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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, (&) 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 provided 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
that 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 ;esource 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 photog}aphy, 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 I

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 maximizing 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 significant promise of being met by the use of remote sensing, (3)
attempts to demonstrate the technical feésibility 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, our 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 wiil 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, accur;te 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. 1In 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 recentiy 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

solving problems of interest to the wildland resource manhager. With a



view to using a systems approach of the type previously described, our
Forestry Remote Sensing 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 successfu]ly fpr earth résources inventory purposes. The five
P(ob]em areas investigated under this team concept are as follows:

(1) determination of the feasibility of proviéing the resource mana-
ger with operationaiWy useful information through the use of remote sen-
sing techniques;

(2) defin}tion of the spectral characteristics of wildland resources
and the optimum procédures for calibrating the tone and color character-
istics of multispectral imagery of those resources;

(3) determinatiori of the extent to which humgns can extract useful
earth resource information through a study of remote sensing imagery in
either.original form or when enhanced by various means ;

(4) deter&ination-of the extent to whicg automatic data handling
and procéssing équipmenf can extract, useful earth resources information
froim 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 Sensing Laboratory which are
engaged in these five problem areas aré respectively, (1) the Operational
Feasibility Unit, (2) the Spectral Characteristics Unit, (3) the Image
Ehhancement and Interpretation Unit, (I) 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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mindful of the probiems 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 operatioﬂally 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) 1Interviews 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.

6
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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

probiems

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.



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 various.sensors or interpretation systems
to perform rather isolated tasks related to forest land management, often
on what is essentially a qualitative level, 1In addition,-1imited
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 in particular,
are rapidly approaching a more demanding stage of development--one in
which investiéators 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 devélop-
ment of fully operational procedures which will meet current needs of
persons engaged in earth resource management, ’Certainly these tasks
have been performed to a certain extent in ter%s 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



development of facilities to handle and process these data. This
necessitates a thorough analysis of the potential econom{c benefits
to be derived from such undertakings before they can be justified,
for certainly justification cannot rely solely.on the basis of tech-
nical feasibility.

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 55 called intangibles, and
that costs might include significant '"opportunity costs'.)

B. It could provide considerable insight into the heretofore
Tittle discussed problem of how data gathered by means of 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 available on an operational basis, and many more are sure
to bedevelopea 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 sénsing 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



of the more promising uses for remote, sensing data obtained from high-

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

'lintegrated interpretations'' of operational management ynits, in their
ehtinity., Such jn;erpretations are made with the realization that a
,multiplicity of,pofent}al uses exist for a management wnit, and the,
objective;iscto faciljtate the formulatjon of complex management,
policy, and dgyelopment decisions regarding Fhe atlocation of lands to
various uses.

, The argument for using small scale. imagery in such a study basi-
cally stems from‘two factors: 1) the inherent characteristics of such
data which cannot be provided through. other-methods, and 2) the pressing
neeﬁs_of.garth‘resounge.managers.ch itimely, accurate information often
best, obtained, from such imagery;;’Thﬁs is true not only Lngﬁresently
underdeveloped countries, but also in those areas, now managed.to some
degree, where population and technology trends. are :«creating require-
ments for informétion,ppt currently available.

Among the unique. advantages of small sc;ie imagery obtained from
girgraft or space vehicles are several of interest to..the.manager of
wildland resourges:

1. The synoptic view. Probably the most obvious characteristic
of small §ga1e imagery is the large area covered by each image, thus
enabeling any particular feature to. be vjéwed in relation to its sur-
roundings. 0ften a natural fgature which is not readily identified
when viewed alone can be identified if it can be related to the sur-
rounding topography. In addition, the synoptic.view often enables the
interpreter to more fully judge the significance of the various_features'

of Interest, Finally, many natural features are of such a large size


http:managed.to

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

altitudes.

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

or even daily variation ih the appearance of a terrain or vegetation
type is an aid to its identification, and therefo;esuggests the desire-
ability of image coverage being obtained at periodic intervals, Theo-
retically, a satellite in sun-synchronous orbit 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
imaéed 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 lardge areas of land on aerial iﬁagery was by means
of a photomosaic--a patchwork of perhaps hundreds of individual photos.
0ften 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, weather -and 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

tact, needed by the earth resource manager. The nature of current



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 téchniques.

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 Tand is
presently being managed, its resource endowment, and the social and
economi¢ environment of the region or nation within which the land
occurs. It seems obvious, however, that a need for integrated, broad
scale inveptories 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
Tatitudes. 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.



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 which benefits
can be realized is through the accomplishment of tasks which are simply
infeasible using conventional techniques. For example, oq]y 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 in this 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



data for the more than 500,000 square miles chprising;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 concérned 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 in the following investi-
gation.

I1. Description of Research Performed

A: 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 Servicé in a manner which would
facilitate evaluation of remote 'sensing applic¢ations. 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 c]assification systems particularly suited to aerial photo
interpretation, while still satisfying multiple use planning needs.
Finally, the feasibiFity 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



most policy statements, is quite general in nature. Therefore, the
investigations reported herein of necessity concentnéted 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 managers for 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: 1{.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, with 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

Ptumas National Forest. This working circle forms the basic managerial

*A "working circle' 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.

16



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, In selecting 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, AIl of the above-mentioned test sites are the subject of

a current program o% 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



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 being 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, T9%0,
defines 'Multiple Use'' as: 'The management of all the variou§ 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 Iatitu&e
for periodic adjustme;ts 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



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 queavoured to conduct multiple use management

have been faced with a dual prleem-jfirsg to define the act Ln 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~cap‘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 to.inter-
fere with each other as little as possible,

2. The skillful adjustment of land resources .and uses .into a
pattern of harmonious action to achieve overall.objectives fok the area
being managed.

3. The coordination of existing and potential uses and acti-
vities with a resultant benefit to people that is greater than the sum
of the individual uses if they were not coordinated.

In ana]yz?ng'thesg definitions, the Manual states that, whilé the
definitions exhibit certain differences, each definition prescribes. the
following elements inherent in multiple use management.

"', It requires an an]ysjs of the inherent .capability 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.



3. It is based primarily on satisfying the needs or desires of
people, within the capability of the site, rather than the full develop-
ment of a resource.

4, TIts 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 situations, each of which can be considered to be multiple
use management under specific sets of circumstances. Thus one might
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
values involved. It does not mean the use of every acre or even of
an entire tract for all possible purposes, but Tather 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 conéept 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
Tikely 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
1. 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
1. Inventory and where necessary reserve sites suitable for
winter sports-and campgrounds.
2. Lay out road and trail system that will serve to distri=
kute recreation use.
3. Establish allowable limits of fire loss.
L., 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 habitat 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. Select and delineate areas suitable for sustained grazing

. use within the framework of subregion direction,

3. Inventory existing and proposed physical improvements.

L, 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
1. 1In accordance with overall management direction, specify
" the private lands which- have priordty for inclusing in
consolidated exchange.
2, List rights-of-way needed and establish priorities.
J. FEIRE

1. Fire control will aim to meet burned area objective for

the zone.

The final, and most critical level at which ﬁu]tiple 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 distrfct 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 Tevel 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 lTeast 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 correlated 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?a]‘zoniAg 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 Togging operations oh both soil erosion
and aesthetic qualities of the'1andscape, exteﬁt of wilderness areas, and
focal requirements for grazing, mineral rights, and summer homesites.
In éssence, therefore, the decision making seems to operate on the
assumption that there is plenty of land' for use primarily in timber
prqducfion, and hence priority is.given to other uses, particularly as
they pertain to recreation, aesthetics and watershed.

IV, Use of Conventional Techniques

A. Discussion of Aerial Mapping Problems

1. Mapping in General

The production 6f a map from aerial photos can logically be sub-
divided into two qperations: 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 thé 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 liéht 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 the.map, and the Timitations 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 re;ult is a compromise between
what is desired and what can be readily and accurately performed. In
practice,mapping 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 }nterest. Oniy 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-
gréss concurrently, as each is dependent 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
Y'transition zone'' which wilt 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

27



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
Tines 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 lTong &s 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 t; draw conclusions from such tests as to the
feasibility of mapping (which, as has been stated, involves considerably
more than identification) 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 thé 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 Tand 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 'hatural 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 requires a familiarity
with the local needs for various kinds of land use and-with the rela-
tionships that exist among various environmental factors which govern
.land use. Finally, somé 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 Valley .Area)
and to determine what degree of other kﬁowledge is required to perform
‘meaningful multiple use mapping in that area,

B. Ca§§ Study: Meadow Valley

1. Use of egistinq multiple use criteria

In this study, the first step in determining the feasibility
of mapping muitiple 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 tyﬁing of wildland areas was asked ta 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
criteria.

Quite negative findings resul ted=-~i.e. the interpreter felt
that in only a few cases could he have produced delineations resembling
“those on the multiple usé 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 neéds and situations.

The foilqwing 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 recognize& (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 1imited.

L) 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) 1t 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,

L) There is a close proximity to contrasting plan t communities.

b. Management:

1) Prevent pollution and contamination through proper
sanitary factlities.

2) Encourage use as related to botarical attraction.

3) Limit campground and picnic area.

4)  Encourage use by scientifically oriented organizations,

5) Maintain.roads so as not to disturb bogs.

6) Use of herbicides Is prohibited.

7). Large scale publicity is to be avoided.

L, GF-4 ‘Lee Summit Seed Production Area

a, Description:

33



1) This area was established in 193 for production of
coniferous seed from naturally occurring timber stands.

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.

Management :

1) The harvesting of timber and the designing of roads
are to be accomplished so that a near natural appearance
is retained,

2) A1l slash in potenéia] campgrounds is to be disposed of.

3) No special use permits are to be issued.

6. GF-6 Scenic Roadside Areas

a,

Description:

1) 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,

Management ¢

1) All slash in the unit is to be eliminated,

2) Timber harvest and cultural pfactfces 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 excharge.
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) Al paved roads are considered to constitute a travel
influence zone.
b, Management:

1) Areas will be managed to preserve aesthetic qualities
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Water Influence Zone: This zone includes the canyon bottoms of the

North Fork of the Feather River and of Indian Créek, Spanish Creek,
American Valley, Si]ve} Lake, Snake~Smith Lakes, 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. Management:

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 camoufiage paint and vege-
tative screening.
3. W=1 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.

36



3)  Limit de§eiopmeﬁt to: foot trails and wilderness
improveéments excépt around Silver Lake.

L) Revise the area plan to-eliminate a proposed public
servicé site for pack and saddle stock at Jacks Meadow.

Rich Bar Historical Site

Description:

1) Rich Bar was one of the earliest gold settlements in
élumas Count;.

2) A portion of the site is private land and the remainder
is under the administration of thé USFS.

Management :

1) Acquire the necessary brivate land.,

2)‘ Develop a visitor information- program.

35 Limit development to parking, sénitat?on, visitor

4

displays, and trails;

5. W-L Ben Lomond High Lakes

Description: see above

Management s

1) VThe site is to be managed for the préservation and
enhancement of:water quality aﬁd'quantity and éor
aesthetics

2) Construct an observation point at Ben Lomond look-
out site.-

3) Consiruct 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 'Mild-Scenic River' under PL 90-542 on
October 2., 19%8. This classification extends 20 chains to both
sides of the river bank, A management plan for this area is due

in October 19%9 in compliance with PL 90-542,

As can be seen from the preceding descriptions, the major Timita~
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 +oadside strips border :some, but
not all, of the existing roads, depending on whether the roads
are deemed to be of scenic value., The strips, by definition,
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. roadis: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 ¢he 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-sensing oriented criteria

In view of the difficulties described above in applying 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 integrating
potential land uses should be investigated. It was decided, however,
that despite 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 usés 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 fully operational.

A remote sensing oriented system, classifying lands in the Meadow
Valley Area should, in all probability, resemble the present system,

The primary difference would be the absence of reliarice on an intimate
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knowledge of the area in gquestion 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 nesded for developing plans., It is
1ikely 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 famildiar with each plot of land to be zoéed; This would be
particularly true of any operation designed to uniformly zone large,
widespread wildland areas, and would be even more true if it included
areas previously Tittle 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 spécific 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:

1. 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



-wildland environments.
L, It was assumed that the identification of (not to be
confused with the interpretgtion) of specific wiildland
conditions is no more limiting than would be encountered using
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 bé investigated in this study.
5. It was assumed that the interpreters would be reasonably
experienced wi-th the image ‘types used, the general ecological
relationships encountered in.‘the area, 'and the broad require-
ments of the land use planners, but :not intimately familiar
with the particular area to be zoned or 'specific socio-economic

factors which might affect land use decisions.

a) Selection of Zones

Based uéon a thorough fnvéstigatidn of the various zoning bré-
¢edufes being followed on the National Forests of Northern California,
a compilation of desi?eab]é zone categoriés to be inclﬁded in thé
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 no}thern hatf
of the Sequoia Eastside Subregion, as they are designated By the U,S,
Forest Service. The 1i5t is in'essence, 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.typés 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 in later sections deal-
ing with the actual mapping procedures to be fo]lowe&, the zones were
lumped into two groups: T, .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 specific charac-
teristics of the Tocal 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 directives 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 list of the zones with accompanying descrip-
tions and appropriate management guidelines., 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 Tower 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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B.

to furnjsh optimum conditions for wildlife and 1ivestock
grazing. This includes an active awareness of the potential
for fires, and both on-site and downstream needs for watershed
protection, .Reecreational use-will :not be encouraged. Few
timber management practices are necessény.

Westside Intermediate

Description; Generally heavily timbered areas lying in mid-
elevations (range approx. 2000' to 7000') between the Valley
Front Zone and the Crest Zone. Vegétatﬁon consists primarily
of conifers and occasional. dense 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 -higher ‘elevations. Second-
ary emphasfs is on the maintenance or improvément of forage
production for wild]ife or livestock on areas unsuited. for
timber production. Transitory forage types should be utilized
in a mannér consistent with ultimate timber production. Recrea-
tional use will usually be limited to. peripheral activities
originating incother high recreational use zones.

Crest

Deécription: A high-altitude zone, charactérized 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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Use

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,

Eastside Intermediate

Descriptions A mid-elevation zone lying generally east of
the Crest Zone, and bordered to the. east by the Basin Front.
Vegetation is primarily «coniferous, sometimes intermingled
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.

of Occupancy Zones

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 wildland management agencies, some
adjustments may be necessary in adjacent wildland areas.
Streamside

Description: Includes all live streams (including intermit-

tent streams) and associated riparian areas, Also includes a



border fringe of vegetation.oﬁ‘sufficiént width to péotect

the channel, and scenic canyon walls where applicable,
Management,: Objectives are to.minimize siltation, channel
blockage, 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 adversely 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 wnot adversely affect. the stream environment.
Water Influence

Description: Areas of varying width along specific streams

or lakes which due to.their 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 necéssary recreational
developments.

Management: Emphasis is on the preservation of the aesthetic
environment, including the quality of the éertinent lakes

or streams, Development of recreational facilities as neces-
sary should be undertaken, with appropriate concern given to
protection. .against water pollution, damage to- the environment,
and protection against fire. Timber cutting should be 1imited
only to high-risk trees-and that necessary for .construction of
roads, campgrounds, and other deve]oﬁments.

Travel Influence

Description: Areas of varying width which border main highways
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and roads. The area shouid be wide enough to protect
the near~-view aesthetics,
Management: Timber cutting within. this zone will be limited
to high-risk trees or those necessary for construction of
rights~of-way, scenic overlooks, adequate Tire 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.



Consequently twelve cover type designaiions 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 indicate the zone

description assigned to each area.

adopted as follows:

Hence a three character code was

B3a
General Use of Domi nant
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

L, Travel Influence

5. Scenic Roadside

6. Distant View Area

7. No use or occupancy designation

1T, Dominant Cover Type

a. Dense mature conifer forest
Sparse mature conifer forest
Dense young conifer forest
Sparse young conifer forest
Dense chaparral

Sparse chaparral

lush herbaceous vegetation
dry herbaceous vegetation
riparian hardwood vegetation
dry-site hardwood vegetation
semi-~arid shrubs

bare rock or soil
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Thus the example code, 'B 3 a“; indicates.an area in the Westside
fntermediate Zoneé 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
"¢'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 deéree 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 Designatior
Designations to be Used

YNGR RO SOR RS SRS ¥
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V., - Planned ngpletion/ofrstudy

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 wse of
image ‘interpretation techniques for multiple use planning. Prime
consideration will be igiven to such féctors as amount and kind
of supélementary information needed ‘in‘addition to the images
themselves, the minimum size of land area that merits ‘its own
classification, and the .number of ¢lasses that should 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 applicability to multiple use
planning-of advanced techniques presently being developed.
Included in this analysis will be specific applications of,
satellite photography, automated interpretation techniques,
capabilities of sensors operating in other than the photogra-

phic portion of the spectrum,
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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 presented 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 to which 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 complétion 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 quantitatively 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 undertaking; with the Training Unit

in the form of seminars, discussion groups, and training pro-
grams are planned. In addition to the dissemination of infor-
mation, the inputs from representatives of various sensor and
application disciplines will be coliated, 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 criter;a for discrimination of features of
interest and for the understanding of sensor returns. In addition,
the unit will seek t6 determine those parameters which significantly
affect the spectral characteristics of features and conditions of
interest, and investigaée 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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Monitor incident radiation and reflectance from selected
neutral targets at the time .of photographic overflights

in order to facilitate calibration of the resultant imagery.

B. Studies involving interactions with other units.

I

2.

L,

Operatignal Feasibility. Determine that type of épéc-

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 éfficiently

obtained..
Image Interpretation and Enhancement. Collect and

analyze spectral ground truth information in order to

explain sensor returns as necessary for ‘effective image
inierpretatfon. Help determine what types of'ground truth
information that are necessary to establish feature conditions.
By analysis recommend those film-filter combinations most
likely ‘to result in images which are easily interpreted

or enhanced for identification of"specific'features or
conditions by spectral signatures.

Automatic Image Classification and Data Processing. Examine

relationships between automati¢ image classification and’
the spectral char;cteristics'bf‘the féatures being classi~
fied in orgsr to'help determine the actual on-the-ground
factors responsible for differentiation of classification
units.

Training. :‘Provide.training material and examples for
understanding: of spectral characteristics and their.utili-
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 ﬁhe 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. Conseguently, 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 iq 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 (1) its morphological

characteristics, (2) its spectral reflectance characteristics
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(3) its seasonal state or state of maturity, (&) 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 spec¢tral 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 ;he 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 Teafy 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 Tife.

L. 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 theAsun 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, Titter 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 sensitivity.of 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 aerijal 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‘P?rts

From the foregoing discussion it becomes ;pparént that, in
order to exploit the benefits of multispectral techniques as an aid
in the absorption and transmission phenomena of plant structures,
particularly Teaves, should be known and understood.

Although radiant eéergy striking a teaf 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 refleétance.

Diffuse reflectanée 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. Amorg
natural surfaces displaying essentially diffuse-reflectance are
blown sand (Romanova 1964) and some vegetated surfaces.

Mixed reflectance occurs most frequeptly in nature. In this
case the reflecting surface returns radiant energy both diffusely and

specularly, Depending on which type of reflectance predominates, the
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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 extreﬁely glossy cuticle where
reflectance is largely specular, to those with essentially matte sur-
faces where. reflectance is almost entirely diffuse and approximately
follows Lambeit's cosine law {Myers and Allen, 1968). Most ?eaves
exhibit a mixture of specular and diffuse reflectance. At grazing
angles the specular compo&ent from the upper surface of a leaf may
be large; however, as the incident .angle decreases the: specular
cémponent rapidly decreases and the reflection becomes more diffuse
due primarily to multiple internal reflections. Howard (1966},
working with -eucalypts in Aust;alia, found that at small incidence
angles, the reflection pattern .of those leaves ‘does not greatly difi-
fer 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 (400-900nm) usea in aerial photography., The typical Teaf
anatomy (Figure 3.1) is such that there are many air-water interfaces
between the cell walls and the interceliular spaces. The ch;ngerof
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, 19%5). Although there may be many

60



N R %5;

" Figure 3.1This drawing of a typical leaf anatomy (from Gates, 1955)

emphasizes the large ‘amount of air space present. The great number
of air-water interfaces at the cell walls 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 and much 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 rerlected radiation.

The radiant energy leaving a leaf from the side opposite the
i1luminating 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 emergingdfrém éhe illuminated side.

Figure 3.2 shows .that qualitatfvely the spectral disttibution of
radlant energy from a leaf is very s:mllar to*that reflected from it.
Only'energy that is absorbed by a ]eaf can be* used by itin photo-
synthesns and other.bgologlcal processes.: Consequently, the radLant
energy’ transmltted through a leaf and that reflected from a leaf to~
gethér comprlse that: part of the radlant energy ‘incident upon the leaf
which has ‘been unused.

Although most leaf eomppﬁents'are re]atfvely transparent, plants
abs~rb energy very efficiently at those wavelengths required for pho-
tosynthesis., The predominant leaf pigments, chlorophyll a, chTorophy]I b,
carotene, and zanthophy]l all absorb in the v:c:nlty of 4hSnm in the
blue part of the spectrum, . In addltlon chlorophyl] absorbs in the
vicinity of 645mm. in the red part of the spectrum., A small part of
the energy which is absorbed by chiorophyll (Figure 3.3). undergoés a
wavelength change and is 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 as -sources
of energy to the plant itself and to other organisms which can not

utilize Tight 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 mést often been
obtained using Taboratory spectrophotometers to ébtain 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 (Mg0) 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 Tight 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 Tatter 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 is a .composite
of the reflectances from variously oriented and variously illuminated
leaves, stems and underlying soil and litter. (2) The density of

a plant's follage 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 with 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 illuminant, (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 intégrate
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, spectroradiometer model 580/585. This In-
strument measures spectral intensity in absolute radiometric units.
(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
visible and 4nm in the IR region. For fleld use, the unit |s 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 unlt, 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 fleld 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 recelved by the detector. This size roughly corresponds with
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Figure 3.4 The spectroradiometer is shown here being used at the NASA
Bucks 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 jin this study; there-
fore, the integrating effect of the photograph and the spectroradiometer
should be about the same.

Preliminary testing indicated that-specular 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 for:this study were at instru-
ment angles of less than ten degrees.- In.order 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 vértical. -

It was felt necessary to take these pracautions because very
little work had been done onfield measurement of plant reflectance.

The Russian worker, Krinov (1947), did some excellent preliminary
work in the late 1930's on reflectance from natural formations, but
this apparently was never pursued farther., 1In the present study,
only limited éests could be made of the effects of warious angles

of inclination of the instrument from the vertical, in relation to
suﬁ angles and azimuths, However, these tests indicate that the
reflectance data reported here do not suffer significéntly 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
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,

1%8, was available for study:

Film Type Filter Viewing Form
Plus-X Aerographic 25401 Wratten 25 Opaque Print
Plus-X Aerographic 25401 Wratten 61 Opaque Print
Infrared Aerographic shol Wratten 89b Opaque Print
Infrared Aerographic sh2k Wratten 47b Opaque Print
Ektachrome Aero 8Lk42 No Filter Transparency
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Cont. (film) (type) (Filter) (viewing form)

Ektachrome Aero Infrared 8L43 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, Tﬁis 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 3,6 Resultant spectral sensitivity of Plus X Aerographic film used with a Wratten 25 filter.
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Collection of Ground Truth Data

The area covered by the multiband phoFography 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 papér 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 jmages 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), manzanita (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 densities 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 given film-filter combinatian, 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 combination responds.

At the time of this writing a-comparison of optical densities cannot
be made between film-filter combinations because the density measure-
meﬂts 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 épecies by‘bptical density data -and spectral re-

flectance data.

Results

Comparison of the data tabulated in Figure 3.9 for four plant
species, ana 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 caméra and the spectral reflectance-
as measured in sity by a fleld spectroradiometer..

The tabulations of optical density in Figure 3.9 show a range of
values obtained from fifteen measurements of each plant species. The
optical density values for the.plant species can be compared only
within spectral bands, For -example, .values for whitethérn and man-
zanita can be compared for ‘the spectral interval to which the Plus-X
Aerographic film and Wratten 61 filter combination (Pan 61) is
sensitive, but.the -optical dénsity value of whitethorn f;;gghe Pan 61
film-filter combination cannot be .compared with its value for the
IR898 film-filter combination. The reason for this is that differ-
ences in exposure or processing can raise or lower the absolute value
of optical density for the film negative. Processing differences
can also change the film gémma 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 chanéed;
none of these factors will ch;nge the relative positions of the plant
species on the optical density scale for a given photograph.

The curves of spectral reflectance shown in Figure 3.10 are averages
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Figure 3.9 The summary of data 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 spectroradiometer.
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of from two to fiveAindividual 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 anne.A However, when the reflectances from
several spectral regions are examined in concert, the chance of spe-
/cies identification becomes considerably better, .

It is difficuit 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 ha; the advantageé 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 contgined 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, thé green, red and near-infrared spectral regions were sepa-
rately utilized, but the blue and infrared weré combined. A plant
species can display very obvious differences in relative tone value
when photographed with these‘éombiﬁations.' For examp]é,'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 multi~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‘weré raﬁked according'tb
grey-scale tone with "'t the Tightest and '4" the darkest,'and then
were presented in the order that the spedtré] bands‘aré presented
in that figure, each could be identified according to ifs ﬁnique

signature'' as follows:

snowbrush 3-2-2-2
whitethorn 1-1-3-3
manzanita L4-3-b-4
alder . L 2=b-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 might.at first appear

possible.

Conclusions
The results of this study indicate that, for the species of
brush plants investigate&, there are sufficient differences between
spec£ra1 reflectance signatures to permit species identification
through comparisén of optical density values on mu]tispectra] aerial

photography. Thé spectral reflectance characteristics of these

species when gathered in situ with a field portable spectroradiometer
agree in ranking with ;he optical density of the image as measured

on the negative, Although it was not the intent of this study to
predict the relative dens{ty Tevels of brush species on ;he %flm-

filter combinations used, it appears that this could have been done.

In situ measurements show more 'promise for these predictions than

laboratory 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 1imited 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 inFensity 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 “standarq“ ilTumination., 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
iilumination 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 refiec-
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 sensing purposes, 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 &
IMAGE ENHANCEMENT AND INTERPRETATION

Lawrence R. Pettinger
Andrew S. Benson

Intreduction

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 th%s Laboratory Unit is to develop a thorough understénding of
the bomppnents of the image interpretation process. This effort involves a
continuation of on-going ;esearch in several forest and range environments
and centers on two major objectives: (1) evaluation of human/psychological
factors (i.e., colpr-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 thre; case

studies. The tests performed at the Klamath Falls site demonstrate the
value of small scale aerial photography for stratifying valuabie 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 potentia] for iand
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 d;termine 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-falling 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 appraisals and salvage plans, These appli-
‘%atﬁéns indicated that a number of practical uses can be made of very small
scale photography by commercial timber managers,

Forest inventory studies were carried out in Maine by Young, et al,
(1963) using a combination of aerial and ground techniques. It was 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, 1In this way,
costs of flying, mapping and interpretation were substantially ‘reduced.

Eight classes of pulpwood stands were typed oa the photography, with four
vegetation classes and two categories of merchantability for each vegetation
ciass. Field sampling in strrps'resulted in changing 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 (]965)
indicates that nine important vegetation types could be identified on the
basis of tone and texture, and sometimes -shadow. This information was used
to program timber cruises and to locaté .areas for permanent forest reserves.
ﬁsing 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 Swellengrebl (196ﬁ) for 'greenheart'! (Qcotea rod};ei) timber in British
Guinea. The assumption that greenh