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ABSTRACT

Forest Mensuration employs certain measurement principles to obtain quantifiable information
about the forest for sustainable decision making. In this paper, a photogrammetric alternative
employing 35mm non-metric photography has been suggested and used in the preparation of a
Standard Volume Table (SVT) for Forest Mensuration. The forester is afforded volume infor-
mation about trees in less time and at lower cost, without sacrificing accuracy. Comparisons are
made between the photogrammetric and traditional methods used by foresters in measuring tree-
volume. From the three methods — use of the Spiegel Relaskop, measuring tape on felled tree,
and the photogrammetric technique developed in this work, volumes were determined using the
Huber formula and a regression equation. The use of measuring tape on felled tree to determine
tree volume has been known to provide the most reliable volumetric determinations and com-
monly serves as a standard for such measurements. Results from the photogrammetric technique
compared very well with those obtained using measuring tape on felled tree indicating that , pho-
togrammetric technique herein devised proves a more effective means for deriving Tree Volume
Tables, if factors like speed, cost, and convenience are considered.

Keywords: Tree-Volume, Pinus Hinduransis, Standard Volume Table (SVT), Photogrammetry,
Zeiss Topocart D

INTRODUCTION

Forest mensuration helps to determine the vol-
ume of logs, trees and stands and also facili-
tates studies of increment and yield (Graves,
1906). It is one of the keynote foundations of
forestry and is the application of measurement
principles to obtain quantifiable information
about trees for decision making. Recently, re-
searchers are focusing on using 3S technologies

- Geographic Information Systems (GIS), Glob-
al Positioning Systems (GPS) and Remote
Sensing (RS) - in forest mensuration as they
are important aspects of science and technology
of Land and Environmental Surveying. Such
technologies have many advantages such as in
quantifying the areal extent and spatio-temporal
aspects of the forest in addressing climate
change for sustainable decision making (Quaye
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-Ballard et al., 2013). Many researches have
been conducted to overcome the problems asso-
ciated with the traditional methods based on
time and extent of area required for decision
making by using photogrammetric techniques
in estimating tree and forest volumes as well as
tree heights from LiDAR (Korhonen et dl.,
2013; Muller et al., 2014; Popescu et al., 2003;
Strother et al., 2015), laser altimetry
(Holmgren, 2004, 2012; Hyyppa et al., 2004;
Popescu et al., 2003; Tansey et al., 2009); aerial
photographs (Miller et al., 2015; Straub et al.,
2013) and 3D image analysis technique in as-
sessing tree structure (Miller ef al., 2015; Mor-
genroth and Gomez, 2014). Forestry, in a
broader sense, manages activities involving
forestland, the plants and animals on the land,
and humans as they use land. As has aptly been
said, “one cannot efficiently make, manage or
study anything one cannot locate or measure”.

Traditional methods for forest mensuration
include the measurement of tree diameter and
height. Some equipment used for diameter
measurements include tree calipers, diameter
tape, Biltmore Stick, etc. The Clinometer is
also used for determining tree height. Diameter
measurement is important because it is one of
the directly measureable dimensions from
which the tree cross-sectional area, surface area
and volume can be computed. Tree calipers can
conveniently be used for timber with diameter
not exceeding 36 inches. However, for bigger
diameters it is clumsy and impractical. The
diameter tape is often used instead of calipers
for scientific records on permeant sample plots.
This is because, readings taken with the diame-
ter tape are not subjected to the variations in-
curred in using the calipers. However, the di-
ameter tape cannot be used to measure ends of
logs except on the exposed ends of the logs; the
tree calipers are preferable for this purpose. The
Biltmore Stick is good for circular cross-section
measurements but has inaccuracies in estimat-
ing diameters of tress due to the difficulty of
holding the Stick exactly at a precise distance
from the eye, difficulty with keeping the eye at
breast height level and the eccentricity of the
cross-sections. In addition to the above, climb-
ing and felling of trees must be done for meas-
uring tree volume by determining diameter at
various heights. The climber climbs the tree

and takes diameter and height measurements at
various sections of the tree. Standing trees are
felled before the height of the tree can be deter-
mined. After the trees are felled, the tape is
used to measure the height. Thus, from the
above, before a SVT can be prepared, trees
need to be felled and so a sizeable portion of a
whole plantation is destroyed before a Standard
Volume Table is derived. With the felling of
trees method, trees can be measured with any
degree of accuracy. Tree volume increases with
diameter and height. However, this increase is
not regular for individual trees due to differ-
ences in tree forms. Tabulated values obtained
from such measurements of felled trees are
known as the Standard Volume Table (SVT).
Other Volume Tables exist — examples include
Local Volume Table (LVT) and Form Class
Volume Table (FCVT).

Photogrammetric procedures are used to deter-
mine the volume of trees as against the tradi-
tional methods of climbing, felling the trees or
using the Spiegel Relaskop. These methods are
employed to measure the diameter and heights
to enable the tree volumes to be determined,
and from this a SVT is prepared. The SVT
helps in the management of the tree species.
Considerable research has been conducted us-
ing Remote Sensing as well as Laser Scanning
Altimetry in estimation of tree volume
(Maltamo et al., 2004). Husch ef al. (1982)
have demonstrated that photogrammetric meas-
urements provide better means for measuring
the growing space of a tree since it is correlated
to tree and stand volume. Making use of new
technology is one of the challenges fac-
ing foresters since resource information must
usually be obtained with limited budget and
this justifies use of geospatial technology as
exemplified by the photogrammtric method
herein presented for tree volume measurements
with non-metric 35mm. The aim of the research
was to use 35mm non-metric photography in
the Zeiss Topocart D for derivation of a Tree
Volume Table of a pine plantation. The trees
which were to be estimated for volume were
photographed and the negatives used, instead of
the positives, in order to reduce cost without
sacrificing accuracy.

Journal of Science and Technology © KNUST 2020



Tree volume tables - A photogrammetric approach...

MATERIALS AND METHODS

Study area and field work

The study area is located at the Forest Research
Institute of Ghana (FORIG) plantation at
Mesewam near Kumasi on the Kumasi-Accra
road. It extends between latitudes 6° 42" 25.23"
N to 6° 42" 13.36” N and longitudes 1° 32’
05.75" W to 1° 31" 54.16”" W (Fig. 1). The re-
search was carried out on a Pine tree (Pinus
Hinduransis) plantation. The size of the planta-
tion is about 99m by 100m. In order to get clear
view of the lower portions of the trees, the
plantation was cleared of weeds. The pine trees
on the edges of the plantation were dominant in
growth whereas those within were suppressed
due to competition for sunlight and soil nutri-
ents. The growth patterns of the pine trees
paved way as to the order with which the expo-
sures should be taken. The exposures were tak-
en in such a way that the SVT Table would be
fair representation of the plantation. A careful
consideration was given to the type of film,
focal length of the camera lens, shutter speed,
field of view and lighting conditions the planta-
tion.

1° 32’ 05.75" W

23

For traditional methods, the volume of a stand-
ing tree is determined by measuring the diame-
ter and the heights of logs. The points at which
the diameter is measured vary with circum-
stances. In the case of standing trees, standard
position for diameter measurement has been
established as 1.3m above ground level. The
diameter taken at this height of 1.3m above
ground is usually referred to as the Diameter at
Breast Height (DBH). Height determination for
the estimation of the volume of tree starts from
the DBH. It is important, therefore, to consider
the tree stem as made up of logs. The various
portions of the tree stem take different geomet-
ric forms. In other words, it is very important to
consider the stem of any tress to be a composite
of geometric solids. In this research, the vol-
ume of a tree was regarded as equal to that of
an equivalent cylinder. To obtain the diameter
of the equivalent cylinder, several diameter
readings were taken on the stem using the Zeiss
Topocart D and the mean of these was used.
The volume of the tree was then calculated as
product of the mean diameter and the corre-
sponding merchantable height of the tree/log.

1°31'54.16" W
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Fig. 1: Location map of the study area
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Journal of Science and Technology © KNUST 2020



24 Agyemang et al.

Data and equipment

A Pentax ME Super camera was used to take
35mm photographs. Negatives were developed
and used for observation in the Zeiss Topocart
D for the photogrammetric measurements. The
Zeiss Topocart D (Fig. 2) is a stereoplotter for
topographic mapping at large, medium and
small scales and is located at the Department of
Geomatic Engineering of the Kwame Nkrumah
University of Science and Technology
(KNUST), Kumasi. Its main use, by design, is
in plotting from individual aerial photo models
for compilation of maps. It accommodates pho-
to formats of up to 230mm square and camera
principal distances in the range of 45mm to
310mm, and so is capable of plotting from Su-
per Wide Angle, Wide Angle and Normal An-
gle photograpghs without the need for time-
consuming conversions of original photo for-

mats into other formats.

The Spiegel Relaskop is a traditional method in
Forest Mensuration and fulfills all the princi-
ples of forest mensuration requirements
throughout the world. It has five purposes -
estimating height, slope, diameters at heights
normally out of reach, basal-area per unit area
of an extensive stand (not of a small plot) and
basal-area density or crowding at a single point.
The Spiegel Relaskop was used to measure
horizontal distances (as it automatically cor-
rected for the angle of inclination), the total tree
height and height to a particular upper stem
diameter, and stem diameters at particular
heights.

Photography and scale
The choice of the appropriate film depends on

Fig. 2: The Zeiss Topocart D located Department of Geomatic Engineering of the KNUST
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the type of work and lighting conditions. For
this research, Kodak Gold colour (instead of
black-and-white) film was used to ensure better
delineation of tree edges against the usual grey-
ish sky background in the photographs. The
camera used was a non-professional off-the-
shelf camera. It was therefore uncallibrated and
had a lens of nominal focal length 50mm. The
film speed used was 100ASA, which implied a
fine-grained slow emulsion. The shutter speed
was set at 1/60™ to minimise image movement.
The above-mentioned parameters, coupled with
aperture setting of /5.6 ensured adequate expo-
sure for the photographs in the normally dark
environment of the plantation. The negatives of
the photographs were stored in an air-
conditioned environment to prevent any photo
format dimensional change which could, in
turn, affect the scale of the particular photo-
graph. The scale of the verfical photograph of a
tree can be modeled as illustrated in Equation
1.

Scale = (D

3

where f is the camera principal distance (or, in
this case, the nominal focal length of the cam-
era lens), and H the horizontal distance from
the camera to the tree. It is worthy of note that
the camera was non-metric and was not cali-
brated; modern lens surfaces are very well ma-
chined to specified curvatures and therefore
produce little distortions. It was with this in
mind that the research was carried out to evalu-
ate, inter alia, the efficiency with which ordi-
nary off-the-shelf cameras could be used for
jobs traditionally the preserve of purpose-
designed metric photogrammetric cameras.

Computing cubic volume

Various equations exist for computing cubic
volume of solids. Table 1 outlines some the
geometrical solids and the equations for com-
puting the volume. The Huber formula was
used for calculating the tree volumes. Regres-
sion equations were derived by considering
Volume as the dependent variable and a combi-
nation of DBH, height and artificial form factor
(DBH?H) and their transformations were exam-
ined for their significance, correlation coeffi-
cients and standard errors. These were used as

Table 1: Equations for computing cubic volume of solids (where: h = height; A, = cross-
sectional area at base; A, = cross-sectional area at middle; and A, = cross-sectional area at

top)

Geometric Solid

Equation for volume V (cubic units)

Cylinder V=A;h
Paraboloid V= y v h)
2 b
Cone V= % ( Abh)
Neiloid V= y ( Abh)
4
Paraboloid Frustrum V=

% (Apt+ A4,), Smalian’s formula

V=h (A4,,), Huber’s formula

Cone Frustrum

Neoloid Frustrum

Neoloid, Cone or Paraboloid

V="1/304 + VA + Ay

v ="/ 4 + JATA, + AT + Ay)

Frustrum V= h,“'fs (Ap + 44p + Ay ), Newton’s formula
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criteria for the optimum variables and equation
types.

The following are the four equations that were
subjected to least squares regression analyses
and the best-performing selected for prepara-
tion of the SVT:

V =by,+b,D?H (1)
V =by+b,D*+ b,H @)
V =by+ b,D*H + b,D 3)
logV = by + b, logD + b, logH @)

where D is DBH; H the height of the tree; V
represents any of the volume measurements,
and the logarithms are to base 10; and by, by,
and b, are coefficients.

The correlation coefficient (R) values and the
“residual standard deviation”, from which the
standard error is obtained are useful for the
comparison of regression. The higher the corre-
lation coefficient the more precise the relation-
ship between the dependent and independent
variables. Also, the closer the residual standard
deviation approaches zero, the more precisely
the regression predicts the variables. Conse-
quently, the equation which yielded the highest
correlation coefficient and lowest standard er-
ror, was selected for the construction of the
SVT. The standard error suggested how close
the results were to the parameter estimated. A
computer program was written in BASIC to
calculate the parameters required for the prepa-
ration of the SVT. In the preparation of the
SVT, random tree sampling was done to ensure
that reliable volumes of other tree forms of the
same tree species could be estimated from Ta-
ble 1, given the DBH, and the height. A com-
puter program in BASIC was written to com-
pute the parameters required for the preparation
of the SVT. In the preparation of the SVT, tree
sampling was randomly done to ensure that

adequate volume of other trees of the same tree
species can be estimated from the Table, know-
ing the DBH, the height and the form. The
flowcharts for volume computation and regres-
sion analysis in the BASIC program are respec-
tively depicted Figs 3 and 4. N is number of
trees, DBH is diameter at breast height, H is
height, MD is mean diameter, R is correlation
coefficient and RSTD is standard error.

RESULTS AND DISCUSSIONS

Volumes were determined using three methods
— use of the Spiegel Relaskop, use of measuring
tape on felled tree, and the photogrammetric
technique.

Traditional techniques - Spiegel Relaskop
and measuring tape on felled tree

Table 2 shows results from the traditional tech-
niques - the Spiegel Relaskop and measuring
tape on felled tree - at 2m height intervals.
Using the Huber’s formula in Table 1, the vol-
ume of one particular tree was determined us-
ing the Spiegel Relaskop, and measuring the
same tree with a linen tape after the tree had
been felled. The results were 0.79483m’ and
0.87183m’ respectively. The volume of the tree
using the Regression Equation 2 for Spiegel
Relaskop and measuring tape on felled tree
techniques were 0.78099m° and 0.86079m’
respectively.

Photogrammetric technique

The results obtained by the Photogrammetric
technique involving use of the Zeiss Topocart
D is shown in Table 3. The first and second
height readings in the Y-direction taken at Di-
ameter (D) using the he Zeiss Topocart D are
6846.30units and 6948.80units respectively.
The difference between the two readings yield
102.5units which converted from instrument
units to photo distance is 102.5/4mm (or
25.6mm). Applying scale in converting to the
actual height of the tree yields 18.6m.

Using the Huber’s formula in Table 1, the vol-
ume of the same tree (that was felled) was de-
termined with the Photogrammetric technique
to be 0.89118m’, with a DBH of 0.334m and
merchantable height, H, of 18.6m. The volume
of the tree as determined from the Regression
Equation was 0.87305m’.
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Start

D

Read H, MD

v

V = 22/7*(MD/2)*2*H
DBHSQ = DBH * 2
HDBHS = DBHSQ * H
LOGV = B * LOG(V)
LOGDBH = B * LOG(DBH)
LOGH = B * LOG(H)

Write V,DBH,DBHSQ,HDBHS,
LOG(V),LOG(DBH),LOG(H)

v

I=1+1

Fig. 3: Flowchart for volume computation

Volume of tree

Table 4 shows the volume obtained using the
Spiegel Relaskop, measuring tape on felled
tree and the photogrammetric techniques.
From Table 4, the results obtained using the
Photogrammetric technique compared favoura-
bly with the traditional techniques. That is, the
volume obtained using the photogrammetric
technique is in close agreement with that ob-
tained using the measuring tape. The volume
obtained by the measuring tape is the Standard
upon which the results of the Spiegel Relaskop
and the Photogrammetric techniques were
evaluated. Since its results compared favoura-

bly with the measuring tape results, the Photo-
grammetric technique was proved to be usable
for preparation of SVT for foresters. The re-
sults of equations 2, 3, 4 and 5 are tabulated in
Table 5.

Comparison is made on the equation which
yields the highest correlation coefficient and
lowest standard error for the construction of the
SVT (Table 5). From Table 5, equation 2 satis-
fied the criteria for the selection of best equa-
tion for the construction of the SVT. Hence,
the “Standard Merchantable Volume” Table
(Table 6) was constructed using equation 2
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e Q-

v
Declare array x, y Sxsq = (Sum x) * 2)
v Sysq = (Sumy) * 2)
Sxy =Sumx * Sumy
/ Read N / SXAV = Sxsq/N
+ SyAV = Sysq/N
SxyAV = Sxy/N
Sumx=0 SSx = Sum xsq — SXAV
Sumy=0 SSy = Sum ysq — SyAV
Sum xsq = 0 SPyx = Sum yx — SxyAV
Sumysq=0 B = SPyx/SSx
Sumyx=0 A =yBAR — B * xBAR
+ RSS = B * SPyx
TOTSS = SSy
b=i TDF=N-1
v RMS = RSS/TDF
RESMS = TOTSS — RSS
47/ Read x(1), y(1) / RSQ = RSS/TOTSS
R = SQR(RSQ)
v SDRESS = SQR(RESMS)
Sum yx = Sumy + x(1) * y(1) RSTD = 100 * SDRESS/yBAR

Sum x = Sum x + x(1)
Sumy =Sumy +y(l)

$SQ = SDRESS/SQR(N)

Sum xsq = Sum xsq + x(1)*2 ¢

I=1+1

- *
No L sui“ ¥sg & il / Write RSTD, /

S$SQ, R, RSQ

Yes

v

v
D

XBAR = (Sum x)/N
yBAR = (Sum y)/N

O

Fig. 4: Flowchart for regression analysis
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Table 2: Measurements using Spiegel Relaskop and measuring tape on felled tree techniques

Height (m) Diameter (m) using measuring tape on felled Diameter (m) using Spiegel Relaskop
tree

0 32.0 32.8

2 30.0 30.1

4 28.0 27.1

6 26.0 25.8

8 22.0 23.6

10 20.0 19.4

12 16.0 16.0

14 15.0 14.5

16 12.0 12.4

18 10.0 9.6

Table 3: Diameter measurements using photogrammetric technique
Reading in X-direction (units) Difference Converting from Applying scale to
1" Observation  2"! Observation l(units) instrument units to photo  convert to the actual
distance (mm) diameter (cm)

1916.48 1914.64 1.84 0.46 334
1916.73 1915.05 1.68 0.42 30.5
1916.94 1915.37 1.57 0.39 28.3
1917.07 1915.55 1.52 0.38 27.6
1917.27 1916.07 1.20 0.30 21.8
1917.78 1916.76 1.02 0.26 18.9
1918.17 1917.21 0.96 0.24 17.4
1918.20 1917.26 0.94 0.24 174
1918.47 1917.43 1.04 0.26 18.9
1918.76 1918.91 0.85 0.21 152
1918.90 1918.26 0.64 0.16 11.6
1918.98 1918.42 0.56 0.14 10.6

because it gave the highest correlation coeffi-
cient and lowest “residual standard deviation”
between the dependent and independent varia-

bles.

The Zeiss Topocart D has the merit of facilitat-

ing movement in the X-direction without
movement in the Y-direction, and this makes
measurements of tree diameter and height very
easy. Furthermore, with the Photogrammetric
technique, the negatives can be stored and used
again in case of mistake in any measurement.
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Table 4: Comparing results from Spiegel Relaskop, tape on felled tree, and photogrammetric

technique
Technique Volume from Huber’s formula Volume from Regression
(m*) Equation (m*)
Spiegel Relaskop 0.79483 0.78099
Measuring tape on felled tree 0.87183 0.86079
Photogrammetry 0.89118 0.87305
Table 5: Results yielded by equations 2, 3, 4 and 5
Residual Sum of
Equation Standard Squares R R Coefficient  Coefficient Coefficient
q Deviation (SqSQ) (RSQ) bo by b,
(RSTD)
Equation 2 0.1307 0.0169 0.8827 0.7792 0.0488 0.3973 -
Equation 3 0.2680 0.0718 0.3221 0.1037 -0.3821 -2.2075 0.0750
Equation 4 0.2504 0.0627 0.4666 0.2177 -0.3250 -0.2592 0.2177
Equation 5 0.2663 0.0708 0.7376 0.5440 -3.1294 -2.2074 2.5842

Such mistakes are not so easily rectified with
use of the Spiegel Relaskop because any mis-
take made in the measurement requires revisit-
ing the field. Locating the actual level where
the DBH is measured was tricky with the pho-
togrammetric, but this was resolved by tying
colour bands around the trees at breast height.
The size of the bands also needed to be such as
would render them visible on the photographs.

CONCLUSIONS AND RECOMMENDA-
TIONS

The photogrammetric technique provides an
easy means of storing information. Repeat ob-
servations can be made on the negatives used
whenever so required, without the need to re-
visit the field. From the measurements made on
the same tree using the three different tech-
niques - photogrammetric, Spiegel Relaskop
and Tape measurement of felled tree - the vol-
ume of the tree obtained from the photogram-
metric technique compared favourably with the

use of tape on felled tree, which provide the
standard for the other. Consequently, the photo-
grammetric technique should provide a very
efficient technique for preparation of Tree Vol-
ume Tables.
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