most part is easily distinguished from the others. Some confusion
 

can occur between dry site hardwoods and riparian hardwoods. This con

fusion can be resolved when the photographs are viewed stereoscopically,
 

for the lowland topography occupied by riparian hardwoods is quite differ

ent from the upland topography of dry site hardwoods. Because of its
 

high infrared reflection, coniferous reproduction can be confused with brush,
 

particularly when the former is emerging from beneath the latter. Such
 

reproduction is only distinguishable on large scale photography where the
 

tips of the emerging conifers can be seen. It was this very condition
 

that resulted in the only major error in mapping cover boundaries on the
 

high altitude photography (Figure 4.6, Overlay I, area A). However, in
 

most cases the details on the Infrared Ektachrome high altitude photography
 

are good enough to allow more detailed typing than was done here.
 

Judging from this study, Infrared-89B photography (Figure 4.7) is
 

of little use for cover typing. Bodies of water, water courses, wet
 

meadows, and riparian hardwoods are the only cover types that can be delin

eated consistently. However, brushfields cannot always be distinguished
 

from rock-bare soil and/or low density conifers. In addition, the road
 

network is not visible so that the land manager gets no indication of the
 

location of his resources with respect to existing roads.
 

Cover typing can be done satisfactorily with Panchromatic-25A photog

raphy (Figure 4.8). While cover type features are not as easily discrimi

nated as on Infrared Ektachrome, typing can be done fairly consistently.
 

The gray tones of meadow and riparian vegetation are quite similar to those
 

of brush and dry site hardwood vegetation, but, just as with the Infrared
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Ektachrome photography, when viewed stereoscopically the topography can be
 

used to differentiate the two categories. While bare soil is easily identi

fied, there can be some confusion between areas of bare rock and areas con

taining low density conifer.
 

MONITORING CHANGES IN COVER PATTERNS
 

Sequential high altitude photography gives the land manager a perma

nent record of changes in ground cover. The most evident example of this
 

can be seen at B (Figure 4.6, Overlay 2). The overlay made from June, 1966
 

photography shows no bare soil at this point, whereas the outline of a
 

brushland conversion site can be seen on Overlay 2. Perhaps if photography
 

of this area were to be taken approximately 10 years hence, a comparison of
 

it with the present photography would give an indication of the consequences
 

of this vegetation manipulation by man.
 

High altitude sequential photography is ideal for monitoring changes
 

in snow resources. The frequency of photography required for such an evalu

ation varies with the time of year. Comparing the snowpack on the May 21,
 

1969 high altitude photography (Figure 4.9) with high altitude photography
 

obtained on July 15, 1969 ,(Figure 4.8) indicates that the two-month interval
 

is too long to be of maximum use for snow surveys. Biweekly photography
 

from December 1 to June 1 would be desirable. During the periods of maximum
 

runoff, weekly photography might be more desirable (Willow Run Lab, 1966).
 

The sequential photography, when coordinated with pertinent ground data,
 

would provide a permanent record of snow accumulation and melt patterns for
 

a given area. This, when combined with data from previous years, would enable
 

the land manager to predict timing and relative quantity of water yield
 

from the area (Draeger, 1968).
 

Accumulation patterns, when compared with ground cover patterns, slopes
 

and aspects, give the land manager an indication of the consequences, with
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Figure 4. 9 Panchromnatic-58 photography taken on May 21, 1969, from an 
altitude of 71,000 feet. Relative accumulations of snow with respect
 
to aspect, slope and ground cover can be discerned on this photograph.
 

A. Steep (50%) north-facing slope devoid of vegetation. High
 
snow accumulation. 

B. 	Gentle south-facing slope with low density conifer cover.
 
High snow accumulation.
 

C. 	Moderately dense conifer cover on gently rolling topography.
 
Low snow accumulation.
 

D. 	Moderately steep north-facing granitic outcrop. High snow
 
accumulation.
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regard to snow accumulation, of vegetation cover manipulation such as 
brush
 

field reclamation and heavy timber harvesting. Comparison of Figure 4.9
 

with topographic maps and with Figure 4.6 (Overlay 2) provides the follow-


Ing examples of these relationships:
 

A. This steep (50%) north-facing slope is devoid of vegetation.
 

Snow accumulation Is relatively high.
 

B. Snow accumulation 
is high in this area also. This south-facing
 

slope has a very low density conifer cover since timber harvesting was
 

undertaken ostensibly with the idea of converting the land from timber
 

production to future vacation home sites.
 

C. This area has the same slope and aspect as area B, but the vege

tation cover is more dense. Snow accumulation is low.
 

D. While this granitic outcrop is predominantly north-facing, its
 

snow accumulation 
is less than at area A since the elevation is lower and
 

the slope is less steep.
 

In addition to the use of high altitude photography, a certain degree
 

of ground work is required to determine actual snow volumes. High altitude
 

photography can only give the areal 
coverage and the relative accumulation
 

of the snowpack. As of now, determination of water content of 
snow with
 

the use of active remote sensors is still in the experimental stage
 

(Meier, 1968); and while snow depths can 
be determined photogrametrically,
 

the optimum photographic scale for this is 1/6,000 (Cooper, C. F., 
1965).
 

APPLICATIONS FOR MULTISTAGE SAMPLING
 

In an Apollo 9 case study (Langley, et al., 1969) space photography
 

was 
used for the selection of primary sample units for determining the timber
 

6
volume in a -million acre portion of Mississippi and Louisiana. This
 

photography was used in conjunction with 1/60,000, 1/12,000 and 1/2,000
 

scale aerial photographs in a stratified five-stage probability sampling
 

117
 



design. The design gives unbiased estimates that are independent of the
 

quality of the imagery, but sampling errors are governed in large measure
 

by the quality of the photography.
 

Such a design could utilize high altitude photography instead of
 

satellite photography for selection of the primary sample units. Since
 

more detail can be seen on the high altitude photography, the sampling
 

errors could be expected to be lower than if satellite photography were
 

used. More study is needed to determine if, with high resolution high
 

altitude photography, this particular design need only consist of three
 

or four stages.
 

This particular sample design can be used when inventorying almost
 

any wildland resource including timber, forage, water and snow. Depend

ing upon the resource being inventoried and its distribution (clustered or
 

homogeneous) a mosaic such as Figure 4.6 can be partitioned into squares
 

of arbitrary size, perhaps one or two miles on a side. These squares
 

then become the population from which the primary sampling units are to
 

be selected. The resource is delineated on the entire mosaic and the
 

proportion of each square occupied by it is estimated by the interpreter.
 

The primary samples are now selected with probability proportional to
 

the prediction with the use of random number tables.
 

CONCLUSIONS
 

High altitude photography can be extremely useful in evaluating
 

wildland resources. Because so few photographs are needed to cover a given
 

area as compared to conventional low altitude photographs, evaluation is
 

simplified. Infrared Ektachrome was judged to be the best kind of photog

raphy for delineating ground cover boundaries, although Panchromatic-25A
 

was satisfactory for delineating several cover types. Except for delinea
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ting bodies of water, water courses, and riparian hardwoods, Infrared-898
 

proved unsatisfactory for overall ground cover typing. Sequential photog

raphy, if taken over a number of years, will yield valuable information
 

concerning the consequences of vegetation manipulation and the yield of
 

snow resource. Future study is needed, however, to determine how high
 

altitude photography can best be used in conjunction with conventional
 

photography and/or space photography to help inventory various wildiand
 

resources.
 

C. LAND USE CLASSIFICATION - MISSISSIPPI/LOUISIANA STUDY AREA
 

Investigations regarding some of the parameters which affect the
 

interpretation of space photography were recommended in the 1968 Annual
 

Progress Report on Forest Tree Species Identification (Lauer, 1968). An
 

evaluation of the potential for land use mapping on space photography was
 

undertaken with the intention of studying certain of these parameters
 

which were recommended in that report, namely the degree of photographic
 

detail discernible, usefulness of the synoptic view, and influence of the
 

sequential factor. In addition, it was deemed important to determine the
 

consistency with which land use categories can be consistently identified.
 

It is presently agreed that one of the most important uses of space
 

photography in earth resource survey work will be for the delineation of
 

broad land use categories. The synoptic view of the earth from space
 

affords land managers the opportunity to recognize broad regional resource
 

associations that cannot be seen in their entirety on conventional aerial
 

photographs. Such information can be valuable for two purposes:
 

(1) The preparation of a map of land use classes for unmapped land
 

(never before inventoried) will provide the initial basis for ascertaining
 

the location of each important type of natural resource. For example, the
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differentiation of hardwood forest, conifer forest, chapparal and grass

land types provides an indication of the relative quantity and location
 

of major vegetation types and constitutes the first step towards the in

tensive management of such resources.
 

(2) Broad delineations on a space photograph can be used to strati

fy a large land area which is being inventoried. Estimates of specific
 

parameters made on the space photograph can be used to develop probability
 

distributions for the selection of subsamples. 
 The most rigorous example
 

to date of this technique is the work by Langley, et a]. (1969). Working
 

with Apollo 9 space photography of the Mississippi River Valley, he was
 

able to reduce the sampling error by 58% by using information from a
 

space photograph in the first stage of a multistage design.
 

SYSTEM OF CLASSIFICATION
 

A classification system for 
land use mapping on Apollo 9 photographs
 

of Mississippi and Louisiana has been devised which includes the following
 

categories:
 

I. Deciduous forest (D)
 

2. Pine forest (P)
 
3. Mixed deciduous and pine forest (M)
 
4. Cultivated land
 

a. Vegetation-covered (CV)
 
b. Bare (CB)
 
c. Fallow (CF)
 

5. Open bodies of water (lakes, reservoirs, etc.) (WO)
 
6. Rivers and canals (WR)
 
7. Roads (R)

8. Urban and industrial areas (U)
 

This system was judged to be of suitable detail for broad land use
 

mapping in the Mississippi River Valley area. Expansion of the list to
 

include more detailed categories is not warranted for two reasons. First,
 

the opportunity for error is greater if an interpreter must search for
 

subtle differences between categories. Also, the additional time is not
 

because the objective of mapping on space photographs
warranted at this level 
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is to stratify the terrain for sampling at larger scale in selected areas.
 

Thus, within each stratum, more detailed information will be gathered at
 

the next stage, and the added effort on the space photograph is unnecessary.
 

Recognition characteristics have been determined for these cate

gories and are summarized in Table IV-6. The following brief descriptions
 

will help the reader to become familiar with the classification system.
 

Color characteristics are given for Infrared Ektachrome film type only.
 

(Photo examples of the categories appear in Figure 4.10).
 

1. Deciduous forests occur in pure stands of large size and homo

geneous appearance. In the lowlands of the Mississippi River Valley, exten

sive deciduous forest area has been removed to clear land for agricultural
 

cropping, leaving forest stands with linear boundaries in many cases. In
 

other areas the deciduous forests occupy lowland areas along river courses,
 

where they can be recognized by their sinuous appearance and dark blue to
 

black color. Deciduous forest stands can easily be discriminated from
 

evergreen stands at the time of year when Apollo 9 was obtaining earth
 

photographs due to the absence of foliage on deciduous trees in contrast
 

to evergreen trees.
 

2. Pine forests in this study area have a unique pi'nk to red color,
 

depending on density and age of the stand. However, stands must be
 

sufficiently large before they can be discerned on the space photograph.
 

Pine forest stands occur only in the rolling hills of the upland areas
 

which adjoin the floodplain of the Mississippi River.
 

3. Mixed deciduous and pine forests are found in several areas of
 

the rolling uplands but do not occur in the floodplain area itself. Since
 

the reddish tone which characterizes pine stands is difficult to detect
 

when pine trees occur in small groups mixed with deciduous trees, it is
 

often difficult to distinguish mixed forests from deciduous forests.
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Table IV-6 Recognition characteristics for land and vegetation categories in the Mississippi/Louisiana
 
Study Area on Apollo 9 space photography.
 

FILM-FILTER COMBINATION
 
Land Use or Vegetation Type Category 

Deciduous Forests - in large blocks 
along rivers and on flood plains 

Pine Forests - in small blocks on 

uplands 


Mixed Deciduous and Pine Forests 
in uplands 


Cultivated Land 
and uplands 


in flood plain 


Open Bodies of Water (Rivers 

and Canals) 


Urban and Industrial Areas 
streets, buildings, airports 

and highways
 

Malor Roads - linear features 

with intersections 


s l 	 -1 i 


Infrared Ektachrome 


Dark blue to black 

(variable tones)
 

Dark reddish patches 

(variable tones)
 

Dark blue to black 

and occasionally red
dish (variable tones)
 

Bare: light tan to 

white
 

Vegetated: light red
 
to pink
 

Fallow: 	light blue-grey
 
(uniform tones
 
in most fields)
 

Mostly uniform blue 

to black 


Light-toned to black 


Tan to white 


n u 


Panchromatic-25A 


Dark grey to black 


Dark grey to black 


Dark grey to black 


Light grey to white 


Light grey to black 


Light grey to dark 

grey 


Light grey to 

white 


n -m 

Infrared-89B
 

Medium grey
 

Medium grey
 

Medium grey
 

Light grey
 

Medium grey
 
to black
 

Light grey
 
to white
 

Light grey
 
to white
 



- ~ -M ~ g ma-


March 24, 1969 March 9, 1969 (Apollo 9 enlargement) 
Infrared Ektachrome Infrared Ektachrome 

iu 4.10 An enlargement of a portion of Apollo 9 frame
 
AS 9-26A-3740 isreproduced above. Imaged on that photo
graph is a portion of the Mississippi/Louisiana Study Area
 
for which a feature identification test was administered.
 
The area covered lies just west of Monroe, Louisiana. The
 
two aerial oblique photographs (at the left) cover the por
tion of the Apollo 9 photo inwhich features 2 through 6
 
are annotated. These annotations indicate the locations of
 
examples of the land use categories which were chosen for the
 
test. These categories are as follows: (1)deciduous forest
 
(2)pine forest, (3)mixed deciduous and pine forest. (4)cul
tivated land (bare), (5)cultivated land (vegetated) (6)cul
tivated land (fallow), (7)open water, (8)major road (free
way). The aerial oblique at the top was taken on March 24.
 
1969, two weeks after the Apollo 9 photographs were obtained.
 
Vegetation appears In the oblique photograph in essentially
 
the same condition as when photographed by the Apollo 9 astro
nauts. The oblique photograph at the bottom was taken on
 
Nov. 11, 1969, at the time when the deciduous hardwood trees
 

November 11, 1969 were undergoing the fall color change. The value of obtaining
 
Infrared Ektachrome sequential photography for mapping vegetation is discussed in
 

the text.
 



4. Cultivated lands, whether in the lowland or rolling upland, can
 

easily be differentiated from forests by their unique colors and more
 

uniform texture. Three distinct conditions of cultivated land can be
 

recognized: bare (light tan to white color), vegetated (light red to
 

pink), and fallow (light blue-grey).
 

5. Open bodies of water can generally be identified with ease on
 

space photographs. The color of a water body will depend upon the sediment
 

load which it contains. Oxbow lakes along the Mississippi River appear
 

black on Infrared Ektachrome film because they are clear (suspended matter
 

has settled out). Examples of other water bodies which appear as blue or
 

tan colors (due to different sediment content) on Infrared Ektachrome film
 

can be found in the study area.
 

6. Rivers and canals are discernible as unique linear features.
 

They can generally be distinguished from roads by their dark blue to black
 

color on Infrared Ektachrome film.,
 

7. Major roads can be recognized if they are sufficiently wide to
 

be discerned and if their tan to white color contrasts with the background.
 

The confluence of roads at urban centers can also be used as a clue to
 

their identification.
 

8. Urban and industrial areas can be identified if they are of
 

sufficient size and if they contrast with the surrounding terrain. Conver

gence of evidence can aid in identification of urban areas when one or
 

more of the following features can be recognized: confluence of road systems,
 

large airports or factory complexes, regular pattern of streets, and smoke
 

and haze accumulation.
 

INTERPRETATION TEST
 

An interpretation test was designed to determine how well these
 

categories might be identified on Infrared Ektachrome space photographs
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by suitably trained and motivated interpreters. Since the added value of
 

space photography to resource surveys depends upon how well broad land
 

use categories can be delineated, such tests are necessary to determine
 

the leve- of accuracy which can be achieved.
 

Interpretation was performed by viewing Apollo 9 transparencies
 

(frames AS-9-26A-,3740 and AS-9-26A-374i), lOX enlargement, on an Itek rear
 

,projection viewing screen. At this scale, a minimum area for identification
 

of 100 acres was established. Such a minimum is deemed reasonable for the
 

objective of the study (namely, the preparation of broad land use maps)
 

and could easily be seen on the screep-.
 

The interpreters were encouraged to become familiar with the classi

fication scheme by studying two types of training material. Written
 

descriptions of each type were prepared for their use, and several low

level obl'ique and vertical aerial photographs were annotated for study
 

so that they mightbecome familiar with each category and its relationship
 

with the other categories. After studying this reference material, each
 

interpreter was introduced to the space photography and given the table of
 

recognition characteristics for Infrared Ektachrome film (see Table IV-6).
 

A representative number of training examples (25 on each of the 2 images
 

used), were encircled and presented to the interpreters to train them to
 

recogn'ize the various categories on space photographs. Care was taken to
 

select training areas (and, later, to choose test examples) which repre

sented the variety of tonal and textural characteristics which existed in
 

the study area. In this way it was hoped that a feature recognition test
 

might provide the kind of information which would indicate the probable
 

success to be achieved in a full-scale mapping effort, without actually
 

performing such mapping over large areas. For this purpose, ground truth
 

information (obtained shortly after procurement of the Apollo photographs)
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of representative areas could be used to maximum advantage.
 

Ten interpreters (ali of which had had previous experience with tests
 

of this type) were trained in the manner just described. Each was then
 

asked to examine a total of 39 outlined areas (1'00
acre minimum) and to
 

classify them as belonging'to one of the test categories. The identifica

tion of each outlined area was confirmed by locating it on either the low
 

level aerial oblique or vertical photographs obtained shortly after the
 

Apollo 9 mission. Two aerial obliques of a portion of the test area are
 

presented in Fi'gure 4.6. There is sufficient detail (fred crown character

istics, field pattern, etc.') on these Ektachrome and Infrared Ektachrome
 

photographs to permit each category to be positively identified.
 

The'results from this test appear in table IV-7. Tabulated'in'that
 

table are composite results for all ten interpreters. The reader is
 

invited to compare the results by interpreters (data along the rows) with
 

actual ground truth (data down the columns). -For example, a total of 60
 

actual deciduous forest plots were used in this test (total for first,
 

' 

column'under D). Of this number 49 ware identified correctly by the
 

interpreters (outlined by heavy lines in first column)-. Thus the percent
 

correct for this category, as indi'cated below the composite results, is
 

81'(= 49/60 x 100%). Similarly, the outlined boxes which occur along the
 

diagonal contain the total number of correct identifications for each
 

category. These results are expressed as percent values at the bottom of
 

the table. Other entries in the table represent commission errors in which
 

a feature from a given category was incorrectly identified as 'belonging to
 

another category. For example, the number I (first column, second row)
 

indicates that in I case a'deciduous forest stand was incorrectly identi

fied as a'pine forest stand.
 

Summarized at the botto is the percent commission error for each
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Table IV-7 Summary of interpretation results for test of recognition features
 
in the Mississippi/Louisiana area.*
 

z 
GROUND TRUTH ,I 

D P M OO W R U 0V F-F 0 

D 49 7 2 58 9 

P I 27 13 4 1 46 19 
Cl) 

W M ,5 2 28 1 36 8 

SO C V 1 74 1 5 '79 5 

CO 1 2 20 3 26 6
 

0 C F 18 1 19 1
 

L-Wo 1 36 1 38 2
 

WR 18 6 24 6
 
0 
0 R 34 36 2 

U 4 2 2 20 28 8
 

TOTAL 60 30 50 80 20 20 40 20 40 30 390 
ITEMS 

2 4 2 6 10 66
INCORRECT 11 3 22 6 0 

Numbers in table indicate the cumulative number of areas identified by ten inter
preters. Numbers in bold-faced diagonal boxes indicate the number of areas identi
fied correctly.
 

D P M O V 08 F W. WR R U 

CORRECT 81 90 56 92 100 90 90 90 85 67 
PERCENT 

COMMISSION 15 41 22 6 23 5 5 25 5 28 
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category. These percentages reflect how often other categories were con

fused with a given category. The calculation is given by:
 

Total seen by P.I. -- total correct X 100% 
Total seen by P.I. 

For example, a total of 58 test items were iidentified as deciduous
 

forests by the interpreters. Of these, 49 were correctly identified.
 

Thus, in 9 cases, items in other categories were incorrectly identified

as deciduous forest. The percent commission is:
 

(58-49) X 100% 15
 
58
 

The following statements can be made regarding the results in
 

Table IV-7:
 

1. Although interpreters can recognize pine stands with 90% accuracy,
 

they have some difficulty in identifying mixed and deciduous forests on
 

Infrared Ektachrome imagery taken at this time of year. Also, the commis

sion error for pine i'shigh (41%) indicating that other forest types are
 

often-confused with pure pine stands.
 

2. If all three categories of forest cover are grouped in a single
 

category, it becomes possible to recognize forested land wi'th 74% accuracy
 

from all. other categories, and the commission error is only 6%.
 

3. Three categories of cultivated fields can be distinguished at
 

least 90% of the time.
 

4. Open bodies of water, rivers-and canals, and roads are consistently
 

identifiable (90%, 90% and 85% respectively), especially if there exists
 

sufficient contrast between the linear feature and'its background.
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Thus it seems that, given the success with which these categories
 

use maps can
 

be accurately prepared using space photography of the type and quality of
 

the Apollo 9 frames which were studied. Of course, complete correlation
 

does not exist between identifying individual features in a test of this
 

type and by mapping an entire area on a space photo. However, with the
 

can be recognized, it is possible to conclude that broad land 


in which the test examples
 

were chosen to represent the variety of image characteristics, it seems
 

reasonable to conclude that broad type mapping could be successfully
 

area minimum established here, and the manner 


accomplished on Apollo 9 space photographs.
 

SEQUENTIAL ASPECTS
 

The value of the time dimension for vegetation inventory using con

ventional aerial photography has been recognized for some time. Two major
 

benefits can be derived by interpreting photographs taken on different
 

dates. First of all, knowledge of the phenological patterns of the
 

vegetation being studied permits specification of time(s) of year when
 

plant species can be most easily separated one from another. When repe

titive cover is obtained for a period of several years or more, changes
 

in the vegetative cover can be monitored. The effects of manipulation
 

(logging, clearing, burning, etc.) can be measured and treatments can be
 

evaluated.
 

Low level aerial oblique photographs were obtained for the Study Area
 

on 
two different dates during 1969 for comparison purposes. Shortly after
 

Apollo 9 space photographs were obtained, the first of these low-level
 

missions was undertaken to obtain additional information about the vegeta

tion in the Study Area at the time when the deciduous hardwoods were not
 

in leaf. This information was used to aid in the interpretation of the
 

space photography. In November, 1969, the Study Area was revisited to
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document the appearance of the forest cover during the fall color change
 

(when the deciduous trees lose their leaves). An example of the photog

raphy obtained on these twb dates for a portion of the study area appears
 

7inFigure 4:10.
 

1 Comparison of the oblique taken on March 24, 1969,'with the oblique
 

taken on November 11, 1969, will support the conclusion that hardwood and
 

conifer forest types can best be distinguished on winter or early spring
 

photography. The dark red color of conifer stands contrasts sharply with
 

the blue-grey color of deciduous trees as seen on Infrared Ektachrome
 

photographs taken at this time of year. This distinction is not nearly
 

so evident during the fall. Of course, a particular hardwood species might
 

-have a unique-signature during the fall as a result of its color change
 

which would aid in its identification; but the overall value of winter
 

photography for distinguishing between two major classes of vegetation
 

(as we have indicated is our objective with Apollo 9 photo interpretation)
 

is quite cidar.
 

-Identification of the mixed deciduous-and pine forest category is
 

al-so best'made at this time because of the difference in infrared reflec

tance of the two components. The'-difficulty in cofnsistently recognizing
 

this category on Apollo 9 photographs lies in the resolution limitation.
 

Patches of hardwood and conifer trees are often difficult to resolve on
 

space photography, anda mixed stand:is-often categorized as a deciduous
 

forest stand. The dark red color of the pine trees is frequently not
 

detectable and'the stand-is incorrectly identified. This is merely a
 

problem of resolution, however, and the sequential -aspects cannot be used
 

to improve identification.
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Future Research Acti.vities
 

I. The research completed and reported upon in this chapter has
 

exposed a single major problem--the quantification of image interpretation
 

results. In the near future emphasis will be placed on a critical examina

tion of the facets of this problem by-employing a variety of interpretation
 

tests which will include procedures for collecting ground truth, selecting

images for testing, developing feature descriptions, making training aids
 

and evaluating test design and results.
 

2. In addition, Unit personne'l will examine the capabilities of
 

various image enhancement systems.. A number of comparative tests will be
 

performed on the interpretability of standard black-and-white, color and
 

color infrared film types and composite images made by the various systems.
 

3. Continued efforts will be made that will examine and describe
 

image characteristics relating to the qualitative analysis of remote sens

ing data. This work will include the investigation of image character

istics seen on exotic types of imagery (ultraviolet, thermal infrared,
 

radar, etc.), sequential photography and,color composites. Feasibility
 

studies will continue on the usefulness of new kinds of equipment and
 

hardware.
 

4. A major activity of this Unit Will be to continue close coopera

tion with the other four Units at the Forestry Remote Sensing Laboratory.
 

Cooperation between this Unit and the Automatic Image Classification and
 

Data Processing Unit is apparent when attempting to evaluate or derive an
 

image interpretation'system combining the skills of both humans and machines.
 

Likewise, data collected on spectral properties of resource features and
 

conditions are invaluable to the image analyst when attempting to extract
 

from airborne or spaceborne imagery useful information about those same
 

features and conditions. Lastly, this Unit will actively participate in
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preparing the necessary materials needed for training personnel from user
 

groups, a subject discussed in Chapter 6 of this report.
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CHAPTER 5
 

AUTOMATIC IMAGE CLASSIFICATION AND DATA PROCESSING
 

Jerry D. Lent
 

Introduction
 

A major portion of the material contained in this chapter con

stitutes our second year's progress results of the study entitled:
 

"The Feasibility of Identifying Wildland Resources Through the
 

Analysis of Digitally Recorded Remote Sensing Data". This study,
 

which was started in January, 1968, has as its primary objective
 

the investigation of techniques for automatically classifying wild

land resources. In addition, related discussions are included of
 

our other current research activities and future requirements in
 

wildland remote sensing data analyses and processing. These activi

ties are organized under a recently reviewed and implemented struc

ture as shown below which facilitates (1) the review of techniques
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and the development of hardware to perform certain automatic image
 

analysis tasks, (2) the development of the supporting "software"
 

required, as well as (3) the supporting statisti'cal algorithms for
 

data display and analysis.
 

CurrentResearch Activities
 

A. Annual Progress Report for the study entitled "The Feasibili

ty of Identifying Wildland Resources Through the Analysis,of Digital

ly Recorded Remote Sensing Data".
 

The scope and justification for this study were documented in
 

last year's Annual Progress Report to NASA's Earth Resources Survey
 

Program Director (dated 30 December 1968). Briefly restated, that
 

report pointedout the need for developing efficient data handling
 

techniques to keep pace with the-increasing amounts of information
 

that are,derivable from sensors operating at higher and higher
 

altitudes above the terrain. Several approaches to automating the
 

data handling and a large percentage of the interpretation of such
 

sensor data were mentioned. The approach developed at Purdue
 

University's Laboratory for Agricultural Remote Sensing (LARS) was
 

more closely examined with the intent of evaluating their agricultural
 

"pattern recognition" programs in a wildland condition. Figure 5.1
 

shows the area in interest--a portion of NASA's Test Site #20 in
 

northern California.' Some sixty miles of optical mechanical scanner
 

imagery was acquired over this test site in May- 1966, using the
 

University of Michigan (Willow Run Laboratories) M-5 Scanner, with
 

the area indicated in Figure 5.1 being selected for digitizing and
 

analysis at the LARS facility. The results of that analysis 'and
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Figure 5.1 A portion of NASA's Forestry Test Site #20, located In
 
northern California, Is seen in the above map which has the area of 
interest in this study outlined in black. Other strips of data were
 
recorded in the vicinity of this flight strip, but only the four mile
 
strip recorded and studied in this feasibility investigation is de

li!neated. 
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their discussion are herein presented.
 

Figure 5.2 shows the M-5 Scanner imagery (channel 9: 0.62-0.66
 

microns, in this case) of the selected study area appearing in
 

Figure 5.1. The acetate overlay denotes the vegetation and land
 

types which existed during the time of overflight in May, 1966. As
 

the reader will note in examining this figure, the initial effort was
 

to attempt automatic classification of broad categories rather than
 

use a category breakdown which was too detailed. As will later be
 

noted, however, some refinement of categories was possible which
 

enabled a species differentiation to be made. Figure 5.3 shows all
 

twelve channels of scanner imagery that can be analyzed in the LARS
 

pattern recognition system. As noted in last year's report, while
 

eighteen channels can be simultaneously recorded by the M-5 Scanner,
 

ranging in sensitivity from 0.32 microns to 14 microns, only twelve
 

of these channels are utilized for automatic classification purposes.
 

This is because four separate detectors (and consequently four sepa

rate ampl ification systems) are used in the M-5 optical mechanical
 

scanner such that congruency of data records between the four de

tectors is not maintained even though a single aperture scan is made
 

for all eighteen possible wavelength intervals. As seen in Figure 5.3,
 

the wavelength intervals for the twelve-channel detector data range
 

from 0.40 microns to 1.0 microns (i.e., roughly equivalent to the
 

sensitivity levels of photographic emulsions). A more complete
 

description of the operation, advantages and limitations associated
 

with optical mechanical scanners can be found in last year's text
 

and references as well as in a recent article by Lent and Thorley (1969).
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- I ImI- -II Illm dam 

Figure 5.2 Photo reproductions of the twelve synchronous data channel filmstrips. On
 

the ?ollowing page ard photo reproductions (printed contact size from 35mm negatives)
 

of the twelve synchronous data channels recorded over the area of Interest seen In
 

Figure 5.1. Shown below Is Channel 9 (0.62 - 0.66 microns) with the accompanying over
lay showing the boundaries of features Included In the classification scheme.
 

6 ROADSI MIXED CONIFER STANDS 


2 OPEN MIXED BRUSH SPECIES 
 7 LAKE SHORELINE 
0 SNOW PATCHES3 DENSE SNOWBRUSH 
9 WATER SURFACE
4 DENSE MANZANITA 

10 BARE AREAS
5 CLEARED BRUSHFIELDS 



Figure 5.3 The twelve channels of M-5 Scanner Imagery analyzed In 
this study are pictorially displayed in the above Illustration. The
 
"best" three channels and "best" four channels of data were used to 
produce the displays appearing In later figures. 
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Turning more specifically to the LARS pattern recognition con

cept for automatically classifying recorded terrain signals, several
 

topics will be discussed with regard to evaluating that package of
 

computer programs for wildland data. These are the statistical
 

aspects and operation of the program and the specific application of
 

the program to wildland conditions previously described.
 

a) Statistical aspects and operation of the LARS pattern
 

recognition system. "Pattern recognition" is a term which denotes
 

different concepts to different readers. As used at LARS, the term
 

involves a decision-making operation which ultimately classifies a
 

pattern of signal responses on the basis of comparisons with responses
 

.of a reference set of patterns. This reference set is highly depen

dent upon the judicious selection of "training samples" chosen within
 

the various features of interest. Generally, the pattern recognition
 

designer must use subjective rationale in the selection of character

istics which define a particular feature. This rationale is usually
 

based upon prior experience with the particular terrain types with
 

which the investigator is working. On the basis of these selected
 

characteristics, the problem of determining the "best" decision or
 

classifying scheme is subsequently examined. The input for the
 

pattern recognition program is the particular pattern (i.e., the set
 

of radiance signals within the data channels used in the analysis)
 

to be identified and classified. The output from the pattern recog

nition program is a set of coded sheets which correspond to the best

decision printouts of features examined. The statistical aspects
 

which lead to these best-decision classifications should be such that
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modifications are possible in order to insure a flexible and meaning

ful classification scheme.
 

The package of programs that produced the classification scheme
 

results which follow was developed by the personnel at LARS. This
 

package of programs, which are collectively labelled LARSYSAA, con

sists of four interrelated sub-programs which are generally used in
 

succession. In discussing the function of these sub-programs, it
 

is assumed that the required preliminary data handling has been com

pleted. This consists of digitizing the recorded analog line' 
scan
 

records that were obtained with the M-5 Scanner, producing "greyscale"
 

printouts of certain data channels to enable the investigator to
 

select training samples, and fi'nally the transcribing of the coordinate
 

references for the entire set of training samples for subsequent
 

processing.
 

The first sub-program, $STAT, is designed to compute the
 

statistics necessary to produce histograms of relative radiance ek

hibited by the training sample data of all categories for all twelve
 

channels (wave-length intervals). Tables can 'be printed showing, for
 

each category in the classific~tion scheme, the mean, standard
 

deviation, covariance matrix, and correlation matrix of signal re

sponses comprising a category's training sample elements. Histograms
 

and spectral curves for the categories studied in the area show6 in
 

Figure 5.1 are presented in Tables 5-I and 5-2. The data produced
 

by $STAT are used in subsequent programs.
 

The second sub-program of LARSYSAA, labelled $SELECT, performs
 

the function of "automatically" selecting the best set of data channels
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with which to make discriminations between pairs of categories to be
 

classified. The investigator can specify the number of data channe'ls
 

of recorded signals upon which the classification will be based,
 

ranging from one to twelve. For the analysis performed in making
 

the classification presented in this study, the best three data
 

channels and the best four data channels were examined. The procedure
 

for making the "best" decisions for an optimum set of data channels
 

involves the use of.the statistics previously computed in $STAT.
 

Simply, the divergencies between the category density functions in 
an
 

N-dimensional space (where N can assume values from 1 to 12 using
 

LARSYSAA as previously noted) are calculated for all possible com

binations of requested data channels. These divergencies between
 

categories are determined as a function of both the distance between
 

category means and the variation of signal responses about the cate

gory means. Consequently, the divergency data presented in Table 5-3
 

are readily used as indices of the "separability" between categories.
 

For agricultural data studied around the Purdue Agronomy Farm, it is
 

felt that divergencies in the neighborhood of 300 will result in
 

near-perfect discrimination; divergencies approaching 30 or less
 

yield classification results which are nearly impossible to discrimi

nate. A continuum of "separability" exists between these arbitrary
 

limits. How these limits perform for wildland terrain feature dis

criminations is as yet undetermined, since so little experience has
 

been gained which might enable limits to be determined.
 

The next step following the analysis to determine the best
 

combination for a specified number of data channels which will 
dis

criminate between a set of categories is the classification of all
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the recorded signal.responses incorporated in the study. This is
 

accomplished with the use of the third sub-program, labelled $CLASS,
 

which statistically decides, for each recorded data point, to which
 

category the point belongs. The statistical parameters computed by
 

$STAT and the best combination of data channels determined,from
 

$SELECT are used in this classification scheme, which involves the
 

scrutiny of each point, its classification, and its storage on mag

netic tape files for future manipulations. The classification itself
 

is made with the use of maximum likelihood ratios computed to enable
 

the decision to be made as to which category a point most closely
 

resembles. This statistical concept is reviewed next, briefly.
 

Let CI be the radiant output (i.e., the Characteristic signal
 

response) of a particular feature (category) recorded in Channel 1,
 

in Channel 2,. C in Channel n, where 'n" in this study can
 

be a maximum of twelve. The ordering of these features forms a
 

measurement vector C = (C], C2 ' Cn) and on the basis of this
 

C2 n 


. 


measurement vector, the decision is made as to which terrain feature
 

vector it most closely resembles. There are several ways that the
 

actual decision can be arrived at with respect to determining which
 

category a particular pattern most closely resembles; the one employed
 

at LARS,.for lack of sufficient information regarding a more suitable
 

function, is based upon normal probability density functions. For
 

each category, of interest, a set of likelihood ratios is computed
 

which indicates the relative probabilities that a set of character

istics in question belongs to the category of interest rather than
 

to any of the alternatives. For example, if X1, X2, .. X constitutes
n 


a feature sample from a multivariate normal distribution, the maximum
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likelihood estimates of the mean and covariance matrix can be shown to
 

be the sample mean and sample covariance matrix. This would apply
 

to each feature of interest being examined. The decision rule for
 

classification is determined if the conditional probability of X,
 

given X from the feature of interest, is largest. Stated in equation
 

fdrm:
 

Lf(.) = _xMfCi)T[I f~. [X-Mf(i)]..Loge-1[f(i) I 

where M is the mean, and T denotes "transpose".
 

The decision is made in favor of category "i" over category "j" if
 

Lf(i) [x]>Lf(i) [xl, etc. 

A more complete discussion of this decision-making process and
 

the rationale behind it can be found in the unpublished rough draft
 

of the LARS 1966 Annual Progress Report.
 

Following the taping of the classification results, the investi

gator can display the classification using any computer printer symbols
 

he desires to enhance particular categories from others. Some ex

amples of different displays are included herein. The fourth sub

program in the LARSYSAA package controls the printout operations and
 

is labelled $DISPLAY. It is at this time that "thresholds" can be
 

assigned to certain, or all, categories for the purpose of reducing
 

classification error by not designating a particular point in question
 

to any of the possible categories because its spectral nature is
 

"borderline" with respect to them. Points which have been thresholded
 

out of the classification scheme are arbitrarily printed as blanks and
 

a tabulation of all classifications, including those which are
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thresholded, is printed for training samples and test fields. A more
 

complete description of LARSYSAA and some of the related data pro

cessing programs is given in LARS Information Note 091968 (Landgrebe
 

and Staff, 1968).
 

b) Application of the LARS pattern recognition program to
 

selected wildland features. As noted in last year's report, several
 

problems were anticipated and possible solutions for them considered
 

prior to using the LARS automatic classification program. First, the
 

features to be identified and classified within the area of interest
 

were judged to be more complex in structure and appearance, from an
 

analytical standpoint, than the agricultural crop types for which the
 

LARS classification program was originally developed. These agri

cultural resources (and related features such as fallow fields and
 

irrigation ditches) are sufficiently uniform structurally from point
 

to point within cultivated parcels that variation in radiant energy
 

signals--whether they be recorded on film emulsion or magnetic tape
 

as with the optical mechanical scanner--are generally felt to be less
 

than those from uncultivated terrain. When the signal variation for
 

a particular feature is small, the likelihood of its being discrimi

nated from other neighboring features (or backgrounds) is increased.
 

While detailed in situ ground feature spectra were not recorded for
 

this study (primarily because it is felt that such spectra were not
 

meaningfully obtainable with the current "field" reflectance measuring
 

devices), it was observed that feature reflectance variation on
 

photographic emulsions of similar terrain conditions was relatively
 

high (see last year's report: Figure 21). This variation appears to
 

be largely attributable to shadows, undulating terrain and highly
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varied terrain conditions.
 

Second, the problem of slope was considered, since the time of
 

image acquisition by the Michigan aircraft was late afternoon and it
 

was felt that this would affect signal responses on the steeper
 

slopes. It was subsequently determined that this suspicion held true
 

for only the steepest slopes and that imagery obtained under more
 

optimum flying time would probably reduce this problem.
 

Following receipt of three different channels of "greyscale
 

printouts" for the flight line studied in Figure 5.1, over one
 

hundred training samples were selected among eight categories to be
 

automatically classified. These original eight categories were:
 

I. 	Brushfields and related densely vegetated sites
 
2. 	Timber stands including some mixed hardwood types
 
3. 	Cleared land which is being prepared for seedling re

generation
 
4. 	Roads and trails
 
5. 	Lakeshore gravels
 
6. 	Water surfaces
 
7. 	Naturally bare areas containing little or no vegetation
 
8. 	Snow patches
 

The greyscale printouts have line and column coordinates on
 

their borders for reference purposes in selecting training samples.
 

Following study and selection of the training samples, they were
 

transcribed directly to the greyscale printouts and subsequently
 

keypunched onto EDP cards according to prescribed format prior to
 

starting the computer processing. Many more training samples than
 

were actually needed were initially selected; this was because the
 

original set of training samples was selected largely on the basis
 

of arbitrary greyscale values in conjunction with known ground truth
 

for the area of interest, and not specifical3y on any cons ideration
 

of spectral statistics. As previously mentioned in the discussion
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of the four-part LARS program, LARSYSAA, an initial step in the data
 

processing leading to a successful classification scheme, involves
 

an examination of the statistics derived from each training sample.
 

In this and all remaining discussions, a "training sample'' denotes
 

a rectangular set of digitized signal records, each point of which
 

is referred to as a Remote Sensing Unit (RSU). The histograms and
 

spectral curves were processed for each of the original training
 

samples. Where bi-modal distributions, or where very large variations
 

(standard deviations) were observed as a result of signal intensities
 

within individual training samples, these were pared entirely from
 

the original set or modified to eliminate some of the variation.
 

This was done until the final set of sixty-four training samples
 

remained. These sixty-four-training samples, tabulated below, were
 

used in the final classification scheme. In studying the original
 

set of "brush'' training sample histograms and related statistics,
 

it was apparent that species differentiation was manifesting itself
 

by producing three visually separable sets of histograms which agreed
 

with the ground truth information. Consequently, the original set
 

of brush training samples was regrouped to form three sub-sets of
 

samples: BRSHA, BRSHB, and BRSHC. The original category "bare" was
 

discarded entirely because of its distinct multi-modal character
 

which defied isolation for discrimination purposes. The final train

ing sample listing follows: the category class labels for this list

ing are:
 

BRSHA ... .......... .open, mixed species brushfields
 
BRSHB .... .......... .. dense snowbrush, Ceanothus velutinus
 

BRSHC ... .......... .dense manzanita, Arctostaphylus spp.
 
CMIX .... ........... .mixed conifer stands with some hardwoods
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CLRD . . . .... . . . cleared brushfields
 
,ROAD . .. .... roadways and some bare areas 
iBANK ..... ...... lake shore'1i4ne 
WATER .... ......... water surfaces 
,SNOW............ .snow patches 

Training First Last First Last Sample 
Sample Class Line Line Col Col Pts.,(RSU s) 

I BRSHA -41 449 127 ,139 117, 
2 BRSHA 359 375 83 101 323
 
3 BRSHA 357 373 29 35 119 
4 BRSHA 997 1001 1 11 55 
5 BRSHA 1059 '1067 13 19 63
. BRSHA 1,237 1243 47 53 49
 
7 BRSHB 739 745 107 111-
 35
 
8 BRSHB 839 845 179 '185 49
 
9 BRSHB 995 965 147 161 
 165
 

10 BRSHB 971 979 ,155 161 63
 
11 BRSHC 889 909 201 '207 147
 
12 BRSHC 939 963 209 -215 175
 
13 BRSHC 1001 1026 205 211 189
 
14 BRSHC 1457 1:469 211 218 
 104
 
15 BRSHC 1481 1499 209 215 
 133
 
16 BRSHC 1513 1529 203 216 238
 
17 CMIX 23 31 89 93 
 45
 
18 CMIX 125 133 5 13 81
 
19 CMIX 391' 399 95 101 63
 
20 CMIX 
 393 407 3 11 135
 
21 CMIX 415 421 31 37 49
 
22 CMIX 419 425 107 115 63
 
23' CMIX 599 604 121 125 35
 
24 CMIX 1059 1063, 201 205 25
 
25 CMIX '1063 1065 189' 195 21
 
26 CMIX 1281 1285 105 111 35
 
27 CMIX 1355 1361' 167 173 '49
 
28 CMIX 1462 1485 .57 63 168
 
29 CMIX 1689 1699 29 39 121
 
3Q CMIX 1683 1687 75 81 35
 
31 CMIX 109 113 95 103' 45
 
32 CMIX 65 71 5,9 65 49
 
33 CMIX' 699 711 5 9 65
 
34 CMIX 337 347 21 29 99
 
35 CMIX 1629 1637 73 83 99'
 
36 CLRD ,463 483 26 37 231
 
37 CLRD 477 493 59 '75 289
 
38 CLRD 1255 1263. 83 89 63
 
39 CLRD 468 478, 1,52 156 55
 
40 CLRD 506, 5-13 160 1.64 40 
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41 CLRD 
42 ROAD 
43 ROAD 
44 ROAD 
45 BANK 
46 BANK 
47 BANK 
48 BANK 
49 BANK 
50 BANK 
51 BANK 
52 WATER 
53 WATER 
54 WATER 
55 SNOW 
56 SNOW 
57 SNOW 
58 SNOW 
59 SNOW 
60 SNOW 
61 SNOW 
62 SNOW 
63 SNOW 
64 SNOW 

531 

649 

767 

820 


1285 

1297 

1305 

1333 

1351 

1419 

1445 

1361 

1407 

1439 

1447 

1483 

1495 

1514 

1523 

1'536 

1549 

1555 

1562 

1571 


539 

678 

827 

839 

1291 

1307 

1309 

1337 

1359 

1433 

1463 

1373 

1419 

1453 

1450 

1485 

1502 

1516 

1528 

1542 

1551 

1561 

1571 

1574 


178 

75 

79 

56 

67 

75 

60 

33 

12 

41 

30 

31 

25 

7 


200 

193 

186 

187 

185 

182 

176 

175 

172 

167 


181 36
 
78 120
 
81 183
 
65 200
 
77 77
 
81 77
 
70 55
 
39 35
 
21 80
 
45 75
 
36 133
 
49 247
 
35 143
 
21 225
 

203 16
 
195 9
 
189 32
 
189 9
 
187 19
 
185 28
 
179 12
 
178 28
 
175 40
 
170 16
 

c) Results and discussion. The wildland feature classifica

tion results presented herein were processed during the week of
 

January 19-24, 1969, at the LARS facility, West Lafayette, Indiana.
 

An IBM 360/44 Computer with peripheral tape drives, a keypunch, a
 

card reader, and medium-speed printer were used for on-line process

ing of these data. The dual goal during the week spent at LARS was
 

(1) to become as familiar as possible with the LARS pattern recog

nition system and its capabilities, and (2) to produce an automatic
 

classification scheme for wildland terrain features of a portion of
 

the 1966 Michigan M-5 Scanner imagery under study. The basic
 

operation of the LARSYSAA programs has already been outlined; the
 

results of the final classification scheme, from $STAT to $DfSPLAY,
 

will now be presented.
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JSTAT: The coordinates of the sixty-four training samples used
 

in developing the final classification scheme have been tabulated
 

and each has been highlighted in the various $DISPLAY illustrations.
 

Tables 5-1 and 5-2 list the statistical results of the combined
 

training samples for each category included in the classification
 

scheme. Initially, each individual training sample (numbering over
 

100 in eight original categories) was printed out and studied care

fully in order to statistically determine how well it represented
 

the category from which it was selected using the ground truth in

formation. Once this original set of training samples was modified
 

or pared down to the final sixty-four, the combined statistics for
 

an entire category could be printed and stored for subsequent pro

gram use.
 

The four vegetation categories (i.e., CMIX, BRSHA, BRSHB, and
 

BRSHC) generally exhibited very well-defined histograms and spectral
 

plots. Channels 11 and 12 exhibited greater signal response varia

tion than did the.other ten data channels. This is probably due to
 

the "near-infrared" response characteristics of healthy vegetation
 

which is not exhibited as much in the lower wavelength regions.
 

Category CLRD was fairly well-defined by its set of training
 

samples, though channels 7, 8, and S tended to exhibit rather large
 

variations in signal response. This might be explained by the
 

nature of the clear-ing operation in which the cut brush is piled in
 

windrows to dry and disintegrate. Consequently., the net effect in
 

terms of signal response of this category is rather unpredictable.
 

The histograms tend to be less peaked and thus show wider variations
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in certain data channels, especially in the yellow/green part of the
 

spectrum.
 

Category ROAD proved to be rather poorly defined because of
 

the terrain variability associated with this feature. Some parts
 

of the road in the flight line were paved while other parts were
 

not. Shadows and ruts also accounted for different radiant signals.
 

The signal response variat-ion for this category is seen to be rather
 

large for most of the data channels.
 

-

Category BANK exhibited statistics which were very similar to
 

category ROAD; these two categories, in fact, were nearly impossible
 

to automatically separate., and were subsequently grouped into a
 

single new category labelled SOIL for classification purposes.
 

Category WATER was well-defined, spectrally, as its histogram
 

and spectral plot indicate. Interestingly, the classification displays
 

show scattered signals of 'Qater" in the area classified predominantly
 

as mixed conifers where no standing water exists. It was suggested
 

by LARS personnel that these signals were more than likely indicative
 

of shadows, since they had similar experiences of water and shadow
 

confusion in agriculture sites. The pattern distribution of these
 

signals would conform to the likelihood of them being shadows, but
 

it would have been extremely difficult and time-consuming to select
 

a set of suitable shadow training samples to prove this point. In
 

this case, the ,resultant classification errors are not deemed to be
 

serious ones, because tree shadows are generally randomly scattered
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in such a way and should not indicate a suspected water body.
 

Category SNOW was quite unique, spectrally, compared to the
 

other categories in this classification scheme. Its radiant in

tensity far exceeded that of any other category and its histograms,
 

because they are off-scale, appear "stacked-upi' on the right side of
 

the printout. This category proved most difficult to spectrally
 

define for classification purposes, such that a number of signals
 

are not classified into any category and are consequently thresholded
 

out of the classification scheme, as the display illustrations reveal.
 

$SELECT: The classification results presented in this report
 

were based on the optimum combination of four data channels that
 

would "best" discriminate between the nine categories studied. In
 

addition, the computer was programmed to print the thirty "best"
 

three-combinations of data channels in order to determine what gains
 

were produced by introducing the additional fourth channel for class

ification. In the three-channel combination results, photographic

ally reproduced in Figure 5.4, it is noted that the combinations
 

3-5-12 yielded the greatest average divergency for the nine cate

gories studied. Each category was assigned a single letter code to
 

be printed with the paired divergencies:
 

CMIX F
 
BRSHA A
 
BRSHB B
 
'BRSHC C
 
CLRD X
 
ROAD R
 
BANK K
 
SNOW S
 
WATER W
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Figure 5.4 Three channel classification (unweighted); for an explanation of these values in 
relationship to Figures 5.5 and 5.6, see text. 



Each pair of category divergencies is then averaged overall to 

obtain the listing of "best" combinations seen in Figure 5.4. The 

result revealed certain potential problems in discrimination between 

some of the categories, based on their calculated divergency index; 

namely, 'AF!, 'AW', "BC', "BF', ''BX'',''XR, 'K", and 'IRK". Notice 

that some of the data channel combinations, while they appear further 

dqwn the listing, may have greater divergencie's for certain pairs of 

categories. Hence, it would be better to use that data channel com

bination which maximized the divergency between "important" features 

of interest, even though that comUination appears lower in overall 

rating.
 

When a fourth data channel was included in the analysis (which
 

requires twice as long to compute as does the three-channel combina

tjon) the following results were noted and photographically repro

duced in Figure 5.5:
 

1. Channels 3-5-9-Il were computed to have the greatest overall
 

average divergency amongst the possible paired combi-nations of nine
 

equally-weighted categories
 

2. The difficulty noted for the three channel combination in
 

discriminating between BRSHB and CLRD has been eliminated by the
 

additional information provided by a fourth channel. The other
 

eight pairs of categories whi-ch were noted as difficult to discrimi

nate in the three channel combination were not much improved if at
 

all by the additional channel.
 

3. When weighting coefficients were assigned to certain pair
 

combinations of categories deemed more important than,others, the
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,Figure 5.5 Four channel classification (unweighted); for an explanation of these values in
 
relationship to Figures 5.4 and 5.6, see text.
 



list changed slightly, as seen in Figure 5.6. One of the optional
 

features of the LARSYSAA programs is an ability.to modify the
 

"importance" of certain features by placing more emphasis on their
 

signatures in the analysis. The weights which were assigned for the
 

results shown in Figure 5.6 were: AF 3 times as important as the
 

other; BC 2 times; BF 3 times; RK unseparable (i.e., they were made
 

equal). Now only AW, BC, CF, XR and XK categories remained as
 

problems for discrimination.
 

As mentioned earlier, these, divergency ratings are best used
 

as indices of separability between categories. The limits that
 

account for "accurate" category discriminations vs. "inaccurate"
 

category discriminations for wildiand data are not yet known. The
 

limits determined to be useful in agricultural classifications
 

(i.e., 300 6ompletely separable, 30 unseparable) were used for this
 

study because no better limits are currently known. The final
 

classification results showed that, in fact, in only one pair of
 

categories were the two members consistently unseparable; namely,
 

ROAD and BANK. Considerable difficulty in separating BRSHC from
 

CMIX was encountered in the final automatic classification scheme.
 

However, the displays of the final classification scheme seem to in

dicate that these two categories were not as difficult to separate
 

as the divergency indices suggested.
 

$CLASS: The final four data channels selected for classifica

tion of the entire flight line were channels 3-5-9-11. The final
 

classification, based on maximum likelihood ratio calculations,
 

described earlier, produced a display of digits assigned one to each
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Figure 5.6 Four channel classification (weighted); for an explanation of these values in 
relationship to figures 5.4 and 5.5, see text. 



category in the study. For this classification scheme, ROAD and
 

BANK were subsequently combined into a single category (since they
 

could not be consistently discriminated one from the other) labelled
 

SOIL. The classification results from $CLASS are illustrated in
 

Figure 5.7. These digital data were simultaneously stored on
 

magnetic tape for future reference or display manipulation.
 

$DISPLAY: Three displays were produced from the above listed 

classification scheme. All three are included in Figure 5.7 along 

with the digital printout of program $CLASS. In the first display 

example, a separate density symbol (selected from those available 

on a standard computer printer) was assigned to each category In 

the study, with category SOIL printed blank. A very "light" thres

hold level was given to this display result. It should be noted
 

that thresholded signals are also printed blank by LARSYSAA and
 

therefore not all blanks printed in this first display indicate SOIL.
 

Most of the thresholded signals turned out to be those present in
 

the category SNOW, since this category was such a difficult one to
 

define. Table 5-3 lists the classification results as they pertain
 

to the training samples only, and it can be seen specifically where
 

the classification errors occurred within the training samples.
 

These errors correspond closely with those expected from the diver

gency data previously obtained from program $SELECT. 

The second display result was modified somewhat in that dif

ferent density symbols were used to improve the visual interpreta

bility of the printed output. Also, all categories were symbol

printed so that blanks in the display would indicate thresholded
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(2)
 

(3)
 

(4) 

Figure 5.7(a) $CLASS and $DISPLAY output Is illustrated above. The entire flight line analyzed in this
 

study is shown. The top strip of printer output (1) is produced from program $CLASS while the remain-


Ing three strips (2), (3) and (4) are produced with different character manipulations using the infor

mation derived from the classification scheme. Figure 5.7(6) shows close-up portions of these displays 

more clearly. 
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Figure 5.7(b) Three examples of DISPLAY
 

are illustrated at the right. Each re

veals a different visual effect as a
 

function of character manipulation and
 

various threshold levels. The regions
 

outlined by black lines denote training
 

samples.
 

In the top view, all categories have
 

been assigned a character symbol, blank
 

spaces are points which were thresholded
 

from the display because they were cal

culated to not adequately align with any
 

of the possible feature categories. In
 

the center view of the same portion of
 

data, different symbols have been used
 

and the ROAD and CLRD areas have been
 

printed blank. In the bottom view, only
 

vegetative categories have been assigned
 

symbols while all other categories have
 

been printed blank.
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signals only. A medium threshold level was used in this display.
 

Note that the road and lakeshore features were no longer as readily
 

seen as they were in the first display. The blank line which ap

pears near the left end of the flight line data is the result of an
 

optical-mechanical scanner malfunction and subsequent faulty analog
 

tape record. This malfunction only occurred during one scan line.
 

The third and final display shows only vegetation categories printed
 

out, with the remaining four categories left blank.
 

The critical concern with regard to these displays (and the
 

classification scheme which enabled their output) is how "accurate"
 

they are. The reason for any hesitancy in resolving this concern
 

is caused by the tremendous diversity of features and conditions
 

encountered in the wildland study area. For agricultural data,
 

the categories fall into neat cultivated crops of geometric propor

tions. Thus, while some stray signals may appear in a field that
 

is otherwise predominantly printed as wheat, say, the investigator
 

can feel fairly confident that the entire field is wheat and dis

regard the scattered errors. Note, however, that in the wildland
 

condition, random patterns of signals may not be errors at all and
 

that an accurate appraisal of how well the classification scheme
 

discriminates between the various categories being studied would
 

require 100% ground reconnaissance in order to check out each corres

ponding signal element. On a point-by-point basis, this is an Im

practical and unwarranted approach to resolving accuracy. 'Test
 

fields" are used by the staff at LARS to determine accuracy levels
 

in agricultural data. If a certain field was found to contain at
 

least 70% of a particular correctly identified and classified signal,
 

162
 



then the entire field was considered accurately identified and
 

classified. It is felt that this approach would not apply to wild

land terrain features, Edge effects and type boundary delineations
 

especially were difficult to assess and consequently the "field"
 

concept for accuracy determination is inappropriate. By carefully
 

reviewing the ground truth data and the photo reproductions of the
 

4-5 imagery presented in Figure 5.3, one can readily see that,
 

qualitatively speaking at least, the classification scheme for four
 

channels of data was quite successful. Each category has been
 

identified and classified in broad terms in its respective location
 

along the flight line. It is fairly certain that most of the in

correct signals appearing in category WATER are simply classification
 

errors; there is little doubt that the area itself Is a large body
 

of water and that indicated vegetation signals are errors. Also,
 

the "errors" in classifying shadows as WATER are accountable as
 

previously discussed. The major problems encountered in the clas

sification were (1) the difficulty in defining category SNOW; and
 

(2) the similarity of signal responses for bare areas and ROAD and
 

BANK categories.
 

The concern about topographic relief possibly influencing
 

signal responses enough to cause classification errors only occurred
 

in one area of the flight line. This region (near the right hand
 

edge of the flight line) shows considerably more coniferous forest
 

signal responses than actually existed in the area. It is now
 

believed that topographic relief, coupled with the easterly aspect
 

of this portion of data, contributed to a change in radiant response
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such that many of the altered BRSHA signals more closely resembled
 

CMIX signals. It is also felt that imagery obtained at a better
 

sun angle inclination (i.e., around noontime) would have minimized
 

many of these classification errors. In fact, topographic relief
 

and aspect are not now suspected to significantly contribute to the
 

alteration of a cateogry's signal responses obtained during optimum
 

recording times in wildland terrain except for the very steep slopes
 

that are infrequently encountered.
 

d) Summary of study. The ability to successfully discriminate
 

agricultural resources through the use of statistically designed
 

automatic pattern recognition techniques has been well demonstrated
 

in results obtained by personnel at LARS. The adaptability of these
 

digital computer oriented techniques to a specific wildland terrain
 

environment and its resources has been presented in the present
 

F.R.S.L. study together with some discussions of related digital
 

techniques which will follow. The successful classification of
 

most of the wildland features that were examined points to the po

tential extension of similar studies designed to rapidly inventory
 

vast regions of wildland terrain. The justification for such an
 

extension, however, rests not only on the successful demonstration
 

of its feasibility, but also on an assessment of the costs to be
 

incurred and the benefits to be derived. The estimated cost/benefit
 

ratios would have to be more favorable than those derived from con

ventional techniques. In this discussion, conventional techniques
 

for wildland resource inventory consist of the procurement and in

terpretation of aerial photography. This method of resource survey
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is compared, as much as possible, with the optical-mechanical scanner 

imagery procurement and subsequent automatic "interpretation". 

1. Aerial Photography Acquisition and Interpretation. In
 

1936, the U. S. Dept. of Agriculture began its still existing pro

gram of monitoring crop yields and determining price support levels.
 

Since there are 478 million acres of croplands in the U. S., of
 

which 350 million acres are considered significantly "active"
 

(Belcher, 1967), the implementation of this program is no simple
 

task. At the standard photo scale of 1:20,000, the USDA now spends
 

more than $500,000 annually for the procurement of specified aerial
 

photo coverage. If the entire 350 million acres were to be flown
 

annually, it is estimated that the cost would exceed 1.3 billion
 

dollars. There are insufficient available aircraft, equipment,
 

and personnel to handle this volume of data, according to Belcher.
 

Estimates for forest and rangeland coverage are about the same
 

(because of the use of higher altitude aircraft), namely 1.3
 

billion dollars for annual U. S. coverage, even though a larger
 

land area is involved. A United Nations survey estimates there are
 

over 640 million acres of forested land in the U. S. (FAO, 1961).
 

It would not be necessary to acquire aerial photo coverage of for

ested regions as often as agricultural regions because the features
 

undergo changes at a slower rate. The benefits from this coverage
 

would consist of a permanent reservoir of information about the
 

terrain from which land managers could hopefully extract wise
 

land-use allocations. The cost of extracting the information from
 

aerial photos is difficult to determine because of the varied
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applications for its use. Some of these applications, noted in the
 

Cornell University study previously cited (see Belcher, 1967), include:
 

forest land-use surveys, forest soil surveys, forest inventories,
 

site classification, scenic area evaluation, inventorying fire

damaged areas, and insect and disease damage surveys. Benefits to
 

be derived from these applications are listed in Table 5-4:
 

Table 5-4 Applications and Benefits Derived from Remote Sensing of
 
U. S. Forested Lands (extracted from Cornell U. Study - see Belcher, 1967)
 

Source of 
 Annual U.S. Benefits
 
Application Estimates (Millions of Dollars)
 

Forest land-use survey P 7
 
Forest soil survey H 98
 
Forest inventory H 9
 
Forest site classification H 10
 
Scenic area evaluation N
 
Inventorying fire damaged areas H 39
 
Assessing insect damage H 60
 
Disease detection, salvage
 
and control H 50
 

Legend: N = no source of estimate available
 

P = based on project staff judgment
 
H = supported by published information or from experts in
 

the field
 
* = no estimate of savings or improvements attempted 

2. optical-Mechanical Scanner Imagery Acquisition and Analysis
 

Cost figures for operational surveys using the optical-mechanical
 

scanner data and digital pattern recognition technique (such as the
 

one developed at LARS) are to date impossible to document because
 

no such extensive surveys have been conducted. Scanner security
 

restrictions and a lack of effective methods for analyzing the re

sultant data have been the main deterrents. It is possible to extrap
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olate costs somewhat from those which were involved in acquiring the 

1966 Michigan M-5 data and, to a limited extent, those involved in
 

the analysis presented in this study. The total cost of remote sens

ing data during the entire 1966 mission (which also included some
 

conventional photography) for all the areas sensed (which Included
 

sites in Oregon and Nevada as well as some other in California)
 

was approximately $18,000. This figure would not be too different
 

from the cost of conventional aerial color photography of the same
 

regions at the same approximate photo scale (i.e., 1:25,000). Fol

lowing acquisition of the scanner data, some pre-processing of it
 

Is required (analogous to that required for developing the film
 

emulsion to proper specifications). At this stage, the comparisons
 

of methods become more abstract. Human photo interpretation is a
 

specialized skill and art that is not readily duplicated by automatic
 

techniques. But, as this study revealed, there is considerable
 

potential gain in efficiency and consistency of interpretation using
 

pattern recognition methods that will automatically classify broad
 

wildland resource types which may actually alleviate some of the
 

interpretative tasks placed upon the human image analyst.
 

Computer processing of the data used in this study, including
 

the A/D conversion, was performed at the LARS facility and c onsumed
 

several hundred man-hours. The cost and time intervals that were
 

involved were approximately:
 

1. Analog tape duplication at the University of Michigan and 

their delivery to LARS . . . . $500 - 2 man-hours 

2. A/D formating and greyscale printouts of selected data
 

channels for training sample selection . . . . $800 - $2000.- 5 man

hours 
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3. One week's time spent at LARS processing the results 

presented in this study; includes over 7 hours of on-line computer 

time and one man-week of effort .......no estimate attempted 

An administrator of NASA recently commented, 11...In the areas
 

of agriculture, forestry and geology the principal need now is for
 

improved identification of the signature of various species.... 11
 

(Newell, 1968). While this statement can be generally acceptable
 

to most individuals, it should be emphasized that the identification
 

of signatures is currently feasible and in fact quite common in
 

many scientific disciplines by automatic routines. The principal
 

need, it would seem, is for a reliable, efficient technique for
 

accurately defining the species or feature signatures. There is a
 

sizable effort here at the Forestry Remote Sensing Laboratory as
 

well as at other facilities to help solve this definition and re

cording problem.
 

On July 16, 1969, the University of Michigan aircraft flew
 

the optical mechanical scanner and recorded wildland data shown in
 

Figure 5.8 to provide new information that would complement the
 

1966 data. While these new data have not been processed and
 

received from NASA-Houston at the time of this writing, the plans
 

are to proceed with their interpretation as much as possible with
 

the cooperation of the LARS facility and staff. Such interpreta

tion could be greatly facilitated through the use of a remote
 

terminal which would be located at the FRSL and available for
 

other interested parties to use for their own particular applications.
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TABLE 5.1 WILDLAND TERRAIN FEATURE STATISTICS 

The following nine pages contain tables of statistics
 

generated by LARSYSAA for each of the categories that 

are included in this classification study. Means,
 

standard deviations, the covariance matrix, and the 

correlation matrix are tabulated - by channels - for 

the radiance level exhibited by all elements of a par

ticular category's set of training samples. 
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Table 5.1: Terrain Feature Statistics
 

Category 1: CMIX
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Table 5.1: Terrain Feature Statistics, continued
 

Category 2: BRSHA
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Table 5.1: 

Category 3: 

Terrain Feature Statistics, continued 

BRSHB 
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Table 5.1: Terrain Feature Statistics, continued
 

Category 4: BRSHC
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Table 5.1: Terrain Feature Statistics, continued
 

Category 5: CLRD
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Table 5.1: Terrain Feature Statistics, continued
 

Category 6: ROAD
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Table 5.1: Terrain Feature Statistics, continued
 

Category 7: BANK
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Table 5.1: Terrain Feature Statistics, continued
 

Category 8: SNOW
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Table 5.1: Terrain Feature Statistics, continued
 

gategory 9: WATER
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TABLE 5.2 CATEGORY HISTOGRAMS
 

On the following pages are listed the category "histograms", channel
 

by channel, computed for all training samples within each category
 

included in the classification study. It is the study of these histo

grams which reveals the potential separability of features. Narrow,
 

peaked histograms indicate a well-defined radiance level for any par

ticular feature; broad, poorly peaked histograms suggest a feature
 

signature which will be confused with others, causing errors in the
 

classification scheme in certain cases. Category SNOW, for instance,
 

is seen to have a poorly defined radiance level, but in this case, its
 

overall intensity is so much different from any of the other categories
 

included in this study that it is readily discriminated from them. The
 

histograms presented are computer printed in fourteen intervals such
 

that the vertical scale of each must be noted carefully since computer
 

control determines how to allocate the total radiance signals for the
 

category to these fourteen intervals for each channel.
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CATEGORY 2: BRSHA
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CATEGORY 3: BRSHB
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CATEGORY 4: BRSHC
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CATEGORY 5: CLRD
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CATEGORY 6: ROAD
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CATEGORY 7: BANK-
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CATEGORY 8: SNOW
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CATEGORY 9: WATER
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Table 5.3 Training Sample Classificati'on Summary
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Four channel classification results for the sixty-four training
 

samples are listed in the above table. It reveals that classification
 

of training samples within a category averaged 95% accurate and that
 

the overall performance for training samples was slightly less than
 

95%. In which categories the errors occurred is also shown. Note,
 

for example, in category one (containing a total of 215 sampling
 

elements) that 4 elements which were supposed to be classified as
 

BRSHA were classified in category CMIX. Note also that most of the
 

signals that could not be classified (using the "light" threshold
 

level indicated) occurred in category SNOW, as the statistics indicated.
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B. A View on the Desirability of Setting up the LARSYSAA
 

Programs at Distant Computing Facilities.
 

Anyone who has worked with the LARSYbAA programs for any length
 

of time soon develops an interest in setting up these programs at
 

his own computing facility. This is generally caused by an aware

ness on the part of the user that the LARS staff is far too busy
 

with their own research program and development to provide assistance
 

to all potential users with varied applications who might desire
 

access. Also, the user might well perform a more thorough study if
 

only he had more time available for complete computer/user "inter

facing" and option selection. These problems might be resolved if
 

the LARSYSAA programs were readily adaptable to each user's com

puting facility. Unfortunately, considerable work is involved in
 

adapting a program of LARSYSAA's complexity. Too, most computing
 

facilities operate on a "closed-shop" time-sharing basis which
 

makes user interaction and option selection a slow and inefficient
 

process. There is also some question about the adaptability of the
 

digitized tape records which LARS produces for their analysis from
 

the original analog record; it is quite likely, they report, that
 

the required format instructions are incompatible with the I/0
 

devices that are likely to be employed at various distant computing
 

facilities.
 

What may be required is some extensive software to enable
 

LARS produced digital tapes to be compatible with each particular
 

facility's capability and user requirements. Further modifications
 

to the LARSYSAA programs will be required where closed-shop operations
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prevail. These should be relatively minor changes, compared to the
 

tape reading format changes mentioned earlier. Another possible
 

solution to the problem of enabling a larger number of experimenters
 

to use LARSYSAA is to set up remote terminals to the LARS computer
 

facility directly. While this at first might seem overly adventure

some, it should be pointed out that a number of worthwhile objectives
 

could be accomplished. First, it would reduce the strain on the
 

LARS facility in meeting outside user requests. And second, it
 

could provide a separate facility with complementary training
 

capability by providing "on-line' instruction in the techniques of
 

automatic image classification. Such a training capability is
 

currently being organized at the Forestry Remote Sensing Laboratory.
 

Future Research Activities
 

A. The Development of a Scanning Densitometer for Aerial
 

Photo Research Applications.
 

A scanning and analysis system is being developed at the FRSL
 

to provide increased data recording and quantitative analysis capa

bilities. The tentative formulation of this system appears in
 

Figure 5.9. Current plans are to set up a remote terminal linked to
 

the SDS91O computer for magnetic tape drive control, but this would
 

be modified if tape recording were made available. Present funding
 

levels preclude any purchase of such hardware. The scanner itself
 

is designed to overcome some of the limitations noted in commercial

ly available equipment, and to provide the FRSL with an "in-house"
 

capability to do research directly rather than solicit data to be
 

recorded by'any number of private operations in a multitude of
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Figure 5.9 Diagram of photo 
scan and analysis sequence. This flow chart starts
 

with "input data" which initially will be in the form of black-and-white film
 

emulsion, but eventually can be any color transparency. Once scanned, the optical
 

densities can be either displayed on CRT equipment (either as a si.ngle trace or
 

eventuall' as an entire scan "playback") or converted to digital records. The
 

SDS90 computer indicated would .provide,a certain amount of pre-processing capa

bility but is not essential if tape recording hardware,were otherwise available.
 

The digital tapes could then be analyzed on a large high speed computer such as
 

the University of California CDC 6400 system. Non-computer analysis and display
 

are also readily possible for certain applications, such as area or type delinea

tions and measurement.
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formats and data handling limitations. The scanning device will have
 

an x-y dimension capability of 4" x 5". It is anticipated that 70mm
 

film will be the most common film type subjected to extensive quantita

tive analysis. But 9" wide film can be scanned if it is properly
 

arranged. Scanning will be completely'automatic, with the limits of
 

the scan manually programmed by switching controls. Other artificial
 

limits can be implemented when area or type delineations are required
 

by properly orienting an opaque border around the area of interest.
 

Too, the scanning device ultimately will record the optical density of
 

each of three layers of a color film emulsion in a single pass, rather
 

than by alternately changing filters for each of three passes (which
 

trebles the recording time). Initial recording will be done with black

and-white negative or positive transparencies without filters. It is
 

anticipated that spatial resolution of approximately 20 jucan be
 

attained with the scanning device.
 

The reasons behind an emphasis upon developing such a scan

ning device are to be found in our belief that multiband reconnais

sance by means of cameras, films and filters rather than by optical
 

mechanical scanners or other sensing devices will continue, for
 

some time, to dominate the earth resource inventory field. The
 

advantages which photography offers over other remote sensing systems
 

at high altitude and spacecraft altitudes are very significant, par

ticularly with reference to spatial resolution. It is felt that the
 

techniques being developed for automatic di:scrimination of terrain
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features from multichannel optical mechanical scanner data can be
 

made to accommodate photographic data also, thereby facilitating
 

rapid analysis of terrain features from high resolution multiband
 

photography. This capability should prove applicable even to high
 

altitude and spacecraft photography of the quality found in other
 

chapters of this annual report. Currently, with but few exceptions,
 

photography appears to be the only sensing medium which will yield
 

a resolution sufficient to warrant such research from these altitudes.
 
0 

The overall application potential (in the near future at least) of
 

photographic systems is suggested in Figure 5.10 where sensor capa

bilities are related to real and potential applications in the
 

earth resources field.
 

B. The "Data Bank" Concept for Earth Resource Surveys. A
 

considerable increase in efficiency of performing earth resource
 

surveys could be obtained if it were possible to minimize (or even
 

eliminate) the collection of ground truth for the purpose of pro

viding "training sample" material to be used for classifying ter

rain features. Instead, a "data bank" of resource signatures might
 

be developed and updated periodically to serve this function. This
 

would involve an extensive program of documentation and storage for
 

signatures of all possible terrain conditions, densities, slopes,
 

etc., but once established would provide rapid access for analytical
 

purposes. For programs relating to a specific region (and pre

sumably, a known complex of resources and conditions which must be
 

managed) such a procedure could greatly speed up surveys. For very
 

large land regions or global efforts, this procedure would be much
 

more difficult. The data bank concept is particularly appealing
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Figure 5.10 Sensor Capabilities vs Real and 
Potential Applications in the Inventory of . g a 
Earth Resources a > a 

+ 	 greatest current application _- - a mc 
some applicationstill being researched a a- z.-..c 

0 no current application eE' cC 0 m 
p 	 0' E. u10 4-Mr 

m)E - W 0) 4- 0 

WILDLAND MANAGEMENT (FORESTRY AND RANGE)
 

Resource mapping - + + + 0 
Fire detection and damage assessment 0 + + + 0 
Insect and disease damage assessment - + - - 0 
Forest management - + + + 0 + 
Land-use surveys 0 + + + 0 -
Recreation site evaluation 0 + - - 0 -
Livestock and wildlife counts 0 + + + 0 + 
Range management 0 + + + 0 -
Watershed evaluation - + + + 0 -

AGRICULTURE
 

Land-use surveys 0 + + + 0 -
Soil surveys - + + + 0 -
Crop yield 0 + + + 0 0 
Crop distribution 0 + + + 0 0 
Insect 	and disease damage assessment 0 + + + -
Site evaluation or conversion 0 + - 0 

GEOGRAPHY
 

Land-use management 0 + + 0 0 
Transportation planning 0 + + - 0 0 
Urban analysis 0 + + + 0 0 
Site evaluation 0 + - - 0 0 
Land classification mapping 0 + - + 0 0 
Pollution control + + + 0 + 

GEOLOGY
 

Mineral potential 0 + + - + 0 
Petroleum potential 0 + 0 0 + 0 
Geothermal activity - + + + 
Structural mapping 0 A A A A 0 
Geo-type mapping - A A A 0 -

HYDROLOGY/OCEANOGRAPHY
 

Flood control 0 + 0 0 0 0 
Pollution control - + + + 0 + 
Fishery yield 0 + 0 0 0 0 
Kelp surveys 0 A A A 0 -
Erosion potential 0 + - - 0 0 
Hydro-electric development 0 A A A 0 
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from the standpoint of point location or reference capability. Not only
 

can coordinate points be stored in magnetic memory files, but also any
 

amount of coded information about that point can also be stored, such
 

as types, slope, longitude, latitude, remote sensing records cpllected
 

over that poi'nt, by whom, with what, on what date, etc.
 

In order to demonstrate the overall gain in using such a tech

nique for ground truth reference, we will develop on a small scale a
 

"data bank" of earth resources information in the Bucks Lake Test Site
 

or some other suitable site, using the scanning microdensitometer and
 

analytical programs developed for it. These exploratory efforts will
 

be reported upon in future progress reports.
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CHAPTER 6
 

TRAINING PROGRAM FOR THE INVENTORY OF WILDLAND RESOURCES
 

Robert N. Colwell
 
Gene A. Thorley
 

Introduction
 

There is a definite trend today toward greater complexity in data
 

collecting systems and data analysis procedures. Already, large well

staffed data analysis centers are necessary to analyze the data from
 

existing remote sensing systems. Acquisition of data from space and
 

subsequent analysis involves even more complex techniques of data storage
 

and handling. There is a great danger that the user--the individual most
 

knowledgeable as to whether the end product of this sophistication is
 

meaningful--may be forced out of the data acquisition and analysis loop
 

as the systems and procedures become more complex. It is our feeling
 

that a strong training program, based on access to scientists active in
 

all phases of remote sensing data acquisition and analysis, offers the
 

best means of bridging this gap in communication and background between
 

potential users and remote sensing scientists. The Training Unit of our
 

Forestry Remote Sensing Laboratory was organized to pursue an aggressive
 

program designed to bring the results of research to the user through
 

the offering of various kinds of training programs and workshops, through
 

the dealing with our research results, and through personal contact,
 

especially with scientists who, from time-to-time, visit our laboratory.
 

Specific objectives of the unit are:
 

(a) To train personnel to inventory earth resources by various means
 

which will make maximum use of present day remote sensing capabilities
 

from aircraft and spacecraft, including those soon to be tested in ERTS-A.
 

(b) To provide an effective program to visiting scientists which
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will utilize the expertise of the scientists of the FRSL, other institutions,
 

and government agencies, in such a way as to minimize the competition between
 

training and research.
 

(c) To develop a series of training seminars, involving FRSL scien

tists and, where appropriate, scientists from other institutions and
 

government agencies. A primary objective of these seminars is to provide
 

a means of increasing the general understanding of remote sensing by scien

tists who by necessity must specialize in rather narrow applications (e.g.,
 

spectral measurements, automatic data analysis, etc.).
 

(d) To provide training-related materials and other support to the
 

technical units of the FRSL (e.g., slides, displays, public relations and
 

library), to disseminate publications (e.g., reports, syllabi and bro

chures) and to give various training-oriented presentations (e.g., lectures,
 

conferences, seminars, short courses, field trips and workshops).
 

(e) To provide a means whereby requests by NASA for briefing aids
 

and the training of personnel can be rapidly and efficiently completed.
 

(f)'To contact many practicing wildland resource managers and make
 

them aware of the current state-of-the-art of remote sensing from space

craft and high altitude aircraft.
 

It is apparent that the unit relies heavily on a total integrated
 

effort by the staff of the Forestry Remote Sensing Laboratory
 

Current and Future Activities
 

Because of the great advances that recently have been made in the
 

ability to acquire remote sensing data from aircraft and spacecraft, a
 

commensurately great demand has arisen for people who are adequately
 

trained to extract from such data useful information about the earth's
 

resources. At the Forestry Remote Sensing Laboratory we are attempting
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to help satisfy this demand by sponsoring training sessions and by giving
 

on-the-spot training to individuals from other institutions and, in some
 

cases, other countries. We also are responding, as fully as possible, to
 

the tremendous number of requests which we continue to receive for copies
 

of our reports and syllabi which might be used as training aids for courses
 

taught elsewhere.
 

It is apparent that the problem of producing well-trained remote
 

sensing specialists in adequate numbers for staffing various earth
 

resources survey programs will only intensify in the future. At the time
 

of this writing, President Nixon is reportedly planning to express, in an
 

address to the United Nations, the willingness of the United States to
 

provide remote sensing assistance for the solution of earth resource
 

problems in foreign countries. Such pronouncements will serve to increase
 

the demand for remote sensing training, not only in this country but in
 

many foreign countries as well.
 

Virtually all of the remote sensing courses currently being offered
 

to other than regular university students at the present time are merely
 

"appreciation courses", i.e., those designed to convey to the attendee
 

that remote sensing techniques offer a powerful means of making accurate,
 

timely, economical inventories of earth resources. While there may be
 

a continuing need for these courses to be presented to various top-level
 

"decision-makers", the major need will soon be to train the actual "doers".
 

Mere appreciation courses definitely will not prepare them to accomplish
 

the all-important task of making operationally useable inventories.
 

Instead, they need to receive rigorous training in how to produce, through
 

an analysis of remote-sensing data, a survey of earth resources of the
 

type that will meet the specific informational needs of the resource
 

manager. To gain confidence in their ability to produce such a product,
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and to become aware in highly specific terms of the limitations in their
 

abili-ty to produce that product merely from an office examination of
 

remote sensi.ng data, these trainees must also be taken into the fie.ld.
 

Ideally, they will be given the opportunity,, even before beginning their
 

analysis of remote sensing data for a particular geographic area, to visit
 

a representative portion of that area in company with the individuals who
 

are charged with managing the earth resources of the area. By so doing,
 

they will better gainan appreciation of the ki-nds of information which
 

these managers will find most useful, the forms in which they wish to have
 

the information presented to them, and the time constraints governing the
 

usefulness of that information to them. Ideally, these remote sensing
 

trainees also will be given the opportunity of visiting representative
 

porti-ons of the area once they have completed their remote sensing exer

cise, at which time they can field check the accuracy of theLr resource
 

maps and interpretations and further determine from the resource managers
 

whether the products, as. produced by the trainees, are of optimum useful

ness to such managers..
 

It is.with these considerations [n mind that personnel, of our Training,
 

Unit currently are in the process of preparing training materials that
 

will incorporate-the following elements, and with specific orientation
 

toward the various NASA Test Sites in which we have been conducting our
 

research of the past six years under the NASA-USDA Remote Sensing Research
 

Program. (Several -of these sites are near enough to our Forestry Remote
 

Sensing Laboratory to permit us to transport trai-nees to them): (1)
 

specific, user requ'irements at these sites for earth resource information;
 

(2) remote sensing capabili~ties, in various parts of the electromagnetic
 

spectrum; (3) bas'ic matter and energy relationships; (4) multistage sam

pl.ing. techniques including techniques for the acquisition of ground'truth;
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(5) photo interpretation equipment and techniques; (6) image enhancement
 

techniques; (7) automatic data processing techniques; (8) techniques for
 

optimizing the interaction between humans and machines during the analy

sis of earth resource data; (9) uses and limitations of both multiband
 

and sequentially acquired remote sensing data; and (10) techniques for
 

optimizing the interaction between those who provide earth resource inven

tories and those who use them in the management of earth resources.
 

In all of our future training programs, as in the ones which we have
 

conducted thus far, maximum use will be made of the concept of "learning
 

by doing". Consistent with this concept, actual rather than hypothetical
 

problems will be emphasized. These problems,will be centered around the
 

inventory of earth resources at the aforementioned NASA test sites, one
 

of which (the San Pablo Reservoir Test Site) is only eight miles from
 

our classroom facilities at the University of California where our For

estry Remote Sensing Laboratory is located. Several training films,
 

based on this and other NASA test sites which our group has studied dur

ing the past five years,have been prepared. These iilustrate various
 

data acquisition and analysis techniques with emphasis on both the gather

ing of "ground truth" data and the extraction of information from remote
 

sensing imagery. Our extensively illustrated reports of 'research con

ducted at these test-sites are proving useful as syllabi for undergrad

uate, graduate and University Extension courses currently being taught
 

by personnel of our laboratory. Under NASA auspices a "Manual of Multi

band Photography", in which much of this work is summarized, and a 150

page report entitled, "Analysis of Earth Resources on Apollo 9 Photog

raphy" are both nearing the publication stage, as is a special report
 

entitled "Analysis of Earth Resources on Sequential, High Altitude, Multi

band Photography." All of these'materials should prove very valuable
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in operational type instructional programs which we plan to offer, as
 

previously described.
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CHAPTER 7
 

SUMMARY AND CONCLUSIONS
 

Robert N. Colwell
 

In the introductory chapter of this annual report, the rationale
 

is given for a systematic forestry remote sensing research program of
 

the type in which our Laboratory is engaged. The unit organization of
 

our Laboratory that has been developed in order to conduct a comprehen

sive program also is described and a statement is given of the types of
 

programs that are investigated by the Laboratory's five major units, viz.,
 

(1) Operational Feasibility; (2) Spectral Characteristics; (3) Image
 

Enhancement and Interpretation; (4) Automatic Image Classification and
 

Data Processing, and (5) Training.
 

Chapters 2, 3, 4, 5 and 6 deal, respectively, with the activities
 

and accomplishments of these five units during the past year. Most of
 

these 	activities have been oriented toward a single objective: develop

ing a capability for extracting useful, timely earth resources informa

tion 	from data of the type that soon will be provided by ERTS-A and sup

porting data-collection vehicles. Care has been exercised, in conducting
 

these 	research activities, to make the efforts of our Forestry Remote
 

Sensing Laboratory complementary to, rather than competitive with, the
 

efforts of other investigators who are funded under the NASA-USDA Earth
 

Resources Survey Program or through other sources. Also, care has been
 

taken to obtain quantitative measures of feasibility wherever possible,
 

since most of the investigations previously conducted have been merely
 

qualitative 	in nature.
 

Most of our research this-past year has been conducted on (1) multi

band space photography obtained in March, 1969 by the Apollo 9 astronauts
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of selected NASA test sites in California, Arizona, New Mexico and Mis

sissippi; (2) multiband seuential 'high-flight" photography obtained of
 

these and the Bucks Lake test si'tefrom an altitude of approximately
 

70,000 feet at inte'rVals of roughly one month throughout the 1969 growing
 

season and (3) multiband photography and related remote sensing data
 

obtained periodically from conventional altitudes (e.g. 10,000 to 30,000
 

feet) by various NASA Houston-based aircraft and private contractors, not
 

only of these test sites, but also of certain NASA test sites in northern
 

California and Oregon, viz. the Harvey Valley, San Pablo Reservoir and
 

Klamath Falls test sites.
 

In all of these studies a maximum effort has been made to relate
 

remote sensing capabilities to user requirements, based on the presump

tion that the primary user will be the actual manager of earth resources.
 

Chapter 2 of this report gives a great deal of practical and philosophi

cal consideration to this aspect of the problem. When this rigorous cri

terion is applied it serves to reinforce our earlier conclusion that the
 

obtaining of useful earth resource information by means of remote sensing
 

from aircraft and spacecraft is, at best, a difficult task. When-an
 

attempt is made to extract such information from only one photograph, the
 

results can be quite discouraging. However, our results show that the
 

amount of useful information derivable by means of remote sensing is
 

greatly increased when we employ multiband, and/or multidate, photography,
 

and when we employ multi-enhancement techniques through the use of vari

ous optical and electronic image combiners.- Furthermore, our studies on
 

automatic data processing techniques demonstrate that the extraction of
 

useful earth resource information is facilitated when the human exercises
 

the opportunity that can be his to interact with the machine at each of
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several stages in the information-extraction process.
 

While a significant amount of evidence in support of the following
 

conclusions will be found in chapters 2 through 6 of this report, some
 

valuable and more highly detailed supporting information will be found
 

in two other publications of our Forestry Remote Sensing Laboratory: (1)
 

"An Evaluation of Earth Resources Using Apollo 5 Photography", dated 30
 

September 1969, and (2) "Analysis of Earth Resources on Sequential High
 

Altitude Multiband'Photography", which is being completed and will. be
 

dated 31 December 1969. Among the specific concl'usions indicated by our
 

studied this year are the following:
 

1. In spite of the difficulties in applying photo interpretation
 

toexisting mult:iple use zoning procedures, much could be gained by
 

attempting to develop a multiple-use zoning process.particularly amen

able to the use of aerial photography.
 

2. The spectral reflectance characteristics of certain brush
 

species when gathered in situ with'a field portable spectroradiometer
 

agree in ranking with the optical densi-ty of the image as measured on
 

multiband negatives.
 

3. The accurate discrimination of some important earth resource
 

features (e.g., timbered vs. agricultural lands, vegetated vs. fallow
 

fields) is possible even on individual black-and-white space photos.
 

4. A great many more earth resource features are identifiable on
 

Infrared Ektachrome space-photos (e.g., bot.tomland and hardwood stands,
 

pine-hardwood stands, and certain individual crop types).
 

5. When the matching frames of.black-and-white photography,are
 

combined and enhanced either optically or electronically, interpreta

bility i.simproved, to where the information derivable is equivalent to
 

(and sometimes better than) that obtai.ned from the Infrared Ektachrome
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photography.
 

6. While, on the one hand, there are strong proponents for using
 

aircraft rather than spacecraft for the making of earth resource surveys
 

and, on the other hand, those who advocate using spacecraft rather than
 

aircraft, our findings are for the most part in support of a third view,
 

viz., that operational earth resource surveys of the future might best
 

be made by means of a multistage sampling technique which employs space

craft, aircraft and ground observations.
 

7. The use of the L.A.R.S. automatic classification techniques
 

in a wildiand environment was not as successful as has been demonstrated
 

for agricultural resources. The results suggest that classification
 

schemes which do not rely on the Gaussian assumption should be tested
 

on the data.
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