COMMERCIAL VOLUME TABLE FOR TEAK

(Tectona grandis Linn. f.) IN BANGLADESH
BY REGRESSION TECHNIQUE

Sk. Sirajul Islam
ABSTRACT

Usefulness of volume table for teak (Tectona grandis) can hardly
be overemphasized. The paper deals with the preparation ofa comms-
ercial volume table of teak based on data collecied during 1977 from
1874, 1875, 1876, 1878 and 1879 plantations at Kaptai in the
Chittagong Hill Tracts (South) Forest Division in Bangladesh. Thirteen -
mathematical models of tree volume on diameter at breast height
(DBH) and volume on D B H and total height were compared. The
best relationships judged principally by Furnival’s Index were used to
compute volume tables.,
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INTRODUCTION

Teak is a large deciduous tree mostly
with tall fluted boles. It grows on moderate
slopes with well drained deep alluvium
soil. The species was first introduc:d in

Studies on tree biomry in respect of
volums table for teak have probably not
been done in Bangladesh. Byt anacieptable

Bangladesh at Kaptai in the Chittagong
Hill Trag's in 1872. At present, it is being
sucizssfully grown in Sylhet,: Chittagong
and the Chittagong Hill Trac:s.

volums table of this valuabls forest species
is essential for timber inventory works of
the Forest Department aswell as for vari-
ous research activities in forestry.
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BASIC DATA

Data from felled sample trees were
originally collected from 1874, 1875, 1876,
1878 and 1979 plantations at Kaptai in
Chittagong Hill Tracts (South) Forest Divi-
sion. Representative sample trees (Table 1)
were considered on the basis of one kind
of subjective sampling method according to
a frequency table of two inches diameter
classes taking an average of 28 trees per
class. Data on measurement of all sample
trees were taken carefully to avoid mea-
surement error as far as practicable. The
stump height, diameter at breast height
(DBH) bole log length, crown log length,
branch log length, two end diameters, bark
thickness of every log and top height of
each sample tree were measured for cal-
culating the total volume outside bark,
merchantable height and total height. The
measurement procedures are mentioned
under Definitions and Standards.

DEFINITIONS AND STANDARDS

Diameter at breast height over bark :
Diameter at breast height outside bark was
measured in inches by a caliper.

Diameter of logs : Diameter at two
ends of a log was measured outside the
bark in inches. Logs up to a minimum four
inches top diameter were considered.

Stump height ¢ Stump height of each
felled tree was measured in feet.

Total height : Total height was mea-
sured in feet. Forked (bzlow breast height)
trees were included in the sample consider-
ing each fork a separate tree.
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Log length: Each unlogged sample
tree was divided int> as many 10° long
seciions as possible. I1 cases where the last
section was found to be less than 57, it
was insluded as an extension of the pre-
vious log. In case of a logged tree, the
actual length of each log was taken.

Standard timber volume : The total
volume of all bole and crown logs witha
minimum of 4" average top diameter out-
side bark has been defined as standard
timber volume. The volums for all logs
were calculated in cubic feet by employing
Smalian formula.

Standard smallwood volume : The total
volume of all branch logs with the same
minimum average top diameter outside bark
has been assumed as standard smallwood
volume. The volume for each branch log
was calculated in cubic feet by the Smalian
formula.

Total volume over bark : The aggregate
of all standard timber volume and small-
wood volume of a sample tree has been
considered as total volume over bark.

Quarter girth volume : Quarter girth
volume was obtained by mul'-’:iplying don-
version constant (0.785 ) withtable volume.

PROPOSED TECHNIQUES FOR
VOLUME TABLE COMPUTATION

One-way  volume table ¢ One-way
volume table is based on a single inde-
pendent variable for DBH under the assu-
mption of definitive height-diameter rela-
tionship for the species under consideration
(i.e., tree of a given diameter class tends
to be of similar height and form). For
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quick timber inventory as well as increased
convenience and efficiency, it is necessary
to develop this one-way volume table of
reasonable measure of precision which
directly gives volume corresponding to
different diameter classes (Malik 1970).

A few relationships of volume-diame-
ter (Malik 1970) with 635 sample trees
have been established by the computer.
The best model ( Appendix—I) was selec-
ted on the basis of square of multiple
correlation coefficient, mean square error,

Table 1. Height-diameter data of teak

Furnival index, F—test and Student’s t-test.
The best selected model has also been jus-
tified through graphical interpretation.

Two-way volume table: Two way
volume table is based on DBH and total
height as independent variables. Although
it is time-consuming and expensive to
measure height of trees particularly in the
case of extensive forest population (Malik
1970 ) this kind of table usually gives
predicted volume close to true value
because of the addition of one important
independent height variable.

Height (feet)

I%ix?c}fl) 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 Total
7 2 8 16 31 9 82
12 1 1 10 10 32 22 7 3 1 _ 87
17 1 1 3 710 22 25 10 4 1 34
22 1 4 6 8 16 26 20 11 5 3 2 102
27 1 2 2 2 82017 11 2 1 67
32 1 I 1.1 6 17 14 8 6 56
37 33 2 3 91917 16 7 5 85
4 4 4 717 9 1 2 46
47 8 3 6 1 17
52 4 2 1 7
37 1 1
62 1 1
Total : 1 3 11 27 52 67 54 55 81 94 92 56 25 12 635
voL. 17 (1 &2) : JAN—JULY, 1988 3



Various relations of height-diameter
(Malik 1970.) and volume-height ( Myers
1963 ; Burey, Wright and Matos 1972)
with 616 sample trees were examined in
the computer. The best relations in both
the cases were selected on the basis of the
same statistics asin volume-diameter rela-
tion ( Appendix—I). The bestselected height-
diameter relation is justified by graphical
interpretation. Next, the statistically best
selected volums-diameter-height relationship
was carefully verified with true natural
curve in the light of the best selected height-
diameter relation. Moreover, the multi-
collinearity among the explanatory varia-
bles of diameter and height was checked.

The two volums tables (Appendix II
and Appendix III) withappropriate areas,
species, models adopted, muliiple correla-
tion coefficient and standard error of the
estimate have been prepared.

VERIFICATION AND JUSTIFICATION
OF TABLES

The percsntage amount of variation
explained by the model as well as the ave-
rage square of the difference of true
volume and predicted volume have bzen
found satisfactory. The two volume tables
have been tested in areas of Sylhet, Chitta-
gong, Chittagong Hill Tracts and Cox’s
Bazar. Samples of 10, 14, 10 and 13 trees
were taken inthese fourplacas respectively.
The true volums was calculated by Smalian
formula. It has besen examined through
t-test that the two samples (true volums:
and etsimated volum:) in each plag: have
com: from ths sam: population resulting
insignificant difference between the two
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samples. Thus, the two volume tables have
been justified in each of the above plages.
This method of verification for volume
tables was also used in Iraq by Clonaru
and Getan (1976).

PROCEDURE FOR USING THE TABLES

The tables have been prepared by 1™
diameter classes and 10" height classes.
The dameter and the height shown in the
volume tables are the overbark diameter
measured at breast height and the total
height measured from ground level to the
tip respectively. Thus, an average tree of
5°. D.B.H.and 30" height msans 4.6 to 5.5"
D.B.H. and 25.1" to 35" height respectively.
But these tables should not be used to
estimate volume of individual trees in a
stand. Rather they give average volume
of a stand having average DBH and
average height. Thus, total volume of a
stand may be estimated by multiplying the
number of stems with average table volume.
Trees having characteristics similar to
sample trees will give better precision in
volume estimation,
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Appendix I.  Height-diameter, volum:-diameter and va!ume-dlameter-helght equatlons for

Tectona grandis Linn. f. data

ST, , -
No. Equations , R? M. S. E. F. L
1. H=ap+a,D+a,D? 062  237.34 16.95
2. LogH=as+a,Log.D 0.61 0.04 18.25
3. LogH = ac,_yaﬁl3 0.64 0.03 17.55
4. Log.H=ao+a,Log,D+a, (Log.D)? 0.65 0.03 17.16
5. %izao+a‘o+azpz 083 3298  2605.99
6, Log-VOBg=ao+a,Log,D (BEST FIT) 0.88 0.23 40.79
7. VOBg=ap+a,D? 0.49  17940.92 133.94
8. VOBg=ay+a,D+a,D? 0.61  13663.98 116.89
9. VOBg=ac+a,D*+3,D* 0.69 10897.46 104.39
OB
10. VD‘E—amLa.D2 0.03 0.03 79.80
11. VBBE_aOJra 5T + a,D? 0.04 0.03 79.85
12. VOBg =a,+aD*H 0.69 11104.46 105.38
13. VOBg=ao+a,D*+a,H-+a,D*H 0.70  10613.86 103.02
14. Log.VOBg=20+aiLog,D+2,L.og H(BESTFIT) 0.92 0.16 33.36
15. LogeVOBE-ao—} ailog.D-+a:log H 5
ey +a,Log,DUP 0.95 0.09 25.18
16. iy =2o+a |D2H 0.0004  0.000003 84.09
17. TR=t0+a a"D2+a3H 015 004 8438
VOB
18. Dzl;“ ao--2 *H+"‘2D2+a 3D2H 0.01  0.000003 83.91

Note : H=Total height, D=Diameter at breast height, VOBg=Volume over bark excluding

60

stump and DUP==upper stem diameter
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Appendix II. One-way volume table (in cubic feet)

Species : Teak ( Tectona grandis Linn. f.)

Place (i) Syihet, (ii) Chitagong Hill Tracts, (iii) Chittagong and (iv) Cox’s Bazar

Total volums over bark=stem volums over bark +small-wood volums over bark.

Total volume=volume upto 4 inch top diamster, stump height=1.7 ft

D.B. H. EBstimated D.B.H. Estimated D.B.H. Estimated D.B. H. Estimated
over volunie over volume over  volume over volume
bark over bark bark  over bark  bark over bark  bark  over bark
(inch) (cft) (inch) (eft)  (inch) (cft) (insh) (cft)
4 1.94 21 82.50 38 315.77 55 728.99
5 321 22 91.66 39 334.86 56 759.33
6 4.84 23 101.36 40 35460 - 57 790.36
7 6.87 24 111.61 41 374.98 58 822.09
8 9.29 25 122.41 42 396.00 59 854.51
9 12.13 26 133.77 43 417.66 60 887.64
10 15.39 27 145.70 44 439.96 61 912.47
11 19.10 28 158.20 45 462.91 62 956.01
12 23.25 29 171.27 46  486.52 63 99126
13 27.87 30 1?4.93 47 510.78 64 1027.22
14 32.96 3l 199.17 48 535.71 65 1063.90
15 38.53 32 214.01 49  561.30 66 1101.30
16 44.59 33 229.44 S0 587.55 67 113943
17 51.14 34 245.48 51 614.48 68 1178.28
18 58.21 35 262.12 52 642.09 69 1217.85
19 65.78 36 279.30 53 47037 70 1258.16
20 | 73.88 37 297.25 54 6993 7 1499.20
Derived from ‘ : VOBg=0.084D2263
Standard crror of estimate ¢ 0.479
Correlation cozfficient : 0.9374
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Appendix III.  Two-way volume table (in cubic feet)

Species : Teak ( Tectona grandis Linn. f.).

Place : (i) Sylhet, (ii) Chittagong Hill Tracts, (iili) Chitizgong, (iv) Cox’s Bazar.
Total volums over bark=stem volum: over bark +small wood volume over bark,

Total volums=volume up:o 4 inches top dameter

Cubic feet over bark Stump height © 1.7 ft

Total height (feet)

D.B.H
?ingil) 20 30 40 0 6 0 % 9 100
4 0.51 097 154 220 294 377 467 564 6.68
5 0.2 138 219 313 219 5.6 664 803 9.50
6 096 184 292 417 55 716 88 1070 12.67
7 123235 3m 53 73 913 131 1366 1617
8 151 290  46) 657 880 1127 1396 1686 1997
9 182 346 554 792 1061 1358 1682 2031  24.05
10 215 412 654 935 1253 1604 1987 2399 28.41
1 25 479 760 1087 1456 1864 2309 2789  33.03
12 287 550 8.7 1247 1671 2139 2650 3200  37.89
13 3.26 6.24 9.90 1416 1896 2428 30.07 3632  43.00
14 366 702 113 1591 2132 2729 3381  40.83  48.34
15 409 783 1241 1775 2377 3043 3100 4533 5391
16 452 867 1374 1965 2632 3370 4175 5042 59.70
17 4.98 9.54 1512 21.63 28.97 37.09 4594 55.49 65.70
18 545 1044 1655 2367 3L7L 4060 5028 €073 7191
19 594 1137 1803 2578 3454 4423 47T 6615 T332
20 644 1233 1955 2796 3745 4795 5939 7173 8493
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Appendix III ( Cont'd)

Total height (feet)

D.B. H.
0. b. 003 4 0 60 0 8 9 100
(inch)

21 695 1332 2012 3020 4045 5179 6415 7743 or
22 T4 143 T O350 4354 5574 6905 8339 gg
23 803 1537 2438 3487 4670 5080 7407 8046 10592
24 8.8 1644 2608 3729 4995 6396 7922 9568 11320
25 916 1754 2782 39 5328 @2 8450 10206 120.84
26 974 1866 2959 4232 5669 7258 89.90 108.58 128.56
27 10341981 3141 4492 6007 7704 9542 11525 13646
28 10952098 3327 4158 6373 8159 10007 12207 14453
29 38 2018 3517 5029 6736 8625 10683 12903 15077
30 1221 2340 3700 5309 7107 90.99 11271 13613 161.18
31 1286 2464 3908 5588 7485 9583 11870 14337 16975
32 13532591 4109 5875 7870 10076 12481 15074 17848
33 1420 27120 4313 6168 3262 10578 13103 15825 18737
34 1488 2851 4522 6466 8661 11089 13735 16590 19642
35 1538 1985 47134 6160 9067 11608 14379 17367 20563
36 1629 321 4949 077 9480 12137 15034 18158 21499
37 1701 3259 5168 3790 98.99 12674 156.99 189.61 224.50
38 1774 3399 5390 77.08 10325 13219 16374 19177 234.16
39 1849 3541 3616 8031 10758 13773 17060 20606 24397
40 19243686 5845 8359 11197 14335 17757 21447 253.93
41 001. 3832 6078 8692 11642 149.05 18463 22300 264.03
42 2078 3981 6314 9029 12094 15484 19180 231.65 27428

YoL. 17 (1 & 2) : jAN—JULY, 1988
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Appendix IIT (Cont’d)

Total height (feet )

D.B.H

o.b. 20 30 40 50 60 70 80 90 100
(inch)
43 21.57 4132 6553 9371 12552 160.70 199.06 240.43 284.66
44 2237 4285 6795 97.18 130.16 166.65 206.42 249.32 295.19
45 2318 4440 70.41 100.69 134.87 172.67 213.89 258.33 305.86
46 2400 4597 7290 10425 139.63 17877 23144 26746 316.67
47 2483 4755 7542 107.85 14446 18495 229.10 276.71 327.62
43 2567 49.16 7797 11150 149.34 19121 236.85 186.07 338.70
49 46.52 5079  80.55 11519 15429 197.54 244.69 7295.54 13;1‘}?97\ —
50 2738 5244 8316 11893 15929 20395 25263 305.12 361.26
51 28.25 5411 8581 12271 16439 21043 260.66 314.82 37275
52 29.13 5579 88.48 126.53 169.48 21699 268.78 324.63 384.36
53 3002 57.50 91.18 130.39 174.66 223.62 27699 334.55 396.10
54 3092  59.22 9392 13430 179.89 230.32 28529 344.58 407.98
55 31.83 6096 96.68 138.25 18518 237.98 293.63 354.71 419.98
56 32.74 6272 99.47 14225 190.53 243.93 302.16 360.96 432.11
57 3367 64.50 10229 14628 19593 250.86 310.73 375.31 444.36
58 3461 6630 10514 15036 201.39 257.85 319.39 38576 456.74
59 35.56 68.11 108.02 15447 20691 264.91 328.13 396.32 469.24
60 36.52  69.95 1'10.93 158.63 21248 272.02 336.97 406.99 481.87

64
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Appendix- IIT ( Cont’d)

Total height ( feet)

D. B.H. — — - —
0. b. 110 120 130 140 150 160 170
(inch) -
4 7.78 8.05 10.17 1145 12.79 14.19 15.64
E 1,07 1273 1447 1630 1820  20.19 = 2295
6 1417 1698 1930 2174 2428 2692 29.47
7 1884 2166 2462 2773 3097 3435  37.85
8 2326 2675 3041 3424 3825 4042 4675
9 2812 3222 3663 4125 46,07 509 5631
10 3310 3805 4326 4872 5442 6035 66.51
11 3848 4424 5020 5664 6326 7015 7731
12 4415 5076 5770 6498 7258 8049  83.71
13 010 5760 6548 7374 8237 9135  100.67
14 %632 6475 7362 8290 9260  100.69  113.17
15 6281 7221 8210 9245 10326 11452 12621
16 6955 7996 9091 10238 11435 12681 13976
17 76.54 83.00  100.05  112.67 12585 139.56  153.81
13 83.78 9632 10951 12332 13774 15275  168.34
19 9125 10491 11927 13432 15002 16637  183.36
20 98.95 11376 12934 14565 = 16269  180.42  198.83
21 106.88 12288 13970 15733 17573 19488  214.77
22 11504 13225 15036  169.33  189.13  209.74  23L.15
23 12341 14188 16130  181.65  202.89  225.00  247.97
24 131.99 15174 17252 19428  217.00 24065  265.21
25 140.78 161.85 18401  207.22 23146 25669  282.88
26 149.78 17220 19578 22047 24626 27310 300.97
65
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Appendix I ( Cont'd)

Total height ( feet)

D.B.H
(?ﬁg’ﬁ) 110 120 130 140 15 160 170
27 13899 18278 20781 23402 26139  289.88 21946
28 168.39 19359 22010 24786 27685  307.02 33835
29 17799 20463 23264 26199 29263 32452 3574
30 18778 21589 24545 27641 30873 34238 377.32
31 19777 22537 25850 29110 32515 36059  397.39
32 20794 23907 27179 30609 34187 37944  411.83
3 21830 25098 28534 32133 35890  398.02 43845
34 22885 26310  299.12 33685 37624 41725  450.83
35 23957 27543 31314 35263 39387  436.80  481.38
36 25047  287.96 32739 368.68  411.80  456.68  503.29
37 261.56 30070  341.87 38499  430.02 47689  535.56
38 27281 313.65 35658  401.56 44852 49741  548.18
39 28424 32679 37152 41839 46731 51825  57L.14
40 20584 34012 386.69 . 43546 48630 53940  584.45
41 307.61  353.65 40207 45279 50574  560.86  618.10
42 319.55 36738 417.67 47036 52536 58263 64209
43 33165 38129 43350 48818 54526 60470  666.41
44 343.92 39440  449.53 50623 56543 62706  €91.06
45 35635  409.60 46578 52453 58587 64973 716.04
46 368.05 42417 48224 54307 60658 67269 74134
47 38170  438.83 49891  561.84 62754 69594  766.97
48 39461 45367 51578 580.84  648.77 71948  792.9]
49 40768 463.60  532.86  600.08 67025 74331  819.17
66
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Appendix IIT ( Cont’d)

Total height (feet)

D. B. H.

0. b, 110 120 130 140 150 160 170
(inch)

50 42090 48390  550.14  619.54  691.99  767.41 84574
51 43428 49928  567.63  639.23 71398  791.80 87262
52 447.81  514.83 58531  659.15 73623 81647  899.80
53 46149  530.56 60320 67920  758.72  841.42  927.30
54 47532 54647  621.28  699.65  781.46  866.64  955.09
55 489.30  562.54  639.55 72023 80445 89213  983.19
56 503.43 57879  658.02 74103 82768  917.90  1011.58
57 51771 59520 67668  762.04  851.16 94393  1040.27
58 53213 61178 69554 78327 87487 97023  1069.25
59 54670  628.53  714.58 80472  898.82 99679  1098.52
60 56142 64545 73381 82637 92301 102361  1028.08
6l 57627  662.52 75323  848.24 94743 105070  1157.93
62 591.27  679.77 77283 87031 97200 1078.04 1188.07
63 606.41  697.17 79261 89259 99698 110564 1218.49
64 621.68 71473 81258 91508 102238  1133.50  1249.19
65 637.10 73246 83274 93778  1047.44 116161 1280.16

Derived from VOB

Standard error of estimate

Correlation coefficient

VoL, 17 (1 & 2) i 1AN—JULY, 1988

0.000465 D580 Fi+60a

0.389
0.9596
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