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AS AERIAL photographs are being used
..t1 to an ever increasing extent in obtain
ing estimates of timber volume, and since
these estimates are in many cases based on
height measurements of individual trees or
stands, it becomes increasingly important
to know what precision can be obtained in
taking differen tial parallax readings to
obtain tree or stand heights. The values
obtained for this variable directly affect
the volume. It has been stated that a differ
ence of five feet in the height of a mature
tree will in some instances double the calcu
lated volume of the tree. A rough check on

, volume tables giving merchantable volume
for different values of bBH and total
height indicates that for a group of eastern
hardwoods and softwoods a difference of
five feet in height will modify the volumes
of the smaller trees (about 9 inches DBH)
by about 13% and mature trees by about
half of this. No calculations were made on
fully matured trees to which the above
statement could be directly applied. How
ever, the rough percentages do show that a
significant volume change takes place with
a change of 5 feet in height. These facts
point to the desirability of finding what the
limitations of consistency are of height
values obtained from differential parallax
measurements.

The data available for this study were
obtained by Joseph Zaremba in connection
with a problem in which he showed that
positive transparencies were superior to
positive semimatte prints for differential
parallax measurements for heights. This
study was made by Qnly the one operator
and is highly indicative of the superiority
of transparencies though not entirely con
clusive. The above study and also the one
at hand are based on the consistency of
valu,es as developed by the standard devi-·
ations of repeated measurements. The
basic equipment and materials used and
other information were:

Ryker mirror stereoscope with 4X binoculars.
Fairchild parallax bar.
Photographs taken in late JW1e in Massa

chusetts and of excellent quality.

Focal length of camera, 12 inches.
Flying height, 9,600 feet.
Film-infra red with a No. 25 (red) filter
Measurements-960 completely randomized,

ten taken on each of 48 trees on both semi
matte prints and positive transparencies.

Ten differential parallax determinatiQns
were obtained on each of 48 tree images on
both transparencies and semi matte prints
-a total of 960 determinations. The stand
ard deviation was obtained for each group
of ten measurements (in other words, each
tree) and these were plotted over the mean
differential parallax for that particular
tree. This latter figure represented the
height of the tree as it was desirable to
find whether or not standard deviation
varied with the height of the tree. This
procedure was followed for both transpar
encies and semimatte prints with' the re
sults shown in the lo\ver part of Figure 1.

It is interesting to note in Figure 1 that
there is a definite slope to the lines of about
10% and that they are almost identical in
this respect. This is contrary to what was
expected. Unless some factors have been
overlooked there seems to be three possible
avenues to the approach in analyzing this
upward trend. These are, first, placing the
floating dot on the ground at the base of
the tree; second, placing the dot at the top
of the tree; and third, the increased number
of revolutions of the micrometer in meas
uring a tall tree over the number in meas
uring a short tree.

It is thought that the only difference in
placing the dot on the ground at the tree
base would involve the difference that
might be caused by the smaller tree having
branches closer to the ground and thereby
obscuring the tree base. \Vith respect to
the tree top, it is though t that the top of
the larger tree would be better defined on
the photograph as mature trees have a
tendency to acquire a flattened top in con
trast to the spire shape of the younger
trees. This would make the parallax read
ing at the top more consistent. This would
increase the precision of the top measure
ment on the larger trees but as pointed out
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RELATIONSHIP OF COEFFICIENT OF VARIATIO AND STANDARD
DEVIATION TO MEAN DIFFERENTIAL PARALLAX
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FIG. 1

above, the precision decreases with height.
A third possibility is that more turns of the
micrometer must be made for a large
parallax value (a tall tree) than for a small
one. There is a bare possibility that this
may cause the variation.

The reason for this small though persist
ent up trend is not clear. Any suggestions
will be appreciated.

The lower limit of the graph would tend
to indicate that the standard deviation of
the differential parallax values will not get
much below .020 mm. for the semimatte
prints nor .015 mm. for t~e transparencies.
The percentage of variation as measured
by the standard deviation with respect to
the average tree height (coefficient of vari
ation) while large for small size trees does
not greatly affect the total volume as it
would be developed for a cruise. The per

'cent associated with the larger trees, while
smaller, has a very decided effect on vol
ume. From the upper graph it can be seen
that this is apparently tapering off to a
horizontal line at about 12 per cent. To
carry this further, if a five per cent limit

of error were set with a probability of stay
ing within this limit for 95 per cent or
approximately two standard errors, then
the number of measurements required to
determine height within' these limits on a
particular forest type or other sub-classifi
cation would be

!y = (2 Cj.05)2 = [(2)(.12)j.05}2 = 25

in which C is the coefficient of variation.
This means that if the probability limit
were set at the five per cent level, the most
that could be said is that individual tree
height measurements are being obtained to
within a consistency of ±24 per cent.
While this large limit of error may be satis
factory for some cruising purposes, it
limits the use of height determination by

, differential parallax as a method of volume
determination in cruises that demand a
higher degree of accuracy. The values for
the transparencies would decrease these
percentages by two to four per cent.

This information should not be consid
ered a conclusive proof of anything, but it
most assuredly should raise the question as
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to whether individual tree heights as ob
tained from differential parallax me'asure
ments on ae'rial photographs can be de
pended upon to furnish a desired accuracy
in timber volume estimates. Of course, the
average of repeated measurements on the
same trees, or from a practical standpoint
on say 25 different trees in the stand for the
purpose of obtaining the stand height,
would yield a figure that would be within
the range of accuracy and probability
mentioned above. The fi,ndings are based
on the measurements of one man, using one
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set of instruments on photographs taken on
'infra red film with a red filter by a camera
with a 12 inch focal length and at a flying
height of about 9,600 feet over an area of
mixed hardwoods and softwoods in Massa
chusetts. Any factors other than th~se
could cause a variation ip the findings.

As can be realized need exists for a great
quantity' of basic information. Any sug
gestions regarding the reasons for the in
crease in the standard deviation with the
height of the tree, or other means of ap
proach, will be greatly appreciated.

THE HOTSPOT IN WIDE-ANGLE PHOTOGRAPHS

Bert Mason Jr., Box 292, Oak Grove, Oregon

ABSTRACT

The phenomenon known as "hotspot," "no:shadow-area," or "hazy spot" in wide
angle vertical aerial photographs contributes greatly to increased mapping costs and
lower map accuracy. The spot is caused by absence of shadows and by halation near the
prolongation of a line from the sun through the exposure station. Its major effect is the
destruction of fine image detail over a considerable portion of the wide-angle photograph.
I t is not a serious problem in normal or narrow angle photographs in the temperate zones.
The most practical method of overcoming the hotspot is to avoid it. The position of the
hotspot on the photograph at any given time may be accurately predicted and flights
may be planned to avoid it.

1. INTRODUCTION

T HE "hotspot" in wide-angle photo
graphs is a phenomenon which, in the

author's opinion, may increase the cost
of some mapping projects 30 per cent
or even more. Little, if anything, has
ever been published with regard to the
hotspot, and the author has found that
many leading photogrammetrists were
unaware of its existence or of its economic
effect. Ryker is known to have referred to
its hindrance to forest interpretations in
the 1930's, but no subsequent reference has
come to the author's attention until De
cember, 1952, when Beltman1 and Spurr2

mentioned it briefly during discussion of
shadows on aerial photographs.

The phenomenon has been ~eferred to as
the "point-of-no-shadows," "no-shadow
area," and "hazy spot," among other

1 Beltman, B. J., "Shadows on Aerial
Photographs," PHOTOGRAMMETRIC ENGINEER
ING, Dec., 1952, Vol. XVIII, No.5, p. 831.

2 Spurr, S. H., "A Further Note Concern
ing Shadows on Aerial Photographs," loco cit.,
p.833.

things; but among the author's associates
the term "hotspot" has been adopted as a
handy expression and is sufficiently explicit
for practical purposes.

It is believed that some of today's lead
ers in photogrammetry may be unfamiliar'
with the hotspot because they transferred
from direct everyday contact with photo
graphs to administrative positions at
about the time normal-angle photography
was supplanted by wide-angle for topo
graphic mapping. The effect of the hotspot
is rarely noticed in 81 inch and 12 inch focal
length photographs in the latitudes of
the United States. Stereoplotter operators
of today are aware' of the spot, but appar
ently few know the cause or what can be
done about it.

II. CAUSE OF THE PHENOMENON

The hotspot is caused by that portion of
the sun's rays which is directed back to
ward its source by diffuse reflection from
objects on or near the prolongation of a
line from the sun through the exposure
station of the photograph (Figure 1A and
1B). The shadow of the aircraft always


