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ABSTRACT: This paper has as its basis a research program in progress for a
period of six years. Its objective has been to quantify some of the methods and
results of forest aerial photo interpretation. The introduction of statistical
methods to this type of research is essential but greatly complicates it, as com
pared to an individual, subjective approach to data gathering and analysis.
Problems of communication and implementation are discussed and a number
of sample studies are described.

INTRODUCTION

I N 1955, a paper titled "The Need of Quan
titative Evaluation of the Photo Inter

pretation System" was presented by Dr.
Harold Young of the University of Maine (1).
At the time of Dr. Young's timely presenta
tion, it would have been difficult to find more
than a half dozen published papers in which
quantitative evaluation of forest photo inter
pretation was involved. Such a literature
review today, however, would reveal a very
considerable bibliography which is progres
sively increasing both in extent and in its
degree of sophistication.

Despite this rather impressive array of
literature, it would be most unwise to assume
that the photo interpretation process is soon
to be reduced to a simple game of numbers.
Nevertheless, it has been shown that the sys
tem, generally subjective in nature though it
may be, is liable to a certain, significant de
gree of quantification. Albeit the degree of
possible quantification is limited, at least in
terms of present photo interpretation system
components, the ultimate extent to which it
can be profitably instituted is felt to be
neither fully appreciated nor in any sense
achieved at this time.

A CASE FOR QUANTIFICATION OF

FOREST I:\TTERPRETATIO:\T

It cannot be denied that many photo inter
preters have been, and are, enjoying a high
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level of success while relying primarily upon
subjective judgment for their results. But it
appears, at least in forestry, that really
outstanding photo interpreters are not overly
plentiful. One also finds that these people
tend to be individuals with above-normal
native capabilities in the art, and that they
are also usually possessed of a considerable
period of experience in their working area.
As an educator, the author is interested in
getting the highest possible level of photo
interpretation skills into the hands of as

1 Presented March 25th at the 1963 American Society of Photogrammetry Annual Meeting in
Washington, D. C.
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FIG. 1. Relationship to ground volume of mean photo heights and crown densities obtained by
8 interpreters from 52 1/7-acre plots. Fall pan 1/20,000 photography.

many professional foresters as is possible in a
short time--certainly many more than just
those who have the capabilities of becoming,
in time, really outstanding "subjective-skill"
in terpreters.

The luxury cannot be afforded of either the
required experience period or the native abil
ity limitations imposed by the present system.
It is contended, therefore, that further quan
tification of the photo interpretation system
provides the best possibility for significantly
and comparably raising the level of average
proficiency in a shorter period of time.

As a prime example, one has only to look
at the characteristics of the forest(ry) situa
tion in northern Minnesota to realize the
need and potential possibilities for some
further degree of quantification of our photo
in terpretation system: (a) a vast land area of
extremely diverse ownership patterns and
types, (b) lack of accessibility, (c) diversity
of tree species bu t a tendency toward stand
uniformity in many important commercial
types, (d) insufficient personnel, and (e)
high costs of data collection by conventional
methods.

By current standards, use of aerial photo
graphs by most practicing foresters in northern
Minnesota is extremely intensive. Neverthe
less, ou tside of distance and area measure
ments, conclusions and decisions regarding
forest stands are based purely upon subjec
tive j udgmen t insofar as photo usage is con
cerned. Because of the lack of personnel and
the character of the forest, administrative
decisions of a surprisingly high level of im
portance are often necessarily made purely
from the photos. To the outsider, this may
appear to be extremely risky and, to some
extent in some cases, he will be correct. Some
unusually skillful interpreters experience a
high degree of success and confidence, but
results obtained by different interpreters
cannot on the average be expected to be con-

stant or comparable. Introduction of a system
of actual measurements into the photo inter
pretation process is felt to be the only way
in which the level of accuracy, comparability
and statistical reliability of the answers of all
interpreters can be substantially improved.
Such a system would increase the number and
reliability of administrative decisions possible
from the aerial photographs. It would tend
at the same time to reduce the excessive
amount of valuable professional time now
being consumed by routine field travel and
measuremen ts.

A series of preliminary tests over the past
several years in cooperation with the Minne
sota and Ontario Paper Company indicate the
existence of very strong relationships be
tween photo and ground measurements in
their area. A few of these are shown in Figures
1 and 2, the basic studies for which are not
yet complete and, hence, statistical analysis
has not been accom plished.

Figure 3 illustrates graphically the results
of an attempt to classify forest stand volume
purely on the basis of aerial photo measure
ments. The estimates made by the 11 inter
preters involved were based upon photo
height measurements, crown-density esti
mates and the use of a rather crude preli m
inary aerial stand volume classification table.
The table had been previously prepared from
data collected in another part of the state (2).
Ten of the interpreters obtained aerial volume
estimates which did not differ significantly
from the ground measurements. Sample cor
relation coefficients (r) ranged from .466 to
.666-all of which were significant at the
one % level. None of the interpreters, inci
dentally, had ever been in or near the test
area!

On the basis of these, and similar investiga
tions elsewhere (e.g., 3, 4, 5), much has been
learned about the development of aerial
tables, plot measurement techniques and
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FIG. 2. Relationship to average stand diameter at breast height (dbh) of photo heights and crown
densities obtained by 14 interpreters. The 53 1-acre hardwood plots were on 1/15,840 fall pan
photographs.

FIG. 3. Relationship to ground volume of photo
volume estimates made by 11 interpreters on 59
1-acre plots. Fall pan 1/20,000 scale photography.

interpreter trainIng. There still remains the
problem, however, of organizing these units
into a system of application which is sound
and simple to apply. This is proving difficult,
but it appears probable that one or more
basic techniques will emerge in the next
couple of years which will be adaptable to
many local areas.

THE NEED FOR STATISTICAL METHODS

An attempt has been made thus far to
show that quantification of forest photo inter
pretation is both possible and desirable. The
investigator who institutes research of this
nature, however, soon finds himself faced
with problems peculiar to the subject:

1) Lack of available research background
material and suitable instrumentation.

2) Difficulties in enumeration due to the
indirect photo approach to the popula
tion of interest.

3) The human equation in information
read-out.

4) Problems of experimental design, data
analysis and data in terpretation.

Admittedly, the first three items do not
constitute "hot" news to experienced inter
preters-a fact which does not lessen the
degree of their importance. But, despite the
magnitude of their role, only the last item has
been selected for comment for the following
reasons: (a) proper design and statistical
analysis is essen tial to the conduct of mean
ingful research of a quantitative nature, and
(b) it is that part of the research function
most photo interpretation investigators know
the least abou t-and the speaker is no excep
tion in this category!

It is becoming amply evident in all areas
of scientific investigation that what was ac
ceptable research 10 to 20 years ago is rarely
good enough today. A personal opinion ren
dered strictly on the basis of a mean of several
uncontrolled observations was, at one time,
as close as we could come to a valid quantita
tive answer. The advent of statistics as a tool
of research and, more recently, the incorpora
tion of the electronic com pu ter have irrevo
cably changed this. This has not come about,
incidentally as a result of a vast, heinous con
spiracy on the part of the statisticians; al
though it must be admitted that they have
been busy! Rather, it is the inevitable result
of advance and change in our level of scien
tific knowledge, education and method of re
search. As a matter of fact, a change in atti
tude toward the whole conduct and reporting
of research is also increasingly evident in the
using, professional public. Audiences are be
coming more critical and are no longer so
easily intimidated by statistical analysis since
they are, more and more, becoming trained to
appreciate, understand and lise it.

Since most investigators in the interpreta
tion field are not highly skilled in the use of
statistics, the advice of a statistician must be
sought. Most of the problems which, at least
initially, often arise in such associations, come

7 11
.0------0

21 ,... .....
)Y

/
/

14 /
P

/
/

°6
1 2 3

Photo vol. est1mate (M curt/ac.)

2



940 PHOTOGRAMMETRIC ENGINEERING

about as a result of difficulties in explanation
and understanding. I t appears that most
statisticians have difficulty at first in under
standing the nature of photo-extracted in
formation, the factors which influence it and
how it can best be analyzed and used. By the
same token, many neophyte investigators
have no appreciation of the drastic degree to
which the initial design and conduct of their
experiment will, in the end, dictate what they
can (and cannot) conclude with regard to
their findings.

A major value of the introduction of statis
tical tools into the interpretation process is
that it provides the only currently acceptable
means for either assessing or implementing
the potential degree of practical quantifica
tion of the interpretation process. It appears
also to afford some hope for the establishment
of standards of comparison which are generally
interpretable and acceptable by a large num
ber of people. Take, for example, the problem
of defining that elusive characteristic of forest
photo interpretation photography known as
"quality." How does one know the attainable
or acceptable Ii mi ts of photo-i mage q uali ty
obtainable?-and if we did, how do we specify
it and describe it?

A cooperative, continuing project to study
this topic was set up by the Minnesota School
of Forestry and Mark Hurd Aerial Surveys,
Inc., some six years ago. I t had (and has) as
its objective, an assessment of what consti
tutes good forest aerial photo quality and
how it might be described and controlled.
Admittedly, no neat, numerical descriptive
package has yet emerged, or is this likely in
the near future; but some of the factors
influencing it have now been isolated and
identified (e.g., 6, 7, 8).

One series of tests, in particular, pointed
out some interesting relationships between
photo quality characteristics and their assess
ment by interpreter judgment as compared
to quantitative methods of analysis. In these
studies, a number of trained interpreters were
given a series of unidentified forest aerial
photographs of the same area. All were from
the same negative but differed in such charac
teristics as tone, emulsion, exposure, develop
ment and contrast. Even with only cursory
examination of the prints, some interpreters
were willing to make rankings of what they
considered to be the best, next best and
worst. But there was rarely any comparable
pattern of agreement between interpreters.
After that, the interpreters worked inten
sively with the photography for a consider
able period of hours under strictly controlled

conditions performing measurements of the
forest photo population. At the end of the
experiment, the interpreters were again asked
to rank the photos on the basis of the best,
second best, worst, etc. The results were ex
tremely interesting since an almost identical
pattern of results emerged from each test:

1) Instead of a random pattern of in ter
preter preference, most individuals were
unanimous, or nearly so, in their selec
tion of the "best" photography and the
"worst" photography. The "in be
tween" prints, however, were not always
ranked the same for each interpreter.

2) Analysis of the results of the photo
measurements were rather startling
since, almost without exception, they
revealed the interpreters had, indeed,
done significantly better on the "best"
and significantly poorer on the "worst"
photography. The major difference came
on the photos which in both cases were
relegated to the "in between." Whereas
the interpreters agreed on these photos
as a group, they could not agree too well
on their ranking within this category.
The measuremen t resul ts, however, were
often sensitive enough to show very
definite quality rankings within this
intermediate group.

These tests serve to indicate that quantita
tive methods of research can perhaps also be
used to determine the range of reliability of
subjective judgment and point out ways in
which it can be strengthened and improved.

CONCLUSIONS

The author in no wise suggests that quanti
fication per se can or should be used to com
pletely replace the su bjective aspects of profes
sional photo interpretation. This is neither
possible nor is subjective judgment undesir
able since it is this act of exercising sound,
trained, experienced judgment which gives
photo interpretation its tremendous basic
value. What is suggested, however, is that
through greater quantification of the photo
interpretation system we will be able to ex
tend and enhance the bounds of capability
and accomplishment of the professionally
based subjective aspect of the interpretation
process.

In closing, a word of warning is also felt to
be in order with respect to the incorporation
of statistical methods into both our research
and practical interpretation. One can become
too enamored of the magic of numbers and
investigators (and readers) should not forget
that numbers, as well as words, can tell mis-
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truths and be hypocritical. There is always
the inherent danger in any revolutionary new
approach that too much begins to be ascribed
to it or expected from it. Or there is the
danger that it becomes an end in itself rather
than a tool of research-to the point where
subjectivity becomes taboo, and one cannot
even render an honest, personal opinion with
out numerical substantiation verifiable at the
1% level! Let us use it-let it not use us.
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ABSTRACT: In obtaining source data for incorporation into a lunar chart, the
principal input at present is from photographs taken with astronomical tele
scopes. These photographs are considerably different from the material normally
used in photogrammetric studies,. i.e., wide-angle aerial photographs, and the
problems encountered in their interpretation require correspondingly different
solutions. Various methods of analysis are presented, with relative effectiveness
and limits of application given for each. The concept of smallest significant
image areas is introduced, with a consideration of the errors inherent in photo
graphs among the lunar plate collections of several observatories.

INTRODUCTlO)1

D URING the history of astronomy, the
Moon has occupied a somewhat sec

ondary position as a subject for extensive
study. The principal area of investigation has
been the descriptive analysis of lunar features;
and this has been left largely to the domain of
the amateur astronomers. They as a group
have done much work over the years, but are

generally limited by inadequate instrumenta
tion. Groups of lunar photographs have been
made at various observatories during the past
70 years; but many of these lacked any
systematic program in their acquisition, with
the resul t that the coverage is sparse.

The rapid development in rocket technology
over the past few years has made us suddenly
aware that lunar exploration missions are
not just a part of Jules Verne's writings or

* Presented at March 24-30, 1963 ASP-ACSM Convention, Hotel Shoreham, Washington, D. C.
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