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AERTAL PHOTO-MENSURATION TABLES

Je Richard Dilworth

Aerial photo cruising that can be accompllshed qulckly; cheaply aﬁd
with a satisfactory degrée of accuracy has been the goai of many forest
mendurationists thrbughout the world, As early as 1925 photo cruising
was accomplléhed successfully by Professor E, Hugershoff and hls
assoclates in Gemédny, The development af this technique has not been
rapid, particularly iﬁ‘America, because of the lack of.adequate research
and developmental efforts. Scattered reports ffom various parts of
the United States and Canada indicate that photo cruising can be accémplished
satisfactorily from both a cost and accuracy standpoint,.

The purpose of this report is to make available certain aerial photo
volume tables for second-growth Douglas-fir and mature Ponderosa pine
stands in Oregon that may help to promote the increased use of the

photo cruising technique,

CONSTRUCTION OF TABLES

The tables showing the relationshi@ between diameter breast height
(DBH), total tree height (TTH) and visible crown diameter (VCD) were
derived from field measurements taken on the ground. The multiple
regression method was used to correlate the three variables. The basic

equation is as follows:

D.B.H. = bo ¢ by (TTH) & by (VCD) + by (TTH)? 4 by, (TTH) (VCD)




ACCURACY OF VOLUME TABLES

Table Aggregate Standard

No, Difference Error
(per cent) (per cent)

I #14.40 18.5
11 +0.15 11.6
v ¢ 0.1 13.5
VI + 1,60 11.5
VIII - 0.0 6.9
IX =1k 10,7
X - 140 26,7
XI11 +1.7 13.95
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TABLF I

RELATIONSHIP BETWEEN D.B.H.~-V.C.D,-T.H. FOR SECOND~GROWTH
DOUGLAS~FIR TREES IN MEDIUM AND WELL-STOCKED STANDS

V.CQD.
{feet) TOTAL HEIGHT IN FEET

70 80 90 100 110 120 130 . 140 150 160 170 180
N ) D,B.H. in Inches

8 9¢3 10.4 11.4 12.5 13.5

11 10,0 11.1 12.) 13.2 14.3 15.3 16.3

14 11.7 12,8 13.9 15.0 16.1 17.1 18.2 19.2 20.3 21.3

17 13.4 14.6 15.7 16.8 17.9 19.0 20.0 21.1 22.1 23.2 24.2 25.2
20 16.3 17.4 18,6 1947 20.8 21.9 23.0 24.0 25.1 26.1 27.1
23 18.1 19.2 20.4 21.5 22,6 23,7 24.8 25.9 27.0 28.0 29.1
26 21.0 22,1 23.3 24.4 25,6 26,7 27.8 28.9 29.9 31.0
29 23.9 25.1 26.3 27.4 28.5 29.7 30.8 31.9 33.0
32 ' 28.1 29.3 30.4 31.6 32,7 33.8 34.9
35 29.9 3l.1 32.3 33.4 34.6 35.7 36.8

McDonald Forest Data. Prepared by the multiple regression method based
on 1,250 trees. Site indexes 100-160. J. R. Dilworth, 1959,

TABLE II

BOARD FOOT PHOTO-VOLUME TABLE FOR SECOND~GROWTH DOUGLAS~FIR TREES
IN MEDIUM AND WELL-STOCKED STANDS

V.C.D.
(feet) TOTAL HEIGHT OF TREE IN FEET
: 90 100 110 120 0 140 60 170 180
1 ume Xre i et M i
8 155 212 282
11 114 161 218 282 359
14 105 152 211 274 354 441 559
17 91 142 197 259 331 418 528 659 826 1029 1248
20 73 118 180 238 309 392 494 623 766 950 1164 1426
23 215 285 363 4% 570 708 872 1074 1311 1609
26 260 337 430 520 648 800 984 1208 1476 1804
29 296 380 477 589 724 882 1084 1342 1640 1999
32 437 545 657 803 980 1202 1484 1800 2180
35 613 728 885 1077 1324 1620 1964 2372

Developed from Table No. 14 U. S, D. A. Bulletin No. 201, and D.B.H.
curves. Includes trees 11.6 inch D.B.H. and larger. Prepared by har-
monized curve method. Based on 1,250 trees. Site indices 100-160.

J. R. Dilworth, 19%9,
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TABLE IIl

CUBIC FOOT PHOTO-VOLUME TABLE FOR SECOND-~CROWTH DOUGLAS~FIR TREES
IN MEDIUM AND WELL~STOCKED STANDS

V.C.D.
(feet) TOTAL HEIGHT OF TREE IN FEET

7080 90 100 _ 110 _ 120 130 140 150 160 170 1BO

Volume of Tree in Cubic Feet

11 l6.4 22,4 28.8 37.8 47.9 58.4 705
14 21.8 29.3 38.0 48.0 59.0 70,7 85.3 102 121 141
17 28.1 37,6 47.5 58.8 70.7 84.7 99.8 119 139 162 186 215

20 50.7 57.0 70.2 82,7 98.4 116 136 157 183 209 240
23 67.3 8l.7 9%.6 112 131 152 177 204 233 269
26 78.3 93.2 108 126 147 169 196 226 258 299
29 104 123 141 163 186 217 249 284 325
32 156 179 204 237 272 308 351
35 170 211 223 256 296 327 376

Developed from Table No. 12 in U..S. D. A. Tech. Bull. No. 201 by R. E.
McArdle and W. H. Meyer. Considers only those trees having a D.B.H. of
9.6" or larger. Volume is the total for the stump, stem, and top. McDon-
ald Forest data. Based on 1,250 trees. Site indices 100-160. J. R.
Dilworth, 1959.

TABLE 1V

DOUGLAS-FIR TREES IN WELL-STOCKED STANDS

{feet) TOTAL HEIGHT IN FEET

70__80 90 100 110 320 130 140 150 160 170

D.B.H. in Inches

11 11.9 13.0 14.1 15.2

14 11.6 12.2 13.8 14.9 16.0 17.1

17 13.6 14,7 15,7 16.8 17.9 19.1 20.2 21.3 22.5 23.6 24.8

20  15.5 16.6 17.7 18.8 19.9 21.0 22,1 23,2 24.4 25.5 26.6

23 17.5 18.6 19.6 20.7 21.8 22.9 24,0 25,1 26.3 27.4 28.5

26 20.6 21.6 22.7 23.7 24.8 25.9 27.0 28.1 29.3 30.4

29 24,6 25.6 26.8 27.8 28.9 30.0 31.2 32.3

32 4 26.6 27.6 28.7 29.8 30.8 31.9 33.0 34.2
30.6 31.7 32.7 33.8 34.9 36.0

McDonald Forest data. Multiple regression method. Based on 1,250 trees.
Site indexes 100-160. J. R. Dilworth, 1959.
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TABLE V

BOARD FOOT PHOTO-VOLUME TABLE FOR SECOND-GROWTH DOUGLAS~-FIR TREES
IN WELL-STOCKED STANDS

VUC.D!
{feet) TOTAL HEIGHT OF TREE IN FEET

70 80 90 100 110 120 130 140 150 160 170

11 102 150 204 267
14 63 101 150 204 255 335
17 94 142 197 257 326 407 503 623 760 923 1119
20 127 184 249 319 394 480 589 718 872 1053 1256
23 164 229 300 378 464 558 676 816 990 1187 1409

26 276 355 444 534 640 765 920 1103 1326 1570
29 510 609 721 860 1026 1228 1467 1737
32 : 584 691 814 962 1136 1359 1601 1897
35 904 1060 1249 1496 1742 2046
38 A 1892

Developed from Table No. 14 U. S. D. A. Builetin No. 201, and D. B. H.
Curves. Includes Trees 11.6 inch D.B.H. and larger. McDonald Forest
data. Site indices 100-160. J. R. Dilworth, 1959,

TABLE VI

CUBIC FOOT PHOTO-VOLUME TABLE FOR SECOND-GROWTH DOUGLAS-FIR TREES
IN WELL-STOCKED STANDS

V.C.D. - :
(feet) TOTAL HEIGHT OF TREE IN FEET

70 80 g0 100 110 120 130 140 150 160 170

Volume of tree in Cubic Feet

11 27.9 36.7 46.7 57.8

14 21,9 28.9 37.5 47.4 58.4 70.7

17 28.8 3B.1 47.5 58.8 70.7 85.4 102 121 143 166 206
20 37.0 47.2 58.7 71.3 84.1 100 118 138 161 187 215
23 46,1 57.7 69.8 83.7 97.8 114 133 155 181 209 239
26 68.9 B82.2 97.3 112 129 149 172 199 231 264
29 110 126 145 166 190 220 253 289
32 125 132 161 183 208 240 276 312
35 176 200 227 261 299 335

Developed from Table No. 12 in U, S. D. A, Tech. Bull. No. 201 by R. E.
McArdle and W. H, Meyer. Considers only those trees having a D.B.H. of
9.6" or larger. Volume is the total for the stump, stem, and top.
McDonald Forest data. Site indices 100-160. J. R,.Dilworth, 1959.
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TABLE VI1

RELATIONSHIP BETWEEN D.B.H.-V.C.D.~T.H. FOR SECOND-GROWTH
DOUGLAS-FIR TREES IN MEDIUM AND WELL-STOCKED STANDS

=

V‘ICOD‘
{feet) : TOTAL HEIGHT IN FEET

Z0_80 90 100 110 -120 130 140 150 160 170 180
‘ D.B.H. in Inches

8 708 808 9.9 10.9 '11.9 13.0

11 9.6 10.6 11.7 12.7 13.8 14.8 15.9 16.9

14 11.4 12.5 13.5 14.6 15.7 16.7 17,8 18.8 19.9 21.0

17 13.2 14.3 15.4 16,5 17.5 18.6 19.7 20.8 21.8 22,9 24.0 25.1
20 16.1 17.2 18,3 19.4 20,5 21.6 22.7 23.8 24.9 25.9 27.0
23 19.1 20.2 21.3 22.4 23.5 24.6 25.7 26.8 27.9 29.0
26 20.9 22,0 23.1 24.3 25.4 26.5 27.6 28.7 29.9 31.0
29 22,7 23.9 25.0 26.1 27.3 28.4 29.5 30.7 31.8 33.0
32 25.7 26.8 28.0 29.2 30.3 31,5 32.6 33.8 34.9
35 28.7 29.9 3l.1 32.2 33.4 34.6 35.7 36.9

Combined data--0.S5.C., McDonald Forest and Pope's data collected in
Clackamas and Multnomah counties, Oregon. Prepared by the multiple re~
‘gression method. Based on 1,554 trees. Site indexes 100-170.

Je R. Dilworth, 1959,

TABLE VIII

BOARD FOOT PHOTO-VOLUME TABLE FOR SECOND-GROWTH DOUGLAS-FIR TREES
IN MEDIUM AND WELL-STOCKED STANDS

VOC.D‘ o '
(Feet)__ TOTAL_HEIGHT OF TREE_IN FEET

708090 100 110 120 130 140 150 _ 160 170 180

—

olume of Iree, (Scribner) Board Feet to 8" Top Deisbe
8 137 190

11 98 142 200 255 326 408

14 97 142 194 2585 321 402 498 613 7954

17 87 139 190 249 312 389 481 598 721 876 1058 1266
20 172 235 303 377 460 566 693 836 1011 1212 143%
23 286 362 448 537 653 790 952 1144 1370 1627
26 335 420 511 619 742 893 1071 1282 1527 1813
29 388 486 584 696 836 998 1195 1441 1693 1999
32 951 658 780 930 1106 1325 1572 1864 2171
35 737 871 1028 1219 1465 1726 2030 2363

Curves. Includes Trees 11.6 inch D.B.H. and larger. Combined datae-
0. S. C., McDonald Forest and Pope's data collected in Clackamas and
Multnomah counties, Oregon. Based on 1,554 trees. Site indices 100~
170, J. R. Dilworth, 1959.
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TABLE 1L

CUBIC FOOT PHOTO~VOLUME TABLE FOR SECOND-GROWTH DOUGLAS~-FIR TREES
IN MEDIUM AND WELL-STOCKED STANDS

Vv.C.D.
(Feet) TOTAL HEICHT OF TREE IN FEET

7080 90 100 110 120 130 140 150 160 170 180

Volume of Tree in Cubic Feet

8 19.7 25.9 34.0 43.7
11 15.2 20.6 27.0 34.9 44.9 55.2 67.5 82,0
14 20,8 28.0 35.9 45.7 56.5 67.9 82.1 99.1 117 138
17 27.3 36.1 45.9 56.9 68.5 B8l.7 97.3 116 136 159 184 213
20 44.8 55.9 68.6 80.0 96.1 113 133 155 181 207 239
23 66.7 80.3 94,2 111 129 150 175 202 232 268
26 77.7 92.5 108 125 145 167 194 224 258 299
29 89.1 105 122 140 162 185 215 247 282 325
32 118 135 155 179 203 235 271 308 351
35 150 170 195 222 256 296 331 378

Developed from Table No. 12 in U. S. D. A. Tech. Bull. No. 20] by R. E.
McArdle and W. H. Meyer. Considers only those trees having a D.B.H.

of 9.6" or larger. Volume is the total fox ‘the stump, stem, and top.
Combined data O. S. C.~McDonald Forest andtgggé's data collected in
Clackamas and Multnomah counties, Oregon. ed on 1,554 trees, Site
indices 100-170, J. R. Dilworth, 1959.

TABLE X

LOCAL PHOTO-VOLUME TABLE
FCR SECOND-GROWTH DOUGLAS~FIR

—

vV.C.D.

(feet) TOTAL HEIGHT OF TREE IN FEET
60-~110 110-140 140+
Volume of Tree,  Scribner Dec. C.
to 8" Top D.j.b,
8 9.9 17 28
11 14 26 42
14 19 34 56
17 23 43 70
20 28 52 86
23 33 62 101
26 38 72 117
29 44 84 134
32 48 . 95 152
35 107 173
38 120 197
a1 135 225
44 152 256
47

Based on the volumes of 1,250 trees. Site In-
dices 100-160. Medium and well-stocked stands.
Jo R. Dilworth, 1959-
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TABLE XI
REGRESSION SOLUTION OF D.B.H. ON V.C.D, AND T.H.

FOR PONDEROSA PINE TREES IN MEDIUM AND WELL STOCKED STANDS
ON SITE IV LAND

v.C.D. TABLE HEIGHT IN FEET
FEET 70 80 __ 00 _ 100 __ 110 120 130 _ 140 150
D.B.H. IN _INCHES

6 11,4 13.3 15.1 16,9 18.7 20,5 22.4

9 11.9 13.7 15.6 17.4 19,2 21.0  22.9 24,7 2645
12 14,2 16.1 17.9 19.7 21.5 23.3 25.2 27.0 28.8
15 16,6 18.4 20.2 22.0 23.8 25,7 27.5 29.3 3l.1
18 18,9 20,7 22.5 24.3 26,2 28.0 29.8 31.6 33.4
21 21,2 23.0 24.8 26.7 28.5 30.3 32.1 33.9 35.8
24 23.5 25.3 27.2 29.0 30.8 32.6 34.4 36.3 38.1
27 25,8 27.6 29.5 31.3 33.1 34.9 36.8 38.6 40,4
30 31.8 33.6 35.4 37.2 39.1 40.9 42.7
a3 34.1 35.9 37.7 39.6 41.4 43.2 45,0
36 38,2 " 40.1 41.9 43.7 45.5 47.3
39 ‘ 42,5 44,2 46,0 47.8 49,7
42 , 44,7 46.5 48.3 50.2 52,0

Based on 244 trees. Pringle Falls Experimental Forest Data (Oregon).
David P. Paine, 1958.

. TABLE XII

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

V.C.D. TOTAL_HEIGHT IN FEET

FEET _70 80 90 100 110 120 130 140 150
_BOARD FEET TREE VOLUMES {SCRIBNER)

6 65 138 226 332 469 656 888

9 69 128 218 328 457 627 847 1100 1380
12 123 201 311 444 590 795 1050 1340 1650
15 188 28l 416 573 748 986 1270 1610 1960
18 2%8 373 532 717 927 1190 1520 1890 2280
21 339 474 662 884 1120 1420 1780 2210 2640
24 429 589 813 1060 1320 1670 2060 2550 3020
27 530 714 979 1250 1550 1930 2390 2910 3410

30 1140 1460 1790 2210 2720 3280 3840
33 1340 1680 2040 2539 3070 3690 4290
36 1920 2320 2850 3430 4110 4760
39 2640 3180 3830 4560 5280
42 2930 3540 4240 5040 5800

. Developed from Table XI and Bruce Girard form class volume tables. David

P. Paine, 1958. One foot stump. Merchantable top limit 50 per cent of
the scaling diameter of the first 16~foot log or eight inches, whichever
is greater.




