PREPARATION OF AERIAL TREE VOLUME TABLES
FOR
OLD-GROWTH PONDEROSA PINB

by
DAVID PHILIP PAINE

A THESIS
submitted to
QOREGON STATE COLLEGSH

in partiel fulfillment of
the requirements for the
degree of
MASTER OF SCIERCE

June 1958



ACKNOWLEDGEMENT

The writer wishes to express his sincere apprecistion to
the South Sentiem Educationsl and Research Foundation for granting
the financial assistence, vhich made this project possible, and to
the Pacific Northwest Forest and Range Experiment Station, for
supplying the necessary aerial photographs,

The writer is also indebted to Dr. J.R, Dilworth for his
guidance throughout the study, to Dr. Lyle D. Calvin, for his aid
in the statistical analysieg, and to Mr. Robert B, Pope and
Mr., E, Mowat of the Pacific Northwest Forest and Range Experiment
Station for their suggestions and general assistance,

e euthor wisghes to thenk his wife Mrs, Janet Paine for her
assistance in collecting field data and typing the rough draft.

Thanks also goes to Mrs, Mary Rice for typing the final copies.



TABLE OF CONTENTS

SUBJECT

INTRODUCTION o o o « o o o &

® ® & ¢ €« @

Objective and scope of this study

Definition of terma used , « + «

Photogrammetry . .

e & & & 0

Aerial photogrammetry o+ + o o

Stand merisl photo volume téble

]

Tree aerisl photo volume table .

REVIEW OF LITERATURE o v o o o ¢ o o o o &

*

L]

Hiotorical o« o o« o ¢ o 2 s 6 ¢ 0 0 ¢ ¢ o »

Literature pertinent to aerisl volume tables

Divect messurement « o o » o ¢ o ¢ o ¢

Total height

o o o & o 2

Visible crown diameter .

Density of stocking ., .

Indirect measurement « o o o« o

Stem diameter at breast height

Merchantable tree height

*

L ]

[l

Fomclasscti..-l.i“

Trees not visible o« 4 o« o o « o

Photo volume tables

o & ¢ 9 @ » 0 @

»

.

PAGE

N O N B Y T - S R

(35 SO 3= NN > S | = B v B & bl
A - N O T e B >N




TABLE OF CONTENTS (CONTINUED)

SUBJECT

DATA COLLECTION FOR THIS STUDY

Field data

¢ o o »

Plot measurement methods

Offdce datas « o o o o

Office measurements

Computed data , .

DETAILS OF AEREAQ'?HOTO TREE VOLUME TABLE CONSTRUCTION .,

L]

*

*

L]

* & v @

Estimation of DOBOHQ * 2 0 e o 0 0 4 s s e v 8w @

Preparation o¢f standard serial tree volume

ACOURACY OF PHOTO MEASUREMENTS o o o + & .

Vigible crown diameter measurements

Totel height measurements

GrOWn COUNES & o o o o o

ACCURACY OF VOLUME TABLES .,

Test 100 1 4 « o ¢ o o
Test 110, 2 s 0 # & e
Tesgt no, 3 . & 6 4 & &

CORRECTION FAGTORS o + o « «

ACCURACY OF VOLUME ESTIMATION

SUMMARY AND CONCLUSIONS .

APPENDIX ‘| & & 0 -0 & .0 » e .5 .
BIBLIOGRAPHY .o o o o & o o o

L]

.

*

»

-

L]

tebles

PAGE

32
52



TABLE

11

111

v

VI

VII

VIII

1

X1

X11
Xii1

XIv

LIST OF TABLES

Bffect of photo scale and camers focsl length on

aceuracy of height measurements + o« o v ¢ o o o o o &

Expected preéision of tree height measurements . .

Corrections for tree heights (feet) to be added
for lack of regolution 8 e 6 0 8 600 00 0 e @

Relationship between trese count, photo scale, and
stand denﬁity ® 0 .0 o 8 8 2 e 0 5 0 6 0 0 v s s @

Results of volume estimate t8sts o o o o o ¢ ¢ o o

Bimple correlation coefficients between plot volume
and characteristics . . L I I T I A R

Summary of vaerious volume table studies , . + + & .

Simple correlation coefficients bstween Y and tree
characteristics X, and 32 R S R

Constants in the mulfiple regression of D.B.H. on
T.H, and V,0.D, for _the equation Y = by + b1x1 4

2
b2X2 + b2X1X2 + th} e &6 o 0 % 5 6 & 4 8 B s e 8

Constants in the multiple regression of D.B.H. on
T.H, and V.C.D. for the equation Y = b, + b1X% +

baxe *® 5 * @ ¢ 4 5 ¥ B B " 8 " B S 2 T 8 e ¢ ¥ 0 0

Regression solution of D,B.H, on V.C.,D. and T,H.
for ponderosa pine trees in poorly stocked stands
on site IV land ® @ & ¢ 8 P 2 @ 8 0 B 8 e B & 4 e @

Relationship between form class and total height .

Standerd tree photo volume table for mature
ponderosa pine in poorly stocked stands on site

IViand o o o 2o o 6 ¢ o 0 5 o s o ® 4 o o o 8 o 4 o

Standard tree photo volume tables for mature

ponderosa pine in medium and well stocked stands .

PAGE

10

12
14

20

27

28
31

b7

52

25



TABLE

xvi
XVII
XViIiI
X1X

XX1
XXI1
XXI1I
XXIV
Xxv

XXvi

XXVII

XXVIII

XX1X

LIST OF TABLES'{CONTINUED)

Relationship between form cless and T.,H, '

Accuracy of photo V.C,D, measurements . . .

Accuracy of total height measurements , .

Accuracy of crovn counts o o ¢ ¢ o o o o o

Aeeuracy’ of erown counts . . s 0 ¢ 4 0 &

Standards of precision for volume tables .

First test of volume tables « o o o o o o o .

Second test of volume tables . o o o s o o
Third test of volume tables . « o & ; o o
Results of test using new data . ¢ o & ; .
Regression solution of D,B.H. on V.C.D; ané
ponderose pine trees in medium stocked stand

IVi&ndgo.co"o..o-‘o.ooooo_o.o

Regression solution of D.B.H. on V,C.D, and

® & & & 0

T.H, for
g8 on site

s & & & o

T.He for

pondeross pine trees on well stocked stands on site

niandco.coobsndjoo‘o-oc_o‘o,o

Stendard tree photo volume table for mature
ponderosa pine in medium stocked stands . .

Standard tree photo volume table for mature
ponderosa pine in well stocked gtands , .

Sums of squares and products used to develop
D.B.H."tablesc...-..........

Original field daia summarizedvby plots + «

® o & o 0

s & 0 0o @

e & & » @*

D

3

61
62
6k
é5.
66
69
76

83

85

87
89



LIST OF FIGURES

FIGURE v PAGE
1 Regresesion of D,B.H., on V.C.D., for different

stocked sbandsg . ® 4 % ¢ 0 0 0 8 @ 0 0 6 6 0 0 0 o 42

2  Relationship of D.B.H. againet T.H. for poorly |
and medium and well (eombined) stoeking classes . « « 43

3 Regression of D,B.H. on V,C,D, for poorly stotked
stands ¢ o 4 4 0 s 0 s ¢ o ® % 0 % 9 6 ¢ 0 0 8 4 9 0 0 hh

4 " Regression of D.B,H, on V.C.D. for médium and well
(GQMbined) stocked stands o o o o o ¢ ¢ o 0 0 ¢ o o o 451

. Regression of D.B.H. on V.C,D. to show the relation-
ship emong stocking classes for 90, 120, and 150
fﬁat T.H. CIassee 2 & ¢ B @ & o * @ & 00 B B o * » @ 51

6 Volume ageinst V,C.D, for different T.H, classes
for poorly stocked meture ponderosa pine stands on
Biterlandctit—'.f.!..Cil.‘.'...'.%

7 Volume against V,C,D, for different T.H. c¢lasses for
medium end well stocked ponderosa pine stands on
site 1V land P @ 2 6 6 @ 6 8 8 8 0 0 0 & s+ o @ & @ 57

8 Graphical representatiocn of restricted and un-
restricted models of regression correction factors
for poor stocked stands .+ o o o o ¢ ¢ o 6 4 o 5 s o & [2

9 Graphical representation of restrieted and une
restricted models of regression correction factors »
for medium and well stocked Stands 5 0 2 0 8 o & & 8 @ 75




PREPARATION OF AERIAL TREE VOLUME TABLES
FOR

OLD-GROWTH PONDEROSA PINE
INTRODUCTION

According to the Timber Resource Review (T.R.R.), the
estimated timber consumption for the yeer 2000, will be between 18
and 22 billion cubic feet, as compared to the 1952 consumption of
12,2 billion cubic feet (43, p. 123). The T.R.R. (43,p. 128) alse
states that, "these potential demands pose a tremendous challenge
to American forestry.”

To meet this challenge, sur forests will have to be more
intensively managed in the future then they have been in the past,
One of the first stepe in developing a sound timber management plan
ie to meke an inventory of the resource which is to be put under
management, Timber inventories are expensive and should be kept up
to date by making re-inventories at short intervals,

During the past few years, foresters have made increasing use
of the verticsl aerisl photograph as a tool to ald them in their work
of managing forest resources., One of the maﬁor forestry uses has
been in forest inventory work, Bradshaw (&4, p. 29), in a report to
the Internstional Society of Photogrammetry, said, "Probably more
persons are directly and indirectly doing aerial photo~interpretation
in commection with forest inventoeries then in any other field of

resource inventory,*®




Dr, J. R, Dilworth (5); Head of the Forest Management Depart-
ment, Oregon State College, has this to say about aerisl photo
cruisings

"There are two masin spproaches to the problem of

gerinl cruising. The first is to use the photos

for type mapping and in the preparation of the

plenimetric map. The type map is then used %o

stratify the timber so that a satisfactory

gampling plen can be developed for ground esti-

mation, The second method is the estimation of

timber volume directly from the photos through

the uge of aerisl photo volume tables or stereo«

grams.”

The proper use of aserial photo timber ¢ruising techniques, in
conjunction with some ground work, greatly reduces the time and cost
of timber inventorying without sserificing acouracy. Allison (2)
reports that in 1953, aserial photo stand volume tables were used in
forest inventory work in central British Columbia, Two years later
the same area wes cruised by conventional ground methods and there
was no significant difference between the two cruises, The aerial
photo cruise was eccomplished in only 7% percent of the time and at
12 percent of the cost of the ground cruise.

It should be kept in mind that at the present tinme, aerial photo
eruising is not intended to completely replace ground ecruising
methode. The best results are obtained by the judicious combi-
nation of serial and ground cruising techniques.

The use of serisl photos in forestry in the Northwest is

relatively new, Wood (50, p. 477) states thats




¥As late as 1946 photogrammetry and photographic
interpretation, as applied to timber problems,

was conslidered by praotically all Northwest timber
people to be only an interesting experiment, To
day (195%) there are very few if any timber owners
in the West who do not utilize aerial photography
in some phase of their work."

Ponderosa pine (Pinus ponderosa Laws.) is the most popular and

versatile softwood lumber in the United States (45), It accounts

for 54,8 percent of the western pine region's sawtimber supply (44),
The states of Oregon and Washingtoh have 38 percent of the ponderosa "
pine in the United States (17, p. 2).

Due to the fact that ponderosa pine will play an important part
in our future timber economy and that more intensive manegement will
be necessary in the future, it seems that some research is justified
in exploring the possibility of developing aerial photo volume tables
for ponderosa pine. This is espeaially true in view of the success

of similar studies in the Northwest by Pope (32), 1950 and Dilworth

(6), 1956 with secondwgrowth Douglaaafir:(Psaudetsggg menziesii
Mirb.) and with other species in othe;‘p;rts of the country, es shown
by the relatively great number of reférehces pertaining to volume
estimation from aerial photos (2, 4, é, iO, 12, 16, 23, 26, 28, 32,
4o, M, 53). b

Aerial photos cen be used to a gre?t advantage in determining
volume per ascre and total area of a stan% of timber, Even though

area determination is an important aspect of timber cruising, it is

outside the secope of this paper and will not be discussed further,




The intensity and method of sampling has a great effect on the
accuracy of a cruise regardless of whether the cruise is conducted on
the ground or from serial photos.'. Eowéver,‘ this is a prcbler‘n.in L4
gelf and will be mentioned only briefly, |

Objectives and Scope of This Study

This study had three main objectives. The first objective was
to determine if a good correlation exists between the attributes of e
timber stand whieh can be measured directly from serial photographs
and D,B,H. The direct measuremente considered were: Total tree
height, crown diameter, and stend density. The second objective was
to develop board foot aerial photo tree volume tables for mature and
over~mature pure pondeross pine stande' on gite IV land for the Des-
chutes Basin. Meyer (17, p. 10) reports that 75 percent of the
ponderosa pine stands in Oregon and Washington are on site IV land,
The third and final objective was to test the accuracy and practice-
bility of these tables once they are developed.

Definition ¢f Terms Used

Photogrammetrys Photogremmetry is the science of obtaining
reliaﬁle messurements from photographs (3, p. 830).

Stend Aerial Photowvolume Isbles A stand aerial photo-volume
table is a table that shows the per ﬁcre {or other unit of area)

volume of a stend end is based on one or mere stand etiributes



measurable on aerial photographs, These attributes may include one
or more of the followings Average total height, stand density, and
crovn diameter (6, p. &4).

Ires Aerial Photowvolume iabiea A tree aerial photo volume

table gives the volume of trees of a given species based on one or
more attributes measuresble on asrial photos, These attributes are

usually crown diameter and tree height (6, p, 4).




REVIEW OF LITERATURE
Historical

The idea of photogrammetry dates bask to 1839, when Arago
(27, ps 89)s a Frenchman, predicted the use of terrestial photow
graphy for map making. |

In 1845, Aimd Laussedat (27, p. 89); a French Army officer,
suggested the application of aserial photographs to mapping end cone
ducted extensive experiments to design a practical method., In 1838,
Lauscedat (46, p, 23) experimented with a wet plate type merial
camera, first supporting it fiem a'string of kites and later
ettaching it to a captive balloon, Hig results were not too successe
ful because of the slow shutter spesd of his cameré and his inebility
to keep the camera in a stable position, This resulted in blurred
photographs, In 1884, cameras were.mounted in free balloons which
were propelled by electric motors. This method was not widely used
because the oscillation of the free balloon was too great (46, p.24),
It was not until 1914 that the Germans solved the problem of rapidly
moving the aerial camera by.mounting it 4n an airplane,

In the early 1890%'s several important developments ocourred, In
1890, Deville, a Conadian, constructed the first practical plotting
instrument. 1In 1892, Stolze, a German, discovered the principle of

the floating merk end soon thereafter his compatriot Pulfdrich



developed a practical method of meﬁsuring height with floating marks,
In 189%, Adams developed the radisl line plotting method with its
corollary, the slotted templet method (46, p. 24-25),

One of the first attempts to use photogrammetry in forestry was
in 1887, when a Germen forester experimented with the construction of
a forest type mop using photographs taken from a fixed hot air

balloon (%2, p, 551)., His experiment was in the fall when the

. foliage of certain hardwood species was turning color. His experi-

" ment was only partially successful, Even though speties could be

identified, area calculations could not be made because the height of
the balloon above the ground was not known snd the photo scale was
nighly erratic due to rough topography,

Degpite this early start, forest photogrammetry progress was
slow, It was not until after World War I that foresters became ine
terested in photogrammetry for forest mepping (42, p. 552). In 1919,
Ellwscod Wilson (42, p, 552) pioneered aerial mapping in Canada, High
obliques were used at first and it was not until 1929 that vertieal
aerial photos were used in Canada,

Also in 1929, H, B, Seely, another Canadian, used iree heights,
estimated from shadows on aerial photographs, and "erude serinl stand
volume tables¥ to approximate timber volumes in forest survey work
(42, p. 552).

Meanwhile in Germany the principles of photographic measurements




for timber volume estimation were being worked out, As early as
1923, experiments in Germeny were conducted 3n which forest stands
wore measured photogremmetrically. However, little practical appli-
cation was found because of the extremely large scales used and the
photographic equipment wasz expensive, The important paint is't&at'
theyvlaid the basis of many present dey techniques such éss (1) the
efficienay' of parallax measuremsnts of tres heighi, (2) direst
measurement of ¢rown diemeter, and (3) the feasibility of preparing
volume tables based on these measurements (42, p, 552), Hugershoff
was prima?iiy respongible for these accomplishments,

Théxfirst American volume tables were constructed 4n 1946 by
Stephen H, Spurr (41, p, 168). Additional studies have been made by
Pope, 19%0 (32); Mosssner, Erunseﬁ and Jensen, 1951 (23); Ferree,
1953 (8); Dilworth, 1956 (6); Voriey and Meyer, 1957 (53); Mosssner,
1957 (26), and othersz,

Literaturs Pertinent to Aerial Photo Volume Tables

Hensurements obtained from aerial photogrephs may be seporated
into two categories, ?helfiret category s direet measurement and
includes informationvwhich can be measured directly from photographs,
The second category is indirect measurement, This category inﬁluges
information obtained by correlating one or more direct messurements
with an indirect méasurement, (Obtained from ground observations)

In the review of literature these measurements pertinent to aeriel



volume tables will be diseussed individually,

Direct Measurement: Some of the attributes that can be

measured directly sere as followss
1. Total height
2, Visible crown diemeter
5. Density of stocking
(a) Individual crown count
(b) Percent erown closure
Total Height:‘.There are three basic methods for obtaining
height measurements from aerial photographs: (1) direct measurement
of displacement on single photographs of trees viewed on the oblique;
(2) measurements of shadow length, and (3) measurement of parallax
differences on sterecscopie pairs éf'photcgraﬁhs (81, p. 19).

The first method hes only limited practicsl application., Since
the displacement is small, the method is limited to either vertieal
photographs taken with a wide-angle lens at a low altitude or on
oblique photographs (41, p. 21), However, under favorable conditions
good results can be obtained by this method, Nash, (30) reported
some success with thie method,

Seely (37) pioneered the shadow method in Canada where it has
been used for several years, However, it too has ite limitations,
Brrors are frequently caused by the slope of the ground upon which

the shadow falls and only trees next to clearings can be measured
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(42, p. 21). Also, the exact time of exposure of the photograph must
be known so that the angle of the sun can be caleulated (42, p.21),
Under favorable conditions this method can yield accurate results.,

Nash (30) using the shadow method on large seale phetographs‘cbtained

~ standard errors of the estimate ranging from 2.2 %o 2.5 feet for

trees averaging 35 feet in height,

The measurement of parellax differences is the most widely used
method and, ohce it is mastered, yields the most accurate results
(42, p.-al). Severél different instruments have been designed to
measure parallax differences, |

More importent then the measuring device is the seale of the
photograph and the focal length of the4caﬁera used to take the'phqtoa
gﬁaph’(aﬁ). Mosssner {25, p. 2) studied the effects of the different
scales and different focal lengthe on the accuracy of height measure-

ments in the Rocky Mountaine, His results are shown in Table I,

TABLE 1

EFFECT OF PHOTO SCALE AND CAMERA FOCAL LENGTH
ON AGCURACY OF HEIGHT MEASUREMENTS

S°319: , lf ~ Pgeal Leﬁgfh o A Standard Errer,
1$20,000 8% " 10.7 ¢
1128,000 5% 5.1 1

6 " 10,8 ¢

1431,000
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1t can be seen that the most accurate results were obtained
with shorter focal lengths and larger scales.

Worley and Landis (51, p. 823) studied the sccursey of height
\measurements'with parsllex instruments in upland oak foreste using -
scales of 1:12,000 and found the standard srror of estimate to be
between 8 and 10 fest,

Semmi (36, p. 6152619) using & seale of 139,600 and a 12~inch
foecal length in mixed hardwoods and softwoods measured individual
tree heighﬁs with an accuraey of only * 24 percent (at the 5 yercent‘
significence level) using differential parailax methode,

Worley and Meyer (52, p. 372) using 1312,000 scale photographs
in uplend oaks had a stendard error of estimate of 5 to 10 feet on
individuel height measurements,

Losee (16, p. 752), using the parallax bar on 1:7,200 photos,
had an average error of + 0.6 feet, and a standard error of 2,1 feet.

On 131,200 photos he had an average error of + 2,1 feet and a

stendard error of 0.5 feet when measuring trse heights, It should be.

pointed out that Losee's results show a smaller average error with
the smaller of the two scales tested, which is not what one would
expect. On the other hand, more consistent results wers obtained

vhen the larger scale was used, Perhaps these results oan be

explained by Rodgers (35) who also experimented with height meassure=

ments on large scale phnfbs, He pointed out that if the seale of a
photo at the gruund level is 1 inch equals 100 feet, (1:1,200) then




i2

- the seale at the top of a 50«foot tree is 1 inch equals 89 feet and
the scale at the top of a lOO-foét tree is 1 inch equals only 76
feetg |

The results of these different studies are not uniform and
therefore difficult to evaluate. . In view of this, Dilworth (6, p. 10)
prepared the following table whieh gives the expected degree of
aceuracy for height measurements on good quality photographs pro-
vided the base of the tree or stand is visible and the scale of the

point of measurement is known,
TABLE II

EXPECTED PRECISION OF TREE HEIGHT MEASUREMENTS

Seale Aj Vrivetggersifér
1:10,000 or larger 51
1:12,000 8t
115,840 10!

1:20,000 13!

Spurr and Brown {39) list seven factors that influence the
acsuracy of height measurement as follows:
1? Film emulsion
2, Scale of photographys The accuracy of tree
height measuréments is proportional to the
aseale ef the ph&tograph provided that the foeanl

length of the camera and the overlap is not changed,
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3. Focal lengths The shorter the focal length the more
aceurate the height measurement ies when using any of
the parallax difference messuring devices,

4, Time of days Vhen using the shadow method, 4he
best results are obtained when the shadow is ome to
two times the height of the tree,

De. Method of measurements The best all around height
measuring device is a parallax measufing instrument
in the hande of a skilled operétar.

6. 8Skill of observers More skill is neeesséry to
master the parallax method. A skilled photos
grammetrist will be much more accurate than an
unskilled operator,

7. Shepe of trees Trees with small or tapering crowns
will be underestimated by all methods becsuse the
tip of the ocrowns will not be resslved on the
photograph, Objects with a diameter less than three
feet will not resolve on good photos of 13120,000
seale,

8, Character of forest: More acourate results are
abté&ned when the ground direectly below the tree is
visible on the photo and does not slepe,

To compensate for lack of resolution on different scale photos
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and various types of crowns, Spurr and Brown (39, p. 720) have worked

out the following teble of correetion factors,
TABLE I11

CORRECTIONS FOR TREE HEIGHTS (FEET)
TO BE ADDED FOR LACK OF RESOLUTION

Tapering ~ . Normel ‘ Broad
Scale ‘ ..Crowns Crowns _____  Orowns
1110, 000 2 B 1 0
1116,000 ‘ 3% 2 %
1120, 000 5 3 1

Yisible Crown Diemeters Crown dismeter measurements taken
from aerial photographs are not directly comparable with eimilar
measursments taken on the ground. Only that portion of the erown
which is visible from directly above can be measured on the photo-
graph, Brenches cloaked by, or intermingled with branches from
adjacent trees, can not be distinguished, Also, thin end narrow
branches will not bs resolved on the photograph (41, p. 24), PFor
these ressons ¢rown diamster measurements obteined from photos will
be generally less than measurements taken from the ground (41, p.24).
However, if ground measurements are teken with this in mind, the
ground observer can -make-‘ allowance for lack of raéalu’cion and
¢loeking by other trees ‘and come up with ground measurements

comparable to photo measurements, These crown diameter measurements
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are referred to as visible crown dismeters (V.C.D.) (6, p. #). There

are two devices in common use which are used to mske V,C,D. measure~
ments on aerial phetos. One is the micrometer wedge (also ealled
shadow wedge) (49, p. 42). The wedge consists of two fine diverging
lines marked on transparent material, The most widely used wedges
are read in thousandths of an inch., The second device used to
measure V,C,D. from the photograephs is the dot wedge, which consists
of a serieg of dots on traysparent material, Each dot differs in
diameter by a constant emount (49). Its use consists of simply
matching up one of the dots with the tree crown in question (49),
¥hen using either of these wedges it is a simple matter to convert
from the wedge reading in thousandths of an inch to V,C,D. in feet,
It should be kept in mind that both ground and photo measursments of
V.CuD, are only an estimate, although ground estimates are likely %o
be more amccurate (6, p. 12).

Two instruments were mentioned in the literature for measuring
crown diameters from the ground, The Nash Scale (29) measures crown
dismeter directly in feet. However, in order %o use it, the operator
mist be a known distance from the tree and correctione must be made
for slope, which requires an abney reading,

Dilworth (6, p, 40) mentioned ancther instrument. It was a hand
level designed to measure right angles and was used to locate points

on the ground directly below the edges of the visible erowm. DPilworth
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located four of these points per tree, located in such a manneyr s¢
that the maximum and minimum visible crown diameters could be
measured.. An average of the two measurements was used,

Losee (15, p. 752) measured orown dismeters on 137,200 phatoa
with en average error of = 1.3 percent, * 9.9 percent.. On 131,200
photos he had an average error of - 045 percent, * 5,5 percent using
the 5 percent significance level, Moessner and Jensen (24, Pe- %)
classified crown dismeters in 4«foot classes on 1:20,600 photos,
Spurr (M, p. 25) claims that crown dismeters ban be consistently
clansified into 2-foot claases ot & scale of 1:12,000, %-foot classes

at 1315,840, end B-foot classes at 1320,000.

Density of Stockings Density of stocking is ususlly
messured in terms of basal area, which is 1mpossiblevta meagure
directly from serial photographs, To substitute for this neasgure of
density, either crown closure is estimated or ¢rown counts are made,
Each method has its advantages and disadvantages,

Crown closure, as defined by Spurr (41, p. 25), is the pro=
pertion of the aree of the stand covered by the crown of trees, In
most cases only the crown closure of the overstory is necegsary,
However, occasionslly the closure of the understory is also con,
sidered, One method of estimating crowm closure ts with the dot grid,

Thie device consists of a series of equally spaced dote printed on

transparent material, This grid is placed over the photo and the
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proportion ‘of dots which fall on tree crowns is an estimate of the

erown closure (41, p. 26),

A more éatisfac%ery device appears to be the erovn density

scale developed by Moesener (20), In use, the scele i= placed on the

photograph next to the area thet is 4o be estimated for ¢rown

¢losure. The scale is simply slid up and down until the density on

the scale correspends t6 the density on the photograph, Moessner

15ots the advantages of this scale as followss

1,

2,

e

4,

Spurr (1, p, 26+27) says that the following facts must be kept

The method is fast,

Estimetes are more ¢onsistent than ares
computations and dot counts,

Little training ie required and good
estimates are possible by inexperienced
men,

It is more aceurate then ocular estimstes

made on the ground,

in mind to keep from overestimabting crown closure when ueing the

density soale,

1

24

Image quality: On fuzzy, poor quality photographs
érown closure will generally be overestimated,
Shadows: Shedows ténd to cloak smaell openings and

cause the stand to look more dense then it is,
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5. Seale of the photographs Small openings on small
scale photographs will net be resolved on the photo,

The primary disadventage of using crown e¢lesure percent is that
it is not free from personal bias,

On the other hand, crown closure will usually be ocularly
underestimated on the ground (41, p. 27). The ground observer is
apt to give too much emphasis to small spaces bstween crowns which
are normal in fully stocked stands (41, p. 27). It must be
remembered that the degree of crown closure is not always the same as
normal stocking, For example, ponderosa pine growing on suboptimum
sites will not have 100 percent crown elosure, even when fully
stocked (41, p. 28),

The only instrument mentioned in the literature to measure
érown closure on the ground was the "Moosehorn® (33) which wes
davelopeé in Cenada, It was given its neme because of its peculiar
appearance, o

The value of crown ¢losure estimates lies in the fact that
¢rown closure shows a good torrelation with stand volume., 4s a

result, stand volume tables can be corstructed using crown closure

“

and volume alone, or other variables may be added such as crown
diometer and stand height (6, p, 15).
Mossaner (26), Spurr (41, p, 28) and Worley and Meyer (52,

pe 372) all found that crown closure estimates can be consistently
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made within 10 perocent when using the density sesle, The crown
¢losure method of sstimating stand density is used in the pre-
paration and use of stand seriasl volume tables,

Yhen using or preparing tree aerial volume tabiea, crovwn counts
are made as a measure of demsity., Crown éaunta ¢an also be used as a
measure of stand density (6, p. 12); Crown ecounts are made by simply
counting the visible crowns on a given area of the photograph,

The mein advantage of the crown count method is that a simple
numericel value may be obtained that is relatively free from pers
sonal judgement (41, p, 28),

The main digedvantage lies in the difficulty of obtaining an
accurate count (41, Pe 28). Orown counts can be made with considerable
accuracy in open grown stands, In denss stands many trees are not
visible because they are overtopped by other trees (6, p. 13),

The two most important factors affeeting the accuracy of crown
counts are photo scale and density of stocking., Young (54) made a
study of this relationchip using one«fifth aere plots in ﬁixed pine
and hemlock stands, He analyzed his date by using o multiple linear
regression formule which he found to bes Percent crowns counted =
30,57 + 114,63 X5 + 106, 794,83 X5, in which X3 is the reeiprocel of

the number ef“tr-ees1 per one«f'ourth scre plot and X2 is the resciprocal

! 9% a & inch D.B. H.



of the scale. The formule yields the following tables
TABLE IV

RELATIONSHIP BETWEEN TREE COUNT,
PHOTO SGALE, AND STAND DENSITY

No, Trees ____PHOTG SCALE

Per Aere 134,000 0,000 1312,

o i _.PHOTO TREE COUNT .
5 80 64 62 60
10 69 53 51 ko
20 6% 47 45 43

100 58 b2 40 48

It can be seen that the acouracy of the tree count decreases
as the density inereases and the scale de¢reases, The highest pere
centage counted was only 80 percent. This is a relatively low
percent, considering the low density and large photo scale, Thie
1% undoubtedly due to the low D,B,H, limit and it is logleal to
contlude that a great majority of the trees not counted were in the
empll D,B.H, classes which would pecount for only & small portion of
the total volume,

Other factors that influence the ascuracy of crown counts ares
(1) quality of the print, (2) sime and shape of the individual
¢rowns, (3) type of film used, (4) spscies composition and character
of stand, and (5) skill of the interpreter (6, p. 13).

Crown count tests on the Hervard Forest showed the errors were
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cumulative and counts from photos were alwaye lows The average error
was approximately -20 percent on good quality, large scale photos and
as high as «50 percent on smaller scale phatné-(hi, Pe 29).

Since crown count errors are cumulative and‘uaualli negative,
it is possible and usualiy ﬁeaés@ary‘ta aépiy ¢nrrection‘faé£ors to
compensate for crowns not counted. |

Andirect Measurements Some of the forest stand attributes that
are obtained through indirect measurement afe as followss

1, Stem diemeter et breast height (D.B.H.)
2s Merchantable tree height
.3, Form ¢lass
(a) Age
{(b) site quaiity‘r
4, Trees not visible

In order to accurately determine the volume of a given tree,
the first three of these attributes must be known, The volume of
trees not visible is importaent when volume per acre is waented, 3ite
quality and age are mentioned betause they are factors c¢losely
sssociated with form ¢lassa, |

Stem Diameter at Breast Heights Since D,B.H, can not be

measursed direcﬁly it must be obtained by correlating one or more
direct measurement with D,B,H., Several ferest photogremmetrists have
studied these correletions., The most commonly used independent

variables are total height, ¢rown diameter, stand density or all
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three,

Spurr (41, p. 169) stetes that the regression of B.B.H. over
V.C.D, is sigmoid {S- shaped). Spurr further states that the
standard errors of estimate range from 2 %o 4 inches when c¢rown
diameter alone is used and thet the addition of total height as a
second independent variasble reduces the standard error from one
querter to one halft

Pope (32) and Dilworth (6, p. 116) agree with Spurr that the
addition of total height as a second independent varisble along
with V.G.DQ increases the accuracy with which D.B.H. may be
estimated, Hawever, Pope (32), Dilworth (6, p. 1?6), FPerree
(8; Pe 18), and Miner (19, p. 491) disagree with Spurr in that they
found the regression of D.B.H, over V.C.D, to be linear instead of
a@gmaid’

Miner (19) using erown dismeter alone to prediet D.B.H, had a
stendard error of estimate of 1.6 inches and a earrelatién
coefficient of + 0,873 based on 2,491 loblolly pines (Pinue teeda L.).

Dilworth (6, p. 46) ueing V.C.D. to predict D,B.H, had o o
standard error of estimete of 1,17 inches with a correlatzon tow
efficient of + 0,995 in secondegrowth Douglas-fir. When using both
V.C.D, end total height (T.H.) to predict E,B,H..vthé standard error

of estimate was reduced to 0.824 inches (6, p. 67).

Merchantable Tree Heights It is usually necessary to know
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merchantable tree heights when standard volume tables are used in
conjunction with aerial photo measurements (6, p. 25)s Bruse and
Girard (10, p. 42) have developed a formula to convert total height
to merchantable height, which ist N = 0.0406H + 0,34, when N is
the merchentable height in 16-foot logs and H is the total height,
Whén using this formula the merchantable height is defined ass
Merchantable height equals 50 percent of the scaling diameter of
the firet 16«foot log, or 8 inches, whichever is greater,

Form Class: Form ¢lass must be known when aerial photo
volume tables are dsrived from stendard volume tables based on form
elass, In the Pacifie Northwest, the Girard form ¢lass is most
commonly used, It is defined as the ratic of the scaling dismeter
of the first standerd log in the iree, over D,B.H. (7, P 107)’,

Very little has been done to correlate form class with attrie
butes measurable on aerial photes (6, p. 20). Dilworth (6, p.425)
attempted to correlate form class with total height, but the
correlation soefficlent was only + 0,1005., Dilworth (7, p. 220)
shows the relationship between merchantable height in 16-foot logs
and average form elass for ponderosa pine in the Deschutes Basin,
This relationship is based on Mason, Bruce and Girard form eléss
tables,

Betause of the difficulty of obtaining farﬁ‘clkas from seriel
photos, mbat forest photogrammetrists have not consiééred form class

in the construction of asrial photo volume tables.
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Site quality and asge are both ¢losely related to form c¢lass,
Site quality classes (18, p. 10) are based on total stand height at a
given age, Total height can be measured from serial photographs, but
stand age can not, However, several authors have found that it ie
possible to correlate such factors as topography, soil, ¢limate, and
vegetative cover with site quality (15) (49).

However, site quality of mature and over-mature stands can be
measured from aerial phoiagraphs because after maturity, stends grow
very 1ittle in height and the site index curve of height over age
flattens out to an almost horizontal line (18, p. 10).

Spurr (40, p. 91) found that trees growing on poorer sites are
ol@er than trees of the same height and species growing on betier
si%es and, therefore have a higher form class, .

; Irees Not Visibles Trees not visible pose a preﬁlem only
‘wh%n they account for a substantial part of the volums, This would
;de?énd on the situation., In making board foot ectimates of saw-
'ti%ber pize stands, the volume included in trees not viéible may be
ve%y small {6, p. 23)s In making cubic foot estimates, trees not
'vi?ible may account for a larger percent of the volume, since a lower
FD;%.H. 1limit is usually used, Correction factors should be applied
fo% trees not visible, Ferree (8, p. 22) found thet the volume per
aere of trees not visible increased as the stand density increassed,

He devised a correction factor based on a regression of total volume

of trees not visible over total gross volume per plot,
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Photo Volume Tablest The fiirst tree aerial photo volume table

in the United States was produced in 1946 by Spurr (41, p,. 168).. It
was for white pine (g&ggg‘at:ébua L.) and the independent variables
used were visible crown dismeter and total height, The multiple
¢orrelation coefficient was + 0.85 (40, p. 302).. Spurr (Lo, P. 303)
also produced s stand volume table for white pine. Height was the
only independent varisble used and the correlation coefficient was
0.937. A ﬁest of the table showed an averags error of + 8.6 percent
ont 8 total of ten estaends,,

Since 1946, several other photogrommetrists have published re-
ports dealing with aerial photo velume tab;es‘ Som& o the more
prominent authors are; Pope (32), Moessner, Brunsen and Jenmsen (23),
Ferree (8), Gingrich and Meyer (é), Dilworth (6), and Wbiley and
Meyer (53). The results of the work of these authors will be dise
oussed individually,

Pepe {32) was the first to develop aerial photo volume tables
for secondwgrowth Douglasefir in the Pacific Northwest, He used data
collected on 18 one-fifth ascre plots and 123,000 secale photos, The
independent variebles considered weres Total height, ¢rown diemeter,
crown density, and tree counts, Experimentation with different
¢tombinations of independent variables showed ihat the most reliable
reéults were obtained when total height, crown diameter, and sorown
density were used to predict volume. When these varisbles were used,

the accurasy vhen tested againet field volumes was within 3 percent
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when the tests were made on the same site and same degree of stocking.
Other tests using poorer sites and lower stackiag'glasses showed that
the §hato estimates were from 25 to 40 percent low. Pope's don-
clusion was that the variables used in constructing the tables can be
estimated with sufficient accuracy to provide a reliable estimate,
provided the table fits the timber, Popels study would indicate that
density ef stecking and site index should be eonsmdered in the con-
struction af merial photo volume tables,

Moessmer, Brunsen, and Jeneen (24) published a set of serial
vhoto Yolume tables in 1951 for hardwood stands in Kentueky. The
independent variables used weres Total height, visible crown
diameter, and orown cover percemt: A photo scale of 1:20,000 was
used, As e result of testing the variation among the photo messure-
ments of séveral interpreters, they decided fe group heights inte
10 foot height elasses, crown density into 20 persent cover ¢lasses,
and ocrown diameter into 5 foot e¢lasses, The rémilts of a test of

these tables, in which 70 photo plots were measured and compared with

actual ground volumes are shown in teble V,
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TABLE V

RESULTS OF VOLUME ESTIMATE TESTS

TV (TR e e
o Board Feet)  (Per Aere)  Brror

Interpreter A 510,200 4, 45143588 +0,05

Interpreter B 295, 700 4, 2244368 4460
Field Betimate 210,000 4, hpgarshg

In 1955 Ferree (8) develop tree aeris)l photo volume tables,
He used visible crown diemeter to predict D,B.,H, and then converted
thess diemeters to volumes by using sppropriate site ¢lass volume
tables, Accuracy teste showed thet experienced interpreters eoculd
obtain an aceuraey of ¥ 30 percent vhen measuring en individual plot
end the acourasy was within 10 percent when several plots were
measured, |

In 1955 Gingrich and Meyer (9) published their findings on
serial photo stend volums tables in uplend oak, They used 95 one-
fifth acre plots and 1:12,000 photos. The multiple regression
method of analysis was used, Seven independent variables were uged,
They were: Total height, visible crown diameter, crown cover percent,
and various interaction combinations, All terms tontaining erown
diaméter proved to be not significant and they finally ended uwp with
only two significant independent varisbles, They were total height

and ¢rown tover pereent, This gave a multiple correlation coefficient
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of 4 0,85, The simple correlations found in this study are shown in

table VI,
TABLE VI

SIMPLE CORRELATION COEFFICIENTS BETWEEN
PLOT VOLUME AND STAND CHARACTERISTICS?

Volume Y 1,000

_ Total Hetght ¥ 0.841 1,000
Crown Diameter Ko  0.422  0.519 1.000
Crown Gover 35 0.299 0,186 -~ - 0.224 1,00

It can be seen that iha bestieerréiation exists beﬁﬁeen height
and volume. The addition of trowm cover as a seecond independent
variable raised the cortelétﬁ@n ftém»ﬁ,84.to-ﬁ.8§.

Troe counts on photographs showed a véiy poor aorrelaﬁian with
tree counts on the graund; This waé atﬁribuxed to the interloeking
character of the har&wood eraéns end multiple stemmed trees.

Cne of the more recent studies in serial photo éruising was by
Dilworth (6) in 1956, His study, like Pope's, was in second-growth
Dbuglasufir. However, he used the tree volume approach instead of
the stend volume approach, He used‘data collected on 90 oneefifth
acre plots on the Oregon Stete College school forest, plus 350 trees

from Pope's study. Some of the significent findings of his study

2 16 2 5 inch D,B.H, limit.

o
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are s followss

1.

2

S

5

7e

Visible crown diasmeter increased for a given D.B,H. as
site quality decreased,

Vigible erown diameter increased as the density decreased
for stands less than 70 percent stocked., In stands with
a stocking of 70 percent or more, density had 1little
effect on the V.C.D, - D,B.H, relationship,

Geographical location had only a limited effect on the
VeCeD, « D,B.H. relationship.

A test of the standard aeriel photo volume teble gave an
aggregate difference of - 2,8 percent and s standard error
of estimate of 13,4 percent.

The average deviation between photo and grdund sten
counts was + 1,0 and the standard ‘error of estimate was
2,02 trees.

The average deviation between photo and ground V,C,D,

measurements was = 0,5 and the standard error of estimate

‘was 1.84 feet.

The multiple regression method geve more accurate results
then the harmonized curve method.

The final conclusion was that aerial photo cruising of
second=growth Douglas«fir is possibls at narmal standarde

of accuracy,
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An ariticle on photo stand volume tables by Worely and Meyer
(53) was publiched in 1957. Their study was in upland ook on 112,000
photographs of high quality. Total height and ¢rown closure was used
to predict volume. A test of accursty showed a standard error of
from 104 to 108 cubie feet per'ane»ﬁfth acre plot, They concluded
that systematié errors were the most serious, and emounted to four
times the aceidental ErTOrs, Beeauge of thie, ground sontrol is
necessary when meking a photo eruise, They further ¢oncluded that in
their study it would take thres to four times as many photo plots to
obtain é.he éame ageuracy as Lwoal& be derived from ground plots, It
was estimated that 10 photo ;sléé's could be measured in the time re-
qﬁired 40 measure one ground pié-h Their final conelusion was that

gerial photo cruising is both practical and economiesni,
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SUMMARY OF VARIOUS VOLUME TABLE STUDIES

“PHOTO . NO. . INDEPERNDENT AGGREGATE — SE3
REPORTER ___ SCALE _ PLOTS _ _ VARIABLES __DIFFERENCE
Spury 112,000 10 VeB.Ds » T.H, + 8,6%
Pope 1423,000 18 VeCoDe « T.H, Within
5.0%
Moessney 1320.000 7‘0 VeCoDe = Toﬁq - l"oé% 8.5%
Crown Closure
Moessner  1320,000 70 V.0,D, » T.H, - 0,05% 7.6%
Crown Clomire
Perree V.CoD. Within 30.0%
Gindrich V¥.C.D,
& Meyer 1312,000 93 Crown Closure
Dilworth 110,000 90 VoCiDy « T.H, - 2,8% 13, 4%
Crown Closure
Worley 1:12,000 T.H, « Grown 104
Density cu, ft.

5 Stendard error of the difference,
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DATA CCLLECTION FOR THIS STUDY

The objectives of this study, as stated earlier,a are three
fold, The first cbjective is to determine the correlations between
measurable stand attributes end volume, The second and third
objectives are to prepsre volume tables f&r ponderosa pine end
finally to test their accursey,

Obviously, the firet step is the collection of data, Ths data
for this study are of two types and may be classified into field end
office detn,

Field Date

All field data were collected on site IV land on the Pringle
Falls Experimental Forest, which is located approximately 30 miles
south of Bend, Oregon., The information collected consisted of the
measurements of individusl tr6355 on 50 oné-fifth acre circular
plots. A total of 363 trees were measured, Of this total it was
decided (while in the field) that 292 could be seen from above end
consequently would show up on vertical merial photographs. All
plots were taken in steands which had not been cut, The stands were

predoninatly matureé ponderosa pine with some lodgepole pine

4 see page 3

5 Only trees of sawtimber size were measured (11,0 inch D.B.H., and
over)
Two~hundred and £ifty years and older (17, p. 9)
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(Pinug contorta Dougl.) scattered throughout. The majority of the
7

lodgepole pine was in the pole c¢lass and' does not involve board feet,
Each plot cdenter was accurately pin pricked on the aerial
phc}ograph wﬁlle being viewed tprough a pocket stereoscope., The
plots were not necessarily picked at random. In some cases they were
taken et 3-chain intervels on a psrticular bearing. Other plots were
picked because of the ease of identification on the photograph and
their degree of stocking. However, for sll practical purposes, each
individual tree can be considered as being selected at random. An
attempt was made to obtain an approximate equsl number of plots in
each stocking class, The stocking classes are well, medium, and
poor ag defined by Meyer (18, p. 26) in Technical Bulletin 630,
Following is a list of the data collected on esch individuael
plots
1. Prism count to determine basal area per acre
2, Information collected for each individual tree
{a) Total tree height to the nearest one foot
(T.H.)
(b) Diameter breast height to the nearest one-
tenth of en inch (D.B.H. )
(¢} Visible crown dimmeter to the nearest one
foot (V.CoDs)

(d) Tree species

7 Between 5,00 inches and 19,99 inches D.B.H.
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Plot Measurement Methods: Prism counts were made in the con-
ventional manner (7, Pe 192+228) with a four diopter priem as
recommended for the type of timber involved (7, p. 199). Plot
boundaries were measured with a 100-foot steel tepe. Individual treé
heighte were measured with the conventional percent abney, the dis-
tance from the tree being measured. Diasmeter at b}east height wes
measured with a D,B,H, tape, Dilworth's approach (6, p. 40) to
V.C.D. measurement was used. Briefly a hand level designed to
measure at right angles was used to locate points on the ground
directly below the edge of the tree crown. Measurements between
these points to obtain meximum and minimum crown messurements were
taken. An aversge of the two diameters was recorded., Only that
portion of the tree which, in the opinion of the observer, would
resolve on the photogreph was meassured,

Vertical panchromatic aserial photographs printed on ssmi-matte
double weight paper were used in the field. A1l photographes were
taken in 1954 with o camera which had a 12 inch foeal length lens,
The scale of each photo was accurately determined in the field by
measuring a base line on the ground and accurately pinpricking the
ends of the line on the photo. The‘ghoto.scales ranged from
119,050 to 1:9570,

Office Data

In the office, plot locations were accurately transferred from
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the photos used in the field to duplicate photos which were printed on
glossy single weight paper. A glossy print yields more detail and
makes photo measurements more accurate then 4f semi-matte prints were
nsqd. Glossy prints, however, are not practical for field use be=
cause they do not stand up under field conditions, |
Office data may be separated into two categories, The firat

category is that information which is measured directly from aerial
photographs, by means of standard measuring techniques, end includes
the following:

1. Total tree height of the four tallest trees on each

plot
2, Visible orown diameter of each tree
3. Number of visible crowns on each plot
The second category is data computed from either field messure-

ments, of'fice measurements, or both and imcludes:

1+« Basal area per acre and therefore density class of

each plot

2. Merchantable tree height

3., Site index of each plot.

4, Form class of each tree

50 'D..B-.H. of each tfee

6, Board=foot volumes for sach tree and plot




determined by placing & piece of transparent material with a eirele
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Office Measuremente: Standard procedures were used in obtaine
ing all photogrammetric measurements, Total tree heights were
determined with the aid of an Abrams height finder., Visible erown
diemeters were measured with a dot wedge (41, p. 24) calibrated in
0,005 of an inch, Knowing the photo.scala, it is o simple matter to
convert to V.C.D, in feet, A photo tree count is nothing more than
the sum of the visible e¢rowns as counted from the photo. The tree

counts were made stereoscopically. Photo plot boundaries were

drawn on it, which represented one-fifth of an acre on the ground,

over the plot,

Computed Datas Basal area per acre was computed directly from

the prism count, Percent of stocking wes determined by comparing
the basal area per acre, as determined from the prism count, with
the basal area per acre of a fully stocked normel stand as shown in
Technical Bulletin 630 (18, p.v13). Percent stocking of each plot
45 shown in table XXIV of the appendix., The standard categories of
density classification were used which are; nonstocked, under 10 '
percent; poorly stocked, 10 to 39 percent; medium stocked 40 to

69 percents and well stocked, 70 percent emnd over (18, p. 24). The
distribution of stocking clssses in this study turned out to bes

Poorly stocked, 15 plots; medium stocked, 21 plots; and well

stocked, 14 plots.
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Total tree height was converted to merchantable tree height by
a formula developed by Bruce and Girard (10, p. 42)8.

Site index was determined with the aid of table 2 of Bulletin
630 (18, p. 10). Form class was determined from table XX of
Dilworth's Log Scaling and Timber Cruising hendbook {7, p. 220).

Diameter breast height was obtained from a multiple regression
solution using V.C,D, and total height as independent variables and
keeping the three stocking classes separate,

Asrial photo tree board foot volume tables were constructed by
substituting volume for D.B.,H., for a given total height and form

class. Mason, Bruce and Girard form elass tables were used (10),

8 see page 23



DETAILS OF AERIAL PHOTO TREE VOLUME

TABLE CONSTRUCTION

it was decided that the tree zerial phote volume table approach

would be used, The review of literature revealod that the main
chjection to the tree aspproach is that crown counts in most species
are not very accurateag The main reasens why the individual tree
volume approach vwas used in preference to the stand volume approach
are as followss

1. Deneity clessification by percent crown cover

(stand approach) is not free from personal bias1oa

2; Ponderosa pine ¢harascteristically grows in open
grown stands, especially mature asnd overmature |
timber, More atcurate crown counts may be made in
open grovn stands than in dense stands.

%s Only board foot volumes are considered in this study.
Since the lower D(B.H. limit considered is 11,00
inchsesa, it is ressonable to predict that very few
sowtimber size trees will not be eccunted in a ¢rown
count.

4. A normsl fully stocked ponderosa pine stand often does
not have a 100 percent crown closure., This uekes

visual estimates of crown closure, based on percent

7 See page 19

0 see page 18




¢losure at a normal stand, more difficult.
5. 1In ponderosa pine stands there is a great variation
» in D.B.H'. T.Ha’ and VQO.D.

Estimation 9_2 D.B. Ho

The three things which must be known about a given tree to

~ eccurately estimate its volume are merchantable height, D,B.H., and

form class, Total height can be measured directly and may be cone
verted to merchentable height if necessary., Estimation of form eclass
has been discussed previously, The real problem is that of esti-

mating D.B.H. This must be done indireetly by correlating one or

" more measurable attributes with D.B.H., The review of literature

revealed that the degree of stocking and site quality have an influ-
ence on D,B,H. As previously stated, this study is limited to
site IV land, To test the effect of density of stocking the data
was separated into three stocking classes., Then gimple correlations
between V,C.D, and D,B,H.,, total height and D,B.,H.,, and finally
V.CoDs and total height were computed. These correlations are shown
in table VIII,

It can be seen from table VIII that the best.eorreiation is
between V,C.D, and D,B.H. for each stocking class. The next best
correlation is between T.H, and D,B,H. It was interesting to note

that the correlation between T,H., and V.C,D, was quite low., These
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TABLE VIII

SIMPLE CORRELATION COEFFICIENTS |
BETWEEN Y, AND TREE CHARACTERISTIOS X,, AND X,

“Tiell Stosked  Medium Stocked . Poorly Stocked .
P A 2 T A A A R
TH X, 1,00 - twoo 1.00
v.0.D. X, 0.4 1,00 - - 0.35 1,00 0.18 1.00

D,B.H, Y 0.66 '0.75 1,00 0.65° Q.75 T.Oé 0.50 0.73 1,00

correlation soefficients would lead oﬁe to believe that if both T.H,
end V.C,D, were used t? prediqt D.B,H,y the multiple correlation ¢to-
efficient would be sti}l higher. If the correlation between T.H,
and V,C.D, were perfect, hothing would be gained by using two ”
independent variables, However, the correlation was low and it
appoared that e multiple regression analysis was in order,

It was interesting to note the relationship of the corre-
lations among the different stocking clasases, The correlations
between V,C.b. and D.B.H. were about the same for each stocking class,.
The correlations between both T,H, and D.B.,H., and T,H., and V.C,D,
decreased as the degree of sﬁocking decreased,

Figure 1 shows the relahionship‘among‘the three different

stocking classes. For each class it shows the regression line of
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Y on X,e Well and medium stocked plots have similar lines of
regression while the poorly stocked plots have a somewhat different
line of regression, This shows the possibility of combining the data
of medium and well stocked plots.

Figure 2 illustrates two things, First, 4t shows s definite
difference between poor étocking and the two other stoeking classes,
vhen Y is plotted egainst xa. This further indicates that the poari&
gtocked plots should be kept separate from the other stocking classes.
Secondly, Figure 2 shows a slight tendency toward curvilinearity when
Y s plotted againet X1. However, the curves were fitted by eye and
the evidence of curvilinearity is not conclusive, A test of
curvilinearity with X, will be discussed in a later seetion,

Figures 3 and 4 again show the regression line of Y on X,. They
alao show the mesns of D,B,H.'s plotted egainst V,C,D, classes,

These figures showed a emaller indication of curvilinearity than Y
on X1. Therefore, to simplify the multiple regressién equation, X,
was not tested for curvilinearity.

The next step was to decide on a multiple regression equation,
In view of the simple correlation coefficients slready calculated and
the relationshipe shown on Figures 1 andlh, the following regression -

equetion was decided upons
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Figure 1, Regression of D.B.H., on V.C,D, for
Diff'erent Stocked Stands
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Figure 2, Relationship of D,B,H. Against T,H,
for Poorly and Medium and Well (combined)
Stocked Stands
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‘Figure 4, Regression of D,B.H, on V,C.D, for Medium
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Y e bo + b1x1 4 b2x2 + b3X1X2 + b4X1
Whens Y « D,B,H,

X1= T.Ho

x23 V.C. D.

bO- Intercept

b1, bz, b, 54 = Regression Coefficlients

3

After the regression coefficients were»determined by the least
squares method, they were tested for significance by an F test as
shown in table IX, With one exception, the F test showed that all of
the regression coefficients were non-significent at the Sepercent
significance level, In this case they were not significant because
of the high c¢orrelation among the independent variables,

Dropping the interaction term caused b, to become significant in

2
all stoeking classes, However, b1.and b5 remained nonesignificant,

Dropping the bs term resulted in by and b, becoming significant
in all cases. The results are shown in table X, The conclusion is
thet the line of regression of Y on X, and X, is linear for each
stocking class. ‘ B

The solutions of the regression equations of Y on X’ and X2 for
medium and well stocking are shown in tables XXIV aqd XXV in the
appendix, The solution for poorly etécked stands is shown in table

X1,



TABLE IX

CONSTANTS IN THE MULTIPLE REGRESSION OF
D.B.H, ON T.H, AND V.C.D. FOR THE EQUATION
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- 2
Y b + b1X1 + b X + b§X1X2 + bt‘X1
WELL STOCKED
COEFFICIENT CONSTANT __ F_VALUE
by (Intercept) -15,895 0.79NS
b1 (Linear effect of T.H.) 0.2914 0.85N5
by (Linear effect of V.C,D.) 0.9249 2,29Ns
b (Interaction) « 0,001253 0.06N8
b4 (Curvilinearity effect of T.H,) « 0,000342 0.05NS
MEDIUM_STOCKED
COEFFICIENT CONSTANT F_VALUE
bo (Intercept) 1,627 0.10NS
b1 (Linear effect of T.H,) 0.03%60 0,02NS
b2 (Linear effect of V.C.D.) 0.6956 1.38NS
5 (Interaction) 0,0006%8 0.02KS8
(Curvilinearity effect of T.H.) 0.000555 0.22K5
POORLY STOOKED
COEFFICIENT CONSTANT. “F VALUE
by ( Intercept) 34358 0.,01N8
b {Linear effect of T.H.) - 0,2888 0.,02Ns
b (Linear effect of V.C.D.) 0.9091 e S5%*
( Interaction) - 0,00109 0.23N8
0.00107 - 0,22N8

bz (Curvilinesrity effect of T.H.)

** Significant at the 1% level
N3 Nonesignificant at the 5% level



TABLE X

CONSTANTS IN THE MULTIPLE REGRESSION OF
D.B.H. ON T,H, AND V,C,D, FOR THE EQUATION

I = b6 * b1.x1 * ng

WELL STOCKED

2

COBFF ICIENT CONSTANT F_VALUE
by (Intercept) «8,752 10.62%*
b, (Linear effect of T.H.) 0.1902 56.33%%
b, (Linear effect of V.C.D.) 0.7735 108,58+%
MEDIUM STOCKED
COEFFICIENT CONST ANT F_VALUE
by (Intercept) 6,934 7. 31 #x
by (Linear effect of T.H.) 0.1765 58, 50 **
b, (Linear effect of V.C.D.) 0.7647 141 ,6lnx
POORLY STOCKED
COEFFICIENT CONSTANT _ ~— F _VALUE
be { Intercept) -8, 765 2. 39N8
by (Linear effect of T,.H.) 0.20%9 19,20%%
by (Linear effect of V,C.D.) 0.7704 61,925

** Significant at the 1% level
NS Non-significent at the 5% level
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Figure number 5 shows the relationship between D,B,H. and V.C.D,
smong the thres different stocking classes for the 90, 120, and 150
fool height classes. The slope of each stocking class is about the
same, It can be seen that the regression lines for medium and well
stocked stands are similar, while the regression line for poorly
stocked stands is eonsistently above the other two, For thls reason
the data for medium and well stocked stands was combined end a new
regression equation was caleulated, The regression solution for the
combined medium and well stocked stands is shown in table XII. It
can also be observed from Figure 6 that any error made by combining
the two stocking classes are negligible for the 120-foot height class
(mean height). The regression lines are identical. Errors in other -
height classes are in different direetions. For heights above the
120-foot height class, the regression equation for well stocked
stands yields a higher value than for medium stocked stands., Just
the reverse is true for heights below the 120-foot height ¢lass,

Preparation of Standard Aerial Tree Volume Tabless

It is a simple matter to convert tables XI and XII to volume
tables by simply substituting volume for D.B.H. for the approprinte
height class. These tables ére number XIIT and XIV respectively,
and expressed graphically in Figures 6 and 7. In this study stendard

volume tables developed by Bruce and Girard (10) based on total height



TABLE XI

REGRESSION SOLUTION OF D.B.H. ON V.C,D, AND T.H.
FOR PONDERCSA PINE TREES IN POORLY STOCKED STANDS
ON SITE IV LAND

TooiDe T TOTAL HEIGHT. gFEm‘} —
FEET 80__ 00 100 110 _ 120 “Th0___150

_D.B.H, IN INCHES

9 14,5 16,5 18.6  20.6
12 16,8 18,8 20,9 22,9
15 19,1 21,1 23,2 25,2
18 21,4 23,5 25,5 [ 27.5
21 23,7 25.8  27.8  29.8
27 28.3| 30,4 32,4 345 36,5

0
2
6
9
2
S5 k0.6 k2.6
9
2
2
8

30 30.6 32,7 5174.7 ] 36..‘?_ 3?.? . 22.3 25;3
53 5 oo . 590 » » ° N

36 9.3  M,4 | 434 45, r‘b‘z““-/.s I .6
%0 : 43,7 45,7 Ly 49.8 51.9
42 48,0 50,1 52.1 54.2

Baged on 49 trees

Figurea not enclosed are extrapolated values
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Figure 5. Regression of D.B.H. on V,C.D, to Show the
Relationship Among Stocking Classes for 90,
120, end 150 Foot T.H. Classes
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TABLE XIT

REGRESSION SOLUTION OF D.B.H. ON V,.C.D, AWD 7.H,
FOR PONDEROSA PINE TREES IN MEDIUM AND WELL STOCKED STANDS
' ON SITE IV LAND

V.C.D. __ TOTAL HEIGHT IN FEET —
FEET _70 80 90 _ 100 110 120 130 140 150
_ ' D.B,H, IN INCHES g
é 3.3 22,4
9 11,9 306 | 28,7 26,5
12 14,2 7.9 27.0 | 28,8
15 16.6 20,2 29.5 | 31,1
18 18.9 | 20,7 22,5 24,3 26,2 28,0 29.8 31,6 33.b
21 21,2 { 25,0 24,8 26,7 28,5 30,3 32,1 33,9 35,8
L) 23.5 | 2543 27.2 29,0 %0.8 32,6 - 54-4 5605 38.1
27 25,8 27.6 29,5 31,5 33,1 349 36,8 38,6 40,4
30 31.8 | 33.6 35,4  37.2 39,0 Lo,9 42,
36 38,2 ko1 | Mo 437 [55,5 47,3
39 ho,5 “Rh27 k600 47.8 49,7
42 bh,7 k6,5 48,3 50,2 52,0

Based on 244 trees

Figures not enclosed are extrapolated values



TABLE XIII

STANDARD TREE PHOTO VOLUME TABLE
FOR MATURE PONDEROSA PINE IN POORLY STOCKED STANDS
ON SITE IV LAND

55

7.C.D. , ____ TOTAL HEIGHT IN FEET .

FEET 80 90 100 110 120 130 140 150
BOARD FEET TREE VOLUMES ( SCRIBNER)

9 288 ; y ) :

12 510 285 | ?22 1220 1570

15 308 ) 647 850 1130 1460 | 1850

18 hos 587 799 | 1030 1350 1720 | 2160 26%0

21 508 72k 967 1230 1590 2000 2500 00

24 625 874 1150 1450 1840 2310 2860

27 755 | 1040 1 1690 2120 2630 3230 _ 3820

30 807 1250 1570 | 1940 2420 2990 3630 [ 4270

33 1800 2200 | 2730 3350 _ 40 4140

36 2040 2490 | %go , %740 [[1500 5260

39 2790 340 150 W70 5780

b2 3780 4580 5450 6330

Developed from Table XI and standard volume tables (10)

Volume is in board feet {Scribner) from a one foot stump to a

merchantable top limit of 50 percent of the scaling diameter of

the first 16-foot log or eight inches, whichever is greater..
Values not enclosed are extrapolated




TABLE XIV

STANDARD TREE PHOTO VOLUME TABLE

FOR MATURE PONDEROSA FINE

IN MEDIUM AND WELL STOCKED STANDS

54

12
15
18
21
24
27
50
33
36
29
b2

TOTAL HEIGHT "IN FEET ,
70 80 90 100 110 120 130 140 150
__BOARD FEET TREE VOLUMES (SCRIBNER)
65 226 330 Lo 6 888
69 128 328 T%? 827 7 | 1100 1380
123 [ 201 511 L4hy 500 795 1050 : 1650
188 | 281 46 573 748 986 1270 1610 [ 1960
258 | 373 552 77 927 1190 1520 1890
330 | 474 662 884 1120 1420 1780 2210
429 |5 813 1060 1670 2060 2550
530 T1 ) 2390
1340 :
1920 2320 | ¢ _
2640 3180 5830 4560 5280
2930 3540 4240 5040 5800

Developed from Table XII and standard volume tebles (10)

Volume is in board feet (Seribmer) from a one foot stump to a
merchantable top limit of 50 percent of the scaling diameter of
the first 16-foot log or eight inches, whichever is greater.
Values not enclosed are extrapoleted
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and forn c1000 woro uted, Poblo XIV chevo tho forn elsgs wuscd for
cael Cotal holght eleos. This $able uvan dovoleped with tho ald of
Tablo XX of Mlvorth's log Ooaling ond Tirber Cruloing hondbook
(7: Do 220) and o foremln for coavortlng tho total holfht to nope
chontablo vhich man dovelopod by Bruse cod Otverd (10, pe 42),""

TADLE ZVv

RELATIQCSHIP DOTUVEED
FOI2: CLASS AUD TOTAL BOUIGHT

Total Toight 70° ED' GO' 1001 1107 1207 150¢ 1%0% 1507
TornOlase 70 79 8 82 835 03 85 8§ 85

e

The partioulor cot of tablon uoscd 40 mot 0o frdertant ao tho
cathad fuwvelved, Oineo tho D.D.H, ean bo prodieted; othey typos of
volumo tablen dould bo comwvertod to norinl phete velumo tablapy for
enemplo, volumy fabdloo based on oito, local volwio tablog, op oven
oubia foot tablas, Hovover, 4n thlo .ﬁﬁﬂyg only troor of covlinboy
odco vore conuidorod and euble fool tablos urually o tolew tho 11,00
inch DyD.1, 1limit,
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Figure 6, Volume Against V.C.D, for Different
T.H. Classes for Poorly Stocked Mature
Ponderosa Pine Stands on Site Four Land
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ACCURACY OF PHOTO MEASUREMENTS

The accuracy of photo measurements which ¢an be expected for
various scales of photopgraphy is covered in the review of literature,
The aécuracy varies with each different set of conditions and eash '
interpreter, ‘In this study a test of the author's aceurscy of
measurements was made by comparing pﬁotb_measurements with field
measurements, |

Visible Orown Dismeter Measurements

Table XVI shows the results of comparing 240 photo V.C,D.
measurements with corresponding fieid V,C,D, measurements; wIi should
be kept in mind that errors in field méasurements are guite possible,
however it is felt that field measurements are more eccurate than the

photo measurementsg,

TABLE XVI -

ACCURACY OF PHOTO V.C.D., MEASUREMEKRTS

STOCKING NG OF MEASUREMENTS MEAR STANDARD ERROR dﬁ’
CLASS TREES FIELD PHOTO DIFFEBRENCE - DIFFERENCE
~— FEET _ —FEET
Well 88 17.75 174 - 0,31 N " 1.75
Medium 106  20.62 20,30 - 0.32 1.99

Al 285 20,07 19.76 0,51 ~ 1,88
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Spurr (41, p. 25) states that at the scale of photography used
in this study, V.C.D, messurements may be accuratsly classified into
2«foot height classes, Thrée-foot height classes were used in this
study., Table XVI showe that at one stendard deviation, the accuracy
of phote V.C,D, measﬁrements are well within these limits,

Total Height Measurementsx

Table XVII shows the resulis of comparing photo measured
- heights with field measured heights, This table is based on a com=
parison of the heights of the four tallest trees on 36 of the

original S0 plots,

TABLE XVII
ACCURACY OF TOTAL HEIGHT MBASUREMENTS

STOCKING  NO OF  MEASURBMENIS  MBEAN  STANDARD BRROR

CLASS TREES  FIELD PHOTO _ DIFFERENCE _ OF DIFFERENCE
' _PEET ___ . - FEET N
Well 48 122,65 123,58 0.93 7.58
| - Medium 4 120.02 120,37 0.27 7.86
| Poorl 28 123,24 121,77 1.47 1‘23
| Kii"y 132 121,80 121,94 - 0.05 7T

The aggregate difference is quite low. This is becouse a
correction factor has been made for the author's systematic error
of approximately - 10 feet., Each interpreter has a different

gystematic error. It is felt that very little of this negative error
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is due to lack of crown resolution on the photo. Table 11112 ghows a
mers correction factor for 1:10,000 photos with broad crowns., The
important part of Table XVII is the column showing the standerd error
of estimate, In each case the standerd error of estimate ie less
than the 10-foot height classes used in this study, A more experi- |
enced interpreter would probably have evéen a smaller standard error of
estimate, Spurr (41, p. 23) states that a skilled interpreter should
have a standard error of estimate of not more than 5 feet on 1115,840
photos,

Crown Countss

In this etudy only those crowns were counted which, in the
opinion of the field cbserver, would be interpreted by the photo=
gremmetrist, as belonging to tress of sawtimber size. The best
iridicetion an interpreter has in seéarating sawtimber from pole
timber is total height and, £o some extent, crown size, As a cone
sequence several short trees, just barely in the sawtimber class,
were not included in the photo count becsuse they were thought to
be of pole timber size., This caused a much lower crown count than
expected: 1f all visible crowns, regerdlezs of size or tree height,
had been counted from the photos, a large positive error in crown
count would have been made, This would have caused s large positive

error in volume estimation, The alternative is to count only those

12 See page 12
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trees which appear to the interpreter as sawtimber, &ven though =
relatively large negetive error was made on the photo ecount, it
sccouvnted for cniy a smull percentage of the totel volume., This is
because the trees not counted were quite smell, conteining little

volume, Table XVIII shows the results of the crowvn count tests,

TABLE XVIII

ACCURACY OF CROWN COUNTS'>

—___PHOTG CROWN COUNT ERRORS ‘

STCOKING TOTAL CROWNS OF NG OF PERCENT
CLASSES ___ SAWTIMBER SIZE _TREES __ TREES VOLUME
Well 149 27 18,1 3,45
Medium 146 Dl «16 .4 1,74
Poorly 68 "19 “"28.0 -l 187
All 365 =70 «19,3 «2435
Medium & Well 295 «51 ~17.3 -2,52

It can be observed from Table XVIII that this approach does not
involve a large percentsge error in volume. There is a second
category of trees not counted, This cétegory consiats of sawtimber
trees whose crowns are visible but not counted because they could not
be separated from crowne of other trees growing in clumps, This is
another negative crown count error in addition to those errors shown

in Table XVIII, These errorsz ars shown in Table X1x,

13 Growns not counted bescauss they were either not visible or thought
to be of pole size.

o



TABLE XIX

ACGURACY OF CROWN counts'?

- __PHOTO CROWN COUNT_ERRORS__
STOCKING TOTAL CROWNS OF NG CF ____PERCENT |

CLASSES SAWTIMBER SIZE TREES TREES ___VOLUME
Well 149 =11 R 5,64
Mediun 146 w5 5.4 3,38
Poorly 68 : w2 2,0 1,24
Al 363 -18 «5.0 ~3.48
Mediun & Well 295 . «18 «5.4 4,48

This category of crown count errors is emaller in percentage of
c¢rown counts than those errors shown in Table XVII, However, the
error in volume 1s greater because in this case the trees not counted
are larger. The volume errors in Table XIX are partislly compensated
for., This is because when two trees are counted as one, the V,C,D,
measurement is thet of one large crown instead of two smell crownz.
This has a partial’eompensating effect. For example, consider two
trees with 18-foot crowns, 120 feet tall in a medium stocked stand.
If they are counted as two trees, the volume from Table XV, is 1838
board feet, The combined area of the crowns of these same two trees
is approximately 510 square feet, If the combined area of the crowns

of these same two trees were counted as one, the resulting V,0,.D.

14 Crovns not counted because two oy rore ercwns were counted as one,




would be 26 feet, The volume of a 120 foot tree with a 27 foot crown
is 1550 board feet, The loss is 16 percent and not 50 percent. This .
mekes 4t quite difficult to determine exactly what percent of volume
is lost due to tree ¢rowns not counted. Beceuse of this and other

variables, one correction factor will be made that tekes all errors

inte consideration. This correction factor is discéussed later,
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ACCURACY OF VOLUME TABLES

Spurr (41, p. 75) states that there are three parameters which
indicate the precision of volume tables, They are: (1) aggregate
differences, (2) standard error of estimate, and (3) correlation
coeff'ieients, Aggregate difference ghould not exceed one percent in
standard volume tables (41, p, 75). The standard error of estimate
should not exceed 12,5 percent for standerd volume tebles (6, p. 83).
With this in mind, Dilworth (6, p. 86) set stendards of precision for

photo volume tables., These standards are summarized in Taeble XX.

TABLE XX

STANDARDS OF PRECISION FOR VOLUME TABLES

TYPE OF ‘ AGOREGATE N STANDARD ERROR
TABLE - DIFFERENCE  OF BSTIMATE (%)
Standard . 1,0 12.5
Standard Photo 2.0 15.0
Local Photo 3.0 30,0

According to thess standards, the tables developed in this study
should have an aggregate difference of not more than 2 percent and s
standard error of estimete of not more than 15 percent.

Test No. l_o_

In order to test the accuracy of the tables without introducing
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errors of photo measurement, field measurements of V,C.D, and T,.H,
were used to predict volume, The data from all 50 plots were used,

The results of the test are shown in Table XKI,

TABLE XXI

FIRST TEST OF VOLUME TABLES

FIELD VOLUME  TABLE VOLUMBE  AGGREGATE  STANDARD ERROR
TABLE ___ BOARD FEET BOARD FEET _ DIFFERENCE(%) OF ESTIMATE(%)

XVl 111,290 109, 386 1,71 13,95

Both Table XIV and Table XV are within the acceptable limits for
aggregate diff'erences., The standard error of estimete for Table XIV
is also with the acceptable limits and Table XV is only 0.94 percent
greater than the limits as set by Dilworth (6, p. 86). |

Test No. 2.

In test number two, field measurements were agein used, The
difference being that an average total height and an average crown
dismeter was calculated for each plot. From this, the average tree
volume was determined from the table and multiplied by the number of

trees per plot. The resulis of this test are shown in Teble XXII.
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TABLE XXII

SECOND TEST OF VOLUME TABLES

, FIELD VOLUME  TABLE VOLUME _ AGGREGATE  STANDARD EREOR
TABLE _ BOARD FEET __ BOARD FERT _ DIFFERENCE(%) OF ESTIMATE(%).

XIv 111,290 106,616 -4,2 16,16
XV 310,313 293,551 =54 16.88

When this method is ueed, both the aggregete difference and the
standard error of estimate are increased, This increased error is due
to the method used, not the velume tables. Even though the first
néthod yislds more accurﬁte»results, it hes its disadventages, It
is much slower becsuse vhen ph@ta measurenents are‘taken. it 18 quite
difficult to measure each tree separntely, It is much easter to teke
three or four height measurements per plot to establish an average
stend height, than it is to measure all tree heights and try end
keep the proper height with the propér crown measurement. This method
of averaging total heights gives sn un<binsed estimate only when the
regression of D.B.H. on T.H, in linear. The same statement applies
to the aversging of erowns, The estimate is ﬁnﬁbiased only when the
regression of D.B.H. on V,C,D, ig linear, In this study both of these
relationships are linear, ‘ o

It mey be more economieal to settle for a slightly higher stande

ard error of estimate per plot and take more plots. As the number of
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plots teken per cruise increases, the standard error of estimate de-
creases, Correction factores may be applied to the aggregate differw
ence once ites magnitude is establighed,

There are two reasons why the sggregate differences are not
equal to zero, The first is that even though field measurements
were used, the volume tables were constructed to be read by 3-foot
V.CuD, classes and 10«foot height classes., These errors, however,
are compensating and not too impbrtant. The main reason for these
negative errors is in the method of constructing the tables  Vhen
comparing D.B.H. values from Tables XI and XII with actual D.B,H.'s
there will be positive and negative differences, but their sum
total is éer& tlose to zero. This is n;t true of the volume tables,
An example will serve to illustrate, Consider two trees, both 120
feet tall, The first tree has a 20-inch D.B.H. and the second
tree & 30-inch D,B.H. If the D.B.H, of the first tree is over-
estimated by 4 inches, the overeétimation in volume is 288 boerd
feet, If the D,B.H, of the second tree is under estimated by 4
inches, the under estimation in volume is 380 board feet, Even
though the D.B.H. errors cancel out, the volume errors do not,

One woy to eliminete this is to solve directly for volume in
the regression analysis., Going through D,B,H. to establish volume
also has ean advantage. If D.B.H. is known it is o very simple

matter to convert any type of volume table to a photo volume table,
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If volume is solved directly from the regression equation, only one
type of volume table is produced. To make enother type of photo
volume table would require another regression enslysis, A re-
gression equation which would predict volume would be more complicated

because it is lmown that volume tables are curvilinear,
Test No, 2.

4 comparison of heights of the four trees on each plot was
made with the average height ¢f all the trees on the plot. The

correletion coefficient was 0.94 and the average of the four tallest

trees was six feet taller than the average of all treeg on the plot,

This does not pertain to the poorly stocked plots because 4f a piot
has mere than four sawtimber sized trees, it is in the medium or
well stocking class,

Since the medium end well stocked plots have been combined
into one volume teble, there is no need to separate these two
stocking classes, IPf a poorly stocked one~fifth aere plet ie
soneidersd to have four or less cewtimber sized trees, a test ehows
that only one plot out of the 50 in this study falls in the wrong
category. »

In test number three, photo messurements were used, The
V.C.D.'s wore averaged on the basis of thelr squares, because volume

is dirsctly proportional tc the square of the dismeter (either D.B.H,

o
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or V.C.D,) (41, p, 175). An average height of the four tallest trees
minue six feet was calculated, Then the volume of the average tree
wos determined from the appropriate table, This volume waz milti~
plied by the photo crown count. The results of this test are shown
in Table XXIII, Thirty-six of the 50 plots were used in this test, of
which 13 were in poorly stocked stands and 23 were in medium and well

stocked stands,

TABLE XXTIIX
THIRD TBST OF VOLUME TABLES

FIGLD VOLUME TABLE VOLUME AGGREGATE  STANDARD ERROR OF
IABLE __BOARD FEET _ BOARD FEET _ DIFFERENCE(®) BSTIMATE PER PLOT(%)

XIv 97,880 93,117 -4, 87 17.12
Xv 223,338 212,905 ~li, 64 21,67

The errors in Table XXIII are the combined errors of photo

measurement, trees not visible and errors in the aerial volume tables,
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CORRECTION FACTORS

Worley and Hbyer15 gtate that, because of systematic errors,
some ground control is necessary so that the magnitude of these
errors may be determined and correstions applied to the photo eruise,
Spurr (41, p. 416-417) suggests the following method for adjusting
phots volumess

"The photographic volume estimates are adjusted
by the technique of double sempling or regression
gampling. The adjustment is based on the plots
that have been estimated both on the photographs
end on the ground. For these plots, the ground
plot volume estimnter are plotted over the photoe
graphlc volume {independent veriable) on ground
plot volume (the dependent variable) is obtained
either graphically or by the least square analysis,
The average volume for the stund class obtained
from the photographic esctimste is adjusted by the
use of this regression.”

This method of correcting phote plot volumes was tried, The
regression coefficients were tested for significence, In each case
the hypothesis was that the regression coefficient is squal to zero,
The F value for the medium anéd well stocked regrassioﬁ line of field
volume on photo volume was 41,81, indicating a positive slope at the
one peréent significance level, The F value for the poorly stocked
regression line of field volume on photo volume was 4,71, indicating

a positive clope at the gix percent significance level, More plots

15 .See page 30



should be taken in poorly stotked stands to better establish the

significance of the regression coefficient,

Drs Lyle D, Calvin, stetistician for the Oregon Agricultural
vErparimant Station, auggasied that a different form of correction
factbr.might‘be more realistic, Dr. Calvin suggested that a
restriction bs placed on the least squares estimate of thé regression
of field volume on photo volume, The restriction is that the line
of regression is forced through the origin; thet is, the zero point
for both field and photo volume, |

Both of' these lines of regression are shown in Figure 8 for the
poorly stotked plots and in Figure § for the medium and well stocked
plots, The advantage of the restricted model can be geen from either
Figure 8 or 9, First, the correciloﬁ factor is always positive and
becomss greater as the photo volume becomes greater; whereas the
unrestricted model causes the correction factorbto ppsitiva at.lower
volumes and negative st higher volumes, It is reasonabls %o expect,’
thet the correction factor should be positive and greaster for larger
volumes, because as the stand becomes more dense, there iz a better
chance that more trees will be over topped and, therefore, not seen
on the phots, The second point in faver of the restricted model is
that there ia no corrsct&ﬁn.for 5. gero photo volume.v The unrestricted

‘model shows a positivs corrsetion factor of approximately 2,000 board

fast for medium and well stocked stands and 4,400 board fest for the
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poorly stocked stands, This seems almost ridiculous. The application
of either of the twe types of correction factors reduced the
éggregate difference in Teble XIII to zero. Therefore, it becéme

necessary to make at least one more lest, using a new set of data,



14
ACCURACY OF VOLUME ESTIMATYON

Teot number four was also conducted on site IV land in the
Pringle Palls Experimental Porest. In this test a 100 pereent photo
oruise was compared with e 100 persent ground sruise of the ssme 7%
aores, Since a 100 percent srulse was mede in both cases, no
sempling oréor' is involved,

The results of the test were quite encoursging., The ares had
172 trees of sswiinmber sigse of which 120 were sounted on the photos,
The remsining 43 tross were not counted for one of the following
raamn (1) They wers not visible, {2) they wers visible, but
interpreted as poles, and (3) two or more trees were counted as one,
Further results are shown in Table XXVI, It can be seen from this
table that the restricted model for estimating correction factors
proved to be much more acourate than the unrestricted model and

indicates that the restricted model of regression corrsction factor

ie the proper model,
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TABLE XXIV
RESULTS OF TEST USING NEW DATA'S

Fhoto Volume _
Unecorrecied 169,566 - 74479 - 4,91
corramd,g 212,219 +35,174 419,87
Corrested’ 178,045 v 976 + 0.5

Field Volume 177,045 .

16

A compsrison of a 100 percent photo crulse with s 100 porsent
ground erulse of 7% mores
7 Corrected by unrestricted model

18 ﬁérrcatad by restricted model




SUMMARY AND CONCLUSIONS

For several years the vertical serisl photograph hes been used
in forest inventory work, Iis principal use has been in the preparas-
tion of timber typs meps and the stratification timber stands go that
an accepteble sampling scheme may be worked out for selecting sample
plots to be teken on the ground,

| A more recent development has besen the use of vertical serial
photographs to sstimate timber velume directly., At the present time,
this phase of forest photogrammetry is still in the experimental
stage in most parts of the country. The s@udies to date indicate
that this approach to volume cruising is within the limits of
accuracy desired and ¢an be accomplished at great savings of both
time end money.

The objective of thie study was to éxplore the possibility of
crulsing mature pondersea pine directly from vertical seriel photow
grophs, _

The Baaic data wers oollected on 50‘onesfif£h acre §16t5 on the
Pringle Falle Bxperimentsl Forest, 411 plots were taken in mature or
over-mature, uncut, pure stands of pondercsa pine on site IV land.
Simple correlations between stiributes measurable on aerial photo-
graphs snd D,B,H, were calculated, These correlations asppeared to be

high enough to warrant the development of a regression equation to
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predict D.B,H. A sultable equation was found to bes D,B.H, = bo +
by (T.H.) + b, (VeCuD. ). Three such equations were ealculated, Qne
for each stocking class (well, medium, and poor). These equations
were solved for verious values of T.H, end V,C.D, to produce a D.B,H,
tables Three foot V.C.D, classes and ten-foot height classes were
used,

It was then a simple matter to convert these D,B.H.'s %o
individual tree volumes by using standard volume tables based on total
height and form cless, Total height end vigible crown diemeter can
be measured directly from the photou. The choice of form class was
based on a study which correiate&.form class with total height,

The volume tables for medium and well stocked plots were so
similar that the original data for these two stocking clssses were
combined to make one photo volume table for medium and well stocked
plots, This eliminated the problem of distinguishing between medium
and wéll stocked plots., A simple photo crown count distinguishes
between poorly stocked plote and medium and well stoecked plots., If
a one~fifth acre plot containg four or less sawtimber trees, the
table for poorly stocked plots is used, If the plot contains five
or more sawtimber itrees, the table for medium end well stocked plots
is used.

Plot volumes are determined as followss For poorly

stocked plots the total height and visible e¢rown diemeter of each
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tree ere measured from the phots. Then the corresponding volume of
each tree is obtained from the photo volume table, The plot photo
volume is the sun of the tree volumes.

A litkle different procedure was used for medium and well

stocked plots, All V.C.D.'e were averaged by their sguares, since
. _ |
)

volume is proportional %o (D.B.H. « The four tallest trees of each
plot were averaged, and six feet subtracted from this average to
obtain én average stand height., The valumé of the average tree was
then obtained from the photo voluge table and multiplied by the crowm
count to arrive at a photo plot volume,

A test of accuracy of the photo volume tables using the same
data that were used in their development, showed that they contein a
negative systematic error of betwsen one and two percent. This error
could be partially eliminated by developing regression equations
that could be solved directly for volume without going through D.B.H.
However, the approach used in this study sllows the development of any
type volume table from the D.B,H. tables,

Another test of accuracy was made in which photo measurements
instead of field measurements of the original date were used. The
errors were again negative, but less than five percent,

Two types of correction factors were developed to correct for
the combined errors of photo*measuremeniﬂ. ércwns not visible, and

nerial photo volume table errors, The first correction factor was in
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the form of a regression equation of field volume on photo volume
devéloped by the least squares method, The second type of correetion
facicr wag also a least squares estimate of field volume on photo
volume trith one resirietian} The reétriétioﬁ was that tﬁe regreseion
line mist pass through the origin, |
A'finai'%est of the photo velume tables was the ¢omparison of
3‘100 pereent photo cruise with a 100 percent ground erﬁise of 7%

anrelpiot on the Pringle Falls Experimental Forest, The photo crulse

was 4,21 percent low before any torrection factor was applied, When

the first correction factor was used (unrestricted model) the photo
érulée was 19,87 percent high, However, the application of the
second type of correction factor {restricted model) resulted in an
overestimation by only 0,55 peréent and indicates that restricted
model 1s the proper one to use,
Other significant findings of this study ares
1, ~The degree of stocking has 1ittle effect on the
: v.6.D, = T,H, = D,B,H, relationship for plots 40
percent or better stocked by basel area.
2, The D,B.H. for & given T,H. and V,C,D, for plots
30 percent or less stocked is 2 to 4 inches greater

than for trees in 40 percent or better stocked

plots,



3« The multiple regression of D(B,H, on T.H, and

V.CiD. is linear for the range of trees studied,
b, .visible crown dlemeters were measured from 119,600
| seale photos with a standard errar'of 1.88 feet,
S« Total tfee_heighte;were moasured with e standard
error of 7.78 feet,

The finéi conelusion is that mature ponderosa pine can be
eruised from vertical aerisl photos within the standard limits of
securacy, More ;ésearch is needed to determine the effects of
different gite qualities, different geogfnphical loecations, different
maturity classes, and different degrees of cutiing. |
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TABLE XXV

REGRESSION SOLUTION OF D,B.H. ON V,C.D. AND T.H,
FOR PONDEROSA PINE TREES IN MEDIUM STOCKED STANDS
ON BITE IV LAND

83

V.C.D.

FEET

9
12
15
18
21
24
27
30
33
36

TOTAL HEIGHT IN FBET _

890100 110 120 130 %0 150 _
e D,B,H, IN INGHES __ -
17.6 19,4 21,1 29,9
16,4 18,1 19,9 21,7 23,4 25,2 269
18.7 20,4 22,2 23,9 25,7 271.5 9,2
20,9 22,7 24,5 26,2 28,0 29.8 3.5  33.3
25,2 25,0 26.8 28,5 3043 32,1 33.8 35.6
25'5 2705 29-1 50.8 32-6 514‘.}4 56.1 57.9
3.4 33,1 34,9 36,6 38,4
33.6  35.4  37.2 389 0.7
.8 A5

Baged on 122 trees




‘TABLE XXVI

REGRESSION SOLUTION OF D,.B.H. ON V,C,D. AND T,H,
FOR PONDEROSA PINE TRESS IN WELL STOCKED STANDS

~ ON SITE IV LAND

8h

v.C.0, - ~TOTAL TEIGE TR PR . —
FEET 90 00110 120 130 180 . 150
‘ ' . D,B.H, IN II mcass

9 17.2 19,1 21,0 22,9

21 22,7 24,6 26,5 28,4 30.3 32,2 34,1 36.0
24 25,0 26,9 28.8 30.7 32,6 B4,5 36,4 38,%
27 3141 5%¢1 . 35,0 36,9 38,8

30 33.5 35.4  371.3 3.2 41,1

33 30.6 1,5 43,4

36 4.9 43.8

Based on 122 trees




TABLE XKVII

STANDARD TREE PHOTO VOLUME TABLE
FOR MATURE PONDEROSA PINE
IN MEDIUM STOCKED STANDS

V.C.De TOTAL HEIGHT IN FEED

FEBT 80 60 100 110 ___ 120 130 140 150
' VOLUME ~ BOARD FEET (SCRIBNER)

9 ' 348 468 634 847
12 211 319 bs5 607 803 1050 1330
15 293 425 585 155 986 1270 1590

18 381 542 731 927 1190 1520 1880 2270
21 Lay 674 891 f120  th20 1780 2190 2610
24 599 820 1070 1380 1660 2060 2520 . 2980
27 1280 150  19%0 2360 2870

30 1460 1790 2210 2690 3250

3% 2510 2040

24 . - 2830 3400

Developed from Table XXV and Masoen, Bruce, and Girard from class ‘
tebles (10). o



TABLE XXVIII

STANDARD TREE PHOTO VOLUME TABLE
FOR MATURE PONDEROSA FINE
IN WELL STOCKED STANDS

V.C.D. __ TOTAL HEIGHT IN FEET

FEET = 80 90 _ ¥oo__ 1o 1% 130 1% 150

_VOLUME ~ BOARD FEET (SORIBNER)

9 319 isp 627 suy
12 188 298 434 595 803 1060 1360 _
15 270 4o6 567 748 986 1280 1630 _
18 356 522 - 710 919 1190 1530 1950 2330

21 461 650 870 1110 1420 1790 2230 2670
24 57% 794 1040 1310 1670 2080 2560 3050
27 1230 1550 1940 2410 2940 3470
30 1440 1790 2220 27%0 220 3900
33 2530 3080 3720

%6 2850 3450

Developed from Table XXV and Mason, Bruce, and Girerd from ¢lass
tables (10).
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TABLE XXIX

SUMS OF SQUARES AND PRODUCTS
USED TO DEVELOP D,B.H., TABLES

5o  TAELE NO. .
OFs XXIIT . , e KEVIT
n b, 122,
X 6,0%9. 14,044,
ey 751,227, 1,646,082,
X, 1,245,0 2,515.5
% 33,084,00 54, 788,60
X%, 1534996.5 292,882.5
4%, 19,216,470,5 54,618,518:5
%55 by 104, 449,75 6,440, 269,85
xx2 515,975,904, 75 768,958, 258,25
Y 1,760,9 3455544
‘e 65,225,23 108, 752,12
X, 218,867.9 $16,999.1
YX, 45,9725 76,124,8
XX, 5y 727, 37247 9,012,840.6
Y 27, 440, 288, 3 19,731,821,7
“X? 94,259, 433, - 196,236,586,
oo 11,923,236,155. 23,769,031, 590,
x?::c2 2,1;17,572,647.5_ 4,171,105, 282,5




TABLE XXIX (CONTINUED)

SUMS OF SQUARES AND PROIUCTS
USED TO DEVELOP D,B,H. TABLES

sos T ABLE WO

OFt - y 0265 SR '
‘n 122,0 2hh0
% 14,015,0 | 28,5900
¥ | 1,632,917.0  5,278,999.0
- Xp 2,166.0 | 4,681.5
2 #,125.5 95,914,1
XXy 251,994.5 54, 877,0
X%, 29,739,606,5
X X3 4,848,201,2
- X3x5 579,799,630,2
¥ 3452742 5,828,6
N 92,542,0 201, 249,1
" YR, 382,828,6 799,827.7
1%, _ 60,781,2 136,906,0
| YKX, 75199,878,0
‘ Yﬁ 45,390, 887.8
X2 192,867, 457.0
X . 23,080,328,593.0

XK, 54558, 220, 434, 5




TABLE XXX

ORIGINAL FIELD DATA SUMMARIZED BY PLOTS

89

|

PLOT | NO, DENSITY SITE  T.H. V.C.D, VOLUME BL,F,
NO. TREES  PERCENT  INDEX  AVE, AVE, VISIBLE  TOTAL
1 ba 4 43 7% 122 21 6,1% 6,201
2 6=~ 6 43 71 108 18 9,313 9,375
3 5. 2 43 66 97 18 2,576 2,920
4 7~ 7 60 74 114 18 9,135 9,135
5 . 9 - 12 78 70 104 18 7,582 7,809
6 b 4 34 78 121 24 7,255 7,371
7 6 10 52 68 100 18 3, 300 3,756
8 7 - 7 60 71 1‘07 21‘ 7921‘9 7’249
9 8 -~ 10 86 69 103 18 59 341 5, 505

10 7~ 9 69 80 124 24 11,491 11,65

11 10 = 11 121 71 107 21 8,600 8,798

12 6~ 10 52 78 121 21 6,531 6,869

13 Lo 4 34 78 120 27 6,648 6,648

14 9 - 12 104 82 129 18 14,514 15,176

15 9 - 11 86 79 12% 18 11,746 12,533

16 La 4 52 82 129 18 7,107 1,413

17 3=~ 3 34 87 138 24 7,640 7,707

18 8- 8 60 79 122 21 10,219 10,219

19 13 « 13 121 74 114 18 13,720 13,729

20 10 - 12 95 % 117 18 11,307 11,635

21 4o 8 34 80 123 21 7,650 8,001

22 3. 3 26 8% 132 24 10,570 10,765

23 9« 9 95 79 123 21 16,223 16,223

24 3. 3 26 82 130 o4 6,630 6,630

25 6= 6 52 78 120 24 10,%5 10,595

26 3. 4 26 82 128 27 9,200 9,594

27 b 4 34 79 123 .30 10,140 10,140

28 La 4 34 72 11 27 6,260 6,314

29 7- 7 69 79 122 o4 14,860 14,860

30 7T« 7 60 80 124 27 15,508 15,508



TABLE XXX ( CONTIRUED)
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PLOT NO. DENSITY SITE  T.Hs VeCeD, . _ VOLUME B,F,
NO, TREES _ PERCENT _ INDEX AVE,  AVE,  VISIBLE  TOTAL
31 6~ 6 52 81 127 24 8,194 8,194
32 6« 6 52 80 125 24 10,450 10,450
%3 5a 5 43 7% 122 2k 10,290 10,290
34 - 7 52 71 107 18 5,377 5,439
35 7~ 10 78 % 115 2 9,102 9,379
%5 o 6 3l 78 120 21 6,690 6,690
27 8- 12 78 70 105 18 6,769 7,213
28 8- 9 78 75 115 18 8,118 8,419
39 7=~ 9 95 80 126 18 8,375 9,175
) Lo b 43 71 108 18 ho20 4,14
4 5« 5 52 69 103 21 4,517 4,885
ko 7- 8 60 67 99 21 5,476 5,594
43 8 « 11 78 70 iok 18 6,955 71,145
4l 5« 5 60 75 115 18 21905 6,629
45 7-7 78 80 125 21 13,700 13,700
kg 3a 3 26 78 121 27 6,600 6,600
47 % w10 17 78 119 24 6,417 1,127
48 2w 2 17 79 123 34 6,760 6,760
k9 3« 3 26 79 123 33 8,910 8,910
50 2. 2 17 80 124 27 4,220 4,220

The first number is the number of vigible trees when viewed from

above,

on the plot,

The second number is the total number of sawtimber size trees
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