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Abstrakt

Using stepwise regression and multiple regression procedures, 11 reg-
ression equations were developed, several measures of precision (i.e. Standard
error precent of the mean, correlation coefficient, mean deviation, aggregate
difference and test of overall unbiasedness of estimates, Ohtomo, 1956) vvere
used to screen the set of equations for selecting the best one to be adopted
for constructing the particular table and as a result of this the Honer’s equation

V = DZ(— 210.12 + 30412/H + 22154/H2

gave higher precision with a Standard error precent of mean volume of 13.6,
coefficient of correlation of 0.9914 and mean deviation of 6.74 precent.

it may be noted that the inclusion of a measure of form as one of the
independent variables, failed in improving the precision of estimates 6ver and
above those obtained wvith diameter at breast height, total height and their
different combinations or transformations.

INTRODUCTION

Platanus orientalis L. is considered to be a valuable timber tree wvith a considerable
future n the forestry of Iraq (Raeder, 1969). it is fast growving species, generally wel!
adopted to the climate and soil conditions existing in the irrigated plantations of northem
Irag. The vwood of this species has often a very beautiful figire and accordingly is in much
demand for furniture making, penelling and plyvwood manufacture, being fast growing, easy
to regenerate by coppices and having multipurpose utility. Platanus In recent years has
become very popular as in important plantation tree.

in the view of the Incereasing economic importance of the species, it was consi-
dered expedient to construct Standard volime table for the species, so that they could be
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used by the practising foresters and others involved forestry trade to carry out day to
day business convencially and effectively, these handy tools will also be extensively
utilized for accurately assessing the standing voliume of the grovving stocks vvhich cons-
titute the back-bone information for sound and scientific management planning of the
existing species stands.

Further, this table will prove to be of considerable value in the economica! evalua-
tion (i.e. in calculating present vvorth) of stands of species as compared vvith others.

in formulating this volime table the up to date objective methodology In their pro-
duction is used, so that unbiased and precise estimates of the dependent variables are
obtained, to achieve this end, procedures and techniques proposed in Cunia (1964), Dra-
per and Smith (1966), Loetsch, Zdhrer and Haller (1973) and others were employed to test
different types of mathematical function for selecting the best one to form the bases
of constructing the above mentioned table.

REVIEW OF LITERATURE

Malik, Habibullah and Hussain (1971) tested a number of regression models on the
data of four coniferous species of Azad Kashmir, they found that on the vvhoie the equ-
ation having D, H and F(form quotient) yielded more precise estimates of volime as
compared to the equations having D and H or their various combinations as independent
variables, they found that the Honer equation and logarithm c one gave the best esti-
mates of the dependent variables.

Blenger (1973) proposed a technique by vvhich a unique linear predictor is found to
construct volime tables for different tree species.

Saeed, Malik and Youkhana (1973) tested three different functions to construct lo-
cal volime tables for Eucalyptus camaldulensis Dehn. grovvn under irrigated conditions
in Iraq.

Hussain and Zaheer (1975) tested four regression equations for deveioping a Stan-
dard volime table, they used Standard error of estimate, coefficient of correlation,
aggregate difference percent, mean deviaticn percent, sum of square ratio of residuals
to actual volime and Chi-square as indices of the best fit.

MATERIALS AND METHOD

During summer 1976, 151 trees of platanus orientalis well distributed 6ver and cove-
ring the entire range of diameter, were felled in the Ninevah forest plantation, the dia-
meters of these trees ranged from 54 - 31.5 cm and the height from 8.3 - 241 m.

The trees selected in the sample vvere as far as possible norma! trees of the stand
and free from defects including forking.

A formate was prepared for recording individual tree data vvhich constitute diame-
ter at breast height, total height, double bark thickness, stem volime up to 4 cm top,
diameter and branch wvood voliime.
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Ali stem and branch diameters vvere measured in centimeters nearest to one declmal
place, tree height and the lenght of stem as vvell as branch sections vvere recorded cor-
rectly to one decimal place of a meter.

Bark thickness was measured in millimeters and obtained by adding the bark thick-
nesses of samples taken in two directions at right angles to one another at breast height
only.

No attempt was made to take bark thickness samples at points on the stem above
breast height because the young Platanus orientalis L. forest grovwn as a plantation by
a very thin bark even at breast height and accordingly its negligible effect was conside-
red to have no practical importance on the solid vood volime of individiual trees.

After felling each tree, its height was measured by metalle tape from breast height
point to the tip of the leading shoot and 1.3 meter was added to this figlire in order to
get total height, upper diameter at half of the total height was measured each tree stem
was cut with hand saw into sections of 2-meter lenght except the top most section
and the butt log vvhich was always 1.3 meter in lenght.

Ali stem and branch sections vvere measured for volime determination upto a top dia-
meter of 4 cm. on each section three diameters Over bark i.e. at big, middle and small
and vvere taken by diameter tape so that individual tree volumes could be calculated by
Nevvton’s formula.

CONSTRUCTION TECHNIOUE

The follovwing Computer programmes vvere used to develop regression equation bet-
wveen the volime or its transformations as dependent variable and diameter at breast
height and total height and several transformations as independent variables :

1 — A Computer programme developed locally to handle the stepvvise regression proce-
dure as mentioned in Draper and Smith [1966).

2 — The usual multiple regression procedure given in scientific subroutine, by wvvhich
regression coefficents, simple correiation coefficient, Standard errors of regres-
sion coefficients.

3 — A Computer programme which lists for a particular regression equatlons estimates
of the dependent variable in the original form i.e. V instead of log V, D2V corres-
ponding to given values of the independent variables.

RESULTS AND DISCUSSION

The follovwving procedures vvere used to sereen various funetions and finally select
the one yielding the best fit to our data :

1 — The non vveighted funetions :

a — The stepvvise regression funetions:
Four volime funetions vvere developed In vvhich dependent variables used
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were V, log V, D2V and D2H/V vvhile the Independent variables included were D*, D2,
Ds.DM/D, 1/D2, log D, [log D)2, H, log H. 1/H. H/D, 1/H2 D2H, DH, (log H)2 DH2,
Du't log Du, FD2H and D2F'.

The calculated regression equations on the pattern of the above modeles, together
with their different measures of precision are presented in table (1), but for the regres-
sion model I"H/V = a + b log D 4- c log H which was rejected as it gave a very
poor fit resulting in high Standard error percent and exceedingiy low R2 value (15.54 %).

b — Direct functlons :

Some of the popular unvvelghted volume functions used by mensurationists of diffe-
rent countries (Spurr, 1952; Husch, 1963; and Loetsch et al (1973) were chosen for tes-
ting, these are Usted under the numbers 4-10 in table (1).

2 — The vveighted functlon :

One simple non logarithmic regression model, was selected V = a + b D2H in
deveioping the vveighted function, each observation was vveighted by 1/D2H on the
assumption that volime variance increased proportionately vvith the increase of size of tree
(D2H), the calculated regression eguation is showvn in table (1) under number 11.

SELECTION PROCEDURE

On the visual examination of different measures of precision given in table (1), equa-
tions, 2, 0, 9 and 10 vvere rejected because of their high Standard error and mean deviatlon
as vvell as comparatively lowR/R\

Among the remaining equations 1, 3, 4, 5, 6, 7 and 1l there seemed to be practicaily
no d fferences as far as the estimate of R/R’ are concerned, hovvever the Standard error
of equations 1 and 3 being higher in comparison vvith the others in the subset, these
equatlons vvere also rejected.'. Incidently, it is pointed out that the mean deviation percent
for equation 1 was also slightly on the higher side.

As the Standard errors of the left dver set equations, 4, 5 6, 7 and 11 vvere
reasonably close to each other in the range of 131 - 13.6 %, further analysis was carried
out to test for overall unbiasedness of estimates given by each of these equation

throughout the range of data (Ohtomo, 1956 and Prodan 1968) by assuming the model,
A A
V = n + mV, In this model, when V = V, n should be equal to zero and m equal to 1,

A
Table (2). This Implies that the straight line deplcttng the relatfonship betvwween V and V
will be inclined at an angle of 45 from both exes as vvell as pass through the original
(Table 2 and Figlre 1). The sample estimates of n and m for the competng equations

« D “mdiameter at breast height in centimeter
Du « diameter at half of total height
F * normal form quotient
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No.

(©)

10.

11.

Table(l). Standart volime table regression equations wvith their respective measures of precision.

Regression equation R
2 ©)
(i) Stepvvise regression equations :
V = —0.012355082 + 0.0000384221 D2H + 0.1381234/H 0.9888
D2V = 11357.342 — 5394.9676 (logH) + 1.9890502 Ha
—5427.8953 (log DJ + 1901.6033 (log D)2 0.9338
log V = —4669531 4- 2.262949 (log D) + 1.018433 (log H)
—0.0003049273 Ha 0.9805

(ii) Unvveighted regression equations :
= —0.0120483 + 0.0033138 D — 0.00019322 D2

+ 0.000046344 D2H — 0.00012927 DH 0.9911
log V = 4.7476 + 1.8675 (log D) + 1.3628 (log H) 0.9861
log V = 4.48884 + 8515 (log D) + 0.33582 (log H)

—0.29939 (log D}2+ 0.19032 (log H)2 0.9927
D2V = (—210.12 + 30412/H + 22154/H2) 0.9396
V r=—0.0242358 + 0.0002057 D2 + 0.00002891 D2H

+ 0.0008976 H 0.9851
log V= —4.86114 + 0.97266 log D + 1.7931 log H

+ 0.62961 (log Du) 0.9785
V = —0.0053152 + 0.000038068 D2H 0.9917

(iii) 'VVeighted regression equations :
V = —0.00163605 + 0.00003708515 D2H 0.9918

D = diameter at breast height. (gégus ¢ap1)
H = Total height of tree (agag boyu)
V = Volume of tree (aga¢ hacmi)

4)

0.9903

0.9909

0.9910

0.9915
0.9914

Residual

SS (5)

0.111064

0.130675

0.112201

0.110316

0.101639

0.103596
0.110083

0.14464

0.216396
0.111451

0.105-78

SE %
(6)
15.62
11.23
3.34
14.16
6.94

5.84
11.07

15.64

8.63
13.64

13.28

SE%
U]

14.92

13.77

13.93

13.28
13.60

19.13

M.D.
®)
7.18
6.67
6.65
7.30
7.41

6.54
6.74

31.76

11.96
8.52

6.51



Table (2). Standard voliime table regression equation and their test of unbiasedness.

S 1

No. Regression equation

4, = —0.0120483 + 0.0033138 D — 0.00019322 D2
+ 0.000046344 D2H — 0.00012927 DH

5. iogV = —4.7476 + 1.8676 (log D)
4- 1.3628 (log H)

6. logV = -4.48884 + 2.8515 (log D) + 0.33582
(log H) — 0.29939 (log D)2+ 0.19032 (log H)=

7. D2V = (—210.12 + 30412/H + 22154/H2)

11.

V = —0.00163605 + 0.00003708515 D2H

«n» and «m» are not significant at 5% level (P <0.05).
«n» ve «m» 5% diizeyinde signifikant degildir.

Sample regressiop
coefficient of the

A
model, V. = n + mV

«n» «m»

0.002151 0.981205
0.009664 0.917383
0.005593 0.953561
0.003027 0.974189
0.006342 0.957125

Calculated

«nN*»

0.057508

0.269278

0.154529

0.081132

0.173380

«t» value

«m*»

—0.146027

—0.66960

—0.372788

—0.201036

—0.338299
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Fig. (1) Rclative unbiasedness of eq. 7 and 11 in estimating actual volime as adjudged on the

A
basis of assuming model V —n + mV. Note that the line representing equation 7 almost
coincides on the completely biased-free (ine at 45 aegrecs to both axes and passing through the origin.

4,56.7 and 11 are showvn in table 4. The t-test shovved that the estimates of n in respect
of ali these equations vvere not significantly different from zero at the % 5 level of sig-
nificance. Similarly, though the estimates of m varied from 0.917383 to 0.985121, yet they
vvere not significantly different from 1 at the 5% level.

A
Hovvever, the daviation of estimated m’s from 1 calculated by the formula, (nij — 1)

A
100/nip for equations 5 and 6, vvere found to be — 9.0 and - 4.9%, respectlvely;
these vvere more than those for equations 4, 7 and 11 having values of 1.9, 2.6 and 4.4%
respectlvely. Accordingly, equations 5 and 6 vvere screened out from the subset as these
vvere expected to give relatively biased overall estimates of volime. Another reason for
discarding-equation 5 was that it yielded a high overall mean devlation of 7.41% (table 1).

After classifiying the data by 2 cm diameter classes, the aggregate difference percent
of equations 1, 4, 6, 7 and 11 vvere vvorked out by each diameter dass. A comparison
based on aggregate difference percent for these equations is given in table 3.

Equations 1 and 4 gave estimates such that in eight out of a total of tvvelve dia-
meter classes comprising the data, the aggregate difference was less than 5%, on the
other hand, equations 6, 7 and 11 contained ten of these diameter classes vvherein this
statistics vvas less than 5%.

Moreover, the overall aggregate difference percent was the.lovvest (+ 0.44 %) in
case of equation 11, next in the order being equations 7, 4,6 and 1 vvith the values of
+ 054, — 0.62, + 1.32 and — 1.5%, respectively.



Diameter
classes
(cm)
5— 69
7— 89
9 — 109
11 — 129
13 — 149
15 — 169
17 — 189
19 — 209
21 — 229
25 — 26.9
29 — 309
31 — 329

V and V are respectively actual and estimated volumes.

Table (3).

Vv
(mXI10—2)

0.1001
0.3484
1.0556
1.9603
3.1860
4.3205
2.6226
1.3991
1.8541
2.3456
4.6099

3.1294

Comparsion of aggregate difference between actual and estimated volumes by different local volime table
regression equations and diameter classes.

Equation 3

A
V) Aggr.
(M3X10—2)  diff. %
0.1006 —0.512
0.3369 —3.568
0.9833 7.357
1.8901 3.716
3.2230 —1.149
4.3955 —1.707
2.7281 —3.860
1.5922 — 12.12
2.0221 —8.303
2.2443 4.510
4.4208 4.290
3.1284 0.030

Gergek ve denklemden bulunan agag bacimlari

Equaation 4
A
V) Aggr.
(m3XI0—2) diff. %
0.1022 —1.967
0.3500 —6.385
1.0017 5.388
1.8794 4.306
3.1340 1.658
4.1965 2.954
2.5745 1.872
1.4977 —6.570
1.9128 —3.060
2.1900 7.600
4.5890 0.457
3.3165 —5.640

Equation 5

A
V) Aggr.
(m3X10—) diff. %
0.1006 —0.714
0.3554 —0.810
1.0292 2571
1.9357 1.270
3.2206 —1.075
4.2920 0.664
2.6182 0.171
1.5152 7.659
1.9251 —3.680
2.1940 5.913
4.6149 0.107
3.3449 —6.410

Equation 10
A
V) Aggr.
(m3X10—2)  diff. %
0.9712 2.992
0.3569 —2.451
1.0360 1.796
1.9323 1.439
3.1985 —0.440
4.2261 2.165
2.5688 2.058
14840 —5.065
1.8858 —1.710
2.1584 7.960
45823 0.600
3.3213 —6.130

Equation 11
A
V) Aggr.
(Mm3X10—2) 4iff. %
0.0970 3.099
0.3697 —6.020
1.0684 —1.210
19776 —0.880
5.2427 —1.786
42680 —0.070
2.5795 1.640
14822 —5.946
1.8763 —1.200
2.1344 9.000
4.5066 2.200
3.2750 —4.650
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Equation 1 and 6 also did not meet the desired Standard of accuracy proposed by
Bruce (1920) because the overall aggregate difference obtained by these was higher than
1%. Though equation 4 competed favourably vvith equations 11 and 7 in precision, but it
was also discarded as it contained four independent variables, vvhile equation 11 had only
one and equation 7 two independent variables.

A part form this, equation 4 suffered from the vveakness that its mean deviation
(table 1) as well as aggregate difference (table 3) vvere higher than the corresponding
statistics of equations 7 and 11.

Equations 7 and 11 vvere very much comparable to each other in accuracy as adjusted
on the basis of Standard error, (R) value, mean deviation, aggregate difference and the
test of unbiasedness of estimates throughout the range of basic data. Nevertheless, equa-
tion 7 was finally selected for constructing the tvvo-vvay volume table (table 6) as its

A

m value (0.974189) in the model, V = n + mV, was closer to 1 then that of equation
11 vvhich had the m value of 0.957424. A graphical illustration of the test of unbiased-
ness for equatlons 7 and 11 is presented in Figlre 1. The greater the departure of a par-
ticular straight line (one for equation 7 and the other for equation 11) from the one at
an angle of 45° from both axes and passing through the origin, the more biased vvould
be the estimates yielded by this equation. As may be noted in this figire the line res-
pectively equation 7 almost coincides wvith the Standard line, vvhereas the gap betvveen
the line of equation 11 and the Standard line becomes wvith increasing volime, indicative
of increasing under estimation as the trees become bigger.

Comparsion of Precision of the Selected Volime equation vvith the Similar equations
Adopted by other Mensurationists :

A brief resume comparing the level of precision of volime. equation adopted in this
study wvith those of other research vvorkers in different countries of the vvorld and at home
is presented in table 4.



Country

Iraq

Iraq

Finland

USA.

Pakistan

Canada

Table 4. Comparison of precision of selected Standard voliime equation with others adopted by different authors.

Species

Platanus

orientalis

Eucalyptus
camaldulensis

A number of
pine species

Paper birch and
balsam poplar

Hybrid poplar
(PXE CV 1—214)

Spruce-fir

Number of
trees used

151

151

to

128

475

1317

SE

13.6

12.1
134

9.8

(RIF)

0.9914

0.9945

0.983 to
0.994

0.97662

0.981

0.968

M.D

6.74

10.0

Name of the
author (s)

Adopted in the
present study

Saeed et al. (1975)

Vuokilo et al. (1968)

Dippold et al. (1971)

Smith (1976)



Diameter elasses (cm)

Midpolnt

1

13

15

17

19
21
23
25

Range
40 — 59
60— 79
80 — 99
10.0 — 119
2.0 — 139
140 — 159
16.0 — 17.9
18.0 — 19.9
200 — 21.9
22.0 — 239
240 — 259

Table (5) Standard volume table for Platanus orientalis. L.

Total height elasses (m)

6 7 8 9 10 1

12

13

Volime in m3 X 10—

029 035 041 046 0.52

091 1046 1179 1315

1.859 2.097 2.337

3.653

1.453

2.583

4.035

5.811

1.593

2.831

4.424

6.371

14

1.735

3.084

4.819

6.939

15

1.879

3.341

5.220

7.516

10.23

16

3.601

5.627

8.103

11.03

14.40

18.23

17

3.866

6.041

8.698

11.83

15.46

19.57

24.18

18

4.136

6.461

9.203

12.66

16.64

20.93
25.84
31.27

37.21



lameter classes (cm)

/lidpoint

1

13

15

17

19

21

23

25

27

29

31

Range
10.0 — 119
12.0 — 139
140 — 159
16.0 — 179
18.0 — 19.9
200 — 219
220 — 239
240 — 259
26.0 — 279
28.0 — 29.9
300 - 319

1

3.653

12

4.035

5.811

13

4.424

6.731

14

4.819

6.939

15

5.220

7.516

10.23

\

Total height classes (m)

16 17 18 19

Valume in m3 X __

5627 6.041 6461 6888 7.321
8.103 8698 9.203 9.918 10.54
11.03 11.84 1266 1350 14.35
1440 1546 1664 17.63 18.74

1823 1957 2093 2232 23.72

2410 2584 2755 29.24
31.27 3334 3544
3721 39.67 4217
46.56  49.49
54.00 57.40
61.99 65.89

20

21

11.18

15.21

19.87

25.15

31.05

37.57

44.71

52.47

60.86

69.86

22

16.09

21.92

20.58

32.34

39.74

47.29

55.56

64.37

73.39

23

18.98

22.18

28.00

34.53

41.94

49.91

58.58

67.94

77.39

24

23.37

29.59

36.67

44.18

52.58

61.71

71.53

32.15

25

38.39

45.46

55.29

64.59

76.23

85.30

26

58.64

68.12

79.64

90.69

27

95.07



Diameter classes (cm) Total height classes (m)

Midpoint Range 17 18 19 20 21 22 23 24 25 26 27 28 29

Volime in m3 X 10-2

33 320 — 339 7497 7948 84.07 8873 9347 9829 1032 1082 1132

35 340 — 359 8564 89.73 9491 1002 1055 1110 1165 1221 1278 1337

37 36.0 — 37.9 94.88 100.6 1(:)|.6.4 1123 1183 1244 1306 1369 1433 1438

39 380 — 3991057 1121 1186 1251 1312 1386 1455 1525 159.7 1679 1743

41 40.0 — 419 1171 1242 1314 1386 1461 1536 1612 1696 1769 1850 1932 201.6

43 420 — 439 1291 1369 1448 1529 16i.0 1693 1778 1863 1951 2048 2135 2222 2315
45 440 — 459 1417 1503 1589 1678 1767 1958 1951 2045 2141 2238 2334 2436 2541
a7 46.0 — 479 1549 1642 1737 1833 1932 2031 2132 2235 2340 2445 2255 2265 2277

(i) Number of trees forming valid data = 151
(ii) Derived from : V = D2/(—210.12 4- 30412/H + 22154/H2)
where : V = total voliime overbark of entire stem and branches down to 4 cm average
diameter at the thin and, calculated by full basal area.

D = diameter at breast height dver bark.

H = total height in meters measured correctly upto one decimal place.
(iii) Mean tree volime (m3) = 0.2006
(iv) Standard error precent of mean tree voliime (%) = 13.6.
(v) Correlation coefficient = 0.9914.
(vi) Mean deviation (%) *= g 6.74

30

285.4
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KUZEY IRAKTA SULAK ARAZIDE YETISTIRILEN DOGU CINARI
(Platanus orientalis L) PLANTASYONLARI iCIN STANDART
HACIM TABLOLARININ DUZENLENMESI

T. K. SALIH
M. A. SIDDIK
M. A. MALIK

Ozet

Bu calismanin hazirlanmasinda IBM 1130 bilgisayarindan yararlaniimistir. Hacim veya
hacim dondsiminid bagl degisken ve gogus capl ile aga¢ boyunu veya bunlarin déni-
stimlerini serbest degisken olarak alan, on bir adet regresyon denklemi denenmistir.
Regresyon denklemlerinde katsayilarin hesabi igin :

1) Stepvvise regresyon analizi (DRAPER-SMITH 1966)
2) Cogul regresyon analizi

3) Serbest degisken degerlerine gore bagl degiskeni log V, D*/V gibi donisim de-
geri yerine dogrudan V gergek deger olarak verebilen

bilgisayar programlarn kullaniimistir. Keza, regresyon denklemlerinin karsilastirilabilmesi
icin : standart hata ylzdesi, korelasyon katsayisi, ortalama sapma, birikimli fark hesap-
lanmis ve istatistik denetimler yapilmistir.

Materyal olarak, Ninevah orman plantasyonunda kesilen degisik gégis c¢api ve boy-
lardaki 151 deneme agacinin olclleri kullaniimistir. Bdylece, Dogu Cinar standart hacim
tablosu igin;

(I) Stepwvise regresyon
(ii) Tartisiz regresyon
(iii) Tartil regresyon

yontemleri ile katsayilari ve kesinlik ol¢ileri hesaplanan on bir adet regresyon denklemi
elde edilmistir (Tablo 1). Bu regresyon denklemlerinin karsilastiriimasi sonucu, 7 No. lu:

V = D2C—210, 12 + 30412/H + 22154 Hs)

denklemi en uygun bulunmustur. Gergekten, HONER tarafindan 6nerilmis olan bu resres»
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yon denkleminden standart hata yizdesi 13,6 %, korelasyon katsayisi 0,9914 ve ortalama
sapma 6,74 % olarak hesaplanmistir (bak: Tablo 1). Keza;

A
V=n+ mYV

modelinde n = 0 ve m = 1 olasihginin t-testl (Tablo 2) ve grafik olarak karsilastiriimasi
(Sekil 1), birikimli farklarin 5 % den az olan ¢ap basamagi sayisi (Tablo 3) bakimlarindan
da formul 7 dstunlik géstermektedir.

Tarafimizdan dizenlenen standart hacim denkleminin diger agag¢ turleri icin verilenler-
le karsilastiriimasi, tablo 4 de gdsterilmistir.

7 No.lu regresyon denkleminden elde edilen Dodu Cinar standart hacim tabolsu, Tab-
lo 5'de verilmistir






