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SECTION 1 m= INTRODUCTION
PROBLEM

designing a tinber cruise using aerial photographs, either

. combiration with ground field work, the mmber of possible
al'lmost infinite., A great variety of scales and types of
jtkographs existe The photographs alone may be used in a

ways and they may be conbined with various types of ground

any possible combination. A large number of different designs
‘a.nd are being used in the United States and Canada. In some
results of these cruises have been checked against cutting

r fairly heavy ground cruises but in many cases there has

’eri no check or else only a low-percentage g:{:'ound cruise which

. be regarded as very accurate. Furthermore, a comparison

fferent cruises actually carried out has been difficult because
ences in forest conditions between the areas to which they were

,‘ :To the writer's knowledge there has been no case where different
I aerial photo eruises have been applied to the same area and

] with accurate ground results. Tt is felt that there is a need for
mparisons in order to better understand the use of aerial photo-

in forest mensuration,

PURPOSE

- -

The purpose of this project, then, is toc obtain some coﬁcrete
ons of several types of cruises as applied to a single area on
bhe volumes are accurately known. As previously pointed out, the

» of imaginable cruise designs is infinite and it would be impossible

nl—



ally. However, it is hoped that by testing several varied
ain trends can be ascertained. The area which is studied
ject is so small that the results cammot be considered

he purpose, therefore, is not to determine conclusively
of eruise design but to ascertain the trends in order to

way towards further experimentation along this line.

DESCRIPTION OF THE AREA

e area treated in this report is part of the Harvard Forest
512b City, Compartménts IX and X, and consists of 133 acres
boizt three miles south of the village of Petersham, Massa~-
“l'he general location is shown in Map Noe L. It will be

nat the area is bounded on the west by the Swift River and
ghway (State Routes 32 and 122) runs through the eastern

Hus making it extremely accessible,

'Map No. 2 shows the topography of the area at a scale of
Jontours are taken from the U.S.G.S. Petersham Quadrangle.

ns range from 670 feet in the soutlwest corner to slightly over
t near the southeast corner. Slopes are nowhere precipitous
moderately steep over much of the southern half and there are
flat portions within the area. ,

The complete history of this tract is not known in detail.
portions give evidence of having once been cleared for culti-
Eut it is fairly certain that the bulk of the area was never used
ps. A large portion appears to have been very heavily cut about
nd probably was used as pasture for some time afterwards. The

t stand consists_principally of stemwise mixtures of hardwoods,

k and white pine, mostly about 50 to 60 years old, Exceptions to

_.2-
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ure conditions occur in the young white pine plantations
of the area, in the approximately 80-year purewhite

e ’southeastern portion, and in the strips of nearly pure
0 years old along the river and the east edge of the

ple hardwood species are red oak and red maple with

of yellow birch, paper birch, black oak, black birch,

ast major operation on the area occurred in 191l and 1915
shown as 1 on Map No. 3 was planted with white pine and
than this the only operations in recent years have con-
'e cuttings in several portions totalling about four

e blown down in the 1938 hurricane., These few small

nly ones completely destroyed by the hurricane and this
is the largest area on the Harvard Forest which is

e from hurricane damage, The area then has remained

ree from natural and silviecultural disturbances for 50 or

it is for this reason that it has been chosen for this

reogram of the area made from 1:18,000 modified infrared

s shown in Pigure lo
OUTLINE OF PROCEDURE

the purpose of comparing the results of several widely

¥

se were made of the 133-acre study area., The ground cruise,




Figure 1

000 Modified Infrared Photographs.

¢18,

‘Study Area from 1

pximate Boundaries of Study Area Shown in Red.




photographs with no supplementary ground data. Aerial
2 is a moderately intensive use of 1:18,000 modified infrared

) combined with ground data. Aerial Cruise No. 3 is a less-

ly uses the 1:18,000 photographs in an extensive manner

the location of plots on the photographs.

inalyses were made of all cruises to determine the chief

' error and to enable comparisons to be made of relative costs
cies, In order to better understand these comparisons the
wises were expanded to cover a hypothetical township of 23,0L0
t to be similar to the 133-acre study area.

Conclusions were then drawn regarding the chief errors made
slative merits of the various types of cruise, and suggestions

urther research along this line,
VOLUME TABLES USED

*&J. volume tables used in the ground cruise are described in
GROUND CRUISES,

The volume tables used in the aerial cruises consisted of all
1 volume tables that could be assembled for this region plus a
eld table adapted for aerial use. Copies of the tables are

in this section and are described below,

Aerial Volume Table No. 1 is a local yield table for hard-
sed on cutting records of the Harvard Forest. The original

e the yield in cords per acre for the best stocked stands of

heights, The figures for cubic feet per acre were derived from

Cruise No. 1 consisted of a very intensive use of 1:5300

1se of the 1:5300 photographs combined with ground data. Aerial




akre by assuming the mumber of cubic feet per cord shown
lumn of the table. The figures for board feet per acre
rom the cords per acre by determining a relationship of
kcord for stands of various heights. This relationship
y curving several tables obtained from U.S.D.A. Technical
60 by Schmur .

al Voluwme Tables No. 2 to 8 are self-explanatory. All
Formation concerning them may be obtained from the tables

ch followe




ne Table, Site Index 65

ng Date on the Harvard Forest

Volume Table Noo 1.

Cords Per  Cublc Feet  Board Feet Cubic Feet
Acre Par Acre Per Acre Cords
) 250 150 60
7.0 k90 365 [

10.2 816 850 &0
13.2 1120 1450 g5
16.5 1400 2U50 85
19,8 1680 %50 5
23,0 2070 4500 90
26.5 2385 6450 90
30.5 2740 8300 90
3.5 3100 10250 90

ast column,

echnical Bulletin No. 560, by Schnur.

cre converted from cords per acre by assumed conversion



Aesrial Volume Table No. 2

 Stond Volume for Normally Stocked Stends

tree ‘ Volume per Acre in Board Feoeb
: Oak

700
2, 700
6,000

12,000

22,000

Aerial Volume Table Noes 3

Velure per Acre Estimate from Aerial FPhotographs
Based upon Visible Crown Diameter (VCD)

age VCD
i at Vo
C ubic Feet

0 0

220 0

' k50 375
670 850
13,5 900 1500
0] 1120 2500
16.5 1250 2500
0 1570 heoo
19,5 1800 £000
21.0 2000 7200
2245 2220 &800
04,0 2liz0 10000
25.5 o650 11700

For use with hardwoodsz, and herdwoods snd softwods,
Hot sstisfoctory for =ofbwoods alones

ram UsS.FeS. NorthessterwForest Experiment Station, Forest Survey.
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rial Volume Table NWo, B

=
O

1 Height of Tree in Feet
£g 60 65 70 75 &0

“

Volume = board feet
2 2 3 )i 8 & & PR ] o 28
3 Ly 5 1k 26 52 ces
Iy 6 9 21 3% 66 sos
? 9 lh 33 ZL? 82 @6
10 13 20 1L2 6O 96 6
1&’_ 18 28 52 73 lll 28 @
19 25 36 61 55 12h 169
25 32 L5 70 96 139 19k
31 Lo 56 78 107 155 219
37 50 66 86 117 172 239

35 13 e 75 06 130 189 266
Lo £ 65 8¢ 108 1y 209 289
L6 58 75 ol 120 158 230 308
52 65 85 10hL 133 173 2lL9 327
59 7h 95 113 17 189 267 a2
65 82 103 123 159 207 285 356
70 o1 112 13k 169 221 301 368
79 102 123 1he 182 238 317 3380
86 112 13k 158 195 25h 329 39

92 125 1h7 171 209 268 31 106

97 128 159 183 221 281 349 117
102 155 171 197 235 205 356 127
107 166 183 211 2L0 306 265 136
111 179 198 226 262 218 270 1

6 196 212 2L 278 230 376 DI
209 227 256 289 341 383 HEO
219 238 269 299 355 398 158
229 256 279 309 366 LoB 163
237 260 289 31b 277 117 h73
e 269 298 32? 385 }.!_25 BJ78
sew 279 BOS 336 397 )‘35 2‘—6)4

urements of 1,6l6 trees by the Northeastern Forest Experiment Station,
Ihite Mountain National Forest.

o

for trees 11.0 inc

on stem at th]_Cﬂ mner L’J

anches, derovmluvs defect or by a diame
No deduction made for defect,

v

hes dsb.he and larger to a
ntability for saw t#ﬁber is
>ter of less than 6.0 inches

ARt

viation for 1,6L6 trees; Table 0,0857 high. Standard error of
individual tree, based on 110 trees mechanlcal7 selected from the
, 15 107% of the average sample tree volume. Uetemeanow index
 tree sample is 0,72




Aerial Volume Table No. 6

itand Volume Table -~ Vhite Fine

Board Feet Visible Visible Number Basal Area
per Acre Crown Diameter of Trees per Acre per Acre
- 10,1 250 75
2,100 10.5 216 95
6,500 1048 2L2 119
9_,800 11.3 237 133
12,600 11.8 231 115
15?300 12.3 22l 15k
17,900 13.0 210 161
21,000 13.7 180 166
2[1,,600 1h.5 150 170
28,700 15.L 138 17k
33,700 e 16.2 131 178
10,000 17.1 125 181
L7 »,000 18:0 120 _ 18L
5l1,600 19.0 116 186

bon 18 plots taken cooperatively in August, 1915 by Harvard Forest
ern Forest Ixperiment Station, U.S.F.S5. Board Foot Volumes
Girard form point table (llesavage and Gerard, 19.5). Inter-
i8log rule., Minimum merchantable D.B.H. is 9 inches. Minimum

[e top is 5 inches.

jlation Index: Board foot wdumes with height==0.937

13




Tume Table w

Aerial Volume Table Hoe. 7

- White ine

Total Visible Heig

1o 50 60 70 90 100
Board Foot Volumes {(Int.

110 60 90 110 1l 210

60 80 110 150 180 220 270

70 100 140 180 220 270 330

8o 120 160 210 260 320 290
140 19 250 310 380 1150
150 220 280 350 1,30 520
180 210 320 1400 1190 590
200 270 360 150 550 650
220 300 290 500 610 720
250 310 1130 550 670 800
270 370 1,80 600 730 87
290 1,00 £30 650 790 950
220 130 560 700 860 1030
e 1160 600 750 920 1110
360 L00 6L0 810 990 1160

n cooneration with U.3.
18 fifth acre pl T

lots in

log

st
P 4 4557

35., August, 19

V-1,298




rial Volume Tab Ho. O

d Foot Volume by International Z inch Dule

tal Heipht of Tree in Feet

I 50 58 60 68 70 75 80
Volume - board feet

100 1.? 2ﬁ2 3&8 6 & 9 LA L
106 2@6 Qe? 'SQ!L! ® @& ¢ e 8 e e
2.5  h.,2 6,0 1R.7 27.5 ... ces
a0 6.0 967 15 25,0 o
6.2 10 15,0 2243 o7 cos
?6? C:UE 2239 3108 { aD ¢ @8
15,0 22,6 32.2 12,6 .7 cos
ggah BQ,E hS-O 55&5 oo 120
L.l L3.3 56,0 70,0 87.5 102 121 1237
[1.5 57,0 70.0 86,0 103 117 137 155
52.1 70,8 82,8 99,0 115 123 15J 175
65,0 85,0 99,0 112 128 16 172 199
coe 100 1320 12k 1hl 165 190 223
sos 113 126 136 55 181 212 250
8569 123 136 1h? 167 197 230 ?Bh
0s 3L 1hs 187 179 213 281 300
cos 1h3 153 167 190 228 270 22h
cse 150 161 176 200 2he 289 3L5
voa 158 167 183 210 255 306 260
ses 162 17hL 192 218 268 321 273
889 16@ 18 ?OO 22& 278 ?36 388
25 @ 1?? 18§ 20% 230 285 3&8 hOO
cos 17 169 210 235 292 360 108
veo 181 191 21h 229 200 367 L1s
cos 8L 193 218 2L1 305 27h 0 L2o
see 187 197 220 2h3 310 380 L23
coe g 199 222 2L5 31l 386 L26
Be e e e s see R 31m 392 h29
L LN e8¢ ® 8§ 8 W e 322 397 h}z

irements of 1,079 trees by the Northeastern Forest Zxperiment
1 the Thite Mountain Natiomal Foreste
ove 1.0 foot stuap up to 18 inches DeB.H, and 1.5 foot stump
DeBoHe To a useable tops 1leeey the point on stem at which
for saw-timber is limited by branches, deformity, defect or
of less than 5,0 inches inside bark, Minimum D.B.He. is 9.0
eductions made for defect,

ation for 1,L479: Table 1,07 low,
r of estimate for individual tree, based on 19 trees mechanically
m the total number, is 517 of the average sample tree volume.
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SECTION 2 —- GROUND CRUISES

100% Cruise of Sawtimber and a 10,7% Plot Cruise
of Poles and Sawtimber

INTRODUCTION

Although 'Ehe ground cmises were executed after the aerial

c on the aerial cruises, they are here considered first so as
sh a basis for comparing the results of the aerial cruises
t a better understanding may be had of the source of the

ita for the aerial cruises. In order to provide a check on
1ts of the various aerial cruises, a 100% ground cruise of all
r on the area was made. In conjunction with this, to provide
ta for use in the aerial cruises, an 11% plot cruise of both
> and sawtimber was made. It was necessary to organize the

as to provide certain types of data, and yet complete it in
a time as possible since it was only a part of the general
‘Consequenfcly, this groxmd' cruise differs from normal cruises
ber of Ways, as for example, in containing no cull or growth
In evaluating the results of the ground cruise the design must

s in mind, particularly when considering such things as cost.
PROCEDURE

A base line was laid out with compass and chain and per-
ular to it a series of parallel strips one chain wide were run.
se strips the diameter of all sawtimber trees was measured and
rchantable height estimated. Along the leading edge of each
‘trees were frequently marked so as to prevent the overlapping

 strips or the missing of any trees., Separate tally sheets were




ch strip so that in addition to the 100% cruise, various

15 of these would provide strip cruises of different per-

t three~chain intervals on every third strip a tenth-acre
one chain square was established. At the beginning of each
andom choice was made to decide whether the first plot in that
nld fall in the first, second, or third chain, This design

in 142 1/10-acre plots or a 10.7% plot cruise. On these plots,
on to sawtimber, poles down to 6 inches d.b.h. were measured
merchantable heights estimated. Also, on each plot the

éight of the dominant and codominant trees was estimated by
crew members to the nearest five feet, occasionally checked
ney level, The percentage of crown closure was ocularly

d to the nearest 10%, The purpose of these two estimates was

e information for checking the photo-interpretation. The

ate location of these plots is shown in Map No. 3.

Trees were measured at d.b.he with diameter tapes to the
tenth-inch and tallied by one~inch c¢lasses up to 18 inches and
1ch classes for 20 inches and larger. Sawtimber btrees were

é.s those in the eleven-inch class or larger for hardwoods,
~inches or larger for softwoodse

Werchantable heights for sawtimber trees were estimated to
o5t half-log and occasional checks were made with an Abney level.
ts of top merchantability for sawtimber trees were defined as

5 inside the bark for hardwoods and 6 inches inside the bark for
ods. Merchan‘table heights for pole-size trees were estimated to
arest four feet, the 1imit of merchantability being four-inches

bark for all species,

Sawtimber trees forking above 16 feet were tallied as one tree

s




fRacre Ground Plots

IX AND X.
original ground cruise

pestablished later for
formation




itable height equal to that of the tallest fork. Uhere
Ked below 16 feet, each fork was tallied as a separate

s at the equivalent of d.b.h. being estimated. Ieaning
1lied so long as they were alive but trees completely dead
ied, No attempt was made to estimate cull and all volumes
umes.,

umes for sawtinmber trees were obtained from Mesavage and

lass tables of the U,S, Forest Service, and are given in

International 1/li~Inch Rule. For white pine a form class

d since & previous study conducted in this area indicated
bhe average, For hemlock and hardwoods a form class of 78

btained from Table li of the above publication, as being the

these species in the Northeast,

ic-foot volumes for pole-size trees were obtained from a
s for softwoods and hardwoods in the Manual of Forest
ce and Crowth by Frank Murray, University of Michigan. In

Sy Volumes were shown by diameter and number of 100-inch

tree. The tables were curved and then adjusted and inter-
read by four-foot bolts. # copy of these tables is included
eport as Table No. 1.

In addition to the 142 1/10-acre square plots established in

1 ground cruise, the writer established 30 1/10-acre circular
ots to provide additional data in certain stands for the various
;iksges. The approximate locations of these plots are also shown

3e

RESULTS

The manner in which this cruise was carried out allows the

-




Table No. ]

ltimes for Pole Timber

HARDWOODS

Merchantgble Height - Feet
12 16 20 2l 28 32
20 5245 3ol 183e0  tlte2s el

2.8 3. Ll bl
366 L.l 5.1 646
b8 5.7 645 8.3
6e3 T3 843 10.3

SOF TWOODS
Merchantable Height - Feet
12 16 20 32
2 .O 2 ® 6 3 ° 2 L 1.1, e/

305 Ll..l ‘_,. 6.1
L.8 5.5

from Nlanual of Forest Recomnaissance and Growth by Frark Murry,
fliversity of lMichigan.

s

ire given in cubic feet of merchantable wood inside bark to a

#0p diameter limit of li~inches i.b.




‘;»f ‘be combined in a mumber of different ways. Since the tally was
w ate by one-chain strips it was possible to assemble strip

of var:ying‘ percentages. Volumes for the area were computed for
pssible 5, 10, 20, 25, 33 1/3 and 50 percent cruises, and for the
s In any cruise less than 100% there is naturally an error
' ea estimate which is based upon the length of the lines run.
quently, the data was worked up in two ways for each cruise--one
out any correction for error in area and one with a correction for
r in area, Table No, 2 is a summary of the results of the various
ﬁ cruises. The standard error of the estimate is shown for the

0 and 20 percent cruises only, because the remaining cruises have

| a small mumber of degrees of freedom. It will be noted that there
! egular decrease in the standard error of the estimate from the 5%
he 20% cruises, Average errors are shown for all cruises. In

ral these errors decrease from the 5% cruises up through the 207,
beyond this the results are erratic and there is no noticeable trend.
sbulation of the least errors of any individual cruise shows that

e of the cruises were accurate to within less than 1% of the true

;,_ volume, Eyamination of the greatest errors on any one cruise

ws that considerable errors can be obtained on any one cruise.

dmm errors for the 5% cruises were 55% for the total volume and 92%
* the volume of only one species,

The actual error of the one 10.7% plot cruise was Se7%, while

e standard error of the mean was 9.3%, based on an unlimited population,

d 8,8% when based on the formnula for a limited population.
COSTS

In determining the costs of a project of this nature a number

Lo
-




Table lo. 2

8 and Average Errors
Ground Cruises
= STRIP GRUISES

% 10% 20% 25% 33-1/3%  50%
% Unce.Corr.Unc, Corr.Unc, Corr Unc.Corr.Unc. Gorr Unc Corr

 EIE| A

B of Estimate (%)
olumes 2142 [23,7112.8]11.8| 6.9 6.8

|

ood Volumes 2947 23.0.20,9!15.8! 6.9 5.4

®

VOlumeS 2300 2LI.Q7 16.0 12.9 605 5.2

b | B

pfine Volumes  3Lie5 39,0 20.0 21.7 13,9 1lLe5

o (1) . |
‘Lvélumes 1763 2046 | 9,91 Bo9l 5.9 5.8 6.0 5,8 hL,7/3.7!6.0/!5.5
food Volumes 1963 1643 1649 1362 645 562 Le7 3oL 3.1 2.2 0.2 0.3
Bk Volunes 17.6 2041 1347 11.5 546 Lu5 9. 943 2.3 1.3 9.3 8.8 |
@ Fine Volumes 29,7 33.5 1hili 16.1 12,7 13,0 6.9 749 7.0 6.0 S.i 1.9
P of Individual Cruise

a1 Volumes 0.7 1 0631 046} 1,91 0.8 1.8 2.1 0.8] 2.2/2,72 | & ' -
fIndiv.Spec.Vol, 0.7 0.2 0.7 0.3 2.3 1.1 0.5 0.1 1.2 0.3 - -
z*°€b§§m§§diVid“als§fgi§§.1 23+9121.5110,51 10,1} 10,0 1148 7.0/5.6 | - | -
diveSpec.Vol. 92,3 72.L Lh.5 L3.5 18.7 19.4 19.0 18.5105 9.1 - =

-
[

1047% Ground Plot Cruise
Hardwood Hemlock Thite Pine Total

Error (%) -1301 —1&.7 + hog “507

;
)
|
y
frror of Mean

9.3% (Based on formula for unlimited population)
" " "

8.8% (Based on formula for limited population)

#* Unc. columns are based on volumes uncorrected for exact area.
Corr.m lumns are based on volumes corrected for exact area.




~assumptions must necessarily be made, Furthermore, in considering
ese costs the désign of the survey must be kept in mind. The purpose
stima.ting the costs of the various cruises is solely for comparison
th the cost of other cruises determined in a like mammer. For several
asons the costs of these surveys do not reflect the cpsts of surveys
tually carried out for timber inventory. For example, no cull or

onth data was collected, and a straight 10% for overhead has been

sumed for all cruises. Furthermore, the area is particularly accessible
0 roads,

Nevertheless, time records have been kept on all of the

ey and by making several assumptions it is felt that valid com-
'isons between the costs of the various ground cruises and between the
5ts of ground cruises and aerial photo cruises can be made.

Following are the assumptions regarding costs of the ground

Salary (field and office work done by same

personnel) $2660 / anmum
Car mileage $0.,05 / mile
Overhead 10%
Distance between office and field area 6 miles

Cost of travel time one way to be borpe by cruise.
The estimated costs of certain of the cruises for the 133=

"IJ'"i are:

Cruise Total Cost Cost per acre, cents
5% Strip $ 2367 2741
10% Strip 59.97 145409
20% Strip 91,20 68.57
10,7% Plot 101.87 76459

CRUISE OF A TOWNSHIP

In order to better visualize the comparisons of the various

uises, it is of interest to expand them and see how they apply to a



rea, In SECTION 7 is a compérison of the number of plots and
s of the various cruises as applied to a six-mile-square town-
040 acres., Since there was no sampling unit in the strip
they are not subject to statistical treatment and the expansion
ground cruises to a township area is confined to the one 10.7%

plot cruisee
CONCLUS IONS

.~ It is not the purpose of this project to make detailed

Sons of various types of ground cruises but since the 100% cruise
e in strips it was possible to combine the data into strip cruises
ous percentages and this was done as an incidental matter of

The results are of passing interest but the conclusions far

eisive, prineipally because of the small size of the area in-

Examination of the table of errors shows that for an area this
is necessary to employ a strip cruise of about 20% in order to ’
ured of a standard error of the mean below 10%, On the other hand,
idence available indicates that an increase in strip cruise per-

e above 207 does pot necessarily result in an appreciable increase
uracy, Therefore, it may be concluded that for an area this small
! this type a cruise of about 20% is the best by the strip method.
Although the accuracy of the 19.7% plot cruise was somewhat

r than that of the 10% strip cruise, the cost is considerably more.
20% strip cruise appears slightly cheaper and more accurate than the
e, Part of the high cost of the plot cruise is due to the

‘?»;v ar spacing of the plots and costs could be reduced considerably

closer spacing of plots on lines farther apart. However, this is

24




practical on such a small area and probably would result in
rease in accuracy. The results, then, indicate that for an area
type and size a 20% strip cruise is likely to give the most

ctory results,
SUMMARY

For the purpose of providing an accurate volume check on

lous aerial and ground cruises a 100% ground cruise of the area
In additiop, in order to acquire data for adjusting certain
aerial cruiges, 12 tenth-acre ground plots were mechanically
in the area, thus providing a 10.7% plot cruise. Thirty
tenth-acre plots were established to provide further data
ain stands, Time records were kept and costs of certain of the
| computed for purposes of comparison.

Results indicate that for an area of this type and size,
strip cruise is the cheapest that will provide results of acceptable
That is, a standard error of the mean of less than 10%,

Do
] |

ol |




SECTION 3 — AERIAL CRUISE NO. 1

An Intensive Use of large Scale Photographs Involving a

Detailed Stand Map but No Supplementary Ground Data




SECTION 3 - AERTAL CRUISE NO. 1

ensive Use of Large-scale Photographs Involving a
led otand Map bubt no Supplementary (round lLata

INTRODUCTION

s cruise is an intensive one using large scale photographs
objective of determining how accurate a volume estimate
e to make from such photos alone without the use of ground
hoped that some indication might thus be gained as to

ot it would pay to use large scale photographs intensively
‘re‘nytory purposes. Additional objectives were to gain

in making measurements on the photographs, and to determine

irately these measurements could be made.
PHOTOGRAPHS

e photographs used were HF - 3 - 8 to 11, taken on

1916, about a year before this survey, using infrared film
blue filter, The theoretical scale was supposed to be

but a scale check revealed the actual scale to be 1:5300‘
e pictures were clear and of an unusually large scale, a
examination revealed serious shortcomings. Chief of these
reme contrast which caused the photographs to be composed
ely of bright whites and opaque blacks with no intermediate
s appeared to be caused by the combination of the early hour
ography (9330 A.l.) and late season (October 20), which

long shadowsy the infrared f£ilm which made these shadows

:‘rly black; and probably some fault in the exposure, developing
ing, The result is that each tree is composed of a blank white
n the sunny side and an opague black por’oiop on the shadow side.

ses the tone differentiation between species, which generally
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I Sterecgram = Nerthern tip of

.
o

L
“o

5300 Photographs Used in Aerial Cruises No. 1 and 3.

Figure 2

Study Aresa
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p well on infrared photographs, to be entirely lacking. In

',, the photographs were taken at such a late date that many of
'!Tw were partially defoliated and some were completely de-
Stereograms from these photos covering portions of the study

re shomm in Figure 2 and reveal the aforementioned shortcomings.
PROCEDURE

of the Cruise

Since the purpose of this cruise was to secure the best
estimate possible, the cruise was designed to extract the maximm
of detail from the photos without regard to the time or cost in-
';. To accomplish this purpose the design called for a detailed

p With no minimum area limit set, Within each type the per-

bof all distinguishable species were estimated, the height or |
range of each species component estimated to the nearest five i
he average crown diameter of each species estimated to the ‘
igot, the total and merchantable mumber of trees per acre 1
ed, and the crown closure or density estimated to the nearest

ercent, Per-acre volumes were then obtained by roughly averagirg

gures given by the several volume tables available and these

8 were applied to the areas of the various types to obtain the

folume figures,

Computations

- The first step was to calculate the photo scale and prepare
for such factors as parallax, shadow length, area corrections, etc.
In order to determine the actual scale of the photographs a

‘of lines were measured on each photo and checked against the U.S.GeSe

2Q

& O




raphic map., Here an unexpected difficulty was encountered. The
scale checks when plotted on graph paper showed little or neo
lation between scale and elevation. The results of the scale check
1own in Figure 3., Included is a line showing the theoretical slope
: ratio between scale and ground elevation as determined from the
onship of focal length, flying height and photo scale. That

is little correlation between the slope of this line and that of
tual scale checks is immediately apparent. The most logical
 seems to be that the difficulty lies in the points chosen for
ale check. Since the seale of the photographs is large they

too small an area on the topographic sheet to include many

ately located control points. The points necessarily chosen for
'ealev check consisted, in large part, of such features as stream
ons, road bends and farm houses which probably were not too

tely located on the topographic sheet. An additional possible

)y of course, is distortion due to camera tilt but it is beyond
5c0pe of this report to analyze this. To solve the problem of

; discrepancies, the average scale and average elevation of all
heck points were determined and approximately through this point
le Was drawn at the proper slope to indicate the photo scale at

,ﬁs elevations, This is shovm in Figure L. As can be seen, the _
 at an elevation of 800 feet, which is about average for the area,
5300, A single check made by chaining a distance along the road
ated that the assumed scale was approximately correcte

By means of the parallax formula, computations were made to

1 a graph showing the parallax factory, or tree height in feet per
-inch of parallax, for the various elevationse In ordér to compute

3, corrections for the absolute parallax at different elevations were




Figure 3

Scale Check Graph

No. 1.

re

8

by

N

[«

2

ATTT 5 e i 6 5 : [ 04 E
\| .
\ g L i e | |
\ JEE BE 1T B
vEE : e AEE &
’ | N ] o

-

\
NEEEEEREE AR

LR
D EEENNEEEEEN
ook

=B o e pu -
o Y

"

oy

1S

DY,

B

P

|
R

11T
[

2 N ]
\ S il
] \ P = [ i 4 B
ISy - T
“YTie s ] R e
o = MWVWHI[ DEER
/ T -
\ SEEEEE T
\ e
— [ 5 .
I » N\ ] —H

L9}

eTeog o40Ug



TOAST BOG 940QY 300d = UOTLCASTT
0011 0601 0001 056 006 043 003

=t 0 I e ] I i i | [k
| m 5 1 o o O S [l e e S i T -
L. 35 5 5 5 1) 5 0 I O [ l d NN ] 5 5 1 1 1 0 1] Nl
B JESENIESIEEE RN ERE | 3l i 1 I | e B 5 i il
/// EEREEEEE S RS B imn B i [ @ EEEER §
TN MIEEE ] I0E e .
TN 8 02 I o I ERE
R —— & R B — - T — S
- == ‘/\ . o i (I WG S = . — S A T e R S5F : - = == - | - B
i N B e [ g i e
N - B o . B i B o e - -
(i N 55 5 T O 0 NN ik = I [k B o
[z (e o 1 15 ) A 1N B EEEE 1T ] 1
BERE m Ef & § o ~ 11 B R 5 i Y . . A [ =
w\Ww ‘\\‘ s R N | T == T 1T =1 = E =
HHHH ] ) = . ae T i E B i o AEEE]
S - u E DEEEEEE g | 15 ] 0 0 I
i | o IEE e leh g ) =) (88 S et [ || N &
B IEEND [z ) O 0 ) B E I [ i N T
= S L | ) ol a]ied = o [ " [ ) (9 () |8 B B i O Iy il [E
e = == / EEE [imii | | 1 N
m. H NS NN 1 i 1 O
& 130 il i
&
G - SS . - -
o Ve
L B
3 Bl [alwl ] il
s L A /N B
S - HH -
o [ | N |
L2
m 51

oy

se No.1l.

aTeos ojoug

31




as Shmm in Aerial Photographs in Forestry, by S. Spurr,
The distance between principle and conjugate principle points
aphs 9 and 10 differed from that of the other paris and so
nes had to be drawne This graph is shown in Figure 5,
Shadow factors, or tree height in feet per o00l-inch of

| shomm for the various elevations encountered on the area in
é.nd 7. Factors were computed not only for level ground but
very 20% of slope up to 100% where 'bhe shadows were falling
to 10% where the shadows were falling downhill, The method
tion is described in the aforementioned reference, page 210.
te method of constructing this graph is to show the shadow

' slope, graphing lines for each 50 or 100 feet of elevation,
hod, slope can be expressed in terms of degrees, percent
phic units, and the factor for intermediate amounts of slope
be read off, Interpolation must be made between elevations
the factor varies only slightly with elevation, this method
to be easier to use than that shown in Figures 6 and 7.
One-fifth acre circles were drawn and reproduced photo—

on transparencies to be used in making tree counts. The
constructed to measure one-fifth acre at an elevation of
nd in order to correct for differences caused by changes in

a graph was constructed to show the area covered by this

onverting the crown diameter as measured in thousandths-of-

rectly into feet for the various elevations, as shown in




Figure 5

Parallax Factor Graph
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Shadow Factor Graph
Shadows Falling Downhill
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Figare 8

Area of 1/5=acre Circle Graph

Cruise No. 1.
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Figure 9

Crown Diameter Graph
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Check Work

Before attempting photo-interpretation of any area it is

ial that the interpreter gain a working knowledge of that area
least of the general region in which the area lies, By this
results which are obviously erroneous can often be avoided. To
lish this purpose a mumber of measurements of tree heights by
rallax and shadow methods were made in the vicinity of the

t area and in the northernmost tip of the area, In addition,
ounts were made and species indentifications attempted. These

ns were then visited in the field and the various photo estimates

d on the ground. No serious errors were discovered.

etion of Base Map

A printed map of the project area was available but before
ing it a check was made against the photographs. A radial line
as made using the transparent templet method and the map thus
scted was found to fit the printed map reasonably well. Chief
pancies were found to be in the 1ocation‘of the river and these
ot regarded as large enough to warrant discarding the printed
is results from the 100% ground cruise later showed, the printed

as an area approximately 1.5% high.

iction of Type Map

Using a magmiying pocket stereoscope, areas of homogeneous

t types based on species composition, height and density were marked
e photographs with a grease pencil. The length of time required to
is job was increased by certain difficulties imposed by the charac-

tics of the photographs., Because of the previously mentioned lack




} differentiation, the various species could not readily be re-
Only by careful study of individual crown shapes could white
hemlock and the hardwoods be separated. Because it was not possible
dovn the hardwoods into species or species groups, all hardwoods
{f‘"" together.

When delineation of the forest stands was completed on the

raphs the type lines were transferred to the base map by means of
ltiscope. The resulting stand and type map is shown in Map No. Lo
the 3pecigs composition, height and density of each mumbered

is different, for the purpose of constructing type map the stands
souped into the species composition types shown in the map legend

t regard to height or density.

, jon of Volumes

Each stand was then carefully gone over and estimates made

bhe species pe;centa.ges, tobtal height or height range, average crown
ameter, density, total mumber of trees per acre and merchantable

ber of trees per acre. These estimates are shown in colwms 1 through
f Table No. 3. Species percentage estimates were based on the

oportion of the area of each stand occupied by the various species.
fficulties were encountered in the measurement of tree heights,

cause of the extreme length of the shadows it was not possible to use
_____ 8 shadow method except in rare instances, and due to the lack of detail
the shadows it was difficult to determine the level of the ground when
ldy;’.ng the parallax method. In determining heights by the parallax
thod, the parallax wedge was used as well as a home-made device

ploying a2 floating circle,

Average crown diameters of each species component in a stand )

ere measured with a wedge scale. Density, or percent of crown closure,

9
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[YPE MAP

CITY IX AND X.
1947

ial Photographs HF-3-7 to 10,
y October 20, 19L6.

LEGEND
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UISE 10, 1
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CITY IX AND X.
1947

1:12,000 Modified Infrared
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Table No. 3
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5 estimated with the aid of the Guide for Estimating the Degree of

king on Aerial Photos, produced by the Pacific Northwest Forest and

¢ Experiment Station. Coluwmn 7 of Table Noe 3 represents an estimate
the total number of trees per acre regardless of size. Column 8 is
ttempt Lo estimate the merchantable mumber of trees per acre using
ninimum crown diameter of about fourteen feet for hardwoods and eight
gt for softwoods. Data from this region indicate that these crown
ameters aprroximately represent stem diameters of eleven and nine

hes respectively. These stem diameters (dobehe) have been established
the minimm of merchantability for this project.

Using the estimations shown in the first eight columns, the
-acre volumes for each species component of each stand were obtained

n aerial photo volume tables, In the determination of these volumes

t of the applicable tables were used and their results roughlyg averaged,
hardwoods there were five tables available and for white pine, two,

¢ only one was available for hemlock the results of this table were
plemented by reference to the white pine tables, Columns 9 and 10

tain the per-acre volumes thus obtained. In the case of stands con-
ining more than one species the per—acre volume for each species was

rst determined as if the entire acre were occcupied by that species

d then this figure was reduced by the percentage of the acre occupied

~‘ that species (the figure in colwmn 3).

| While working through the area stand by stand and making
asurenents, types lines ﬁrere corrected and adjusted where necessary,

e determination of stand areas was purposely left until this stage in
der to permit these corrections to be made. Areas were first determined
th a planimeter and the sum of the individual areas checked against the

tal area. As a matter of interest the total area was also determined




th a dot grid and differed from the planimetered area by only 0.2
%, Planimetered areas are shown in column 1lle.

Columns 12, 13 and 1l show the volumes by species for each , i
and obtained by multiplying the per-acre volumes by the stand acreagese ‘
gures underlined in red indicate cubic feet,

Table Noe )i shows a surmation of total board-foot and cubic-

volumes for.each stand and a percentage break down by speciess i

RESULTS AND ANALYSIS

As a check on the species composition estimates of the first
another type map was made using 1:12,000 modified infrared photo-
aphs on which the species composition was more clearly distinguishables
is type map is shom as Map No. 5. At first glance there seem to be
large mumber of differences between these types and those determined

on the 1:4800 photographs shown in Map Noe L. However, careful
ganination reveals that most of the discrepancies are dve to minor i
fferences in the percentages of the various species, such as a change
som the hemlock-hardwood type to the hardwood-hemlock. The biggest
istake made on the 1:5300 type map occurred in stand No. 16 and was
gused by mistaking an area of pure white pine for hemlocke. A further

heck on the accuracy of species composition estimates is described in

he following sub-section.

olumes

Errors in estimation of volumes from aerial photographs may
e due to errors in the estimation of species composition, in measurements

gich as height, density, crown diameter and tree count, and in the volume
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Lge No, 1

of Total Volume Betimates

Table No. 4

Per=acre Volume

Stand Volume

Volume by Specles

Corrected for ares
Errox

12851 1197705
“78.9% +13.0%

Cu.Ft., Bd.Pte Cu.Fte  BdeFte Hwd Hem 03
1800 1100 100
550 LG50 100
24870 26620 1 83
1700 560 100
5982 6700 4o 60
hols 39960 91 9
10000 27500 25 75
275 685 100
4750 1315 17 53 30
3900 33560 59 51
132150 17360 14 29 57
275 515 100
3850 9200 58 4o
2400 5905 100
220 4000 155 2800 25 72
11956 L7465 10 g 6
3500 72135 100
10650 16080 15 85
2000 960 100
Lggoo 578485 3 97
2000 2140 100
3915 8lo95 89 11
19450 Uglgs 7 16 17
12700 L0130 15 28 57
2000 3600 100
180 475 3n 69
450 6365 100
8300 33970 21 45 3
160 245 62 38
5U00 26785 35 63
5570 53440 2 g 1k
2000 Lok 100
11600 78880 14 85
Lgps ghoo 79 21
16840 18020 5 95
13060 1217180
Error =78.5% +14.8%
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tables used, In an effort to determine the major causes for the errors
of volume estimation in this cruise, information has been assenbled from
< e ground plots for ten of the forty stands that were mapped. The
remaining thirty stands are small and do not contain sufi‘icient' plots to
form a reliablg average, Average per-acre volumes for hardwood, hemlock
and vhite pine, as well as average height, density and number of mer-
thantable trees per acre were computed for each of the ten stands from
the ground plots that fell within that stand. These are shown in the
first part of Table No, 5, Although some of the stands have only four
r five plots and therefore the ground figures cannot be considered too
accurate, nevertheless, the results should be helpful in indicating the
mjor sources of error.

Following is a comparison of the errors in per-acre volume
estimation for the ten selected stands with the errors in total volume

estimation for the entire area.

Hvd. Heme W,P, Total

Brrors in Total Vol, Estimation, Entire Area 437.0% ~27.6% 136.4% 413.0%
frrors in Per-acre Vole Est., 10 Selected Stands $52.9% - 5.7% 127.3% +18,9%
It can be seen that the per-acre volume estimates for the ten selected

stands follow the same trends of error as the total volume estimates fo;-

the entire area., An analysis of the volume errors for these ten stands,
therefore, should reveal the major errors for the total volume estimates

of the entire area. An analysis of these errors is made in the remaining
portion of this section. In certain parts of this analysis only six of

the ten stands are used but the same trends of error occur in these and

80 the comparison should be valide (The estimate of total cubic-foot

Tolume is 78% low when compared with that obtained from the ground cruise o
Iﬂawever, since this ground cruise is only a 10,7% plot cruise, the result

is considered only aporoximate and all further analysis of the aerial
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Table No. §

N tgﬁ»ieﬁsiti@s,anéhﬁum@e:.@iwmefﬁbamxgbleleessmPer Acre

Photo Est. FPlois Phat@ Est. Flots Photo Es@. Pl@tg Ph@t@ E%ge Plots
B - - - 58507 1600 5850 1600
4500 860 — 2180 450 2060 Los0 5100
2300 740 1600 6310 — 160 . 3900 1210
1200 880 10000 3080 750 Y580 11950 a540
3500 1550 = 125 - &35 3500 110

275 1400 05 47500 24320 428900 24900

1900 2115 3600 110 7200 9320 12700 12605

570 == 205 == 355 == 1130

1800 1855 4000 6110 3@0@ U575 8800 12640

1600 11 10000 13425 2905 11600 17470

%00 10985 30600 32450 6UTRO 5087C 112150 94305
+52.9% “5. 7% +27.3% $18.99

sarigin&lly estimated in e ic feet but has here heen converted to board feet
of the original stand volume table sc that it may be iac wded in the compariesn.

s s

e Saceam

Comparicon of Heights and Densities for Ten Selected Standg

Height of Stand, Feet Dengl tv of Stand, Percent
Photoe Est. Plots Errer Phote Est. Plote Errow
35 M g 90 g5 +h
60 5y + a5 6l 21
59 56 +3 60 6% -5
67 54 13 g5 410
65 52 $1% & i $15
90 &0 $10 90 6 +26
68 €5 +3 75 +10
55 ug 410 s ng t2
68 61 *? 70 +12
64 56 25 19 0
631 567 65 765 6ok 111
Average Errvor, Fest 6.8 Average Error, Density % 4 11.1
Average Error, Pgrcent 12.0% Aversge Brror, % of Av. m@ne 15. 7%
Aggregate Difference +11.1% Ageregate Dif feronce *lgag%

igon of Number of Merchantable Trees Per Acre For Ton Selected Stonds

Merch, Treecs/4.

otg Bst. Plots Error
90 Yo $ig Average Error = 28 trees or 4O¥
61 =16
90 102 =12
80 32 #he Aggregate Difference = =10%
99 =29
&2 =17
16 =16
88 28
112 ~4o

oH 2%




eruise will be confined to sawtimber volume),

Species Percentage Estimates--—A completely reliable check on

e accuracy of the species percentage estimates is difficult to obtain,
the original estimate a species percentage was expressed as the pro-
rbion of the area of that particular stand occupied by that species.

o comparable ground data is available as a check and so a theoretical
termination of species percentages was made as follows:

It was assumed that the area occupied by a species is pro-
rtional to the number of trees of that species times the square of

e average crown diameter. (Average crown diameter as determined by

an squares.) The determination of species percentages by this method
shomn in the first part of Table No. 6 for six stands. These six
ands were selected because they contained the most ground plotsg none
S5 than eights The visible crown diameter is that which was determined
rom the photographs since no such measurements were available from

ound data. The crown diameters were again measured on the photographs
check the original e imates and revised in the case of the hardwoods
stands 29 and 38, The number of trees per acre, was obtained from

he average of the plots within each stand. This mumber was multiplied
y the square of the crown diameter and the result expressed as a per—
entage of the total figure for the stand,

A comparison of the original species percentage estimates with
he theoretical percentages as thus determined is shown in the second
part of Table Noe 6, The results show that the estimation of hardwood
’ercentages was correct (within3¥%) for only one of the six stands, and
high for the other five. The average estinﬁtg for the six stands is
wice the average as theorstically determined, a trend which tends ‘o

ombribute to the overestimate of total hardwood volumes,




g6 Noe le

TableNo. 6

gon of Species Pe,rcentagés for Six Selected Stands

ination of Species Percentages
ang No.0f trees
0s Species VeCoDe Por acre (n) nx(VCD)2 Spec. %
‘ Hwd 16 14 358l k)
%Pan ,1§ 19 213% 30
P 1 9 gg%g 2]
To tal 2 92 100
Hwd 16 11 2816 o2
Hem 14 49 960L Fi]
. 20 400
To tal 7&" 12820 '1'6'3
Hwd 1 19 3700 Bl
Hem 12 8 1152 18
WP 16 5 21
Total % %158 100
Ewd 18 1296 3
Hem 18 L 1296
WP 22 ) Lt gg
To tal - 99 100
Hwd 14 11 2156 72
Hem 12 3 43p 15
WP 14 2 —1392 —rie
Total 16 2980 100
38 Hwd 16 15 3840 19
Hem 13 91 15379 4
- 16 b 1573 I
To tal 112 20755 100

marison of Estimated and Theoretically=-Determined Species Percentages
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Stand Hwyd,Percentage Hgm.Percentage W,E.Percentage
Yo, Est. _ Det, Est, Det. Est, __Det.
6 99 39 0 30 1 3
10 80 22 20 15 0 3
18 100 61 0 18 0] el
21 0 3 ) 3 95 94
29 188 66 60 18 0 16
38 1 66 13 9 _8
Totel 119 'eaé &5 23 9% 173
Average 70 H 14 37 16 29




Estimations of hemlock percentages were correct for one stand

and low for the other five, The average of the estimates was only half
hatof the theoretically determined average, a likely contribution to

e over-all underestimate of hemlock volumes.

White pine percentage estimates were correct for two of the
ands and low for the obher four, The average of the estimates was
ttle more than half the theoretical average. This trend is contrary
the overestimation of total white pine volume and consequently, the

ror-in white pine volume esbimation must be elsewhere,

Height and Density Estimates—-The average heights and densities

re calculated from the ground plots for each of the ten stands having
{ficient plots. These averages are compared with the estimated heights
densities in the second part of Table No. 5. The results of this
mparison show that both heights and densities were overestimgted for
arly every stand. The average error for heights is 6.8 feet, or 12%
the average height, while the aggregate difference is 411%. The

erage error for density estimates is 11% of crovn closure, or 17%

the average density, while the aggregate difference is $15%. This

end of overestimation of heights and densities helps explain the over-
timation of hardwood and white pine volumes but is contrary to the

erestimation of hemlock volune,

Merchantable Trees Per-acre~-In the third part of Table No. 5,

e estimated nmumber of merchantable trees per acre of all species is
comared with the average determined from the ground plots for the ten
lected stands, An overestimate occurred in two of the stands and an
erestimate in the remaining eight. The average error was 28 trees per

re or L0%, while the aggregate difference was -10%. This general under-

Lo
s,
o




timation of trees per acre may be a factor in the uvnderestimation of
nlock volume but is opposed to the overestimation of hardwood and white
ine volumes. In all, it probably has little effect since most of the
rial volume tables used consisted of stand rather than individual tree

blese

Vblume Table Checks—~The final source of error to be con-

dered is that inherent in the volume tables, Without accurate and
tailed ground measurements of a mmber of trees it is difficult to

tain a precise check on aerial volume tables. However, by making some
gical assumptions a comparison has been worked out that should at least
dicate the trend of errors, Again the six stands having the greatest
bers of plots have been chosen for the comparisons, For these stands
he following assumptions are made: Species percentages are those as
eviously determined on a theoretical basis, Heights, densities, and
mber of merchantable trees per acre for all species in a stand are

:OSe determined from the averages of the ground plots. Vigible crown
ameters are those determined from photo measurementse

In Table Noe 7 the hardwood volumes for the six stands have

en determined from five different aerial volume tables and compared with
e volumes determined from the ground plots. he mumbers of the volume
’bles correspond to those included and described in SECTION 1 ~=- INTRO-
CTION of this report, It will be noted from the results of this com=-
rison that only two of the five hardwood volume tables have an aggregate
fference amrwhere near zero and of.these one has an extremely high

erage error. Ihis leaves the other, Volume Table 2, as the best suited
or hardwoods in this area. Since the volume estimations in Aerial

fruise Noo 1 were made up of the averages of all available btables, it can

e seen that errors due to volume tables would cause an underestimate of




se No. 1 Table No. /
e Checks = Hardwood

Mer ch v010
Ave Av. Trees Table Per—acre Volume Agg. Average
Bi, Den. fA, V.C.D. No. Table Plots FError  Diff.  Frror
A4 64 14 16 1 562 860 298
2 1000 140
i 693 167
622 238
5 110 90
% 65 11 16 1 386 THO Hh4
2 670 70
E 453 287
428 312
5 670 19
h2 65 19 iy 1 133 1550 817
2 1035 - b55
g THT 803
153 197
, 5 665 885
80 b k 18 1 197 275 78
2 ‘Yoo 147
92 18
i 134 1u%
5 1230 9
LT 4z 11 14 1 o6l 570 332-
2 52$ Wy
B s il
5 215 295
66 79 15 16 1 182 1140 358
2 1367 227
i 15 66
623 !
§ 1548 4os
Total, Plot Volume 5135
Volume Table 1 292k 2211 -43,1% U43.1%
Volume Table 2 5080 1083 -1.1% 21.1%
Volume Table 3 3027 2108 -41.1% 41.1%
Volume Tatle 4 025 2110 “41.14 41.1%
Volume Table 5 5155 2700 + 0.6% 52.6%

local stend volume table for all hardwods besed on total height alone.
Stand volume table for oak based on total height alone. U«S.F.S.

Stand volume table f r hardwoods and mixedwoods based on crown diame ter
alone, U.S.F.Se

Stand volume alignment chart for hardwoods and spruce=fir, northern N.H.,
based on total height and crown diameter. U.S.F.S.

Individual tree, northern hwds, N.H.; total hd ght and crown diameter. U.S.F.S.

b2




ardwood volume, Since the opposite is the case, other errors tending

0 cause an overestimate mast have been more significant.

The first part of Table No, 8 shows the comparison of the two
yailable white pine volume tables with the volumes determined from the
round plots. Although both tables give results that are high the
:‘dications are that the stand volume table (No. 6) is superior to the
individual tree table (Noe. 7). An average of the two tables gives a
esult considerably high and is likely one of the factors contributing

o the general overestimate of white pine vélume.

Only one aerial volume table for use with hemlock was available
nd so the two white pine tables were also used. The second part of

ab].é No. 8 shows the comparisons of these three tables with the hemlock
olumes determined from the ground plots. Hesults indicate that the
dividual tree table for white pine gives slightly "better results than
he table for hemlock while the white pine stand table is considerably
gh, A confusing result is that when comparing the two white pine

ébles as used on white pine, the individual tree table is high, while
comparison of the same two tables as used on hemlock reveals that in
his case the stand table is high. Because of this, and beqause two of
he three tables used on hemlock are high and the third low, the effect
f volume table errors on the hemlock volume estimate is considered in-
onclusive,

As a check to see how much improvement over the original

olume estimates resx_llted from using the best known figures for species
ercentages, heights, densities, trees-per-acre, and crown diameters as
pplied to the best known volume tables, Table No, 9 was set uwp. In it
he original volume estimates and the revised volume estimates using the
est known figures and tables are compared with the volumes determined
rom the plots, Volume Table 2 was used for hardwood, Table 7 for hem-

ock and Table 6 for white pine, Results of this comparison show a




iise Moo 1 ' Table No. O

jle Checks = White Pine and Hemlock

v, Av, Merch Vol. Per-acre Volupme Agg.  Average
Hte Dene Tr/d. V.C.Ds Table Table  Plots Error  Diff. Frror

T 18 5 W5 2060 1395
; | 7 1440 ~ bg0
56 65 1 20 6 350 160 D0
7 192 32
55 5 15 b 22;0 835 1395
7 640 135
o4 a1 22 b 24100 24320 220
7 36400 12080
4z 2 14 6 705 355 350
7 170 185
79 b5 16 & 1405 2905 1500
7 1140 1765
Total, Plot Volume 30635
Volume Tabls & 32045 5050 # 5.3% 16.5%
Volune Table 7 39982 1hg77  #30.5% Le.6d
Hemlook
Lve Ave Mereh Vols Ler=acre Voluue Agg. Avorags
B, Den.  Trfhe, V.CuDe Table Table Picts  Error  Diff, Error
n B4 64 19 12 6 3335 2180 1155
7 1750 430
g . 1520 £60
6 65 hg 14 6 7640 6310 1330
7 6075 2325
8 5530 720
2 65 8 12 6 1910 125 1185
7 688 37
8 607 118
80 &b N 1g 6 768 705 453
7 1240 935
8 1295 990
b5 L3 3 12 6 Bl 205 331
7 210 5
8 156 4g
L 91 13 6 14900  13Lp5 1475
7 14900 1475
& 12000 1405
Iotal, Plot Volune 23150
Volume Table 6 29095 Bols  #25.7% 25.7%
Volume Tgobls 7 olgsz M7+ 144 13.5%
Volune Table & - 21168 392 = 8.6% 17.1%
Local stand volume table for W.P. based on total heisht
Local individual tree w lume tahle for WePs based on tobal hdght and erown dis.
Individual tree table fop Pruce, flr and hemlock in H.H., based on to tal height
and crown disue bar.




wise No, 1 Table Ngo J

bn of Original and Rgvised Volume Estimates for Six Stands

Original Vol. Revised
Plot Volume Table Volume
Species Volume Estimate Error No. - Estimate Error
Hwd 860 4500 2 1000
Hem 2180 -— 7 1750
w 2060 450 6 3’425
Total 5100 4950 150 6195 1095
- Hwd 740 2300 2 670
Hem 6310 1600 T 6075
WP 160 — 6 360
Total 1210 3900 3310 7105 105
Evd 1550 3500 2 1095
Hem 725 i 1 688
WP 835 — 6 2230
Total 3110 3500 390 4013 903
Bwd 275 i 2 Loo
T QT L
P 20 0 2.
' Total 24900 42900 24000 25762 862
Hnd 570 —-— 2 526
Hem 205 a g 210
WP 355 - 705
Total 1130 — 1130 1441 311
Hwd 1140 1600 2 1367
Hem 13425 10000 7 1nggo
WP 2905 - 6 1405
Total 17470 11600 5870 17672 . 202
58920 72850 34850 62188 H78
e Difference +23.6% 15.5%
ror 59.1% 5.9%
55




onsiderable improvement over the original estimate., The aggregate
ifference has been reduced from $23.6% to $5.5% while the average

eviation has been reduced from 59% to 6%.

Surmary of Error Trends--In order to see how the trends of the

arious types of errors compare with the errors of total volume estimation

or the three species, the following table has been set up.

Error Trends for Factors Affecting Total Volume Estimate

Type of Error Hardwood Hemlock White Pine
Species Percentage High Low Low
Stand Heights High High High
Stand Densities High High High
Trees-per-acre Low Low Low
Volume lables Low ? High
Total Volume Estimate High Low High
CONCLUSIONS

@‘(rrors Involved in This Cruise

Before considering the larger question of the value of an
intensive use of large scale photogravhs, the particular error involved
in this cruise will be considered.

The total hardwood volume estimate was 37% high. As can be

een from the precsding sumary of error trends, thg principal errors
involved were an overestimate of species percentage, heights and densities,
nd an underestimate due to volume tables. (The underestimate of tree
ount is far less effective than the other factors, since it affects only
ne of five volume estimates.) Obviously, then, the three errors of
overestimate more than counterbalanced the one of urderestimate to

roduce a net overestimate. Apparently the greatest of the errors

ccurred in the estimation of species percentages., This seems logical

ince with the particular vhotographs involved,all trees appear at first




glance to be hardwoods, and only with diff;i_culty can the hemlocks and
Thite pines be separated out. Furthermore, the habit of hemlock in
growing as an understory causes an undei'estimate of hemlock percentage
and a consequent further overestimate of hardwoods. Thus it seems
natural that the overestimate in the percentage of hardwood should be
one of the greatest errors, This is borne out by j:he faet that hardwood
Species percentage was overestimated by about 100%, densities by only
15% and heights by only 10%.

The total volume estimate for hemlock was about 28% low. Since.
efi‘ectJ of the errors in heights and densities would tend to increg.se
the volume, and since the effect of the volume tables is inconclusive,
the principal error in the estimation of hemlock volume must have been
that of species percentage, As the proportion of hemlock present was
underestimated by more than 50%, this seems a reasonable explanation.
hermore, it seems a natural one for reasons mentioned in the pre-~
teding paragraph--namely, the difficulty of distinguishing hemlock on
fese photos and the fact that mich of it occurs as an understory and
could not be seen in the aerial photographs,

White pine volume was overestimated by about 36%. Reference
again to the swrmary of errors shows that this must be caused by a
tombination of overestimation of height and density with overrun of
wlume tables. The only important compensating error was an under-
estinate of species percemtage and obviously this was insufficient to
balance the overestimates. Somewhat more than half the pine volume of
the entire area is included in one stand (No. 21) and since substantial
overestimates of both height and density were made regarding this stand
it is logically one of the chief contributing factors to the general

overestimate of pine volume.

hae 4
5] ¢
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Value of Iarge Scale Photographs

Tt is unfortunate that the photos used in this cruise, while
of an umsually large scale, were so deficient in other respects. A
tremendous amount of time and effort was spent on the cruise of this
small area and the cost, although not computed, would have been ex-
cessive, In spite of this, an error of 13% occurred in the total volume
estimate while the errors for species components were more than double
this figure. In view of these considerations it may be safely con-
cluded that in this case such an intensive use of these particular

large scale photographs without ground checking certainly did not pay.
However, after gaining ex@érience with large scale photographs
in this forest region, the writer feels that a much better job could now
be done on gxtrac'ting the correct information from the photographs.
Furthermore, many improvements are possible in the photographs them-
selves and undoubtedly a better job could be done on photographs of

the same scale taken earlier in the season, later in the day, and
possibly on panchromatic film. The question then arises, "Given the
best possible photographs of a large scale and an interpreter with
experience in the region, could a satisfactory veiume estimate be made
from an intensive use of the photographs alone?" The answer requires
some discussion,

First of all, what scale and type of photograrhs would be

best suited to such an intensive cruise? At present there is insufficient
experience in the use of aerial photographs in forestry to provide a
conclusive answer to this question., Concerning scale, assuming that

the larger the' scale the more accurate the measurements of height and
crovm diameter, nevertheless, a point will be reached where such measure-

ments will become more accurate than is warranted by the correlation




between them and the actual volume of the trees. Furthermore, it is
believed that the accuracy of density estimation will not contime to
increase with extremely large scale photogravhs and may even fall off.
Add to this the greatly increased cost of large scale photograpvhs and
he inconvenience of handiing a large mumber of photographs for even a
mall area, and it becomes evident that simply to keep increasing the

hoto scale is no solution. It is the opinion of the writer that, all

hings considered, there would be little value in a photo secale larger

han 1:5000.

As for the type of film, further experimentation is needed

o answer the gquestion. The modified infrared photographs: used in

his eruise were unsatisfactory chiefly because of the very long shadows
and because being infrared, these shadows were compkbtely opaque. It is
ossible that modified infrared photogranrhs of a similar scale, taken
when the shadows were shorber, would eliminate the objections and still
roduce the substantial tone differentiation between species inherent
in infrared film. On the other hand, it is quite possible that even
uder these conditions the blackness of the shadows Would be objection-
able and that a sacrifice in species differentiation, typical of pan-
chromatic £ilm, would be preferable if some detail in the shadows could

be pfoduced.»

Given, then, photographs of a scale of about 1:5000, say modified
infrared, so taken that the shadows are not objectionable, how accurately
could the necessary measurements be made? Assuming that the average
trained interpreter can estimate parallax to the nearest .00l-inch, his
maximum error for the two readings necessary to measure a tree height

would be o002-inch, At a scale of 1:5000, this would generally represent

an error of about three feet and when this is applied to an average tree




b of 60 feet it becomes about 5%, This may be considered the

m error for an individual tree but an additional error is likely
introduced when attempting to pick trees that represent the average
stand, consequently, an average error of about 5% in height

tions may be considered likely.

Just how accurately the percent of crown closure may be

ted is a difficult question. The aggregate difference for this

§Was 15%. Certainly this figure can be improved upon but how

s unknom, It is the personal opinion of the writer that 5% would
gidered excellent.,

The results of volume table checks for this cruise show that

8t of the hardwood tables was within 1%, the best of the white

fables had an error of 5%, and for hemlock 8%. It seems reasonable
. best we can expect from aerial photo volume tables at the

it time is about 5%,

There still remains the question of the determination of
percentages., How accurately this could be done on good photo-

§ by an experienced interpreter cannot be stated, but it is certain
gome error would result. Of course, the actual error in volume

te would not be numerically the same as the srror in species

ate because an error in the estimate of one species would necessarily
mensated by an opposite error in other species, Nevertheless,

I' or is bound to rgsult. _

It is possible, of course, that the various types of errors
gompensate to produce a volume estimate nearly correct. But, on

fher hand, assuming volume to be proportional to height and density,
is also possible Lo Sotain errors of more Than 1%5% with The assumptions

f accuracy just made, Tt is The opinion of this writer That an intensive




f large scale photographs will generally result in volume errors
an 5% to 107, This is partially confirmed by the results of

illo, 9, in which it was found that an error of about 6% occurred
iben using the best known measurements and volume tables. In
this, and of the extremely high costs involved, an intensive

I large scale photographs alone is not likely to be justified., It
It that a less intensive use, probably of smaller scale photographs,
led with some ground checking would produce a more accurate volume
gte for the same coste,

However, in view of the poor photographs used and the small

of the area treated, the results upon which these conclusions are
lare by no means decisive and it is recommended that a further

Lbe given using a good set of large scale photographse
SUMMARY

With the object of evaluating intensive use of large scale
graphs for forest inventory and of determining the predominant

8 involved, an aerial cruise was performed on an area of 133 acres,
graphs of a scale of 1:5300 were used as intensively as possible

it regard to time or effort and a volume estimate made from the

,u aphs alones Iater, the area was 100% cruised on the ground and
e jal volume estimate checked against this,

Chief errors of the aerial cruise were misestimation of the
rtions of the various species in the stands, particularly an
stimation of the amount of hemlock, and overestimation of average
fits and densities, _

The total volume estimate for the area was 13% high, while

) for hardwood alone was 37% high, hemlock 28% low and white pine

01




36% high, In view ‘oi‘ the large amount of time and effort spent on this
cruise such results are unsatisfactory, and it mist be concluded that
an intensive use of these photographs on this area was not practical.
There are definite possibilities of improvement both in the quality

of the photographs and in the accuracy of the interpretation but even
if such improvements are assumed it is believed that an intensive use
of large scale photos alone will not produce results as good as ’ﬁhose

of a less intensive cruise combined with some ground checkinge
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SECTION )i — AERIAL CRUISE NO. 2
derately Intensive Use of Medium Secale FPhotographs To Construct
a Type Map and Control the Collection of CGround Data

INTRODUCTION

The purpose of this cruise is to provide data from a fairly

ve use of medium scale photographs for comparison with an extensive
using the same photographs, and with cruises using large scale
aphs. The method adopted, while only moderately intensive when

to 2 small unit such as the one treated in this report, may be

red quite intensive when applied to a large area. The method

s to extract nearly the maximum amount of information from the

hotographs while, at the same time, avoiding detail which would

cumbersome when applied to a large area.

PHOTOGRAPHS

The photographs used were taken on September 13, 1945, or two
me-half years prior to their use in this cruise. The £ilm was

ared with a mims blue filter, the scale about 1:18,!?007 An 8 1/h-
lense. was employed and the flying height was about 13,650 feet

e sea level, or about 12,850 feet above the average elevation of the
. The photographs are of a good quality and detail stands out well.
dwoods are easily separated from softwoods and it is possible to

crentiate between hemlock and white pine in most cases., A stereogram

these photos is shovm in Figure 1, page 6.
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PROCEDURE

In brief, the process consists of giivjding the area into a
mmber of types based on composition, height, and density classes, using
he vhotographs under the stereoscopes The photographs are then used to
ontrol the establishment of a series of ground plots from which the

ype volumes are computeds Two variations are employeed-—in one the
lots are distributed in proportion to area and in the other the plots
are distributed in proportion to the timber values of the various types

f estimated from the photographs.

Preliminary Work

After marking principal points and conjugate principal points
n the photographs, a scale check was made. Distances were measured on
he UeS.G.S. Topographic Quadrangle. The results were erratic and did
0% gshow the gexpected relationship of scale change with change of
levation due, it seems most likely, to tilt distortions in the photo-
graphs. An average scale, therefore, was determined at the average
levation of the points chosen for the check, and t,he scale at other
levations assumed from the relation between scalé, focal length and
{lying height. In this project only three photographs are involved,
mt in a cruise involving a large number of photographs a scale check

on a random selection of photographs should yield an average scale

The parallax factor was determined for the highest and lowest

elevations occurring on the area and for an elevation midway between these.

Base Map
s ot i o i

A base map for this area was already available at a scale of
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1:4600 and this map was used for all work. A check of the base map
painst the photographs in the multiscope shows some slight differences,
icularly regarding the location of the river, but not enough to

ant remaking the base map.

Construction of Type Map

With careful study of the photographs it is pqssible to break
dom the forest area into a considerable number of types, based on

species composition, height classes and density classes, For an area as
as the one treated here, however, such a breakdown would result

in a large number of types each with only a small area. This would

mresent a difficult sampling problem and so in designing this survey

it was necessary to keep the number of forest types within reason even
hough in so doing the information on the photos was not utilized to

the maximume

For these reasons only three classes are recognized on the

basis of composition: H - hardwood - 80% or more hardwoods; S5 - softwood -
80¢ or more softwoods; and M - Mixedwood - all other stands. Although it
i3 possible to differentiate hemlock from white pine on these photographs,
recognition of this breakdown would increase the number of possible types
to the point of being cumbersome and so it was decided to combine the two
species in the simple term "softwood".

Four height classes are recognized: (1) O to 30 feet; (2) 35

t0 50 feet; (3) 55 to 70 feet; and (L) 75 feet or more. The actual limits
of the height classes wére eétimated from the photographs so as to fall

ab the points believed least likely to occure

Four crown dénsity classes are recognized: A - 80% to 100%;

B - 55% to 75%; C - 30% to 50%; and D - 0% to 25%. Crown closure




ears somewha’g. dii‘ficult to estimate accurately on phobographs at
cale of 1;18,000, and the recognition of more than four density
sses would likely result in decreased accuracy as well as increased
ber of possible types., On the other hand, an initial trial with
three density classes resulted in practieally all the stands in

e‘area falling in one class and so the four classes were decided

Type classes based on these criteria were delineated on the
hotographs. Due to the small size of the area treated it was necessary
0 drop the minimum size limit of the smallest type area to be re-
ognized down to about one acre., On a larger area this limit eould be
ereased somewhat without affecting the accuracy appreciably. Type

k;es were drawn in pencil on a sheet of frosted acetate laid over one
hotograph:.  Recognition of the simple types was easily and quite
apidly accomplished. Composition stood cut plainly on the modified
ared photographs. The placing of the stands into one of the broad
eight classes was also easy for one acquainbed with the general

naracteristics of the region—and vhoto-interpretation should not be

témpted by anyone not at least partly familiar with the area. Many

the stands could be placed in a height class by estimation and only
ose on the border between classes required measurements. The parallax
thod was used to measure heights where this was fell necessary.

nsity classes were somevhat more difficult to distinguish. Most of

he area was well stocked and on photographs of the scale used, appeared
0 be nearly 100% stocked at first glance. However, careful scrutiny

d the use of a guide for estimating degree of stocking, such as is used
y the Pacific Northwest Forest and Range Experiment Station, served to

eak the stands down into different density classes.




Type lines were transferred to the base map by means of an
ordinary photographic enlarger, made possible by the fact that the
types were drawn on acetate, and necessitated by the fact that the
‘degree of enlargement required was more than six times-=greater than
that accomodated by any photogrammetric instruments available for this
projects The type map thus made is shown in the accompanying Map No. 6
and is subject, of course, to all the distortions inherent in the one

photograph over which the acetate was laid.

Bstimation of Areas and Volumes

Areas of the types were estimated from the base map using a
dot grid with 25 dots per square inch, each dot equaling <17 acres at
the scale of the base map. As a matter of interest, the areas were
also planimetered so that a comparison of time and accuracy could be made .
The area computations by both methods are shown in Table No. 10.
For the purpose of computing average volumes per acre for the
different types, a mumber of assumptions had to be made. Softwood
stands were assumed to be composed on the average of 90% softwoods,
10% hardwoods; hardwood stands.assumed to be 90% hardwoods and 10%
softwoods; and the mixedwoods 50% of each, All trees in a type were
assumed to be the height of the midpoint of that height class and the
density of each type was assumed to be that of the midpoint of the density
class, For example, the type M-3-B is assumed to be 50% softwoods,
50% hardwoods, 62.5% feet high and 65% stocked. The assumed heights
and densities of each type are shown in the first part of Table No. 1l.
Two empirical stand volume tables were used to determine the
average per-acre volumes for the various types, one for softwoods and

one for hardwoods. These were Volume lables No. 1 and No. 6. Both
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fruise Ngp.

Area Determinations

Table No. | [

Stand No. Ares Aren by Stend Type
Noe Dots Acres Planimster Error Error
3 11 1.62 l.21 A1
29 L .59 .51 .08
11 7 1.03 .81 .22
20 82 12.00 1l.72 27
Total 15.24 1,05 .99
6 7 1.03 88 .15
27 27 3.97 3.49 18
9 6 « 88 1.07 .19
12 16 2.35 2.31 SOl
13 8 1.18 1.10 .08
Total 9,41 8.85 .56
1 14 2,06 1.95 .11 <11
o4 70 10.28 10.47 .1
19 9 1.32 1.18 .1
22 19 2.19 2.83 L0l
Total 1. 39 1L k48 .09
h 6 .88 1.03 .15
g gl 13.77 13.81 o0
18 21 .0 3,09 .00
Total 17.73 17.93 .19
16 ol 3.53 3.49 Ol
23 15 2:20 2220 -30
Total 5.13 5.99 .26
5 67 9. 85 10.06 .21 .21
14 211 30.97 31.1 o18
21 20 2.94 303 40
25 2l 3053 3,67 <14
o8 20 2.9 3.09 .15
Total L}Os 38 Lﬂn ® 25 ® 37
2 7 1.03 1,10 .07
7 19 2.19 2,50 <29
Total 3. 82 3.00 .22
15 5T 8.38 8.56 .18 .18
17 7 1.03 .95 08
10 7 1.03 1.32 «29
26 2 3. 38 3o gg .00
Road 1 2.06 1.47 =59
Total 7.50 7.12 <38
Total 915 134,50 134.0b 5.51 4,06
Average Error, Acres: .18 o 37
g " Percent: U 3%

6

Aggregate Diff. Acres:4.Ub

Y

Percent :0.34%




Cruise No. 2 Toble No. |
nary Volwne Debterminations
Volumes as Estimated from the Photographs

Assumed Per~acre Volumes TotsType Tot.Vole
Ht. Don. Hwd  Swi  Total Area Volumes % (1) (2)

82.5 65 730 25400 25130 15. 2l 398221 3i.1 19 19
62,5 90 385 18500 18485 9.4 177707 14,8 9 8
bo,5 90 == 9100 9100 2.06 18746 1.5 5 5
62,5 90 2500 13300 15800 14, 39 227%2 18.9 11 10
62,5 65 1390  7h00 2790 17.7% 15593 13.0 g 10
bo, 5 Wo = ook ool 513 1284 0.1 5 5
5 90 3360 2050 5410 9. 85 52288 hh 5 5
62.5 65 2500 1480 3940 40,38 160712 13.4 g 8
5 90 == 1000 1000 3.8 3820 0.3 5 5
ko5 65 == 730 730 8.38 6117 0.5 5 5
Total 1203192  100.0 80 &0

Error #13.5%

Corr. for area 1ﬁg@3&7

Error +11.9%

) Distribution of &) plots based on volumes estimated from photos.
) Distribution of 80 plats vassed on volumes from all ground plots.

e e L o A T i o e 2 2 R R o, s R S S S e e S o T R T T S T o (s e P e P o e e e S

Helohts, Densitiss and Volumcs of Types Based on All Avalleble Plots

r. Est. Gr.Est. No. of  Av.Per=acre Ares by Tot.Yole Tot.Vol.
ve Hte Av. Den. Gr. Plots Tot.Vole Planime by Types % (2)

71 62 27 ollilig 1k.25 wEzE 3.9 19
61 75 13 17431 8,85 154064 1k, 8
3 25 5 1600 1.95 3120 0.3 5
61 12 15 1215 1448 175975 15.1 10
59 65 22 976 17.93 175069 6.0 10
g 0 5 200 5e993 19168 1.8 5
53 65 10 860 10,06 4gggo 4.5 5
65 5] %83 41,25 151924 13.8 8
70 6 1367 3.60 49o1 0e5 5
38 13 1315 8.56 11255 1.0 _5
157 1092973  100.0 &0
Error $+3.1%
G@rm for area 1081387
_ e .01 o
son of H@g@*s an&. Densitles : as Assmma%d “from Ph@tos and Estmat@d on G-m:zm’i
Hfs Ass. Lv. Hi, Den., Asss Av. Den.
from Photo Gl. Piote Error from Photo Gd. Plots Error
82.5 20 t 2.5 65 62 + 2
62.5 61 + 1.5 90 gg + 13
42,5 34 % 8.5 90 + b
62.5 61 + 1.5 90 72 + 18
62.5 59 t 2.5 65 65 0
bo.5 45 = 3.5 40 0 + 10
62.5 53 + 9.5 90 65 t 25
62.5 52 +10.5 65 65 0
42w5 M’ﬁ = 205 90 ?Q tO
4o, 5 Ll = 1.5 65 78 + o7
56540 535 55.0 750 bog loo
Irror b5 £, 120 2%
Error, % g4 % 19, 4%
wie Difference, % +5.6% +19. 4%




tables were derived from data pertaining to the area being treated and
are based on total height alone. Computations for per-acre volume and
total volume by types are also shown in Table No. 11. Board foot volumes
only are shown since in making the ground check cruise it was possible

to get a 100% tally of the sawbimber trees onlye. Sawtimber trees have
peen defined as those nine inches and up for softwoods and eleven inches
and up for hardwoods. Data from this area show that hardwood trees

below 60 feet in height average less than eleven inches d.b.h. and so

10 volumes are shown for hardwoods in height class 2

Selection of Ground Plots

Phe mumber of ground plots established to determine the
average volumes of the various types was arbitrarily selected as 80e
This mumber was principally governed by the amount of time available
for the taking of ground plots. The size of the ground plots is 1/10
acre. Although generally considered rather small for cruising purposSes,
it was necessitated by the limited time availgble and by the design of
the ground cruise, These 80 tenth-acre plots constitute approximately
6% of the total area, Two methods were used to determine the dis-
tribution of these plots, In one case, the plots were distributed in
proportion to the area of the various types. This is the kind of dis-
tribution which would presumably result from a straight mechanically-
spaced plot cruise. In the second case, it was desired to spend more
time on, and get a more accurate volﬁme for, those types which were more
valuable, and so the plots were distributed in proportion to the value
of the various types. It so happens that in this area the sawtinmber
value of 2ll species is very nearly the same. OConsequently, value is

' proportional to volume and a distribution of plots by volume gives the
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desired result., Should value differences between species exist, as
nost generally would be the case, the plots would then be distributed
in proportion to the value of the various types rather than the volume,
Since the 80 plots must be distributed among ten forest types,
a roportional break down by either area or volume leaves some types
with none or only a few plots, In order to obtain an average volume
per acre for every type it was decided to establish a minimum of five
plots in any one t.jfpe. Consequently, all types rating less than five
plots were given the minimum number of 5, and the remainder of the 80
plots were distributed in proportion to area, in the one case, or

volume in the other. The differences in the two distributions of the

80 plots by the different methads are shown below:

$-4-B S-3-A S-2-A M=3-A M-3-B M-2-C H-3-A H-3-B H-2-A H-2-B Tot.
s by Area 9 5 5 8 10 2 6 22 5 5 8o
o by Vol. 19 9 5 11 8 5 5 8 5 5 80

Since the plots used in this cruise were ta%cen in conjunction with the 100%
ground survey, and were mechanically spaced, it remained only to select

at random the desired mumber of plots from each type. In actually
conducting a cruise of this kind the plots would likely be spaced along
randomly selected cruise lines organized into units of work.

(omputation of Volumes from Ground Plots

Per—acre volumes for each plot were determined for hemlock,
vhite pine and for all hardwoods grouped together. Average per-acre
Tolumes for each type were computed from the selected mmber of plots

in that type. Table No. 12 shows the computations of these volumes and
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total volumes by type based on both the volume-~distributed plots

d the area-distributed plots., 1In each type of distribution the

ber of plots is the same (80), but the selection of the actual plots
ed was completely random for each method., It will be noted that

e total volumes for each forest type have been computed twice; once
ing the type areas as determined from a dot count and once using

e areas measured by planimeter,

In order to doﬁole»—check results of the two methods of plot
stribution the volumes were compubted again, using a different set of
mound plots., In this instance the selection of plots was arranged
that as many of the same plots were used for both types of cruise
possible, For example, Type S-L-A has 19 plots under the distri-
tion-by-volume system and 9 plots under the distributionuby«-aréa
tem. The 9 plots for the latter cruise were randomly selected from
e 19 used in the former. The computa'bions for this second trial are

om in Table No, 13,

RESULTS AND ANALYSIS

fonstruction of Type Map

The volume estimates made from the photographs alone were

ed solely to determine the distribution of tbe ground plots and for

is purpose they were satisfacterily accurate, as will be shown laters

| levertheless, a number of errors were made in the type mapping and volume
timating from the photographs and it is of interest to examine these
ors, It must be borne in mind that the errors discussed in the
lloring paragraphs do not represent errors of the best work that could

done with the photographs. The species composition, height and density
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of each stand was not actually estimated on the photog;'aphs but rather
each stand was thrown into a type based on composition, height and
ens;‘Lty classes the limits of which hadalready been defined. There-
fore, the resulting errors represent not only errors in photo-inter-
pretation but also errors resulting from the fact, for example, that
the average of all stands in a given height class is not likely to be
the exact mid-point of that height class as was assumed in this cruise.
An examination of the data from the 100% ground cruise shows
that 157 of the total volume is hardwood and 85% softwood, that is,
hemlock and white pine, A similar check of the volumes as estimated
from the photographs and shovm‘ in Table No. 11 indicates that pf the
total volume estimate of 1, 203,192 board feet, 17% is hardwood, 83%
softwoods For the area as a whole, therefore, the composition break-
dom between hardwood and softwood is quite accurate,

A check of the hardwood-softwood volume breakdown of individual
types as made from the photographs shows some large errors when compared
with the average breakdown determined from all the ground plots falling

the same types. Following is a comparison of this breakdown by

individual forest typese

Este. fr. Phot. Ave, of Plots

Type Hwdf  Swd?  Hwdf = Swdd
S-L-B 3 97 1 99
SusBud 2 98 .9 91
S-2-A 0 100 0 100 .
M-3-A | 16 8l 9 91
M-3-B 16 8l 15 85
%-2-C 0 100 Ll 56
H-3-A 62 38 29 71
H-3-B 63 37 38 62
H-2-A 0 100 7 93
H-2-B 0 100 Sk Lé
A1l 17 83 15 85
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Five of the ten types are reasonably accurate but among the
ther five son;e serious errors occur. The worst being a camplete
eversal of the hardwood-softwood relationship in types H=-3-A and

f-3-B, However, other errors in individual types compensate so that

lor the area as a whole the hardwood-softwood relation is remarkably
accurates

Comparison of the assumed height for each type with the

verage height as estimated on the ground plots within that type show
errors that are not too serious considering that the mid-points of the
height classes were a ssumed and that the height of most stands was
stimated rather than measured. At the bottom of Table No, 11 is a
ation of these height comparisons showing er‘rdrs ranging from 1.5
to 105 feet for individual types, The average error was ho5 feet or
84% and the aggregate difference was $5.6% showing that, on the whole
leights were over-estimated on the photos. None of the assumed heights
for the individual types were far enough off to place that type in

I different height class but two of the heights were about midway
between the assumed height class and the next lower classe
A'comparison of assumed type densities with the corresponding
de sities as estimated on the ground reveals errors of a greater magn-
itude, as is showm at the bottom of Table Noe 1l Individual errors
range from 0% to 27% while the average error is 12% of crown closure or
19,14 of the average crown closure. Since all density estimates from
the photograrhs were high the aggregate difference is +19.1%. Five of
the ten forest types sharld have been placed in the next lower density
dass, If this had been done the total volume estimated from the
photographs would then have been about 0.3% low instead of 11.9% high
a8 originally estimted,
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: The results of these checks indicate that the errors in

setting up this group of forest types and classifying the stands of

this area into these types were chiefly errors of density classification.
The errors in type mapping can probably best be illustrated b y the
following comparison of types as estimated on the photos and types

a8 determined from the ground plots. The new classification of ground
types is based on 5 study of ground eétimated heights, densities,

species compositions and volumes,

o Type|| S=li-B | S=3-A |S5~2-A |M-3-A M~3-B |H-3-A H-3-B | 1~2-C H-2-A H-2-B
d Type|| S=Li=B | 5-3-B | S=2-A ¥-3-B H-3-B ¥-2-B

Bstimation of Type Areas

A comparison of the areas for each stand and for each type

as between the dot count and planimeter methods is shown in Table Noe. 10.
Assuming the planimetered areas to be correct the aversge error for the
individual stands was .18 acres or L% and the aggregate difference +.03%,
For the individual types the average error was «37 acres 01773% and the
aggregate difference, of course, the same as for the stands. An
examination of ‘theA total volume estimates by both dot cunt areas and
planimetered areas, as shown in Tables No. 12 and 13, reveals that in
three cases out of four the volume estimates using dot-count areas

were closer to the true volume than the estimates based on planimetered
areas, The time required for the measurement of this small area was only

slightly less for the dot grid method.

Bstimation of Volumes from Photographs

The total volume estimate of 1,20L,192 board feet is 13.5%
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gh, assuming the correct area of the tract to be unknown. However,
ﬁer correction for area, as was done on the ground cruises, the

ror is only 411.9%. Since the exact volumes by types is not iknovm,

e estimated type volumes must be compared with the average volumes
determined from all the plots in each type. These average volumes

e shown in the center section of Table No. 11, Since the computation
the total volume using these average type volumes is still 2% high
ter correction for area, each type volume has been reduced by 2% in
rder to get the best estimate of the actual per-acre volumes for each
es These figures are shown below and compared with the corresponding

lumes as estimated from the photographs,

S-lj=B S=3=A S=2-A HM-3-A ¥-3-B M-2-C H~3-A H-3-B H-2-A H-2-B
. 23960 17080 1570 11910 9570 3135 L4760 3610 13L0 1290
1. 26130 18885 9100 15800 8790 22, 5L10 3980 1000 730

$901 $10.6 $180.0 $32.7 ~Be2 =939 13,7 +10.2 =25, -hL3oL

A‘lthough this comparison reveals some errors of extreme

gnitude, the worst of the errors are in types of small total volume.

e five types with the largest volumes, contain 927 of the total volume
the area and among these five types the average error is 13.6%. The
eatest error, that in type S-2-A, is a result of two factors. This

ype is composed of only one stand with a height of 35 feet and it had

be placed in height class 2 with an assumed height of 1i2.5 feet, The
catest error in this type, however, seems to be caused by the empirical
t;apd volume table used. Using a height of 3l feet and a density of

%, the average of the ground plots, this table gives a value of 5210
ard feet per acre, an error of 232% over the actual volume as determined

on the ground plots. The remaining errors in other types appear to be
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conbination of errors in photo-interpretation, in volume tables, a,nd,’
in the grouping of stands into types with assumed average compositions,
heights and densities,

In spite of the large errors in certain types, the over-all
sccuracy of the volumes as estimated from the photographs was sufficient
to suit the purpose--namely to govern the distribution of a rumber of
ground plots in proportion to volume. In table No. 11, is shown the
yarious percentages of vdlume in each type as determined from the

fhotcs and as later determined from the ground plots. Based on these
ercentages of volume, 80 ground plots have been distributed among the
various types, with a minimum of five in any one type. A comparison

f the 80 plots as distributed in proportion to the photo~estimated
olumes and 80 plots distributed in proportion to ground-determined

olumes reveals the following: In seven of the ten types, no change

in nurber of plots; in two types, a change of one plot; and in one

ype, a change of two plotse

omputation of Final Volume Estimates from Ground Plots

Volumes were computed using 80 plots distributed both by
olume and by area and in each case the per-acre volumes were apvlied
0 areas determined both by dot count and by planimeter. These com~
inations provide four separate cruises and since each cruise was run
Irough a second time using different plots a total of eight cruises

esulted, A summary of the errors in total volume for the eight cruises

ollows.
Areas by Areas by
Dot Count FPlanimeter
1lst Cruise 2nd Cruise 1st Cruise 2nd Cruise
Plots distributed by Volume ~062% $ 0.,6% ~2.0% ~1.6%
Plots distributed by Area -1,3% $+11.9% -3.4% +9.0%




It will be noted that in every case the cruises in which the _
plots were distributed by volume have a smaller error than those in
wich plots were distributed by area., Furthermore, in three cases out
of four the volumes computed by the dot-cout areas were closer to the

correct volume than those using planimetered areas.

Analyses of Variance

a limited usefulness for the purposes of comparison, because of the
strong effect of the element of chance present in only one trial, In
arder to overcome this deficiency and produce i'igures that could be
more validly compared with the ground cruise results s Several analyses
of variance were made of the different types of cruise.

The first a.nailysis made is shown in Table No. 1l and employs
16l plots which are all the plots available excepting four which fell
partly in the open and partly in forest., The purpose of this analysis
is to determine just how much reduction in variance was obtained by

stratifying the plots from the photographs. All available plots were

used rather than just 80 on the theory that the best estimate of the
variance within each type is that based on the maximum mumber of plots
in that type. The standard error of the mean for the 16l plots not
stratified is 8,5%, Then the plots are stratified into types by means
of the photograﬁhs the standard error of the mean is reduced to 5.3%.
These figures are based on the formula for an unlimited population and
vwhen that for a limited population is applied, the errors become 8.3%
and 5,1% respectively.

A breakdm of the variance as between and within species

composition classes, height classes and density d asses reveals high
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ise No. 2 Table Noe l 4

5 of Variance Based on 16); 1/10-acre Ground Plots -- Variable-squared Method
Preliminary Computations

Volumes in Hundreds of Board Feet

Corrected
n Sum Sum-squares CeTe & Sum-squares
27 6601 1885259 1613822 271,37
13 2266 513618 391,981 118637
5 80 162 . 1280 182
15, 1823 269679 221555 1,812l
22 218 282116 209723 72723 - m = 15L1L - 93.99
5 160 9110 5120 3990 I
10 L86 L8l 23620 2hh2l
l1 1510 119598 55612 63986
6 82 i27h 1lﬁl 3%58
13 171 319 22L9 3
1 87 11637 1081 3556
16, 1501l 31,1506 11118728 1692778
. Corrected Mean Sk
Source DeFs Sum=-squares Square G~ 100 b.f. %
lotal 163 1692778 10385 101.91 7.96 8.5
gtireen Classes 10 1081436 1081 )
ithin Classes 153 6113):2 3996 63,21 Lie9L 5.3%
{based on limited population ) Total - 8.3% Within Classes - 5.1%

Test of Statistical Significance Between Mean Type Volumes

27 13 5 15 22 5 10 a6 13
fype  S-lL-B S-3-A S-2-A WM-3-A M-3-B M-2-C H-3-A H-3-B H-2-A H-2-B
S hoSC
-3-A 5

hQS. h'si e
-4 hese hese -

hese Se hese -
M—B-A hoso O hoso -
hese TheSe 5s 0 -
M-B.-B h.s. S. hoSo O -
heSe hese O Se e -
¢ hefe  he8s . 0O heS¢ heSe =
H—3—A hes. heSe 0 hoSo Se 0 -
h.s. h.s. o h.S. h.S. O -
j-3-p  DeSe  hese O hese hes. O 0 -
haSe hiss hese hess hesSe 0 0 -
H—Q-.A. h‘S. h.S. O h.s. h.S. . O O O o=
hoSo hoso O has. hcs. o O Se ==
H2 B hoso hoso O hoS. h.S. O O O 0 -
T hosc hoso O hoso hoso O Se hoSo O -~
hese hese O heSe hese O 0 0 0 0
en  h.s, hs. O h.s. h.s. O 0 s. 0 0

s, - highly significant  s. - significant 0 - nonsignificant
Upper figures based on average variance for all plots of 3996,
lover figures based on variances of indivi dual types.
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gnificance for the composition and height classes, and nonsignificance
the case of density classes., This further bears out the previous
indings that the greatest errors in photo-interpretation were made in

e estimtion of densities,

In order to determine whether the mean volume _o:f each type
ffered significantly from the mean of every other type, the "t" test

r statistical significance was employed. The second part of Table No.
shows the results of this test using both the over-all variance of

1 the plots and the individual variances of the types. In most cases
ere is agreement between the significances as computed by the two
thods. It will be noted that the chief occurrence of nonsignificance
among the types with the lowest volumes and particularly between types
ffering only by density class, an additional confirmation of the poor
ality of the density estimabes, )
Wot all indieations of nonsignificance are valid, of course,

o certain of the comparisons have only a few degrees of freedom, and
msignificance indicates only that significance has not been proveds

ck of sufficient plots may be the reason in some cases. Furthermore,

k of significance between the mean volumes of two bypes does not

ays mean that they should not be separated because difference is

cies composition alone may be sufficient reason. However, by comparing
he actual heights, densities, mean volumes and species compositions of

he types originally separated, it becomes apprarent that certain of them
sufficiently alike to be conbined. In the following table the btypes

hat appear to be sufficiently homogeneous to be combined are shown along

h the new type designation.

Original Type Classifications New Type
M=3-A, W-3-B M-3-B
He3=A, H~3=P H-3-B
He2=hp, H=2-B, M-2~C ¥-2-B
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By combining these as shown above, the total mumber of types

8 reduced from eleven to seven, In order to determine what effect

his change had on the standard error of the mean an analysis of variance
as performed, based on the new types gxnd is shown in Table No. 15.

e SE, for the total remains the same, of course, and that for the
ariance within classes also comes out exactly the same as the analysis
sed on the original types, that is, 5.3% for an unlimited population.
e reduction in plot vwariance by stratification into the seven types
‘the same, ﬁbﬁerefore, as the reduction caused by stratification into
e original eleven types and it is obvious that in the original cruise
was unnecessary to distinguish so maxy types.

In addition to the analyses. based on 16l plots, another
analysis was made based on the 80 plots selected in the second set of
Cruises in order to determine the sta,ndard errors of the means for the
i ov different types of plot distribution, as applied to the original
eleven types. The standard error for the plots as distributed by

#olmne was 6.5% and for the plots distributed by area, 5.8%. It was
felt that this result was not logical and probably due to the particular
plots selected for the area-distributed cruise having less variation
than those selected for the volume-distributed cruise. In order to
check this the standard errors of the means of the individwal types

were deterinined for both cruise systems and are shown in Table No. 16.
A glace at the table shows that in every case except ﬁhere the plot
mrbers are equal, the standard deviations of the types in the volume-
istributed cruise are higher than those of the corresponding types in
he area-distributed cruise, This relation is not logical, for the

tandard deviation of any one type should remain approximately constant

egardless of the number of plotse The difference, then, must be due to
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the chance seiection of plots with less variance in one case than in
the other, Thgt this is true is illustrated in the following example:
For type S-L-B, the S,D. of the 19 plots selected in the volume—dis-—
tributed cruise is 94.92, In the area-distributed cruise the 9 plots
for type S-li-B were sdected from these same 19 and yet their S.D. is
62,18, When a different 9 plots are selected from the original 19,

the SoDs becomes 9li,60, showing that the original group of 9 plots had

a variance lower than average.

In order to avoid this sort of discrepancy caused by chance

selection of plots, the standard deviation for each type was determined
from all the plots falling in that type. This S.D. was then usedto
calculate the carrected sunm-squares for the two types of 80-plot
distributions and‘the._standard errors of the means were worked out as

' shomn in Table No. 17. The SE, for the volume-distributed cruise now
becomes 6,9% and for the area-distributed cruise, 7.9% based on the
theoretical means of these two cruises. These means were calculated
from the 80-plot distributions using for the mean of each plot that
which was determined from all the plots in each type. After correcting
the SE; for a limited population, they become 6,67 for the volume-
distributed cruise and 7.,7% for the area-distributed cruise.

In addition to the SE, for each cruise as a whole, the SEqp

for each type was recalculated based on the standarq deviation as
determined from all plots in that type. These, too, are éhown in Table
o, 17, In comparing the SE  for each type as determined for the two
cruise systems, it will be noted jchat four of the types have the same
mumber of plots under each system, hence have the same SE;. Of the
remaining six types, for the three which have the highest volumes the )
SE, is lower in the volume-distributed cruise; for the other three types,
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which have lower volumes, the SE, is lower in the area-distributed
cruise.s To state it in another way, when comparing the SE;, of the six
types that differ under the two systems of plot distribution, it will

be found that the three which have lower errors under the volume-diskri-
buted system have 62:1% of the volume while the three types which have

higher errors contain only 3l;.3% of the total volume,

COSTS

In estimating the costs of a cruise of this type a number
of assumptions must be made, particularly regarding the cost of photo-
graphs. Again, as in the case of the ground cruises, it must be borme
in mind that costs vary with a large mumber of factors and that costs
as estimated here do not necessarily reflect costs of a similar cruise
elsewhere under different conditions., Costs are estimated for the pur-
pose of comparing different cruises under the same conditions and since

similar assumptions are made for all cruises it is felt that such a
comparison is wvalid. »

The' cost of obtaining aerial photographs is the most variable
cost involved, particularly for such a small area as this, Even on
large areas there is a wide variation in costs as estimated by different
companies and by the same company at different times. Cost varies with
such things as weather, distance from air base to the area and the amount
of idle equipment available. The cost of photographing areas of only
a few hundred acres as a separate job would be mrohibitive and the only
feasible plan would be that of having the area flown in conjunction

with some larger area nearby or by some survey company that could catch

it while passing from one job to another. Under these conditions, then,

it is felt that a cost of about 10¢ an acre would be a reasonable

el

assumption. Other assumptions regarding salary and mileage are the same

..‘...
O Tiknasn. x
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g for the ground cruise, Following are the cost estimations for the

wo 80-plot cruises.

Plots Distributed in Proportion to Volume

Man-hours :

Ttem @ %1.385 Cost Cost per-acre

« Photographs 10,00 ¢
. Design and plan cruise 2 S 2,77 2.09
. Preliminary photo work 3/h 1.0h «78

o Delineate types and transfer to

base map 1%— 1.73 1,30
Preliminary volume estimate 2% 3,46 2,61
Plan field work 1 1.38 1.0k
Figld work 32 hhe32 33142
8, Computations L 5.5 };.18
9, Correct and complete type map 2 2,77 2.09
10, Travel Time 1 1.39 205
11, Mileage 2l miles 1.20 «90
' @ 05 Total 59416
10% overhead 595

Tobal 5.1 ¢

Plots Distributed in Proportion to Area

Ttems —— 1, 2, 3, Ly 6, 75 85, 95 10 and 11 as above 56.85

10% overhead 568
Total 62,53 ¢

The cost of these two cruises is very nearly the same while
the accuracy of the one employing volume-distributed plots is somewhat

betters The cost of the cruise employing 80 plots distributed in pro-

portion to type volumes is slightly less, and the accuracy somewhat
better, than that of the 20% strip cruise, which was the best of the

ground cruises.
CRUISE OF A TOWNSHIP

The expansion of this cruise to the area of a township is
shown in SECTION 7, where the required mumber of plots and estimated

costs are compared with those of other cruises.




CONCLUSIONS

The results of this eruise have definitely shown the advantages
accruing from the stratification of ground plots by the use of aerial
phot ographs, Even though a mmber of errors were made in the original
delineation of types on the photographs, still the SE; of the unstrati-

fied plots was reduced from 8.3% to 5.1%. This results in a substantial
reduction in the number of plots required for a given standard of accuracy.
For example: If an accuracy of 5% two times out of’ three is desired the
required nmumber of plots when not stratified is !170, while the required
mmber when stratified by the photos is only 181, or 38.5%.

The distribution of ground plots in proportion to volumes
determined from the photos resulted in appreciably more accurate volume
estimates than the distribution of ground plots in proportion to areas.
Yot only were the actual total volume estimates of the two trial cruises

closer but the standard error of the mean was also lower, In addition,

the lower standard errors occured in the highest volume types with the
volume-distributed plots, while the reverse is true in the case of the
area~distributed plots., Therefore, it may safely be concluded that a
distribution of plots in proportion to estimated type volumes will pro-
duce a more accurate cruise than a distribution of plots in proportion
to type areas, Such would also be true if the plots were distributed
in roportion to actual value rather than volume, A further refinement
| in the distribution of ground plots would inc;l.udethe estimation of
expected standard dgviations of each type and, as will be pointed out in
lerial Cruise Noe li, there seems to be definite promise that this can be
estimated from the photographs with reasonable accuracy.

Certain conclusions regarding procedure and the most common

errors may be inferred from the results of this study. Generalizations
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are difficult to make since the errors made here are in a large part
}ﬁerconal errors of the imterpreter and may not necessarily occur with
other interpreters. WNevertheless, it should be worth while to point

them out so that t.hey can be assembled with similar results from other
_tests and generaligations may then be drawn,

Chief errors made in the photo-interpretation were in the
stimation of species composition and density. It seems likely that
estimations of species composition will often be one of the most difficult
;problems of photo-interpretation. Certain species differentigtions do not
show up on the aerif}.l photos, particularly in the case of stemwise mix-
tures, Furthermore, any species growing as an understory will nec-
essarily be underestimated on any vertical photographs. For these

reasons, accurate species composition information will nearly always have
to be obtained from ground data. Fortunately, moderate errorsin aerial
estimation of species composition genera lly will not result in very

large errors of total volume estimations

Regarding the errors in estimation of crown closure or density
from aerial photographs, it seems likely that this is also fairly common.
It ocourred in nearly all aerial cruises made in this study and similar
results have been obtained by two other students at Harvard Forest ex-
perimenting with the use of aerial photographs in forestry. It is
apparent that further work need be done on methods of estimating forest
density from aerial photographs, Perhaps the use of a set of stereo-
grams showing stands of known density would provide the best method.

In the execution of these cruises a tendency has been evidenced
to break down the stands into more types than actually necessary. Whether
this tendency is widespread among other interpreters is not known.

In spite of these errors and the rather rough methods of
classifying types, it is evident from this study that total volume

estimations from the photograrhs were sufficiently accurate to control




the location of the ground plots. It may be concluded, therefore, that
the photographs were used with sufficient intensity for the purpose
and any further improvements in the a ccuracy of the photo-interpretation
should serve to reduce the intensity with which the Vphotographs need
be used,

Besults of this study indicate that the dot grid method of
area estimation is Jjust as satisfactory as the use of a planimeter,

and over a large area should result in a substahtial savings of time,
- SUMMARY

For the purpose of ’evalua.ting a moderately intensive use of
medium scale photographs an aerial timber cruise was made on a 1l33-acre
area, The area was classified into rough types based on species
comp?sition, height and density classes by stereoscopic examination of
1:18,000 modified infrared photographs. Volumes for the types were
estimated and 80 1/10-acre ground plots were distributed within the area
;‘.n proportion to these estimated volumes. In another variation of this
cruise 80 plots were distributed in proportion to the areas of the forest
typese Final volume estimates were based on the data from these ground
plots. The area was theh 100% cruised and volume comparisons madee

Results indicate that the control of ground plots by aerial
volume estimations produces more accurate results than the control of
ground plots by type areas. Accurate volume estimates were obtained
by this method, the error in total volume being less than 1% in one
irial and less than 2% in a second trial, A substantial reduction in
the standard error of the mean occurred as a result of stratifying the
ground plots by means of the photographs, the figures for this being

8,3% when not stratified and 5.1% when stratified,
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Certain errors in photo-interpretation were made, 'par'bi-'
cularly in the estimation of species composition and stand density,
but in spite of these the aerial volume estimations were suf ficiently
accurate to correctly distribute the ground plots in proportion to the
actual volumes of the various typese

In spite of the high cost of aerial photographs for such a
small area this cruise design resulted in a much better volume estimate
at a slightly lower cost than the best of the ground cruises, the 20%

str ip °
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SECTION 5 — AERIAL CRUISE NO. 3

A Woderately Intensive Use of large Scale Photographs to Construct
a Type Map and Control the Collection of Ground Data

INTRODUCTION

4 eruise has already been made involving a very intensive

use of large scale photographs with no ground work (Aerial Cruise No. L)e
The pﬁrpose of this eruise is to test a less intensive use of the same
photographs for comparison with the more intensive cruise and with

other cruises involving medium seale photographs, This cruise‘will notb
utilize all the information available on large scale photographs, as

was done in Cruise No. 1.

PHOTOGRATHS

The photographs used are the same 1:5300 modified infrared
that were used in Aerial Cruise Noe le A description of these photo-
graphs will be found in SECTION 3, and an example of them will be

found in the stereogram of Figure 2, page 27.
PROCEDURE

The procedure is similar to that employed in Aerial Cruise Noe 2,

namely, stereoscopic examination of the photographs is used bto divide
the area into a mumber of stands based on fairly broad species composition,
height, and density classes., Volumes are estimated for these types and

then ground plots are distributed in mroportion to these volumes, Final
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volume estimations are then based on the data from these ground plots,

eliminary Work

Since only four photographs are involved and since most of

the work done on them will be in the rature of estimates with only
occ‘asional check measurements, it was unnecessary to construct a ;eries
of gyaphs as was done in Aerial Cruise Nol. The preliminary work, there=
fore, consisted merely of locating principle and conjugate principle

points and computing scales and parallax factors for several elevations,

a3e MaE

The same base map at 1:14800 vhich has been used for previous

ruises is used in this eruise,

The limitations of the photographs regarding species differ-
entiations have already been explained., In an effort to eliminate the
shortcomings and produce the effect t hat might be expected from good
quality large scale modified infrared photographs the following pro-
cedure was followed: Type lines based on species composition alone )
without regard to height or density were first drawn on a set of 1:12,000
nodified infrared photographs upon which the species differentiations
stood out more clearly. These type lines were then t ransferred directly
to the 1:5300 photographs by means of the multiscope. The latter photos
were then studied under the sterescope and the compositien types further
broken down by height and density dlasses,

Three species composition classes were recognized: S - softwood -
80% or more softwocds; H - hardwood - 80% or more hardwoods; M - mixed-

wod - all other mixtures,

o gl
g




Four height classes were recognized: (1) O to 30 feet;

) 35 to 50 feet; (3) 55 to 70 feet; and (L) 75 feet and mores

Four density classes were established: A - 80% to 100%;

) - 55% to 7553 C - 30% to 50%; and D - 0 % to 25%. These composition,
height and density classes are the same as were set up in Aerial Cruise
Nos 26

The type lines were transferred from the 1:5300 photographs
to the base map by means of the vertical sketchmaster and the resulting

stand map is shown as Map No. 7.

Estimation of Areas and Volumes

Areas of the various stands were measured bykplanimet_er and
totaled by types as shown in the first four columns of Table Noe 18.

In estimating average per—acre volumes for each type the

same assumptions are made as in Aerial Cruise No. 2--that softwood
stands are composed on the average of 90% saf twoods and 10% hardwoods;
that hardwood stands are the same percentages reversed; and that mixed-
wood stands are composed of 50% each. All trees in a given type are
assumed to be the height of the height class midpoint and type densities
are assumed to be those of the density class midpointse

With these assumptions the per—acre volumes for the various
types were determined from Aerial Volume Table No. 1 for hardwoods and

Noo 6 for softwoods. Computations for total volumes are shown in Table

Noe 180

Selection of Ground Plots

A total of 90 ground plots was arbitrarily selected as being

the maximmm permissable in the time available. With 13 types and only
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|l Cruise Noe 3

ation of Type Areas and Volumes

Table No. 18

Stand Stand
7 Noe Area

Type
Area

Assumed

Per-acre Vols, bd.ft.

Hte Den.

Hwd .

Swd o

Total

Total
Type

Volume

I £ -5 A8

4
%
Vol.

90

Plots

1,18 1.18

80 90

920

321,00

33320

39320

39

3

«95
12.20

15.02

80 65

670

23100

21,070

361530

3642

26

6487

62,5 90

385

18500

18885

129740

13.0

1,80

62,5 65

280

13350

13630

211530

245

1,96

42,5 90

9070

9070

17960

1.8

Wi

8L

80 90

1,600

18000

22600

18980

1.9

23.85

62.5 65

8790

209642

2,06

2,5 10

2210

1,610

2461

L2.,5 12

670

1750

11y 00

62,5 65

2500

. 3980

175120

17.5

13

11.35

L2,5 65

130 __

8290

068

(O8]

25
1L.55 1L.80

2.5 1o

L50

6660

067

1,29
88
.18
022
1.10
2.6l
1.75 8,06

0,00

12442 134,02

Error

Corrected for Area

Error

e

S eV

9BLT75T

=Te1%

100.0

90




90 plots the problem of getting a proper sample of each was difficulte
It was desired to distribute the plots in mroportion to the estimated
type volumes and yet provide each type with at least a few plots to
form a volume average., It was decided' to have a minimum of 3 plots in
any one type, Since 3 is 3-1/3% of 90, all types having 3-1/3% or less
of the total volume recieved the minimm of 3 plots. These totaled 2l
and the remaining 66 were distributed among the rest of the types in
propartion to their volumes as shown in Table No, 18, Admittedly,

this constitutes a rather poor sample for many of the types.

Computation of Volumes from Ground Plots

Table Noe 19 shows the computations for the final volumes
determined from the 90 plots distributed in proportion to the estimated
volumes, The determined number of plots for each type were randomly

selected and the average per-acre volumes for hardwood, hemlock and white

pine determined from them,

RESULTS AND ANALYSIS

Construction of Type Map '

Since many of the types have only a few plots an analysis of
the species composition estimates has not been attempted. Comparisens )
of photp-estimted heights and densities with those made from the ground,
however, have been made as shown in the second part of Table Nos ?O. It
will ‘be noted that the average error in height estimotion is 9.5%, while
the aggregate difference is $3.2%. The average error in density estimation
is 13% while the aggregate difference is only -0.1%. One type was
placed in the wrong height élass and two in the wrong density class,
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bl Cruise To, 3 Table No. | 9
ied Volumes -- 90 Plots Distributed by Volume |

B, Per-acre Volumes Total Volumes by Type |
_Plots Area Mwd Hem TP Tot. Hwd Hem p Tot.

3 1.18 1573 16367 11317 32257 1855 19315 16895 38065

26 15.02 190 L70 22825 23785 7360 7060 3L2830 357250

9 6.87 1330 8030 3505 12865 9135 55165 2,080 88380

3 1.80 1510 5535 3545 10590 2720 9965 - 6380 19065

3 1,98  — -~ 1845 1845 - - 3655 3655

3 8L 3220 1853 210 @163 2705 Lo75 17715 2495

15 23.85 1240 7020 2560 10820 29575 167425 61055 258055

3 2,06 185 765 @ — 950 380 1575 — 1955

3 2,61 2383 193 500 LB26 6220 5070 1305 12595

13 Lh.00 1280 850 930 3060 56320 37400 10920 13L6LO

3 11.35 525 705  —= 1230 5960 8000 - 13960

3 14.80 565 520  -- 1085 8360 7605 -~ 16055

3 8.06 - 2205 = 2205 . 18095 - 18095

90  13k.h2 130590 3L08LO  51L835 986265

Error -19.1% =12,5% 1.1  -7.0%

Corrected for area

12880 336273 507936 973019
Error =2041%  =13.7% =027 =8.2%
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]l Cruise No, 3

risons of Aerial and Ground Volumes, Heights and Densities

Table No. 2 0

Ground Volumes Determired From All Available Plots

101

_ Aerial
Noe. Total Total Vol. Dist. of Dist.
Plots Area  Per-acre Volume by Types % Vols 90 Plots of 90 Plots:
3 1.18 32257 38065 3.6 3 3
28 - 15.02 21520 368290 35,1 26 26
10 687 12865 88380 8ol 6 9
3 1.80 10590 19065 1.8 3 3
5 1.98 1590 3150 0.3 3 3
3 «8L 29163 21,95 2e3 3 3
30 23.85 11475 273680 26.1 19 15
3 2,06 950 1955 02 3 3
Iy 2,61 7820 204,10 2.0 3 3
L2 i1 400 3635 1599L0 2543 12 13
11 11.35 1725 19580 1.9 3 3
1 1,.80 900 13320 1.3 3 3
8 8.06 2160 17110 1a7 3 3
16l 1312 10L77L0 100.C 90 90
Error w2
Comparison of Heights and Densities
_ Height Density
Type No. Plots Plots Photo Error Plots Photo Error
S-li—A 3 75 80 5 80 20 10
S-11-B 27 80 80 0 75 65 10
S5-3-A 9 57 6245 5¢5 7 90 13
S-3-B 3 Sy 62,5 Teb 67 65 2
S-2-4, 5 3l 1245 845 86 %0 L
M-} —A 2 78 80 2 80 20 10
M-3-B 27 61 6245 1.5 68 65 3
M-2-C 3 38 11245 I 30 Lo 10
M-2-D Ii 58 2.5 15.5 Lo 12 28
H-3-B I 53 6245 9e5 63 65 2
H-2-B 9 118 LiZs5 . 5.5 71 65 6
H-2-C 1 Iy 12,5 1.5 I 1,0 1
Total 147 681 70245  6l.5 778 77 99
Average Error, Feet 5.4,' % Crown Closure 8.2%
Average Error, % 9.5% % of Average Cr.Cl. 13%
Ageregate Difference + 3.2% -0.1%




according to the height and density checks made on the ground.

Volume Estimations

As shown in Talle No, 18 the aerial total volume estimate was

701% low when corrected for area, somgwhat better than the estimate
made by similar methods from the 1:18,000 photographs., Volume estimations
for the individual types, however, were not quite as goode The first
part of Table No. 20 shows the distribution of 90 plots among the types
in proportion to their volume-as determined from the ground plotse
Compared with this is the distribution of the 90 plots as made from

the aerially estimated volumes. Nine of the thirteen types are So

small as to have only three plots under both distributions, and hence
there is no comparison. Of the remaining four types only one has the
correct mumber of plots and the others have errors of one, three and
four plots.

The final volume estimates as determined from the 90 ground
plots are shown in Table No, 19, After correction for aréa the total
volume estimate is 8.2% low while that for hardwood is 20.1% low, hem-
lock 13.7% low and white pine only 0.2% low. It is interesting to note
that the tobal volume estimate based on the 90 ground plots has a larger

error than that based on the photos alone.

Analysis of Variance

The first part of Table No, 21 shows an analysis of variance
based on 16l plots thus making it comparable with a similar analysis
made in'Aerial Cruise No. 2, The SE,, based on 16l plots not stratified
is 8,5%, the same as in Aerial Cruise No, 2 while the SE, for the plots

when stratified by the photographs is li,7%. This is slightly better
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el Cruise Noe 3 Table No. 2 |

lysis of Variance

Based on A11 Available (16Y4) Plots

No. : Corrected Mean

T_Eype Plots Sum Sum=squares C.T. Sum~squares i_quare
S=l=4 3 968 34562l 312341 33283 16641
S-4=B 28 687 1936455 1684132 252323 95
S=2=A 10 1286 225258 165380 59878 6653
S=3-B 3 317 u7345 33396 138k49 692!
=>4 5 80 1h62 1280 182 46
M=li=4 3 875 272425 255208 17217 8608
¥-3-B 30 3440 476kk6 394453 81993 2827
M=2=C a 29 L5 280 165 82
W=2~D 313 37085 2lligo 12593 4198
E=3=B Y42 1526 106706 551 51261 1250
H=2=R 11 190 8116 3282 483l | ug3
H=2=C 14 127 174 1152 589 L
Open 8 173 9297 3741 5556 19
T otal 164 16191 346 8L05 1598466 1869939 11472
Moan 98.12 Corrected Mean s SHy .

Sgurce DFs Sum=squares Square 100 b.f.
Total 163 1869939 11472 107.11 8.3 8.5
Between Classes 12
Within Classes 151 533723 353  59.46 hB.6H N7

SE, (corrected for limited population = 4. 3%

I heoretical Analysis of 90 Plots Based on Variances of All Plots

Dats from 164 Plots ' 90 Plots Distributed by Volume
' SEp Corrected
me n Mean Mean=square G n D.F, oFo Sum=square
Pl=4 33 16641 129.00 2 T4.56 23.1 33283
=B zg 245 9345 92.67 eg 25 19.00 7.8 233%
Pi=4 10 129 665& 81.57 9 8 27.19 2l.1 5322
B 3 106 692 83.21 3 2 48,09 45,4 13849
p~A 5 16 U5 6e78 3 2 3.92 2 .E 92
pl=l 3 292 8608 92.78 3 2 5346 18. 17217
b= 30 115 2827 5317 15 14 13.7 11.9 39578
r=C E 10 82 3.06 3 2 5.2l 2.4 165
=D 78 ST 64.79 3 2 37.45 8.0 8396
B U2 % -~ 1250 35.3 13 12 9.81 27.2 15000
B 11 17 4g3 21.98 3 2 12.72 T4.8 966
~C 14 9 L 6.71 3 2 3.88 ua.l 90
htel 164 98,72 11472 107.11 90 89 11.29 8.2 1021008
horetical Mean of 90 Plots = 137.14
Corrected Mean S

Source D.F. Sum=squares Square T 100 b.fe %
hbtad 89 1021008 11472 107,13  11.29 &.2
ptween Classes 12
ithin Classes 77 417073 5416 73.59 775 5.7

SEn (corrected for limited population) = 5.5%
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t.han’ the 5.3% obtained from the stratification of the plots by the
1:18,000 photographs in Aerial Cruise Noe. 2. A

A theoretical analysis of the 90 plots used in this cruise,
based on standard deviations determined from the 16l plots, shows a
SE, of 5.5% based onthe formula for a limited population. This is to
be compared with a SE of 6.6% obtained from the 80 plots in Aerial
Cruise Noe 24 7 .

Examimation of composition, heights, densities, and volumes
of the 13 types originally esta‘galished indicates that possibly, as was
the case in Aerial Cruise No, 2, too many types have been separated in
this cruise, particularly since several are less tha.n two acres in area.
In order to determine what effect would result from combining certain

of the types an analysis of variance was made on the following seven

new typese
Originai types New type
S-lj=A, S-l;=B S=1;-B
S=3«A, S=3-B S=3-B
Se2=-A 4 S-2-A
V-li=A, M=3-B, M=2-D 1-3-B
H=3=-B i H-3-B
H-2-B, H-2-C, M-2-C H-2-C
Open Open

The analysis is shown in Table No, 22. The SE; for the plots
not stratified is, of course, the same as beforé, 8e5%. VWhen stratified -
into the new simplified types the SEm becomes 5.1%, which is slightly
higher than the lL.7% resulting from the stratification of the plots into
the original typeseo

COSTS
Again it is advisable to point out that costs as estimated

here are solely for the purpose of comparing the various cruises and
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L Cruise No. 3 ‘ Table Noe. 2 2

pis of Variance for Simplified Types

Corrected lMean
Type n Sum Sum=-squares o la Sum-squares Square
5-l-B 31 78233 2282079 1980233 301846 10062
$-3-B 13 1603 272603 197662 749l 62,5
S=2-A 5 80 1462 1280 182 L6
I-3-B 37 1,628 785956 578875 207081 5752
B-3-B )2 1526 106706 55LL5 51261 1250
ﬁ;z-c 28 316 10302 | 11276 6026 223
Open 8 6 g 9z97 3741 5556 794
Total 16l 16191 3L68L05 1598466 1869939 1172
Mean 98,72
Source D.F. SS§£§§§Z§SS gﬁiire a 1§§mb.f. %
Total 163 1869939 11472 107.11 8.36 Beb
Between Classes 6
Within Classes 157 616893 k120 6h.9 5.01 5.1
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do not necessarily represent the exact costs th.:a.t might be incurred in
‘conducting a cruise of this type. Nevertheless, an effort has been
‘made to be realistic and costs as estimated here may be regarded as
approximate,

| In meking costl estimates of this sort a mumber of assumptions
must necessarily;be'made, as pointed out in discussing the costs of
Aerial Cruise No, 2, page 88. Probably the most variable cost is that
of the aerial photographs. A cost of 10¢ an acre was assumed as
reasonable for the 1:18,000 photographs. In keeping with this, 25¢
an acre should come somewhere near the probable cost for the 1:5300
photos, Other assmppﬁ:}ons regarding costs are the same as were made

in Aerial Cruise No. 2,

Man=hours
‘Ttem @ 1,385 Cost Cost per-acre
Photographs ' 25,00 ¢
Design and plan cruise 2 $ 2477 2.09
Preliminary photo work 1 1.38 1.0k4
Delineate types and transfer to
base map 2% 3.6 2.61
Preliminary volume estimate L 5e5hL 1118
Plan fieldl work 1 1.39 1,05
‘Field work 1,0 55.h0 11.77
Computations 6 8.31 6.27
Correct and complete type map 2% 3.116 2,61
Travel time e 2.08 1.57
Mileage 2Ly miles™ Total 89,09
@ .05 10% overhead 8,91
Total 98,00 ¢

CRUISE OF A TOWNSHIP

The expansion of this cruise to the area of a township is
shown in SECTION 7 where the required number of plots and estimated
costs are compared with those of other cruisess

CONCLUSIONS

The conclusions regarding the stratification of ground plots
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by the use of aerial photos to be derived from an analysis of this cruise
are similar to those of Aerial Cruise No., 2, In this case an even greater
reductiop of the SE; of the ground plots was effecteds This was to be
expected, of course, since the vhotographs are of a scale more than three
times larger. The reduction, based on a limited population, was from
8¢3% to he3%. Translated into the required mumber of plots for a 5%
accuracy two times out of three, the reduction would be from 470 plots

to 145, a substantial saving in field work.

Since the design of this cruise and that of Aerial Cruise
No, 2 are similar, it is of particular interest to compare the accuracies
and costs of the two. The mumber of plots required for a 5% accuracy,
based on the 80 plots of Aerial Cruise No., 2, is 10, while for this cruise
the number is 115, Computing the costs of these two cruises using the
same assumpbions made previously, Aerial Cruise No, 2 would cost aboutl
92¢ an acre and this cruise about 99¢. It may be concluded, therefore,
that the use of the large scale photographs did not pay in this case.

The results of this cruise tend to confirm those of the
revious cruise in that there is a tendency to break down the area into
nore types than necessary. In the case of this cruise the simplification
of the original thirteen types into seven caused a slight increase in the
standard error of the mean but 1t seems likely that this would be more
than offset by the greater ease in adequately sampling seven rather than
thirteen types,

As should be expected, the aerial volume egtimate from the
photos alone was better for the 1:5300 than the 1:18,000 photographs
but it is doubtful that the increase in accuracy would offset the
inerease in cost, Estimations of stand heights were better than those

of Aerial Cruise No. 2, the aggregate differences being 3,24 and $5,6%




respectively. Est;‘mations of stand densities are also bebter with the
large scale photos, the aggregate differences being =0.1% and $19.1%,
respectively,

However, in spite of the better estimations of height and
densi‘ty and the better total volume estimate from the 1:5300 photo-
graphs, still the distribution of the 90 pld s in this cruise incurred
more error than the distribution of the 80 plots in Aerial Cruise Noe 2
It is not possible to explain this fully but it would seem likely that
with our present knowledge of the use of aerial photographs, there is
insufficient correlationbetween photo measurements and tree volumes to

warrant the use of such large scale photos.
SUMMARY

For the purpose of evaluating a moderately intensive use of
large scale photographs the 133-acre study area was cruised using 1:5300
photographs.’ The design of ‘fshe Crulse is similar to that used in Aerial
Cruise No, 2, employing 1:18,000 photographs, in order that comparison
might be readily made. The area was classified into rough types based
on species compozition, height and density Basses, and volumes for
these types estimated. Ninety 1/10-acre ground plots were distributed
within the area in proportion to these estimated volumes and the final
volume estimate based on data from these plots. The area was later 100%
cruised and volume comparisons madee

Results again indicate a substantial reduction in error due
to the stratification of the ground plots by the photographs. A slightly
smaller SE, was cbtained using the 1:5300 photographs than when using
the 1:18,000 but the increased cost was even more than the reduction of
error. ) _

The results of this cruise, then, further confirm those of

ferial Cruise No. 1 in that large scale photographs of a poor guality do




not pay and it is felt by the writer that even if the photos were of

a good quality it would still not pay to use such a large scale,
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SECTION 6 - AERIAL CRUISE NO. kL

An Extensive Use of Medium Scale Phobographs

Employing Aerial Photo Plots

INTRODUCTION

In order to test an extensive use of medium scale photographs
this cruise was designed employing a series of plots which are located
on the photographs and then plassified into relatively simple types
based on species composition, height and density. Average per-acre
volumes are assumed for each type class based on aerial volume tables
and then certain of the plots are visited in the field and ground data
collected. The ground plots are established in proportion to the
estimated volumes of the type classes and the aerial estimates are
then adjusted by means of the ground data. For several reasons, this
cruise was not completed and only the preliminary aerial volume estimate
was made., However, it is thought that the results are sufliciently

interesting to describe,
PHOTOGRAPHS

The photographs are 1:18,700 modified infrared--the same as
used in Aerial Cruise No. 2, to which reference my be made for further

information, A stereogram from these photos is shown in Figure 1, page be
PROCEDURE

Preliminary Work

Iittle time was required for the w elimimary work since there
were only three photographs on which to locate the prineipal and con-

jugate prineipal points, and since a scale check had already been made




on a previous cruise using the same photos. Parallax factors were
computed for each hundred-foot elevation as follows: 700! — 3,21°';
800" - 3,163 900! ~ 3,113 and 1000* - 3.06. A base map at a scale of
1:4800 was already available,

Establishment of Aerial Plots

If this type of cruise were designed for a large area so
that only a few plots fell on each photo it would be possible to
establish these plots on the photos by means of some system which would
eliminate error due to topographic relief, However, since in this
case the entire area is covered by one photograph and since a reasonable
mumber of plots must be established in order to sample the various forest
types, a problem of plot Jocation on the photographs develops. It was
felt that about 150 plots were needed to adequately sample the area and
no satisfactory method is known of establishing such a number on one
photograph in a mammer so as Lo eliminate error caused by relief.
Consequently, the plots were mechanically spaced on the photograph and
corrections for elevation made when estimating the areas of the various
typese No pariicular size was assignedto the plots since it was merely
desired to classify into certain foresttypes the point where the center
of each plot fell.

In order to establish approximately 150 plots on the 133-acres
a rectangular spacing of ,125-inch was adopted. At a scale of 1:18,700
which holds for an elevation of 800', this spacing equals 19L.8 feet on
the ground,4 The acreage represented by each plot, then, equals
19&.32 = 37,943 sq. ft, =.8713 acres at an elevation of 800" which is the
base level assumed in this cruise, This rectangﬁlar spacing of ,125~inch

when randomly laid down on the photograrh resulted in 157 plots falling




wi thin the area,

Classifieation of Plots

The plots having been established on the photos and marked
with pin pricks, each was then examined with a pocket stereoscope and
assigned to one of a series of types based upon species composition,
height and density.

' Three classes of species composition were recognized:
H = hardwoods - 80% or more hardwoods; S - softwood - 80% or more soft-
woods; and M = mixedwood - all other mixtures, »

Four height classes were established: (1) O to 29 feet, (2) 30
to 19 feet, (3) 50 to 69 feet, and (L) 70 feet or more. A

Only three density classes were recognized: A - 70% to 100%,

B - 0% to 69%:, and C - 0% to 39%.

Thus, by recognition of these limits, the possibility of 36
forest types was set up. Each plot marked on the photogz-gphs was ex-
amined and assigned to one of these classes, In addition, the elevation
of each plot Waé recorded to the nearest 100 feet., This was facili-
tated by transposing from the U.S.G.S5. topographic sheet to the photo-
graphs certain contour lines to establish the boundaries of each 100-foot
class,

The tabulation of the 157 plots by these type classes and by
100-foot elevation classes is shown in the first three columns of Table

No. 230

Estimation of Areas

Since no type map has been constructed and therefore no type

areas can be measured, the area of each type class must be assumed to be

112




12 Cruise No. b Table No. 2 3

y of Types and Areas

Type Elevation No. Plots o Acres
S=l=A 700 13 . 8846 11.500
800 3 .8713 2.614
Total 16 14,114
S=3=A 700 5 « 8846 y, l4-23
800 2 .8713 1,743
Total 7 6.156
S=3=3 900 1 8575 .858
1000 - .84
Total 2 1,702
S=2=A 800 1 8713 871
M=lj=B 800 2 8713 1.743
M=7=4A 700 7 8846 6.192
800 17 «8713 14,812
200 _gg +8575 <hel13
Total 22. 719
M=3-B 700 71 . 8846 K.éza
%00 - L5572 .57
Total —;ZL 16.606
U=3~C &0 1 8713 871
M=oy 00 1 <&T13 <871
M=2~B 8 2.572
1300 : L Sia i
To tal R 356 |
M=1=B 900 1 <8575 .858 |
H=3=A 13 . 8845 11.500 |
16 8713 13.941 1
_900 R 8575 34130
T otal 33 28,871
4  .88Y46 34538
6 «8713 5.228
6 <8575 5.145
2 -8Ll2 1.688
Total 18 15.599
L . 8846 +538
b 8o Z.Zi}m
To tal 5 I, 382
3 . 83U6 2.654
2 . EP 1.715
2000 i LR
Total 9 1.7
1 .8l .8l
1 8713 8T
i 8575
Total 5 4,301
6 <8717 5.228
157 136.91
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proportional to the number 6f plots falling in that class. However,
because the plots were mechanically spaced on the photograph, corrections
mst be applied to avoid errors due to topographic relief., The acreage
represented by a plot at an elevation of 800! has already been cal-
culated as .8713., The acreage represented by a plot at other elevations
has been calculated as follows: 700' - 8846, 900" - .8575, 1000' - .8LL2.
The calculations for areas are shown in the last two columns
of Table No. 23, Total acreage is 136,91, which is 3.2% high campared

with the acreage measured in the 100% ground cruise.

Estimation of Volumes

Per-acre volumes were estimated by making the rough assumptions
of species percentage, height and density shown in the first four columns
of Table No. 2Lh. The height and density assumed for each type are the
midpoints of the height and density claéses for t hat type. The Tables
used for determining the per-acre volumes are Volume Table No. 1 for
hardwoods and Volume Table No. 6 for softwoods. Total volumes for each
type are obtained by multiplying the per-acre volumes by the area pre-

viously determined.

Completion of Cruise

In order to compléte the cruise the design called for the
location on the ground of certain of the aerial photo plots. These were
to be selected from the various types in proportion to the estimated volumes
of the types. However, at this point it became evident that it was
impossible to properly sample the types set up and that this sort of
extensive cruise simply cannot be applied to a small area, There are

seventeen types to be sampled, five of which have only one plot and others
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rial Cruise No. U Table No. 2 4

mutetion of Volumes

Computation of Volumes

g; c en§ gf Assum Per=scre
Ht. Den. Softwood Hardwood Total Area Total Volume

1o 85 30600 1040 31640 14,11 VTN
10 60 85 16100 310 16410  6.17 101250
10 60 55 10400 200 10600 1.70 18020
10 40 85 7500 —— 7500 .87 6525
50 80 55 11000 2820 13820 1.74 2hou7
RO 60 85 8900 1550 10450 22.72 237424
50 60 55 5780 6780 16.61 112616
50 60 20 2100 365 2465 .87 2145
50 40 g5 4160 4160 87 3619
50 40 55 2690 s 2690 3.u2 9200
50 13 55 i = e 8 .
90 60 85 1785 2790 U575  28.87 132080
90 60 55 1155 1800 2955 15.60 098
9 k4o &5 733 - 73(5) 3 el9
0 ko 55 5 i 5 7-;2 185
90 13 55 =t = = . =
- wwaw e == e e 5 S gs e
136,91 1146868

Error ; +8.2%

Corrected for Area 1110931

Error ‘ +4.8%

Calculation of Coefficient of Variation

No.Plots Vol.(100b.f.

_11%0 o(n i ox)( nx ) nx<

S=i=-A 16 716 5026 1597696
1148

S=7=A 7 164 188272 CT = (5ax)°

S=32=B 2 104 208 21632 n
s>a 1 B 15 5% = (13072)° = 1088390
M=l=B 2 138 276 38088 157
M=2=A 26 104 2704 281216
M=2=B 19 68 1292 87856

| M=3-C 1 o5 o5 622 Mean = 1072 = 83.26
M=2=A 1 42 42 176 151

| M=2=B )i 27 108 2916
M=1=B 1 - — -
H=3=4 33 U6 1518 69828 :
H-7-B 1g 20 540 16200 Oy, aerial cruise = 88,57 = 106.44%
Ee>~A 5 1 5 245 83.26
H~2-B 9 5 5 225 ¢, ground plots = 84.26 = 111.2%
Fik - = . 5.5
Ba=Co 5 - it -
Road 6 s e =
Totel 157 13072 2312188
Correction Term - - 1088390
Corrected Sum=squares = 1223798

Meen Square = 1223798 ¥ 156 = 7815 a ={7845 = 82,57
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which have only a few plots., Obviously this condition does not lend

itself to proper sampling and so this cruise was terminated at this

pointe
RESULTS AND ANALYSIS

The total volume estimate resulting from the foregoing
 ocedure was 8,2% high. But this is based on an area estimate of
136,91 acres and when the total volume estimate is adjusted for correct
area the error becomes only +h‘,8%. The error in hardwood volume estimate
is 13.1% high uncorrected and 9.,6% high when corrected for area. When
the softwood volume estimate is compared with the actual volumes of hem-
lock and white pine combined it is found to be 7.3% high without area
correction and only 3.9% high after being corrected for area. These
are the best results obtained by any of the aerial cruises from the
use of the photographs alone,

As a matter of interest the total volumes were also calculated
without any adjustment for elevation. The acreage represented by each
plot was assumed tobe that for 800! elevation, or «8713. The results
obtained by this method are slightly better than those obtained when
corrections for elevation were made, The total volume estimate was
Le2% high, that for hardwood 9.4% high and for softwood 3.3% highe This
does not mean, of course, that better answers can always be obtained by
neglecting elevation adjustments, but simply that in thiscase the errors
resulting from lack of elevation corrections partially compensated for
other errors.

In order to compare the variation of the plots used in this
cruise with the variation of the 142 ground plots referred to in SECTION 2
the coefficients of variation for both cruises were determined as shown

in the second part of Table Noe 2li. The results show that the coefficient
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of variation forthe'157 aerial plots is 106% while that of the 12

ground plots is 111%, close enough for all practical purposes.
CONCLUSIONS

Although this cruise was not carried through to completion
because of the ﬁnpossibili"_oy of obtaining an adequate sample from such
" a small area, nevertheless, it is felt that enough has been learned to
jndicate the merit of the system. That the volume estimate from the
photographs alone was better than any other of the cruises does not
T ove, _of course, that it is the best of the systems tested here.
However, it does indicate that the system shows promise and is worthy
of further testing on larger areas.

Although costs were not computed for this cruise, since it
was not completed, it seems likely that it would prove one of the
cheapest. The cost of the work done on the photographs is definitely
less than any system employing the construction of a type mape However,
since the ground plots are likely to be scattered in a random mannery
and since an effort must be made to locate these plots in the exact
spot indicated on the photographs, the cost per plot would undoubtedly
be higher than that of the other systemse It seems likely, though,
that fewer plots would be required under t his system for any given
standard of accuracy, because the variation within types should be lesse
When ground plots are scattered at random throughout a forest type which
has been delineated from aerial photographs, these plots are likely to
sample small holes or other irregularities within the type. This tends
to cause a large variance, But when the ground plots are located in the

same spots as the photo-plots, these irregularities may be accounted for




and the variance should be less,

Jus_’c, what' would be the cost of a cruise such as this can only
be determined, then, by mrther trial, Iess photo work and fewer plots
tend to decrease the cost, while a higher per-plot cost would tend to
‘increase it. It seems reasonable that the cost of this cruise would be

no more than that of the type such as Aerial Cruise Noe 2, and probably

would be less. The larger the area treaﬁed, the lower should be the
relative cost of this aerial plot cruise,

An attempt was made to determine how much improvement resulted
from correcting the area calcglations for errors caused by elevation
changes. This attempt failed, far the results were more accurate when

not corrected than when corrected, This s of course, is not logical and

is undoubtedly due to the fact thatthis area is oo small and does not

have sufficient elevational change to cause changes in types.

In designing any ecruise employing sampling by ground plots, it
is extremely useful to know the expected variance of these plots so that

the approximate number needed for a given statistical accuracy can be
“J calculated. Without this knowledge the variance mist be estimated and
later adjusted from the j.nfgr'mation obtained by the first group of plots

established, This, however, necessitates a change in design in the

middle of the cruise which results in inefficiency. The more accurately
the plot variance can be estimated prior to the ground work the less the

design of the cruise need be changed.

The results of this cruise indicate that there is a good
possibility of obtaining an accurate estimation of the ground-plot
variance by means of aerial photose In this example, the standard
deviation of the 157 aerial plots was 88.57 and the mean, 83.26. The

mumber of plots required for a standard error of the mean of 10% and a
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probability of 22 to 1 may be calculated as follows: 107 of thermean
is 8,326 and since a 22 to 1 probability is required the desired error
‘is half this, or L.16. Using the formula for an unlimited population,

n= @O 5 = 88;573 = 153 plots. The mumber of plots required for
SEm( l1s16%

a similar standard of accuracy has already been calculated from the

data obtained from the 142 ground plots and is 1,9} plots. Thus the
aerial photo estimate of the required number of plots is only 8.3%
lower than the estimate based on the actual ground plots.

In connection with this problem it is of interest to note the
results obtained by another student, R. C. Cameron, at the Harvard Forest.
He attempted to locate the exact position of the 112 1/10-acre ground
plots on the 1:5300 photographs and then estimated the volume on each
plot using the individual tree methods The coefficient of variation
for these aerial photo piots was 116.,9%, and based on this data the
nu.ml?er of plots required for the standards of accuracy stated above is
Sh7, or 10.7% higher than the estimate based on the actual ground plots.

Therefore, the indications of these results show that there
is promise of béing able to estimate the expected variance of ground
plots within 10% and this should be of considerable value when attempting
to design a cruise involving ground plots on an area where no other

information regarding this variance is available,
SUMMARY

This aerial cruise was designed for the purpose of testing
an extensive use of medium scale photographs. 157 plots were mechanically
spaced within the 133-acre area on 1:18,700 modified infrared photographse

These aerial plots were then classified into rough types based on simple
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species composition, height and density classes, Average per-acre volumes
were assumed for the plots in each type and the areas of the types
determined from the number of plots falling within each. Corrections in
areas were made for changes in elevation.

The results of the aerial volume estimates thus made are the

best of any of the aerial cruises. The total volume eétima’oe was L.8%
high” while that for hardwood was 9.6% high and for softwood 3.9% high.
This? of course, does not necessarily prove this type of cruise to be
best, but it neverhbheless imiicates that is has good pogsibilities and
it is highly recommended that further experimentation be directed along
this line.

As an interesting side note it was determined from this cruise,
and from the aerial photo plots of a cruise done by another student,
that the expected va.rié.nce of ground plots on a given area can be
determined from aerial photos with sufficient accuracy to aid in the
designing of a cruise employing ground plots. It was found that the
required number of plots for a given statistical accuracy could be
determined from aerial photographs within about 10% of the actual rumber

as determined from ground plot data,
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SECTION 7 —- CRUISE OF A TOWNSHIP

Application of the Varieus Cruises to a

Hypothetical Township of 23,040 Acres

INTRODUCTION

In order to better visualize the comparisons of the various
cruises it is of interest to expand them and see how they would apply
to a larger area., The size of the, area chosen for this expansion is
the six-mile-square township of 23,040 acres. This area was selected
because it is one of the most frequently used survey units,

, In making such an expansion a nunber of assumptions must be
made, a few of which may not be strictly valid, but the purpose is to
compare the different cruises under similar conditions rather than to
compute actual mumbers of plots and costse. So long as these assump-
tions hold for all the cruises compared they should serve to allow valid
comparisons.

The hypothetical towmship is assumed to be composed of the
same proportions of the same types as the 133-acre study area and the
variance of‘ these types is assumed to be the same as i‘or the small
area, This, of course, would seldom be strictly true, for the larger
area would likely introduce more separate types than the smaller and
probably include a wider variation of sites which would increase the
variances within types. Assp_mptions regarding salaries, area acces=-
sibility, travel +time, etc., are similar to those made when estimating
costs for the eruises of the small area and are held the same for all
cruises, These costs are highly theoretical and it must be emphasized
again that they are for comparative purposes only.

In order to compare the various cruises certain standards




of statistical accuracy must be set up and adhered to for all cruises,
The desired accuracy of total volume estimate is assumed to be 10%. It
is reasonable to allow about half of this for errors in field measure=-
ments, volume tables and area estimations. The required accuracy of
sampling- (standard error of the mean) then is 5%, The other question
is that of what odds or probabilities to establish. Since the required
accuracy of the volume estimate is only 10%, it is desirable that this
accuracy be attained with reasonable certainty which means odds of at
least 22 to 1 or twice the standard deviation. Empirical experience
has shown that a 1%% plot cruise is about the lowest that is generally
acceptable for large areas of about township size. A computation
reveals that for the mechahically spaced ground plot cruise odds of
abaat 80 to 1, or 21 times the standard deviation, results in a cruise
of 1-1/3%. Since this qualifies as acceptable, the sampling error set
up for the following cruises is 5% with a probability of 80 to 1. In
other words, 80 times out of 81 the error of the mean due to sampliﬁg
should be less than 5%, Assuming an additional S%Ierror for other
factors, the mean volume determined by the cruise should be within 10%
of the true mean volume in 80 cases out of 81,

For the purpose of determining the number of plots required
for a given standard of accuracy two formlas are available, one based
on a limited population and one on an unlimited population. To deter-
mine whether or not the hypothetical township‘qualifies as an unlimited
population when sampled by 1/10-acre plots, both formulas were tried’on
the 10.7% ground plot cruise. The mmber of plots required was 3093,
based on an unlimited population, and 3049 based on a limited population,
Since this difference is so slight the simpler formula for unlimited

population will be used for all cruises.
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Since Aerial Cruise No, 1 was extremely expensive it is not
considered here and since the ground work for Aerial Cruise No. | was

not completed it, too, cannot be expanded to a' township size.,
MECHANICALLY SPACED GROUND PLOT CRUISE

Since for the ground strip cruises there is no sampling unit,
these cruises cannot be expan@ed to the township area. Expansion of
the ground cruises, therefore, is limited to the one 10.7% plot cruise.
The formla for determining the required mumber of plots is n = f_j:;;z.
The appropriate data derived from the 10,7% ground plot cruise ares
mean = 75.75, standard deviation = 8he26. An error of the mean of 5%
is desired., 5% of 75.75 is 3.7875 and, since for odds of 80 to 1
2% times the error must not exceed this, the required SE is 3.7875

divided by 245 or 1.515, Substituting in the formula:

2
n = ;8h.26; = 3093 plots, a 1l.34% cruise.
Followi\%'g%g‘theestimated costs for a cruise of a township

employing 3093 1/10-acre plots spaced about the same in ho th directions,
It is assumed that available section lines will be used for base lines

but that the spacing of the eruise lines will have to be marked off on

the base lines,

Man-hours
Ttem @ $1,385 Cost Cost Per-acre

Plan cruise 16 fo 22 .16 «10 ¢
Mark base lines 112 155,12 «67
Establish 3093 plots 1,88 2060,88 849
Computations 310 129,35 1.86
Travel time 50 62,95 «30
Mileage 1200 miles @ 5¢ 60,00 26

Total 12,13 ¢
10% Overhead de21

Total 13.3L ¢
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By spacing the plots closer together on lines farther apart
a reduction in the cost of the cruise could be made, Same increase in
error would likely occur, though to what extent it is impossible to
predict, The estimated cost of the cruise by this method is 10..10¢

Per acre,
AERIAT CRUISE NO. 2

In this cruise it was determinedthat distribution of plots
in proportion to volume resulted in a smaller error than distribution
of plots by areas. Consequently, only the former design is expanded
and applied to a tommship.

In order to compute the required number of plots, the
aprropriate data deriVed from Aerial Cruise No, 2 are: mean = 115,30,
standard deviation = 71l.1lh. The required SE, is 5% of 115.30 divi ded
by 2.5, or 24306,

n= (0O }2 - é?l.lhgz = 952 plots, a Oei¥ cruise.
SE, 24306

In estimating costs for this cruise it will be assumed that
the photographs will be used to lay out the ground work and no base lines

will be necessary,

Man-hours
Ttem @ $1.385 Cost Cost Per-acre

Photographs j N7 ¢
Plan cruise 2l $ 33.24 o1l
Map Types and transfer to base map 9 12,46 .05
Preliminary volume estimate 6 8e31 Ol
Plan field work 20 2770 +12
Establish 952 plots 38l 531.8L 2,37
Computations 95 131.58 57
Carrect and complete type map 32 he32 «19
Travel time 12 16.62 <07
Mileage 288 miles at 5S¢ 1L 440 +06

Total he22 ¢
10% overhead )42

Total )_! e 6).4_ ¢




AERTAL CRUISE NO. 3

The data required to compute the munmber of plots for this
cruise are: mean = 137.1k, standard deviation = 73.59. The required
SFh] is 5% of lB?.lh diVided by 205’ or 2.7)-1.280

n - g"*22 i 73.59{2 = 720 plots, a 043% cruise.
Sem ‘ 07h28

The same cost assumptions are made for this cruise that were

made for the previous one,

Man-hours
Item @ $1.385 Cost_ Cost per-acre

Photographs 2,50 ¢
Plan Cruise 2l $ 33.2L oLl
Map Types and Transfer to Base Map L8 66.,8 e29
Preliminary Volume Estimate 6 8431 Ol
Plan Field Work . 2l 3342l o1l
Establish 720 Plots 288 398,88 173
Computations 12 9972 113
Correct and complete Type Map 1,0 55.10 o2l
Travel Time 9 12,46 «05
Mileage 216 miles @ 5¢ 10,80 +05

Total 5.61 ¢
10% overhead +56

TOtal 6. 17 ¢
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SECTION 8 —-- CONCLUSIONS

-CRUISE COMPARISONS

‘Following is a summary of comparisons for the various cruises.
For the 133-acre area are shown the actual errors of the photo-estimated
volumes and of the volumes as computed from the ground plots. Also shown
is the standard error of the mean based on the ground plots, and the cost
per acre., For the hypothetical township is shown the per-acre cost of

the various cruises for a sampling accuracy of 5% and odds of about

80 to 1.
133-acre
Prelim, Photo Area Final Cruises Township
Cruise Este. Error Hrpror SEQ, Cost Cost
Ground Plot , i
Rectangular Spacing — ~5e7% 848% 7646¢ 13.3¢
Close Plots on Wide Iines — —-— — v 10.L¢
Aerial Cruise No. 1 (1:5300) $13% - - — -
Aerial Cruise No, 2 (1:18,000) 411.9% 1.1%%  6.,6% 65.1i¢  Leb¢
Aerial Cruise Noe L} (1:18,000) + L.8% - — —— il

FThis figure represent the average of four errors obtained from the two
different selections of ground plots each employing bo th the dot-count
areas ,nd planimetered areas, as shown on page 80.

It will be noted that the best cruise ﬁor'which complete
comparisons are available is Aerial Cruise No. 2, using 1:18,000 photo-
graphs, and that there is a definite trend to indicate that the use of
large scale photographs did not pay., A disadvantage of the straight
ground cruises and Aerial Cruise No. U is that no type map is produced
as the cruises are set up in this study, and additional costs would be

incurred in the production of one,

It is unfortunate that Aerial Cruise No. ) could not be

completed but it simply is not applicable to a small area. The actual
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error of the preliminary volume estimate from the photographs alope

was the best of any of the cruises. It may be assumed, therefore, that

it would be sufficiently accurate to properly control the establishment

of ground plots., The cost should be no more, and probably even less, than

that of a design similar to Aerial Cruise Noe. 2,
CONCIUSIONS AND RECOMMENDATIONS

The results of this study have established some concrete
comparisons between several types of aerial and ground cruises and have
indicated certain trends which, when combined with the results of
additional study, may enable further conclusions to be drawn.

Regarding the estimation of timber volumes from photographs
alone, it seems probable that errors of less thgn 15% can be consistently
obtained by reasonably experienced interpreters, even on relatively |
small areas, (The actual errors of total volume estimation from the
photographs alene for the four cruises were: 13%, 12%, 7% and 5%).

Some decrease in the magnitude of the expected errors would be logiecal

far larger areas. Uhile such accuracy may not be regarded precise

enough for the execution of a timber sale at least it is satisfactory

for reconnaissance and planning purposes. Therefore, the use of aerial
photographs without ground data may be of considerable value, particularly
where the country is inaccessible, Although, in the particular cruises
carried out here, the best volume estimate was obtained from the smaller
scale photographs, this result is not logical and is undoubtedly due to
chance. In general there should be a progressive increase in the accuracy
of volume estimates with an increase in the seale of the photographs
until a point is reached where the accuracy of the measurements on the

photographs is greater than the correlation between these measurements




and the tree volumes, Just where this point will be reached depends on
a variety of factors but it is the writer's opinion that there would
seldom be a need for photographs of a scale larger than 1:5000. This

is not to say that 1:5000 would be the best scale to use, for when costs
are considered it seems quite evident that the larger scale photographs
do not pay. With costs taken into account, it seems‘likely that the
largest scales practicable would be 1:12,000 or 1:15,000,

Results of this study further indicate that when aerial photo-
graphs are used in conjunction with the collection of ground data, large
scale photographs do not pay their way, Likewise, the indications are
that an intensive use of photographs is not practical., In conducting
a detailed and accurate cruise there is too much information which is
not obtainable from the photographs and must be‘gotten from the ground,
The most efficient use of the photographs, then, consists of obtaining
area estimates and controlling the collection of the ground data. For
this purpose medium scale photographs appear to be more efficient in
relation to their cost than do large scale photographs. It is evident
that the photographs can be used to obtain the areas of various timber
types more quickly and more accurately than such information can be
obtained from the ground. Results of this study have shown that the
volumes of the various types can be estimated from the photographs with
suf ficient accuracy to enable the ground work to be distributed in pro-
portion to volumes or values, and that this will result in a more
efficient cruise., Moreover, evidence obtained in this study indicates
that the expected variation of the ground plots can be estimated from the
photographs with reasonable accuracy, amd thus aid in determining the
proper number of ground plots for any desired standard acairacye. The

reduction in the required mumber of plots for a given accuracy, caused
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by the stratification of the plots by the photographs, may be expected
to be in the neighborhood of 60 or 70 percent.

Several other incidental conclusions may be drawn from the
results of this study. The chief errors in photo-interpretation seemed
rather consistently to be those of density estimation and of species
composition percentages. The latter is not such a serious factor in
the total volume estimate but the former is, and further study on methods
of density determination seems indicated.

The best tests that could be made of the available volume
tables indicate that errors of about 5% to 10% may be expected from
this source. In general, better results were obtained from the stand
volume tables than from the individual tree tables. This is probably
due to the fact that the counting of trees from aerial photographs is
generally subject to large errorse

Based on the results of this study, certain recommendations
regarding further experimentation along this line may be made. It is
realized that, because of the small size of the area involved, the
results of this study are not decisive but only indicative. The first
recormendation, then, is that a similar check of various types of cruise
be carried out on a larger area if possible.

Tt is recommended that the direction of this further study
trend towards testing extensive uses of medium scale photographs in con-
trolling the collection of ground data, Particular emphasis should be
placed on testing some sort of photo-plot cruise. Although an intensive
use of good large scale photographs was not adequately tested in this
study, indications are that the expense will outweigh the value. There
is a possible use of this system for small valuable areas and for this

reason it may be workh while to test a good set of large scale photographs




on a small area., But it seems fairly certain that the large expense

involved will preclude their use on any but such areas,

SUMMARY

The purpose of this study was to provide some concrete checks
of several types of aerial volume cruise against known volumes in order
to better understand the use of aerial photographs in forest mensuration,
and to indicate directions for further experimentation. To accomplish
this purpose four aerial volume cruises were made of a 133-acre forest
tract in central Massachusetts. A 100% ground cruise was also made to
provide a check for the aerial cruises and along with this an 11%
ground plot cruise was also made to provide information for incorporation
into the aerial cruises. Results of the aerial cruise volume estimations
were compared with the ground cruises and with each other. An effort
was made to determine the chief errors involved,

} Results indicate that aerial volume estimates of small areas
can be made with errors consistently less than 15% and often less than
10%. The use of aerial photographs to control the collection of ground
data results in a 60 to 70 percent reduction in the amount of ground
work required for the same accuracy by a straight ground plot cruise,

For this purpose the indications are that a fairly extensive use of
medium scale photograrhs is cheaper for a given accuracy than an intensive
use of large scale photographs, It has been determined that volume
estimations from an extensive use of medium scale photographs are
-sufficiently accurate to enable ground plots to be distributed in pro-
portion to type volumes, and, furthermore, that such a distribution
definitely mroduces more accurate results than a distribution of plots

in proportion to type areas. In addition, there is promise of being
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able to estimate with reasonable accuracy the expected variance of
ground plots by checks on the aerial photographs,

It is recommended that additional work of a similar nature
be carried out on a larger area and that the emphasis be placed upon

extensive uses of medium scale photographs,
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