on successive days in the vate of drop {daily drop rate),

Table III-31 Variation of pre-work values on successive days

917 | 9/18 ) 9/19 | 9/20 | 9/25 | 9/26
Choker setter .o | 0.9 0.6 =71 0.0 1 13,3

Tractor operator 0.0 0.9 1.1 ~1.4 0.0 -8.6

The weekly drop rate lTimit of pre-work value is =3 % (cf,
Table I11-30). However, it is premature. to judge the labop
cintensity with this data only, and more data shall be
collected,

ii. Time course change of {licker value,

Daily drop rate for the value after work is shown in

Table II1-32.

Table TIT-32 vVariation of after-work flicker value

"9/17 9/18 9/19 9/20 § 9/25 9/26
Choker setter -1.5 -9.9 | -12.3 - -15.5 ~-5.8

Tractor operator 0.4 -1.1 - 5.2 - - 0.0 4.1

Desirable limit in time course change of flicker value is
believed to be ~ 10 % a day, and further investigation in

detail is necessary.

ITI-2-4  Study on work safety

Study omn work safety ie a general term for studies related to
prevention of labor accidents., Safety of machines, equipments, and
facilities used in every forestry werk is examined dynamically and
in terms of human éngineering and communicatioﬁ engineering, In the

present project, cable logging equipment, that is one of the items
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-of techniques transferred, was taken up; and holding power test for

stumps was carried out for examination of safety in holding cable by

stumps and standing trees s those are important structural elements

bE the cable logging system.

(1)

2

Aim in testing holding power of stump and tree

Stumps are utilized for anchoring skyline and holding
blocks and guy lines, and standing trees for head tree, tail
tree,'guide trees, o support trees of cable system. Also in
tractor skidding and remote comtrolled winch yarding, standing
trees and stumps are_utilizcd as strong supports. Therefore,
it is necessary for operation safely to understand the holding
power of standing trees and éumps in advance and select those
of a sufficient strength. In this regard the holding power
test of stumps and standing trees was carried out in the Campos
do Jorddo forest with Taeda pine and Hlliottii pine as the

subject,
Method of stump holding power test

Selection of test area

A forest is desirable as test area where the topography and
soil conditions are néarly average and stumps of large and small
sizes are widely distributed. A place is selected where
subject stumps are found not far from one another so that
measéring instruments, traction machines, and winch were moved

in a short time.

Subject trees of Taeda pine were selected in Ribeirdo area,
compartments 68 and 73 of Campos do Jorddo forest, while those

of Klliottii pine in compartment 106 near the office,

Measuring Instruments

Load cells, dynamic strain meters, recorder, and portable
generator.are used with addition of load indicater whenever
hecessary.

Load cell is uéed for transformation of tensile load into

electric signal, and the following kinds of sects are used,
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1.  Load cell KYOWA LUZTEL2~t'capacﬁty, maximum strain
' 3,997 x 107 °

2. Load céll KYOWA LUSTE 5-t éapacity, maximum strain
' 3,999 % 10 ¢
3. Load cell KYOWA LU20TE 20-r capacity, maximum strain
4,002 x 10 ©

One of the three kinds of load cells is used depending on
the magnitude of load, tach of the load cells are'éounected
with a standard cord of 5 mn 1eugthrand extension cord of 50 m
.1cngth to enable measurement in the rénges, but measurement in
the range of the standard cord is desirable, Dynamic strain
amplifier adjusts electric ba]ancé_inside ioad cell and awplifies
the electric signal sent from the load cell to be transmitted o
the recorder. ﬁynamic strain amplifier of 6 channels, KYOWA
DPM-6F, was prdﬁided with in 1979. It can be used in DC or AC
power source, but a'voltagé stabilizer.KYONAKDPE—lOH is used
"for keeping the source voltage constant in the case of alternate
_Curréht. The ¢ix channels can measure 6 kiﬁds of loads simul-

taneously.

The recorder records the measured value on a chart

~continuously, and the following three kinds are provided

with.

1. Halogen 1aﬁp_type oscillbgraph KYOWA RMS—-11-RPT (1979
2. Cassette data-tecorder KYOWA RTP-520B (1981)
3. Pen-writing oscillograph San-ei 8K-22H (1982)

Of the three tecorders the pen-writing type oscillograph,
that can write manually on the Chart.direct, is the
best suited for the stump hoiding power test or cable tension
test, It ié in six ch&ﬁnels and thermal-pen recording systenm
by means of a servo-galvanometer. The halogen lamp'type
oscillograph is an electromagnetic oscilleograph characterized
by a small size and light weight.equippedIWith a highly sensi-
tive galvanometer. The cassette reébrder is for recording data
on a cassette tape, éﬁd it is convenient in reproducing the data

or processing on an electronic computor.
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Tree to be tested

i B
\&L_\ \'-—‘}—'— L 3
ﬁl\‘ﬁ:\\‘ Load cell ‘f]
“‘-._‘L_:_-::‘:-. . .
_ ‘:?:::::::El“iyfixjfi11C11 9% m
\\\ o ‘___i_“
“\\\\

Fig. I11-29 ©Position of load cell in the hélding
power test of a standing tree (1)

Tree to be tdsted
1
=t
< . Load cell P,
. {H— )
a To winch ']
2.5 m
"-—-.\‘..J.\w._\‘___.)l_._
Fig. III-30 Position of load cell in the ‘holding

power test of standing tree
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Load indicator is a direct-reading meter KYOWA SLW-220PC that

enables to read the magnitude of load on the scale board. It

cannot vecord data, of course,.

Preparation for test

Subject trees and stumps are selected in the test area.
Fig. TI1-28 shows the arrangement in the stump test. Stumps of
60 cm height or higher are desirable, but existing stumps as
low as 40 cm can also be tested. The tension rope is fastencd
20 em above ground, and this height must be kept constant without
fail. The tension rope can slip off the stump along the incli-
nation of stump, and this must be prevented, A grove may be cut
around the stump, but two clamps were driven into the stump as
shown in the figure in the test in Sdo Paulo. Nothing is stipu-
lated in the case of the holding power.test of standing trees,
but the rope is fixed at 2.5 m above ground referring to the
average height of rigging mono-cable block. (cf. Fig. III-29

and Fig. 111-30.)

Load cell is fixed at the end of tension rope and a heel
tackle is added. A strong enough guide tree is gselected and
reinforced by guy limes if necessary. The distance between
stump and guide tree is set at 7 ~ 8 m or larger. Heel blocks
of three wheels are used on both sides,; and the heel line is
led and wound into a tractor winch or yvarder. The teansion
rope is pulled in a horizontal direction as far as possible, and
the.angle between the rope and the direction of contour at the

position of stump is recorded in the case of slope.

Preparation for measurement

Preparation for measurement is carvied out along with
preparation for the stump side by side., Voltage stabilizer,
dynamic strain meter, pen-writing oscillograph are arranged on
a table and they are connected with the load cell and power
source (portable generator, etc.).; The power is turned on and
the unit is left standing for about 30 minutes for warming up,
and the. dynamic strain meter and oscillograph are adjusted under

“absence of load on the load cell in the following procedure.
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(a) Adjusting dynamic strain meter

The dynamic strain mecer is adjusted for e#ery channel uggg
in the following order. TFor the detail, refer to page 19 o

the Dynamic strain meter operation manual:

' C) "Adjust the zero point of Lhe meter.
() "~ Adjust the balance of guage bridge. .
() - Set the attenuator (ATT) at 1/10 or.1/30.

(b) Adjusting pen-wtiting oscillograph
The pen-writing oscillograph is adjusted for each of the
channels used in the following order keeping concert with
the dynamic strain meter. For the detail, refer to pages
9 =~ 18 of the operating manual of the pen-writing oscillo-

graph!

@ Start feeding paper at low speed (5 mm/min).

&) Turn on the.switch_of sign31 c0ﬁditi0her, adjust
sensitivity s¢leétion knob at.ioo - 200 v/ém, and
adjust the'pqéition of zero point of pen on the
chart by means of pen pesition adjusting knob.

C) Operate calibration knob and géin_knob of dynamic
stfain meter to adjust the amount of strain eof load
cell and the amplitude of pén on the chart.

Thé amount of strain is calculated based on the esti-
mated load on the load cell. The maXimum strain on
each of the lpad éells are as shown in 2) above.

@ Adjﬁst the zero point again and record the calibration
value (1;000 or 3,000) on the recording paper after

it is stabilized.

(c) Measuring
Attention shall be paid to the following points in measur-
Cing:

C) - The knobs and switches of the measurihg instruments
shall be left untouched after adjustment as a rule.
() Value of calibration shali be recorded during test

at every opportunity;
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€y The zero point position on the chart shall be
- checked without fail before and after each test by
seltting the load cell free from load.
() The adjustments (1) and (2) avove mentioned shall be
repeated over again in cases Lhe cord of load cell is
changed, the power source 1s turned off by some reason,

or the measurement is interrupted for a long time,

Execution of test

The diameler of stump is measured at 20 cm above ground and
recorded along with inclination of the ground, anglce of teunsion
divection right and left and up and dowa on the chart. A pro-
tractor is attached on the stump and a weight is suspended from
its center to measure the inclination of the stump.

The chark is set at 25 mm/min feeding speed, and traction is
started. - Safety in the neighborhood shall be confirmed, and the
heel line is wound into the winch., The winding speed is kept

constant at 3 — 4 m/min.

The inclination of the stump is observed by an observer
stationed at the stump who sent a signal every 5° of the inclina-
tion being changed, and it 1s fecorded on the recording paper.
The conditions of the stump is recorded on a camera during the
test, and other matters concerning the test are kept on the
record without omission, The winch is stopped at about 45 - 50°
inclinatien of the stump, the load of Ioad cell iz removed, and
the zero point on the chart is confirmed. The stump is
pulled back to the original conditions by wmeans of a manual winch

to finish the test.

The holding power of the stump P is calculated from the

recorded data by the following equation.

Sc a
% —  x cosd
Smax e

P o= G

wvhere:
C;, ¢ Capacity of load cell (&)
3¢ @ Calibration strain
Smax: Maximum strain of load cell

a :  Amplitude of recorded value from zero point {(mm)
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8e 1 Amplitude of calibration value (um)
0 :  Angle between divection of tension and a borizonty

Tine (°)}

The following is an example of caleulation. Fig, ITI-31
shows a part of data from an actual test., The load cell of 20
ton capacity was used, and ® = 0°, The maximum holding. power ¥

can be calculated by the following equation’

P =20 € x (3000 x 107%)/€4002 x 107 %) x (22 mm/25 my)

x cos 0° = 13.2 ¢

EY o
E
&8 = :
= £
N 3
& = .
s X o
o — w
o < H
e } E
et &
\ [ &)
\ < B [&3]
. oo i
o o (3

Fig, ITI-31 ZExample of stump holding power recorded no chare

(3) Discussion of the result of test
The result of tests carried out in the Campos do Jorddo

forest for Taeda pine and Elliottii pine on the holding power of

_stumps and standing trees is as follows:

(1) Case of Taeda pine

Testing.area: Campos do Jordio stéte forest,.compartments
_ 68 and 73 _

Stand age: : 21 - 22 years _

Inclination of forest ground:'llfw31°, 19° on average

Soil .t Red vellow latosol _ _

Date of test: December 4 - December 20, 1984

(a) Holding power of stumps

Holding power of stumps was investigated in two directions:
by traction along the tangent of the céntour, that is cross-

‘wise to the slope, and perpendicular to the tangent, that
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is along the slope in the direction of the valley. The
holding power of a stump P was assumed to be proportional
to the square of diameter of the stump D at 20 cm above

ground, and the following equation was applied,

where a is a constant decided by the tree Species.

No significant difference in holding power was recognized

Table TIT-33 Holding power data of stumps of Taeda pine

Stump

Sromp Mo, i coe  poser ot veacsion | St e SRR L O erion
1 30™  tozs' vemin 16 20™ 370" mene
2 25 540 Fswesse | 17 26 832  veanin

3 35 1319 v 18 19 312 ,

4 30 7.26 % 19 24 4.21 ”

5 27 8.3 8 20 31 7.67 "

6 16 314 - S U S 8.20 v

7 22 6.7 8 - 22 32 9.6 6 g

8 22 6.01 23 16 209 "

9 21 5.5 0 oo 24 22 525 ,
10 18 326 ” 25 26 7.00 "
11 24 4.25 " 26 23 6.3 "
12 26 5.6 4 " 27 18 2.2 4 »
13 30 721 » 28 26 6.7 7 »
14 22 4.95 " 29 35 1115 ”
15 14 149 ”

between the directions of traction according te the data

obtained., Fig. 1TI-32 shows the relationship between stump
diameter and holding power for all of the data shown in
Table II1-33. The regression equation for Taeda pine was

P = 9,638 x 10 °b? and the deviation from the regressibn
was s = 1,10 and the coefficient of correlation was r =

0.922,
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Fig., 11X-32 Stump diameter versus holding power in Taeda pine

Relation between leaning angle of stuﬁp and holdiﬁg power
is shown in Fig. I1I-33. Here the perténtage of holding
power at rESpecti#e-leaning angle against maximum holding
power ‘is taken on the ordinate. 1t is understood from

the figure that the holding power of stump aséume'the
maximum at ]eaﬁing angle 0° -~ 10° and that.it.drops'rapidly
beyond the limit. The rate of drop of hblding power is
somewhat Sméller; however, in the case of a stamp with

developed taprodt.

(b) Holding power of standing trees

Holding power of standing.ﬁrees was investigated only in
one direction'gphill. The data are shéwn in Tabie.III~34.
The relationship between diameter bieast height'of Taeda
pine Dy and holding power of sﬁéndiﬂg tree at 2.5 m above
ground Py is shown in Fig. T11-34. Py was assumed to be
proportional to the square of DB.3S was in the case of

stumps, and the following regression equation was obtained,
Pg = 3,388 x 107°pg”
vhere 8 = 0,336,and r = 0.934,
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-Table TII-34 Holding power data of standing trees of Taeda pinc

Tree Ho, . Diameter Holding Divection of
breast height power traction
1 1 g o 0.38¢ whitt |
2 15 0.56
3 18 .10 ”
4 20 1.16 o
5 17 055 o
6 20 .25 w
7 11 0.29 "
8 29 1.18 2
9 23 2.55 u
10 28 2.86 o
i1 21 1.435 #”

%

100%

————— QOrdinary stump

. ~ =~ - Stump with well-
developed taproot

Ratio of helding power of stump to its maximum value’

e 1 L | I i -l i Sias L e
0° 10° 20° 30° 40° 50°

Leaning angle of stump

Fig. I1I-33 Relation between leaning angle of stump and holding power
(Taeda pine)
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Holding power of a standing tree

0 10 20 30 40 cm

Dianeter breast height

Fig. 1I1-34 Diameter breat height versus holding power
(at 2.5 m above the ground) of standing tree in Taéda pine

() Case of Elliottii pine

Test area: Campos do Jordio state forest, compartﬁent 106
Stand age: 26 - 27 years

Inclination of forest ground: 5°- 20°, 15° on average
Soil "t Red yellow latosol -

Date of test: October 22 - 24, 1985

(a) Hoiding power of stumps

Hbldiﬁg power mostly in the lateral direction was tested
in Table I1J]-35 and Fig. III-35. The pegressioﬁ equation

betwéen D and P is as follows:
P = 1.404 x 107%p*

where s = 2,55,and r =-0,.803,
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Table ITI-35 Holding power data of stumps of Klliotti pine

Stimp o, e pover O, [t ro. gt ReldmBectta
1 g™ 305 1 yransverse 12 g v 658 lyzrllls;cr;em
2 23 1307 ” 13 25 7.23 ”

3 215 7.11 v 14 26.5 1451 %
4 32 15338 - 15 27.5 1320 ”
5 275 9,02 ” |6 30 850 v
6 29 - 1260 ” 17 18 405 ”
7 21 546 ~ 18 21.5 5.7 4 %
8 30 1256 o 19 28 937 Uphill
9 30 17.81 ” 20 35 12.86  Transverse
10 19 4.77 " 21 25 9.56 ”
11 235 7.16 ” 22 34 1540 ”

(b) Holding power of standing trees

Holding power of standing trees was investigated mostly
in lateral divection as was in the case of stumps, The
result of tests is shown in Table III-36 and Fig. III-36,

and the regression equation between Dp and Pp is as follows:
Pr = 4.724 « 10_3DB2
where S = (0,831, and R = 0.870.

Table I71-36 Holding power data of standing trees
of Elliottii pine

Tree No, | Diameter breast height | Holding power | Pirection of traction
1 21.5 3.35 Uphill
2 17 0.72 "
3 24 1,95 :
4 15 0.48 "
3 26 3.72 "
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¥ig, I1II-37 Comparison of holding power of stump
betwecen Taeda pine and Elliottii pine

() Comparison between Taeda pine and Elliottii pine

The.holding powers of stumps and standing trees were com-
.pared between Taeda pine and Elliottii pine as shown in Fig.
17I-37 and Fig. IT1-38 respectively. E1liottil pine shows

a larger holding power in any cases with a marked difference.
But this would be a little hasty conclusioh, because hold-
ing power depends largely oun soll condition, condition of
foot system, direction of tractioﬁ, and so on. Statistical
processiﬁg_of data should be advanced for clarifying the

difference between Lhe two species of trees.
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Fig., 111I-38 Comparison of holding power (at 2.5 m above the ground)

(4)

of standing tree between Teda pine and Elliottii pine

Lines of future study

Holding power'data-of stumps and standing trees were obtain-
ed in the Campos do Jordde forest, but more accurate information
will be obtained by further investigation in forests of differ~
ent conditions such as soil conditions, topography, forest age,
“and so on. Besides, collection of data for different species in
eucalyptus forest, where clear cﬁtting is actively operated,

would be effective for the case of applying cable logging system.
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L11-2-5 Method for logging cost analysis

(

(2)

Need of cost analysis

Estimation of cost for logging is important not only fer secur-
ing economical advantage but also for comparison of ecounomy between
different means of production or for finding out Lhe points of
improvement -in logging operation. Various elements must be consider—
ed for estimation of the cost where many of the results in the past
are included, but the rapid advance in machines and instruments

makes us difficult to remain only in this stage.

Approach to logging cost

@) Machine rate

Machine rate is used for cost estimation. It is a rate
of the total machine cost spent for acquisition and operation
in unit time, The content of machine rate is shown in Fig,.

111-39,

For estimation of depreciation cost of a machine, a
linear depreciation is usually resorted to where the value of
machine is decreased by a constant amount every vear. The
residual value of a machine is the estimated value of the
machine at the end of depreciation period at 10 - 20 % of the.
initial price.

Interest is often calculated by multiplication of average

~annual dinvestment by interest rate as a constant expenditure

for the whole period of depreciation.

Tax, qualification fee, Insurance, and storage are esti-
mated at a certain rate of annual investment as a lump sum
which is 2 -~ 20 % usually depending on the mechanical equip-

ment.,

Cost for repair and maintenance is conveniently estimated

at a certain rate of depreciation.

" Fuel consumption is estimated by the result in the past,

but it can also be estimated by the fuel consumption curve and

average load factor., Average load factor for the yarder of

cable logging system is 50 Z or lower.
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The estimated cost of oils and lubricants-is about 1 2%

of fuel for engine oil and about 5 £ of fuel for other-oils.

The cost of the wire roﬁe and'riggihg‘is estimated as
that of expendable articles per unit time of operation, and
therefore, it is necessary. to deéide thelr lives. Their lives
are often expréssed not by hours but by total voluwe of logs
“produced. If the life'ié'two years or shorter, the article
can be regarded as consumables.

Costs of tires and.catefpiliar tracks can be treated as
operating expénse if their life is short, and also as the cost

per unit time calculated by an estimated life.

Direct labor cost includes base wage and fringe benefit
for insurance, guarantee, paid holiday; and so on. The fringe

benefit are 30 ~ 40 % of the base wage rate.

Management expenses and current expenses are indirect
costs related to operation, and they are expressed usually in

a rate to the direct labor cost.

Work time of yarding operation

Amount of production is expressed in volume carried into
landing per unit time., The work time is divided into time

elements as shown in Fig. ITI-40.

Time for hooking and unhooking among productive time
{cycle time) depend on'the'piéce size, number of logs and
forest conditions, but they can be regarded constant on average
for a setting. The time for outhauling and inhauling
are functions of yarding distance'and are affected by the speed

of carriage, inclination, turn volume, and so on.

Short delay time caused by hang-ups and re~setting of

chokérs can be considered as one of the elements of cycle time,

Nonproductive time includes delay fime by moving to a ncw
setting or trouble of machinery. It is difficult to estimate
delay time, and -conditions of machinery, operational conditions,
and pést rgcords of trouble time must be taken into account.

Delay time can be expressed in a rate to the production time,
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Machine rate

| '* T

Ownership costs Operating costs
Fquipmenti - Repairs and )
| depreciation mainlecnance Direct labor
{including
T fringe bencfits )
| 'nterest ] FFuel
Supervision
and overbead
- il and lube
Taxes, ticense,

— insurance, and
slorage

1 Lines and rigging

_ Tigres or tracks

Fig. II1-39 Machine rate cost cjements.(R.W. Mifflin, 1978)
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Fig. L1I-40° Opcrating time clements.(R.N. Mifflin, 1978)
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Unscheduled maintenance is caused by a trouble of the
equipment, Nonproductive time also includes mricipated

delay, delay by bad weather, and other varvious delays in work.

() Estimation of logging cost per unit volume

Number of logs and volume to be collected from a givén
unit are obtained by investigation in advance. Tor estimation
of pieces per turn, piece size, turn volume, conditions of
landing and distribution of logs must be considered. Based on
these data the logging cost can be integrated For each of the

items explained above.

Actual conditions of logging operation and cost estimation

Several difficulties are found in applying the said system of
estimating legging cost and cost analysis to the yarding operation
of thinned logs in the man-made pine forest in Campos do Jordio.
The operation is not sufficiently rooted, and nothing had been
recorded for number of working days, workers, harvest unit area,
production, and so on. 4ll of the workers are officers of the
state park, they are paid with monthly salary, and their sense of

productivity has not been developed.

Accordingly, the logging costs were estimated in a very simple
method using the results of operational efficiency investigation and
compared between tractor and cable systems. The calculation was
made only for the main items of the above, and many ol the comparisons

of economy of logging operations in Japan are based on the method.

The logging cost per unit production was estimated by the

following equation:

K = C+F f H+ 1 + 3
&
where K: Unit cost ($/m*)
C: Labor cost (Number of workers » Unit wage)
. Fuel cost {Amount used x Unit price)
G: Efficiency (malday)

H: Machine depreciation ( = Purchased price x 0.9

Operating hours per day )
Life in hours
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I: Repaiving cost ( = Purchased price » 0.75
! 2 !

Operating hours per day y
Life in hours ’

J: Machine part cost

¢ = Purchased price = . )
Total amount of production for life

Refer to Table ITT1-37 for examples of life in hours, operatiag

hours per day, and duration amount,

Table TI1-37 Useful! life and durability
of yarder and tractor

Yarding machiune Useful life Da11¥ “°r51“3
Running-time

Yarder (20 - 75 ps) 4,500 | 6.0

" {20 - mere ps) 3,500 6.0

Tractor . 3,000 6.0

Rigging - _ ' ~ Durability
Wire rope (Opératiug line 10 - 13mm) | 4,500 m®
" (Operating tine less 10mm) 3,800 m®
Guyline, strap, eotc. . 4,500 m®
Sling rope . 1,200 m’
Carriage, blocks 12,000 n®
Clip, shackle 6,000 m?
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An e )] oegtl - 4 d s - . .
1 example of estimation of logging costs of running skyline

system is shown in Table TI1T-38.

Table TT1-38 TFxample of cable yarding cost
(Running skytine system)

Ttem Content Cost
Yarder Medium size yarder Purchase price: $7,500
KK-2B (20 ps) A
Depreciation
6 . -

7500 % 0,9 x "j"s—{')——— = bl].fﬁ//da)’

Repairs cost

o 6 .

7500 x 0.75 » T500 © $9.064/day

Line and rigg-
ing cost

Wire ropes

12mm, 400 m
10mm, 300 m
Slings, straps

Blocks, shackles

{Total)

Fuel Light oil
5 liter/day

Wage 4 workers (operator
choker setter and

two chasers)

- 1
$500 x 7505 $0,11 /m°
$300 x e = $0.07/m®

' i500 :
5100 x ~——— = $0.08/m’
' * T3gp T vvWeVesm
$250 x sde = $0.04/m®

6000 .

($0.3/m°)

0.3 = & = §1.8/day

5 x 4 = $20/day

Results of daily output

in the said investigation of operation-

- . . 3
al efficiency was applied, and it was assumed to be 11.73 m”/day

at average yarding distance of 80 m.

meter can be estimated as:

The logging cost per cubic

_ €20+ 1.8 + 11.57 + 9.64) |\ 3 L 3,97 ($/m%)

Ky = 1,73
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Table 111-39 shows an example of escimating logging dosts. of

tractor system. Assuming the operational efficiéncy of 25.08 m3/¢u

by the average of five and half days, logping costs Kt per cubie me ey

is calilculated as

(15 3.21 29,16 + 24.30)

Kkt 5550 + 0,10 = 2,96($/m*)
Table IIX-39 Exﬁmple bf tractor'yﬂrding cost
Item Content Cost
Tractor Skidder, 'T-20 Purchase priée: $27,000.~
Depreciation: : :
. ' 6 ¢ "
27,000 x 0,9 x 500 © $£9.16/dd3

Line and rigg— | Winch rope

ing cost 14 mm, 50 m
Chokers
Fuel Light oil
10.7 liter/day
Wage 3 workers

(operator, choker

setter and chaser)

Repairs cost:

27,000 % 0.75 x weir =

=600 - $24.30/day

$75 % 1230 = $0.06/m
350 i . $0.04/
3 X 1700 = U, 04 /m
$0.3 x 1,07 =-$3.21/m
$5 %3 = $15/day

The above examples of cost estimation are for logs of a large

size by tractor system and for logs of small size by cable system.

The most effective factor on the production and 1oggihg cost is

the size of logs, and the tendency shown in Fig. III-41 can be found

in any logging operation,

Further data shall be collected in the

future for yarding of thinned logs from man-made pine forest so

that they can be used in planning the logging operation.
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(4)

rate

Yarding cost
Froduction

Log size

Fig. I1I-4]1 Yarding cost and production rate
versus log size.

Future problems

As is clear from the results of cost estimation, the rate of
depreciation and repairing costs for machines to the total logging
cost is as high as 46 — 70 #. This would mean that the wage is
relatively low. It could be said that the totally manual operatioun

is suitable for lowering yarding cost.

However, the present research cooperation has been advanced
with an object of rooting the techniques of mechanized yvarding of
thinned logs from pine forest for a higher efficienéy or production
of lumber of higher value, in view of many forests being left un-
treated for thinning. Therefore, the logging cost is not the only
item of consideration. Matters must be considered more in the

original sensec.

Tt is expected that the logging machines are manufactured in
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1ir-3

drazil at a lower cost in the futuve and the labor cost will rise,

and the mechanized logging will be welcome also cconomically,

Therefore, 1t is necessary for the time boing to collect
correctly and coxtensively the actual data oflcfficibncy and costs
of mechanical logging operation by the existing tractors and yarders
with retation to the opevation plan and operational conditions, B,
80 doing, the operation plan suitable for arrangement of suitable
machines for a thinning avea can be formulated in view of efficicucy

and cost,

Gists [or vooting mechanized togging techniques

The following points will be emmerated as the gists for rooting
the techniques for mechanized logging transferrved during the period of
rescarch cooperation so that they wilt contribute to offective-ﬂeve1np~
ment of the techniques and safety of operation in the forest of $3o Paule

State.

(1) Common matters

() Ground conditions and forest conditions shall be closely
exanined so that the most sultable machines and logging system
can be applied and the chavacteristics of the machines be
displaved, Beside;, the operation methods of felling and

processing suitable for the logging system shall be contrived.
{2) Machines, instruments, tools, and parts shall be inspected and
maintained properly so that troubles and accidents are prevented

and that prompt actions can be taken in the case of trouble,

(3) Operators of machines shall be educated for safety so that

they will not operate their machines beyond the capacity.
() Operators shall wear helmet during work,
() Workers shall be instructed so that they will look around and

confirm the safety of the whole workers before taking action

in working as a team,
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() - Records of every day work, such as amount of felling, amount
of yarding, oil consumption, and number of workers shall be

recorded for improving operational productivity.

() Forest roads shall he maintained thoroughly to prevent lowering

of efficiency and sales in the rainy season.
(2) Telling eperation

() Saw sharpening for chain saw shall be conducted correctly by
using round file for cutting edge and flat file for depth

guage.

GD Center of gravity of tree shall be observed in felling, under-
cut and backcut shall be cut correctly, a wedge shall be used,

and the tree shall be [ell in the proper direction.

() The most advantageous direction shall be selected in felling

for the yarding operation that follows,

() Method and procedure shall be selected in felling for avoiding
hanging, but if it happens, use a manual winch to pull the

log sidewise or backward in a safe manner.
(5) Make logs in a dimension for sale for advantage.

(3) Cable logging

() The cabie logging system for yarding of thinned logs shall

roughly be selected according to the following standards,

Mono-cable system: Mono—cable system can be installed in a
forest in any plane form with extension of cable as long as
500 - 600 m., Therefore, it is effective in yarding of thinned
logs from a comparatively wide area. No trouble is expected
by topography upte about 35° inclinaktion. A cable of 10 - 12

wmn diameter is used as the endless cable,

Running skuline system: Running skyline system is applied to
a logging site of 80-200 m length and ~15° to +30° iuclination. In
.

other words, upward and downward varding 1s possible. Lateral
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yarding of about 25 wm on both sides is possible by the skiddii.
fine. -Wirve vopes of 10 = 12 mm diameter ave used as main,

skidding, and haulback lines,

Slackline system: Slackline system is applicd to ﬁ_logging site of
50 - 150 m 1é11gth,+l.5°-~+356 inclination, and concave topography,
Tt is used only for downwnrd'yardingj.but not [for 1ateral yard-
ing. Lateral prehauling by a small winch. is necessary, Wire
ropes of 12 - 14 mm diameter is wsed Lot the skyline, while

those of 8 - 10 mm diameter as haulback line,

Endiess Tyler system: Endless Tyler system is used on a 1aggh%
site of 150 ~ 800 m length with inclination of about —30° to +40°,
Clear cutting is.necéssaty under the skyline, TLateral yarding
is possible in clear cutting, but it is difficult in thianing,
Wire rvope of 16 - 24 wmm diameter is used as the skyline, that

ef 10 -~ 12 mm as 1ifting lina,_thOSG of 8 - 10 nm diameter for

main and hatlback line.

High lead éystem: " High lead system is used on a ground of
-35° to +20° inclination for lateral varding or shart distance
varding for a distance of 10 - 100 m. Upward and downward
yarding is possible, but wmore suitably in upward yvarding. 1t
is not suitable in yarding of thinned logs in the direction
of contour as the.lags run along the slope, At 50 m or larger
distance, the main line can be pulled back by haulbaék line,

Wire ropes of 6 — 10 mm diameter are used,

Cable arrangement shall be so planned that logs can be collected

most efficiently with one setting.

In the case of skyline of 150 m or lafger span, longitudinal
survey of the ground shall be carried out, and the data shall
be put into.personal computer FM-8, where the skyline design
program is arraﬁged, so that the maximwn allowable load, sag,
Safety factor and others be estimated and that safety in in-

stallation and operation be maintained.
‘Standing trees and. stumps of large enough diameter having a

sufficient holding pdwér shall be selected as head tree, taill

tree, other supports, and anchors.
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GD Velling of obstructing treces shall be limited to the minimum
n setting-up of cables, Splints shall be attached to trees

for fixing blocks or guy lines without fail so that the trees

are protected from damage.

() Fix clips and shackles in proper manner in setting-up of the

cable system.

(@) Setect proper machines depending on the yarding distance and
piece size. It is a yardstick that a cable system of large
type is selected For 300 m or larger span, while of a swall

type othorwise,

Make trial operation when setting-up of cable system is finished
for full inspection for safety before full scale yarding is

started.

() No work ever shall be operated under the line or in the bight

of a line.

(@ For actual operation, choker setters, operator, and unhookers
shall keep in good ceontact by telephone For confirmation of

their safety.

@) Refer for other details to texts “"Standards and Explanation on

Yarding Machine Operation' and "A Guide to Mono-cable System

Yarding".

(4) Tractor varding

C) - Always arrange 20 to 30 chokers with eye splicing on both ends.
C) Proper selection of logs for skidding in advance and proper
choker setting operation by choker setter is a key for efficient

operation. Choker setter must be trained for an efficient

operation,

() Chokers shall be set properly and carefully so that no log can
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(%) Por an efficient operation, logs shall be skidded in order Froy
the neavest side of gkid road. No preferential yarding shali

be made.

() Tree length yarding shall be conducted as a rule. However,
in case that a larpe damage on the residual tree, or a large .
disadvantage in yarding efficiency is occurred, the log shall

be eross—cut into 8 m or shorter,

() For yarding of small size logs from thinning of an early
stage, use skidder T-20. For yarding of -larger logs from the
second thinning and from a forest of sparse standing trees,

use skidder T-50,.

(7) Stop tractor skidding after rain for protection of the forest

ground,

(5) Mono-rail transportation system

C) Mono-rail transportation systcm_is used for a distance of
about 100 - 300 m on a ground of 0% -~ 30° inclination in upward

and dowvnward yarding.

(Z) It is used in combination with a remote-controlled wineh for »

yarding in deep watershed or beyond a ridge.

C) A sharp curve or a sudden change of slope shall be avoided
in its installation with insertion of straight portion between

curves 1n § or upward and downward,

() Installation work can be advanced by utilization of installed

rail track for transportation of construction materials.

C) Supporting posts shall be erected vertically for an efficient

operation in dismantling,

@D Select a flat and wide ground for the landing so that the logs

can be unloaded and arranged easily.

(7) Take care not to load beyond the limit of 1.0 m®.
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Operator must not get on the mono-rail wagon during operation.

(6) TYorwarder Delpis

@

_@

I

©)
®
®

®

{7) Chute

@

Forwarder Delpis is used for yarding of medium distance of

about 100 - 500 m on forest road.

It 1s used for yarding in forest by construction of strip

road of about 1.6 m width and 17° or lower inelination.
A remote-controlled winch are used for lateral yvarding,
The .load shall be within the range of 1.5 m® maximum load.

The running speed must not be over 14 km/hr under loaded

conditions,

Yarding shall be stopped after rain to prevent strip road and

skid trail from becoming muddy.

Chute shall be arranged on a slope of selected topography so
that the average inclination is about 25° and final inclination

about 10° and in a straight line as far as possible.

Construction shall be started from the terminal, by arranging
chute unit on the ground directly, The inclination must be
kept uniform by laying crosspieces, utilizing posts or standing

trees, on irregular parts of the siope,

Chute shall be fixed by ropes on standing trees and posts.
Especially on curved section, it must be strong enough to

stand'the lateral force.

Use stopper attached and half launder ending unit at the

terminal.

Make contact between the mountain side workers and terminal side

workers for certain for the sake of safety of operation., Logs
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must be fed by the mountain side after confirmation of safety

in the terminal side.

@D Arrange a sufficient protection at the terminal against

jumping out of logs sliding down into nearby road road.

Conclusion

‘Thé mechanized thinning tedhnidues transferred by the Japanese
party during fFive years from 1951 are the logging techhiques that can
be applied not only to thinning operation of man-wade forest but
also widely to selective cutting, shelterwood cutting, seed cut-
ting, and environment conserving operéfion such as ovefstory removal
of multistory forest, and so on. We expect that the Brazilian party
concerned will pursue their studies in the Future, based on these
techniques for their improvement, and diffuse the techniques not
only in the State of Sdo Paulo but also in the whole Brazil as the
innovated techniques, so that this will be a large hélp for further

development of Brazilian forest industry.
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IV Study

of Remote Sensing Technique

Iv=1 Outline of Remote Sensing Teehnique

Tv-1-1

100

Background and Purpose

In the State of S5t. Paulo, due to the enlarging development over past

years in various regions including coffee plantations, colton-Tfields,

pastures, etc., the forest, which had held 80% of total land area in the

past, rapidly decreased to about 20% of land area. As the result, soil

-erosion proceeded, and devastated regions as well as disrupted have in-

creased, hence human cirvcumstances have become extremely degraded. There-

fore, the forest board of the State of St. Paulo needed to promete their

undertaking of forest growing, and at the same time, they are urgently

obliged to establish the adequate technique for controlling the forest in

the

regions of water sources.

Under Che circumstances, the growing of artificial plantation on

private land has been encouraged by the plantation subsidy policy (the

exemption of income tax by corresponding amount to the plantation area

realized) through the Brazilian federal govermment.

As the artificial plantation has been gradually enlarged, the signi-

Ficance has been.recognized on such subjects as the adjustment of land

utilization, the survey on the current states of artifieial plantation,

the
the

proper disposition of plantation as for the water source forest, and

establishment of the technique of controlling and wmanaging plantation.

The activity of the forest board in the field of remote-sensing was

conducted with the status survey on the land utilization (farm land and

forest laud) in the State of St. Paulo, and a survey on the areas of arti-

ficial plantations by the owners, by the kinds of trees planted, and by

the
the
The

wias

age of forest in the selected two districts in the state. Besides,
map of the aspects of forests in the natural state park was completed.
utilized air photograph were those in which every area in the vhole state

shot in 1971 and 1972, with a scale of 1/25000. Air photograph were

retaken since 1977 titl today, for the scale range between 1/20000 and

1/45000. Further, the installation of the data receiving facility from the

Earth observation satellite was a little earlier than in our country, as

the

space institute (Institute de Pesquisas Espaciais ~ INPE) was establish-

ed in 1971, which has conducted the digital analysis as well as analogue
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en the Earth obsevvation data.

Under the circumstances as above, the technical cooperation concern-
ing the study of vemote sensing was navrowed Lo Lwo subjects of the evaly-
ation of the forest growing stock and the interpretation of- the watevshed

condi tions,

IV~1-2 Themes of Study and Process of Execcution

The definite activity in the fields Of.the_coopgration_of study on
remote~-sensing technique was started when the receiving  training was
conducted, for the purpose of acquiriug'thé*techniquc of fhe evaluation
of the forest resources - and thc judg¢ment:0n the geological features in

a basin as well as on the aspects of its degradation,

in this training, due to our judgement that the forest board already
attained the appreciable level of QUaiitaﬁivé technique of phéto—interw
pretation such as the determination on the kind of trees, we put empha-
s8is on the quantitative technique of photo-interpretation such as the
determination of tree heights, the technique to cstimate Forest growing
stock, availing of air photograph, and fuvther impfo?ing the teclmique to
interprete the existing status in geological features as well aS'iﬁ the

features of the degraded area.’

Afterwards, not only the method of forest survey availing of air
photograph, but also the varlous survey methods on samples on ground, the
preparation of vield estimation table, et¢, wore decided to be carried

out.

The targets for the vear were as follows.

The targets in 1980 (Remote-sensing):

1) TFundamental technique on simplified measufemént:by air photograph.
Technique to make a simplified plan view. - | )
Measurement on tree—heights and the height above the séa level.
Measurement on the diameter of tree-crown, the density of tree-
crown; the number of standing_brces. -

Measurement on the 1ocal'configurdtion oE Tand as Qell as slopes.
Interpreting technique on tree'species_and'the type of groups by
a tree species. ' -

Other miscellencous malters.

2) Survey technique on whole forest conservation by air photograph.
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3)

4)

Targets

1)

3)

5)

N PR . N - Lt . - .
Preparation of a location drawing of afforested land in the
State of St, Paulo,

Copying techinlque and antomotive technique of measurement of

area,

Survey method on the ground on forest,

in 1981:

Application test of survey technique on whole forest consorvation

by air photograph,

Study of interprecation technigue on the aspects of disrupted,

or degraded land,

Study eof inbterpretation technique of dangerous zone such as dis-
rupted land.

Estimation technique on the resources of artificial plantation
of cucalyptuses, pine trees, ete., by air photograph.
Preparation technique of merchantable volume table of artificial

forests by tree species, availipg of aiv photograph.

Targets in 1982:

Yy

2)

Preparation technique of volume table of artificial forests by
tree species, availling of alyr photograph,

Intexpretation of group types of trec species in natural {forest,.
the system of classification of forest types, and the estimation
on the growlng stock.

Preparation of cards for standarvds of aiv photograph by forest
types as well as by tree species.

Survey method of various forests, using remote-scnsing, and

analysis thereol,

Targets in 1983:

1)

2)

3)

Preparation technique of velume table of artificial forests by

trec species, availing of air photegraph.

Preparation of cards for standards of air photograph by forest

types as well as by tree specles .

Study of statistical analysis for forest survey.
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4)  Survey method on growth of volume of artificial Fovest, and pro-

paration of estimated volume table,
5) Development of simplified aiv photograph and the study of usage,

6) Provision of mamwals for the survey wethod of Forest, availing

of air photograph,

7} Others.

TVv-2  Survey Method of Forest

Iv-2-1 Estimation Method of Crowing Stock and Growth of Forest Stand
(1} Preface (Purpose)

As for the wethods fot tho survey of growing stock 1n [orest
staund as well as the growth ol Forest stand, there are several methods
like the éurvey of evevry, tree, the survey uk the standard area, the
sampling survey, ete. Genvra![y, the pufpnsos of the forost SUrvey
are divided into: (I} survey for the aquisition, sale, ete. of forest
tand, G@ survey for cuttlng or sale, cto., CD survey for the mana-

gement plan, iarge scale survey to grasp natural resources, cte,,

and (3 special survev for the change in tree species, the determina-
tion of forest area, and te grasp the damaged area due to plant
diseases, insects, calamity by wind or fire, etc.

As for the survey method of cade {3 , .5t. Paulo forest board

provided a sample section of 1 ha (100 m x 100 m) in a part of 1
Talhdo (500 m x 500 m = 25 ha) in Aguas de Santa Birbara state forest.
Then the whole trees in a sample section were cut and measured, where-
by.the estimation for the whole arca was made from the resulb. Since
this method required much labour and expense, the [ield test of syste-
matic line-plot sampling was conducted, which was one of Qampling
method, and effective for both purposes of {3 and {3) above. Besides,
the estimation on the growth of fovest stand was also executed by
incremen; core measurement. Thus it was examined whether the above
survey could be supplied to the forest content in the field, and at

the same time the training of the survey method was carried out.
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(2)  Survey Programme

D Subject arca of survey

Tathdo No. 8 in Aguas de Santa Barbara state forest in St.

Paulo state was selected as the subject arca, This locares in the
almqst center of the state forest, with its area of 25 ha (500 m

X 300 m}, The tree species is Pinus elliottil, planted 1961 -

62, 20 years age al the time of survey (3982}, The number of
trees planted is 4400/ha (1.5 m % 1.5 m), and thinning was

carried out by S0 7 (2200 trees, ?1 wm*) at First in 1970, and

by 504 (1100 tons, 56 ms) at the second time in 1978. Since a part
of the forest suffered the calamity of fire in 1979, and there are
paticularly some damp arca in the forest, o the state growth

is not so good. The lay of the land is almost flat.

ot

2 Survey programme
(a) Programme for systemalic line-plol sampling

In the programme for the estimation ol growing stock by

the systematic line-plot sampling,

©

Area of Torest stand to be surveved: A = 500 m x 500 m
= 25 ha

Coefficient of variation of forest stand: € = 30 7

@

Aimed accuracy {allowable crror ratio) 1 e = 10 Z

Plot arca ;1 a = D.04 ha
On the basis of the above, the followving were set

GD Number of sampling in the survey plet: o

4CPA 4 x (30)% x 25

n = —p— = =

e'h ¥ daC (1007 x 75 + 4 % 0.04 x (307

34,039 ¢ 34

I

() Sampling ervor of plot sampling: e

o oog MEmA L JT5EE0.06 o 06 s 10001 ()
€= ZL; “nA =2 30J 34%35 )
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Sampling ratio of plot: p

P =0 w100 =02, qgp - 34 % 0.04

N e e % 100 = S.44 (2)

Distance of plot sampling: d

/K 75
d = - 100 :J/“ﬁ x 100 = 85,749 £ 85 (m)
Radius in case ol circle plot: ¢
fal®y /TG00

VA ® W arsg 7 11.2838 + 11,28 {(m)

When the number of sampling in a plot is less than the cal-
culated number (34), it wmay cause to lessen the accuracy.,
Therefore, to prevent low accuracy, it is desivable to take
less distance than the calculated sampling distance (d),
resulting the increase in the number (n). This is because
only 85 m of distance was taken 1nstead of the calculated
distance d=85,749m in this example. Thus, the actual
number of sampling became to be 31 as shown in Fig. 1v-1.
Further, the plot avea a=0.04 ha meaus 20 m x 20 m when it
1% a square plot area. Hewevér, in an actual case, as a
circle plot is simpler in sectioning and setting than a
square plot, and saves time, we adopted a circle plot,

with 1ts calculated radius of 11,28 m.

Fig., IV-1 1llustrates on a plan, that 36 survey plots were
set on the surveved forest stand Jalhdo No, 8. The
direction of sampling is, on basis of northern magnetic
pole N, in direction eof cast-west and north-south. Plot
No. 2 is the starting point. From the north-eastern end

of forest section, the starting point extends 50 m south-
ward {(measured on the plan view) aloang the edge of the
forest, From that ﬁoint, it enters 30 m westward (also
measured on the plan view) into the forest section in right
angle, then the point is made to becowe the center of plot.
Fig. IV-2 shows a case {a) when the plot center falls in the

edge of forest, and treatment of trees {(b) in the border

of ploet.
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(b) Programme for increment corée survey

The increment core survey for the estimation of the growth
of forest stand was cavried out by: select 3 sample trees
of Tree No. 1, 11, and 21 every plot, take out the coro
(growth cove) for last lO_years'at-the breast height

(1.3 w) by iﬁcrement borer, and measure the growth in milii-
meter.  In additioh, the thicknesgs of bark at the same
position was measured by a bark guage in millimeter atb the
same time.  In order to prevent the variation in the Laken
out direction, the dircction toward the center of plot was

alwavs maintained for measurement,

(¢} Nguipment and field book

The following equipment and a field book were used in the

survey on the forest stand based on the above programme.

L. Equipment
A pocket compass, a tripod, a measuring vope (100 m), a
Calliper (65 ecm), a hypsometer {(spiegel relascope), tape
(20 m), chalk, an increment borer, a barkguage, a scale

{30 ¢m).

2. Tield book
A field book, which was made as with the form shown in
Table V-1, was‘ usced for the every tree survey within the
plot and the increment cove survey, (The filling example

sows a part of Plot No. 1) Every remarks on each plot ware
writkten in differont-pages'in.thc ficld book. Core, Casca
and CD were to be written only on the sample trees, By
the way, volume (V) was to be written at the indoor work

after the survey.

(3) Field Survey
1)  Measurement with a measuring line and setring of plot section
Measuring line for plot setting was conducted with a pocket
compass., In this case, when the center of plot falls outside
the forest edge even a little, the plot will be discarded. On
the contrary, when it falls inside, the plot will be surveyed.

If it falls jﬁst on the edge, thalt makes 0,5 plot, therefore,
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Tabla 1V-1

(A part of plot No. 1)

Plot survey field book and its filling up

example

PIoL;ﬁj:wL,

Palhao 4 ! 8,

Data

08-11-1982

Aa

-1

Ao,

DAP
{em)

" H
(m)

207

16.2.

14.6
21.3

16.4

17T

215

188

185

135

16.5

Core

{mm)

9

237

10

1 S.O

- 11

181

12

176

13

208

14

15.1

17.0

16

163

17

21.1

18

- 208

16

159

20

207

21
22

19.1

19,8

28.0 )

120

Cp

(m)

Nota

290

g s e e ra r nma e

{ Ponta stca

Ponta bifurcado

‘Ponta bifurcado

i
H
- -
i

270

23

17.6

SN

-
i

) 230
AV a W W Ve v
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in this case the First plot will be measured, while the sceond
ptot will be discarded, and thus this will be regarded as 0.5
plot. In this example, since Plot No. 1 and. Plot No. 26 wore

applicable, while plot No, 26 was discarded.

When the center of Plot is determined, a circular plot with
its vadius v = 11,28 m was marvked out and set, 1In this case,
by using a tape of a length of 20 meters, trecs within the plot

will be marked a circle, while trees outside the plot will be

-marked X, indicating the border of a plot. 1In this way, taking

the center as its centev of the civeular plot, when the mariking
as above completes to go arvound the center, theé marking out of
a plot is completed. Hence, the trees on the border of a plot
wiit be counted at 0.5, i.c. the first trec will be measured,

while the second will be discarded,

Every tree measurement within a plot and increment core survey

In the every trec survey within a plot, a diameter ar breast
height (DAP) was measured at 1.3 m height with bark (Com casca)
with a Calliper in centimeter to one-tenth of the unit, and the
height (H) was measured with a spiegél—rciaSCOpe to 0.1 m in
precision, Further, any forked or dead-top Urees were indicaled
in the column of Note. BDead trees were omitted, In this way,

35 plots were measured.

In a increment éore survey, out of sample trees {3 trees
were t#ken from every plot), the core taken for last L0 years,
t.e. for 10 years growth from outside, was measured in millimeters,
and the bark was also measured with a bark-guage in millimeters.
The reason why Tree No. 1, 11, and 21 were systematically
selected as sample trees was intended to prevent any possible
concentration on small diameter trees or large. The number of
data thus collected (sample trees) was 35 plot x 3 = 105. On
these sample trees, the crown diameter (CD) also was measurcd in

0.1 m ag reference,

Schedule of survey

The field survey is divided broadly .into 4 categories of a

measure line measurement, plot-section setting, every—-tree survey,
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and increment core. survey. The length of Ehe periéd.required
for the survey for each item may differ depending_on the state
of forest section, land conligulation, the survey team members
and their skill, ete. However, if the schedule of survey, i.e,
-the length of the survey peridd; is fixéd, that will be a good
reference in future, in case similar survey is planncd and
couducted.' Therefore, in parailel with the survey on forest
sections, schedule examination was practised,:the‘result of

which was. shown in Table V-2,

From the results in Table iVQE, For 32 plots as. the subjects
of summing for 4 survey items (33 plots only for the measure-
line measurement) the total hours vequired for survey (Ex); the
average time per plot {x), and standard deviation (SD) (all in
minutes) were-as indicated the last column in the table. From
these data, the ratio of each item period against the total require
time were 21.62 % for the measurc-line measuvement, 16.57% for the
plot section setting, 34.67 % for the every~treé survey and
27.14 % for the increment core survey, rospectively.  Further,
it seemed that in the project'survey schedule pef day, in case
of a team consisting of 4 members, the schedule from 7-8 plots
to about 10 plots would be carried out as the stuff pefsonncl

become well acquainted in the task,

(4) Estimation on forest growing stock and forest stand growth

() Summarization of number of trees and volume by plot

As the result of the Field survey conducted. in the above
_methods; the number of plots actually measured was 35, On these
35 plots, the volume was calculated for each plot, by the follow-
ing formula of t.,tal tree volume with bark that was made on
basis of 100 sample trees of Pinus elliottii in the same Rguas

de Santa B&rbara state:
¥ = 0.00675609 ~ 0.00012281 D% + 0.00004552 D H

The volumes were summed up for each plot, and shown in Table IV
~3, Besides volume (V), regarding diameter at breast height (DAD)
and height (H), the total values and the mean values per trec

(D, W and V) were calculated and shown in Table LV-3,
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Table Iv-3 Over—:zl,l_ table of trees and volume of each plot

31 Numbetr ' : |
k P!OF o[uL#ges DA ?m“ H volume ()

G| @) Total D Total | H | Total

! 1 338 7248 | 191 6163 | 1602 02370

5
3] 3 12 567.7 35 1 4828 | 115 | 30612 | 00943 |

1 y 33 1445 | 135 3822 | 11.6 27746 | 00811

5 5 40 {~.19f) 155 1 4011 | v2s | A ess T o181

6 | 6 13 5580 | 120 [ a3ia [ oo | 2gszs 0.0670
Tl ] a2z 7697 | 183 1 7070 | os 97568 | 02323 |
8| 8| 87 6933 | 187 i 54990 C162 L Bod1z | 02335 n
o | o ar| assz | oe | 2539 6y 11387 0.0308
o | ro]  es| 8575 | 128 | 2892 | {JI ' N‘W_JE;{:"‘“"* 0.0702
T T s aser (e T wens T e T howe T o0san
T2 12 a4 556 1()_) Cween | sk | szies | Tousaa
T s AT AEs T w2 s T ases 1 ed 9026 ooson |

} 85499 0.2375

3 FEEEDY:
01194
0.0787
0.1321

0 0983
0.1987

0. 3098

15 15 33 41‘)()6 1 5.0

"39043 § 119

hﬁ G I ..,w__t;__G_..G . - lbi E,,,,,,?g(?’;___ —II?—

171 17 38 ESERE
181 18 ';noo

2| 22| 38 6381 | 168 1 5446 | 1 62640 | 01648

231 23] 28! 5061 ; 181 | 57903 |  0.2068

41 24 Tas T s2s0 | 64 62245 01638
25 | 25| 38| 6406 | 169 | UGa7d6 | 01704 |

G.5124 1915

84760 | 01971

9
28§ 29| a3l 7799 | 181 6822 | 159 90016 0.2003
291 30 131 7903 | 184 7296 | 17.0 10.0839 0.2345

301 31| 36 644.6 | t7.9 6041 | 168 | 8.2750 0.2299

31 ] 32 571 6560 | 178 | 6143 | 166 7.9184 0.2140

32 33| 43 7726 | 180 6921 | 161 83135 0.1933
331 34 44 816.9 1 8.6 7289 16.6 10,3237 0.2346

34| 35 28 5867 | 2101 4845 | 173 8.6458 0.3087

351 36 40 749.6 | 187 6502 | 16.3 9.1647 0.2291

& 35 1314 - — — - 2155045 —
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(2) Estimation on numbars of trees and volume
The vesults of the estimation on numbers of tree and voluge
were, [rom Table TV=3, as follows., JTu this case, the lorest
stand as the subject of the survey was Pinus elliotrii only,
Thevefore, the estimation was alse limited to one spocies of

Pinus elliortii.

{(a) Estimation on theé number of treesy

(D Average mumber per plot:

= 37.5 {rrees)

@ Varliancoe:
OV {xex) N-n

W) =8t s ST BT L g 900
vy - al{n-1} N 0.52773

CD Standard ervvor:

4

SE() :1__.-’ S

e 0,72

(3) Standard error ratio:

—, _ SE(x .
oy} = ﬂmé—)— = 100 = 1,93 (&)
5)  Dstimation oun the number of trees per ha:
b fg t <;(Zj1
(hay a U IR
Fon—1=714 RTINS Y ()4 =7 75§
if n-1=34, then L 2.042, tyo 2,750

henee,

for = 917,5 & 37,1 {rrees)

. -, X, .
0.3 “{hay
{(range of estimation: 900.4 = 974,86 (trees))
- ; =037 6§ ¢ AQ G (f e

for T h(ha) 937.5 19,4 (trees)

(range of estimation: 887.6 = 987.4 (trecs))

() Estimation on the number of trees per the subject area of

survey (25_ha):

_ AT apco]
K(ZSha) = ﬂ[}.’ 5oL SL(X)J

for ty 55 X(ogna) =

(range of estimation: 22511424365 (trees))

23438 = 927 (trees)
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{(h)

0,

for tO.]’ x(25ha} = 234381248 (trees)

(range of estimation: 22190024686 (trees)
Frror ratio of plot sampling:

- vV (s '
B(x) = »#%Efl £ 100 = 1,95 ()

Coefficient of variation
Sx &

CV("-) -"-:‘//‘";\:“ » 100 = 11.86 (L:;)

Egtimat ion on volume

Average voluwme per plot:
— ()

y o= TR = 6573 ()

Variance

TR A S 2 N o
Y {‘, ) (7\* = l{ﬁ(-r-l—__"l-:}' --I\_‘?” = 0,19231

Standard crror:

Standard error ratio

(= S e L7

A 5
Estimation on volume per ha:

- =y
Sy Fim oy e SEV) Y
1(ha) La ¥ - J

For t Y = 153,93 ¢ 22,39 (w’
for LU.S’ (ha) 153,97 {m*) q
(vange of estimation: 131.55 ~ 136,32 (w’))
or b, oy, V¥ = 153.93 + 30.15 (m*)
For LO.I’ \(ha} 4.9 X
(vange of estimation: 123.79 ~ 184.U8 (m°))

Estimation on volume per the subjcct avea of survey (25ha):

A -
. = = + t'SE(f)]
&(ZSha) a {y . },

. , = 3848.3 + 559.6 (m®)
for L9.5° §(25ha) )

(range of estimationm: 3288.7 ~ 4407.9 (m®))
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3

. Y o '= 184 g 3
ty.p> \(25hh> 3848,3 £ 753.7 ()

(range of estimation: 3094 ~ 4602,0 (am®))

for

CD Sampling evvor of plot sampling:
Bpoy = Sheetl X 100 = 14,56 (2)

t 3

8) Loefficient of varlatio

SR
Cviy) = B 100 = 43.37 (%)

Frequency distvibution of the number of trces by grade of

diameter

To make the frequency distribution of the number of trees by
the grade of diameter Is not only a good reference to know how
many trees of a certain diameter ave growing, but also furnishes
basic data Lor calculation of commercial volume relating to the
tree height, and data For the tabor plan of catting and lumber-
ing, for a plant site, and for a carryuoﬁt-plan. This time,
mainly intending to'use as materials for the next estimation on
the growth'of forest stand, as . shown 1o Table V-4, we calculated
diameters by grade per plot, from the data of every tree survey
in 35 plots in the field surve§. We grouped trees with diameter
every two centimeters, like 2, 4, 6, ... 24, 26; 28. Since the
diameter was measured in miliimeter, for example, the group of
10 cm diameter would includé 9.0 - 10.9 Cﬁ, and 12 cm diamoter

would include 11.0 - 12.9 cm, like that.

Estimation on forest stand growth

The estimation on the forest stand growth was made by the
increment core survey which was conducted in parallel with the
plot survey., Using 105 samples of cores, this was carried out

in the following way.

(a) Calculation of diameter growth

The diametér growth for each of 105 samples is calculated
at first, then the diameter growth as a whole will be

calculated by the diameter growth regression formula.
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(t)

(e

Under bark diamcter: 4 = D - 2b

where, D diawcter with bark, b: rhickness of bark

Underbark diameter of the middle pare for a determined period:
X =d - 11,

where, Lt lenglh of core for 10 VEArs

Under bark average diameter growth: y o= 2L/10

Draweter with bark at the determined period middie part:
N o= Kex

Drameter with bark growth: ¥ = K.v

n () i785.6
where K o= X300 = 2270, = 2506
’ S(dY T TReig T h20506
Diameter growth regression formula:

Y = (1.3G52 + G,0169X

Calculation of volume regression formula

lising the diameter growth vegression formula as calculated
above, the diameter growth for each tree of every diamter
grade is acquired. Then the value will be combined with

the volume, where the volume for each diameter grade will be
necessary as premises. The velume by each diameter grade

was obtained, on basis of 105 sample trees, by the one-
variable equation with a diameter as the independent variable,

as foilows.

V o= 0.011804 - 0.008779D + 0.001049D°

Calculation of volume growth

Alter the calenlation by the vegression formula of diameterv
growth and volume is made, the volume growth by diameter
grade is then caleulated, and the result will be used to
estimate the lorest stand growth., The calculation method

procedure is as follows.

GCrouping by diameter was made by every 2 cm in the range of
diameters of sample trees (the 105 trees from which cores
were taken).

The volume per Lree corresponding to each diameter (m,

grouped by every 2 cm, was calculated by the volume formula
2 -
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1V=4
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as in the paragraph (2) in the previous section,

The difference in volume of dilferent dimmeter prade, i.e.
volume diffurence fv is caleulated.  For exawple, Av between
2 cm diameter and 4 em ig;

Avo= 0,0045 - 0,0015 = 00,0030
and Av between 4 cm diameter and 6 om is;

Av = 0,0100 -~ 0.0045 = 00,0055

Volume modified differcnce 4v was calculated, based on the
volume difference Zv. For example dv for 4 com diameter is:
(0.0030 + 0.0055)/2 = 0.0043, and for 6 cm diameter: {0.0055
+.0,0085)/2 = 0.0070,

Drameter growth ad was caleculated for cach diameter grade

by the diameter growth regression formula in (1) 6 above.

Using thus obtained volume modified difference v and the
diameter growth “d, the volume growth was calculated by V(o}
= (Av.ad) /2. The figuro 2 in this formula is because 2 cmD
"Is used for diameter grading. 1f the grading is made by

1 cm, the above figore is 1. [n addition, so far the above

means the volume growth per a sinasle trec.

The number of trees at each diamcter grade, N is acquired
by the frequency distribution table of number of trees by
Cdiameter grade per plot in Table V-4, based on the materials
of plot survey. llere, 2 cm diameter grade is omitted from
the culuu]ﬁtion of volume growth, since the nmumber of trees
is only one. However, in the uttimate caiculation {Table
V-5, a, b, and ¢} the number of trees was also treated

among, the subject of calculation.

When the volume growth V(g) of 6) above is multiplied with
the number of trees by diameter grade, X of 7), the total
volume growth V(U) ig obtained. This is the volume growth
by diameter gradz, which is estimated from the 105 sample
trees, and the total value of 20.125 m® is the total tree

volume per L.4 ha of plot area (0.04 ha x 35 plots = 1.4 ha).

When the volume per tree by diawmeter grade, V times the
number of trees by diameter grade, N makes the volume by

1 .
dismeter grade, and the total value of 216.9554 m” is the

total volume per 1.4 ha.
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From Table'[V*ﬁ,-the volume growth per |.4 ha of surﬁéy
" plot area is-obtained as 20,1205 m®. From ihis_figure, the
estimated volume of 13.3?18 mé.per unit.arba (1 ha).and
359.29406 m® per area subject to estimate on (25 ha) were

obtained,

In addition, thus calculatedfﬁolume showed the results of
2]6.9554 ma'per 1.4 ha, 154.9681 w’® per unit area (1 Ha),
and 3874.2035 ma-per total area (25 ha). From these, the
volume growth percentage (P) of this Eoreét stand was
figured as below. |

20,1205

P T 316,955

%100 = 9.27 (%)

{3) Conclusion
(:) Consideration on the estimation result
(a) Coefficient of variance of forest stand

Prior to the field survey, the coeffiéient of variance(cv) was
assumed at 30 Z. This is because the state of the forest
~stand is regavded lacking in uniformity, since there are
cartain difference in the growth of tree heights, diameters
and so o, and further there arc burned area by forest—fire
and damp gfound in a part of the forest. As the regylt,

the number of plot survey, n was 34-(actua11y 35'pibt5 were
surveyed). However, the calculation after the SurQey, the
coefficient{cv) was proved to be 43.37%Z. So it can be 'said
that this forest stand had aVerage'variancé as artificial
forest. Therefore, the required plot number Fotr the survey
in case of CV = 43.37 % 44 % would be 68.9 % 69 which is

the sufficient nunber for aimed accﬁracy of 10 %Z. This
value will be one of the reference materials in future SuUTVe

‘programme;

(b} Result of estimates on growing stock

The result of estimates no number of trees.as well as volume
were as in Table IV-6. Compariﬁg these with the values on

the number of trees aﬁd volume based on the estimate on the
volume growth of forest stand, the results were both within

the range of estimation based on the plot survey, showing
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a pood coincidence, The sampling errvor ratio-of plot

N

gsampling was 14,54 7,

List of estimation vesults of the number

Table IV-G of
trees and volume
Results of systematic line=plot Besultﬁ‘hased ou
: . the estimated
sampling .
S . e et e e VO UMIC Productio
For tg, 05 For tg.M of a forest stand
_ per 1 ha 937.5 - 37,1 9375 42 49,9 .
Number of (300.4 ~974.6) (887.6 ~ 987.4) ;
trees et - e R e e
Per 25 ha 23438 927 23438 1248 23464
i P22511 ~24363) (22190 -~ 24686) ’
Per 1 ha | 153.93 422,39 153,93 £ 30,15 L5497
. 3 (131,55 ~ 176.,32) | (123.79 ~ 184.08) M
Volume (") o e B
Pey 25 ha | 3848.3 £559.6 | 3848.3 £753.7 487420
(3288.7 ~4407.9) | (3094.6 ~4602,0) N

{c)

@
@
©

Tt must be checked 1in future how the above estimates meet

the actual forest stand,
the growing stock in a forest of spacious area,

survey method is simple in practice and ecasy in

methods.

However,

calculation, it can be concluded as one of very

Result of estimates on plot stand growth

The result

14.3718 m’ per ha, and 359,2984 mg'pcr 27
arca of estimation, and the growth percentage P

This percentage is not excellent.

showed that the forest stand volume

Te is

for the estimation on

since this
af terward

efficient

growth was
ha of the subject
was 9.277.

necessary to con-

sider tree-species, by comparison with other species of

pine trees.

Reference literature and correlating materials

Reference literature

H.A. Meyer:

Kenkichi Kinashi, Masamichi Chyo:

Forest measuration 19537
G.W. Snedecor: Statistical Methods 1956

Volume survey of

Mikatagake natural forest (Miyazaki Experiment
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Forest of Kyushu University} by a random
sampling wethods, Report of Practice in Kyushu

Yniversivy 10, 1958,

QD Masamichi Chyo and others: Hstimation on the volume
and growth of Pinus olliottii in St. Paulo
State, theses of Keushu Branch, Japan Forestry
Society, 37, 1984,

(2) Correlating materials

Caleulation process is described in the material (D below.
The volume formula, which is the original of this material,
is based on CD. There is alsoe a study report Cg as a
method of Uree height wmeasurement carried in the [ield
survey,
CD Masamichi Chyo, N.laga, and U, Aoki:. The estimation of forest
' stand volume by systematic line-plot sampling,
andd the estimgtion of forest stand growth by
increment core, International Cooperation Agency
JRO84-40 {Luperts’ Report of International Coope-

ration on Study of Forestry in $t. Panio, Brazil)
P347-3945, 1984

GD Masamichi Chyn, Toshiaki Shiibavashi, M. Haga, and 1. Aoki:
study of preparvationel the tree volume table of
Pinus ellieffii in state Jorest of Azuas do Santa

Bavbava, ditto, 03306-35%6, 1984,

(3 M. Chyo, H. Aoki, and N. Hapa:»Regua Auziliar para Determincao

de Altura-Prototipo o Tesle dc Precisaoc.  Botetim
Teenico do fnstituto Florestal, Sao Paule, V.37,

pl-18, 19383
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1V-2-2

(1)

(2)

Preparation of Tree Volume Tabloe

Preface (Purpose)

In St Paulo state, [rom 1958 to 1965, tropical or subtropical

pine trees of North or Middle America were introduced to encourage
artificial plantation, Since the history is so short as about 20

years or so, tree volume tables have not been made for cach district,

Henee, the study of the preparation of tree volume table, taking
up Pinus elliotbii in state forest of Aguas de Santa Barbara which ig

one of state forests, as the subject. At the sume time some examing-—

tion was attempted on this ropic.

Collection of Materials and Calculation of Tree Volume

CD Coliection of materials

The whole area of the state forest of Asuas de Santa Barbara
were regarded as the subject for rhe area of sample trees, which
GOUId be basic material for tree volume table. Their diameter
{DAP) and height (i) were intentionally selected so that they
éould be almost equally taken out from maximum te minimum, As
the result, 100 sample trees of Pinus elliottii in total were
colltected as in Table 1V-7,

‘o

CD Calcutation of volume of sample trees

Six cases of the volumes are used in St. Paulo State, 1,e.
A:the whole tree volume, B:the commercial volume of and diameter
without bark of up to 5 cm, C: the real commercial volume of end
dianicter without bark of up to 5 cm which was lumbered into
the length of 2.4 m, equal to the truck bed length (there are
also some cases marking use of as short as the half length,
1.2_m), and with bark and without bark for each of above 3 cases,
all of which make 6 cases. These 6 volumes as below are being

used for each purpese,

1. Total tree volume with bark (Volume Total Com casca)

2. Total tree volume without bark (Volume Total Sem casca)

3, Commercial volume with bark {(Volume Commercial Com casca)

4, ComMercial volume without bark (Volume Commercial Sem casca)

5, TReal commercial wolume with bark (Volume Commercial Real Com
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, ¢casca)
.6, Real commercial volume without bark (Volﬁme Commevcial Real
' Sem) '
Therefore, éutting of sample trees, measﬁréméut in case
of clean cutting, and ﬁolume.calcﬁlatién thereafter, were planncd
to furnish materials for eéth case. The measurement at cutting
dovmn and clean cut, volume caléulation,” ate. was carried out by
simplified inalysis method as shown'in Table IV~8; hased on the
wethod of stem analysis (Método de andlise de tronco). Table Tv-
3 is a list.of values on éample Erees, as above obtuinéd. Various
caleculations were carried out by computef, as in the flow in
Figure IV-3, ~ Table IV-10 indicated one example of sample
tree No. 12, and Table TV~11 show a list of the results of various

velume calculations of all sample trees (100 tvees).

Examination on the volume equation

In the past, various volume eqUatioﬁs have beén'prOPOSed. Pro-
perly speaking, it is appropriate to.examine each formula separately
and select the moét adaptable.formula.. Hoﬁever, in this'study, the
examination was made on thé fol]owing five formulae which had been

relatively often used.

v = aoDa1 (1)
Vo= ag + a1 (DH) (2)
¥ = ap + (DE}I)Ei] .(.3)
v = ap + D72 (4)

Vo= oag + aiD¥+ a2B + as(DPH)  (5)

In order to sclve these 5 equations by linear least square method,
we apply logarithmic conversion to equation (1), (3) and (4), and the

following are obtained.

log V = log ap + ai1log D (rn
log V = log a, + aiIOg (D%H) (3")
log V.= lbg a, + ajlog D + azlog H _(4')'

“When y -is substituted for dependent variant,'Xi for an independent

variable, a¢ for a regression constant, ai for a regression coeffi-

cient; these formulae can be expressed in a general formula as helow,
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Table TV-8 Field book for simplified ste

m analiysis

for the purpese of measurement of sample Lrees

~PICHA PARA 0 CAICULO DO VOIUMR*

N ARVORI' - 2 ]|,b] ];J({ 1 I;J X . elli ottii J l DADI“ 18
|2l’[_‘A DA MIPI)IQI\()' de || lthUﬁyl_J‘(__“w ‘]_ 82 Ei(}CAi } Aquas de Santa Barbara ("al)
‘. DIAMETRO A AT, THI{J\ DO PEITO W A]{p BA.SA] {x) VOLUME (v} R
[ 3 ) e I - et
Ne | ALT. | COM CASCA (c/ t)_ﬁl_g‘f’m__c_fﬂﬁ__“/ ©)llc/casea]s. casca| o easen| s oasca] poRe.
MAX.) MIN.J MED. | MAX.§ MIN.[ MED. || C#n) (£:) (vu) | (i)
T al en|  oem o and  em|  em|| R d RV - e %
0 R 285 24,1
! Ll 293 2.1 0er7 4 004 54 raas 00912 6766
5 31 257 051*1 0398] 1038] 0796] 7669
3 5.1 250 veall 04ull o387| 0082| 07741 7882
o | 245 217 0 -i 7 1"% “_'Ef s—;—ff S ugaz| o740) 7856
5 0.1 2.0 L 2L20 0432 0353] 0904] 0706] 7810
§ 0| 1l 217 i “{)ZSfT)“”(HUh T 0710] o616l s324
7| v 217 0370] 0: 0586! 7019
8 |15 6.1 BT 0354| 8389
e T P50 Corzol orssi 0226 8496
1o | 1al RIS ; L 685 0041: 0036] 0082] 0072 8780
EETHESEEE 15 ! L asl boisl o 'cj'i"fj"' 0032} ono22| 6875
i2 22.1 - oz R oﬁ 030 0003] 000LI 0001] 100.00
e e . S _ SV U SR R I SR S
1y ! j
1k ; ; .
15 ? ?
e e SRSV, VR R - - I — ;: ;' e e feeeann S
i 186 i
(St I U NN S R ; SN S| R
AT 3
- - —_ e ———— — - L - — = — — ,::,,,, — PR - e -
18 ‘r i
. B0 N TN | ST SRR R ]
(19) ] 193 7.5 6.5) 00445 0033 oow o051l 7612
,,,,,,,,,,, B T L Ikt T
{20) 2005 5.9 5.0 uog 7on020 7600
: : sal | I cd AR Bt 4
DAP- (D)l 285 241 : L
............ : - pn e A
ALTURA = (H)| 228 228} -
: e N g i e -
COMP. DO PONTEIRO" (£D| 07 0.7
- - L - ™ Irﬂ'“ TesTTTTTTy T T
COMI» ACTIMA DE 5.0em ($g5) 2.3 - 23 .
: o |
AREA BASAIL, TOTALg;) o |u37d48) 02v02| .
- D S i) .
D VOL.DAS skcqorb (av-) | u7496) 05804 B
@ VOL. DO CONE "~ (vy) L T R 0801 o]
YD VOL. TOTAL  (vy) | Tao7| 5805) 7743
@ VOL. ACIMA DE Sen (v g, ) - p02s| 6019
Vi (’7 VOL COMERCIAL (v ) 3 74%72 r%b(' ,.,A 1
PORCENTAGEM (%) 9967|9967
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Table IV=9 List-of sample trees o
: (Colela de dados dendrphﬁtrieos)
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DADP Rl B s E DAP 3 IS B
. = g .3 3 . o § #1 5
= 5 B e o *3 T 2 O
e - N R S I O I ) e NS R
IR IRl I N L B4 A B I Y 0 R IO L B R B
Flels gl & = Sl el 18] gl
§ ™ b e F\_g f_\m . a ﬁ $ "U-. :_g e @

° 6.1 o C | g ol * a o S8 N INTIN

g = 5EI 5B G T Y I B KR TR

R e ﬂzg -~ - : ~ \4§ 7

Z-'rf ey om p'z mpe.m » _"'/ . e _mthH “Zﬁ m R n m ]
1 a| 20{200t7.8119.1 {10LE10.00 212|220 5L L8] 13 [12.0.{10.0 { 86|, 3.710.50 |3.20 | 3.80
2 16F » 13811200 17.1 {1000 1.04 [2.69 264 |l 52 » A0S 8RN 9.0 12,00 [3.603.70
; w0 e 2501200 [19.8 1108 L7256 | 294 53| # ] e~ [1L8| 9.0 | 12:7 [ 88060 430|430
41 10 » [125[10.2115.1| 850485 |2.05({2.05{ 564 | » e 12000 18.0 [ 14.8] 9.0 {0.70 |2:50 | 2.80
5 ” 7 |82 6.7[10.57] 5.6 0.0 [6.64 5600 55 | 12| 20 §26.0 | 22,5 [ 22.4: 1L7]0.30 [2:40 3,20
6 { » | # | 77 62| 85 18[035{4.75(3.554. 561 # 1 » [20.0[17.0|2L0 ] 4.6 [0.90 [2.90|3.00
7 15 o« | 136120114331 L0120 {307 |3G0{ 5T ~ w1220 190 1227 1 13.7 10,60 13.30| 3.50
| » | » 115714311571 7.8 L6013.04 {360 5& [ ~» ¢ # [30.0|26.8|227]14.00.60|2.00]2.30
97 v | e [17.51105.3(16.2] 7.8[0.00 J L7000} 59 & # [ o 1240 | 20,2 {23.0 ] 13.0-[0.90 [3.30 | 3.80
10 35| 1812012190176 87150 {260 [300 160 | » | "# [18,0 [ 165 |22.0 | 15,4 1.90 | 2.70 | 2.80
11 ” v 1168 [ 18 [ 20,0 [ 10.0 | 180|290 {300 |61 | »~ 2 114.2 {120 [ 18.6 [ 11.6 10.50 12,20 [3.00
re ] 31| ~ 1285|241 22.8]14.5[0.70 [2.30 [3.50 || 62 | 103 17 [18.0]155 1176 | 0.511.50 |2.80 {3.20
137 12| 20 f2L8 {188 [ 197 [12.2]1.60.F260 (280 |63 ] ~ | » |18.0{152117.2 12,6 (1.10 {2.70 ] 2.8
144 » | » 17.3]15.2]195 (1091140 {265 [3.80 (L 64 | ~ | » {200 1175 18,0 | 118 ]1.90 [2.70 | 3.60
164 »{ » 1158128180117 000 |274 42500651 » { » 110.01 8.2§150|11.2]0.90(5.30 {6.40
16§ # | o [120 (301164 [ 1030307395 (430 66 b # | v J10.4] 83 1132107110 {590 {5.00
17} 123 13 81| 7.2{11.5| 81 ]1.40]4.40 |5.40} 67 | ~ e 124012005 1180 ] 12.7 [ 190 |2:30 1 2.0
18 » | »~ W01 84]10.8] 6.3]0.70 {4707 |4.70}| 68 | ~ # 1174 [ 1487 16.9 [11.5 [0.80 | 2.40 | 250
19 ] »{ » {120{1071125). 83[0.40,]2.80 128069 | 118] 13 (180158 |13.0] 641090 {2.16]2.20
20 | » | # [10.0] 808112 7811.000595 [6.30 70 | ~ | # [9.0[175 19| 337180 |2.20|2.30
21 | 85 17 |14.0 1081140} 6811001270 |30 71 10f 20| 80| 58] 7.2 3.1[L. 10 [4.00 |4.80
22 ] w e M0 (IL2[126] 74050 (323 |40l 72 ] # | o« | Q0] 7.0 8.7( 3.8]0.60{3.80 {3.90
23| ~« | =607 134114.0] 82100 265 (30073 » | o~ | 77571 @3] 3.2{1.20(560]5%
24| # | # (180152145 7.8{0.40 [2.40 |240 )74 § ~ | » [11.4] 831 80} £.2]1.90(2.90 320
25 | # | » }200117.0 656 7.8 150 {230 {230 75} 18] 13 118.0016.0 {12.2] 4.611.10]3.00 {38
26 » # 114311201 14.8] 81]0.70 |2.90 {390 | 76 | ~ # |24.0720.5 {14.0 | 511100240 {320
27 {118 142342007154 8.0 130 200|210} 77 »~ | ~ {220]190]165] 7.3(0.4013.30 }3. 30
28 | o | » 1218|185 {14.4] 6.040.30]230 }230. 078 [ ~ | ~ {14.01115110.8] 8.0./0.70 |2.70.}3.60
29 0 # | # 175148141 7.2{200 (250 1330 790~ | o« 2000175 }13.8) 7.3§1.80 [2.60 [3.10
30} « | »lis2li31113.27 7050100350 (350 f 80 | | o~ PN2.0}10.3 11017 6.5 |1.60 [3.00 [3.30
3111261 13118.3015.8]13.81 691170 {270 |290)i 81| ~ # 116.0 (125 [11,6] 6.8]1.50 |3.00 [3.20
3zl » | »lepolizolizgl 71i180{250 (300082 » # a0 bag bz 74 b6 (300 {310
33| « | w101 88|105| 2.6|040 (440 {450 (837 ~ | » [1801150]10.7| 3.8{0.60 [2.80 {3.50
34| » | ~ |10.0] 82| 95] 5114040070 || 84} ~ | » |t40]106-]12.8] 7.1 [0.80 (2.9 {3.30
35 | # | » [122]10410.2] 560,10 (290|300 {857 ~ | # |18.0{15.0 {110 | 4.4 {1.00 |2.i0]2.70
36 124 | »# |24.2|21.5]14.8 | 7.2[0.70|170{2.80 || 86.] -15] 20 |30.0{27.0 {17.0 [ 7.50.90 |2.90 | 3.80
37 » | » 1280|258 |168| 90]0.70|170 1240 || 87 } 12| ¥ |24.0{200{181 | 9.2{200 {330 1370
38| » | - |26.0|225(180 (118080 210:1230 (|88 ~ | -~ {16.0]|14.8]15.3 ). 7.811.20 {310 3.3
39 | # | « |25.0{220[153| 84|L20|200 (200189} ~ | ~ [20.0[47.2|17.6|10.3]1.50 |2.70 [3.20
40 | 25| 20 {240 (200 (21.2 14210 [260 |310 190 | » | ~ [120}10.5 165 11.4 |0.40 [3.20 |3.30
A1 | # | 12201901681 98]0.70 |230 [za0 f ot | ~ | » [16.0[13.2 [17.8| 9.2 | 1.70 |2.80 [3.40
42 | -2 | » {200 [18.0{19:57134] 140 {240 (270 flo2 | ~ | » [180}14.8 }19.2 | 135 1107]3.60 [2.60
43 ] w | w4 1200119.0719.5) 93{1.40 1260|270 1 93| » | # [22.0118.0 [19.7 | 12.0 } 1.60.[3.20:[4.10
44 | wof w1142 1123 |13.6 | 8.0{1.50 {220 1280 |94 | | » {28,0{20.7.120.5]10.2 [0.40 [1:60 | 2.50
45 1118 133180 (160 {139 7olrsolgol1e0fioe | » | » 130.0]25.0}20.1 97200 [2.10]210
46 | # | » [220[188 1101 43090 1270|280 96 | # | ~ 260235215 12.8{1.40 [2.00|2.30
47 # {1 » {17.0(13.7] 851 40040140 (250 ffo7 [ 17| 13116.0[14.0] 9.1 4.0 1.00 {LY0 |L.90
48 { » | w100 7.5} 7.01 460903301340 |98 ~ | ~ |22.0]10.0 15.7| 7.8]1.60 |2.50 }2.50
49 | » | » |14.0[11.0110.3 | 4.4 |0.20 [ 260|310 99| # | ~ |14.0}12.0| 90.1| 531100 |2.90 430
501 | o« [158[120] 96| 46150180 1240 100 | » |22.0]185 [44.1 | 717190 [2.80 |3.20
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where, P = 1, 2,3

(6)

Hore formula (6) is xatlnd a linear mulllp]o lO?fOGHlOn [0rmu1a.

Therefore,.

in ovder to determine a volume lormulﬂ to be adopLLd

apply

each matevial obtalned to Five Eormulac@ evaltuate their adaptability,

and d termine the

errvors for ocach of vesidual.

orrors of residual, out of

formula furnishing

series of

the

teast. value of standard

Table 1v=12 indicates oniy the standard

wultiple regression formula programme.

(SE) ave acquired by formula (7).

samples, k:

V: estimated volume).

oL \'7_______l_.”4,,‘_.4,
Sk = m - (k + 1)

However, standavd

(In

“In addition,

this

number of independent variables, V:

formula, n:

(7)

caleulation cesules due Lo the

standard errox

numher of

real volume,

ervor determined by the logavithmic Formula

cannot ‘be simply compared with that by the non-logarithmic formula.

For such purpose, when standard

erYors

in (17),

(37) and

4y

formula

in Table IV-6 are demanded, calculate by substituting ¥ multiplied
by édrrection factor {(c.f.}, which is ziven in-fnrmu[a {8B), for v iu
formula (7)., (Where, valvg: standard error of vesidual)
n"].c Lo nele1Ti203
_ T SV Ry -
c.f. = 10 (8)
Table 1V-12 St&nﬂard'erros of rcsidudl
Kind (1) (”) (3'->" 4 (5)
Total volume [l. with bark 0.05828 0 02134 o 02107 | 0.01990 0.01989
tormula 2. without bark | 0.05105 | 0. 0)1?9 0 02109 o 02000 | 0.01986
Commercial 1., with bark '0.05998: 0 02{35 0 02345 O 02264 O 02020
vetume FOXmulaly  without bark | 0.05388 | 0.02120 | 0.02566 | 0.02485 | 0.01999
Real Commer- 1. with hark a, 06011 0.02162 0 02322 O 02?19 0.02028
cial volume ) ™ hout bark | 0.05417 | 0.02143 | 0.02580 | 0.02488 | 0,02008
formula

.-344.«



As the resultr of the above cateulation, the standarvd error of

residual became minimum in formula (5) for any of volume formula.

(Sec Table TV=-12) lence, we decided to adopt formula {5), which is

adled Australian fovmuta, for our velume salevlation.
Further, inorder to cxamine the effect of independent variable

1 - " Ly 5 " N . PR - Ve . +
in formula (5) to dependent vartable, a signilicance test in partial

regression cdefficient in cach volume formula was conducted by the

P, 0oas ] - . b 1
io;muld }h bclow, under a nul hypothesis (H: a, o= (), where partial
regression coeflicient, Ao 0s assuned O

{where, 8ii:  reverse matriz in matris of deviarion square sum

and product sum, V. iooervor variance)

the result was obtained as in Tabic iV-13, showing the sccond variable

{Xz = H) was climinated in all formulac of volume. Therefore, the

s

i

formula-of volwne wvas determined as formula (9.

Vo= ag + a4 oas (DU ' (1

]
g

Next, in ovrder to prevenl the eifect of abnormal material to Lhe
estimated volume, a rejecting zone, wien formula (9) was applied, was
caleuntated by formuia (100, {where, t: value of ¢ st 997 level when
freedom is n-3, va‘xvz ervor variance, v(“): variance of estimated

value V)

: = s - vy (1)
YN1IR2 YHN
. Compave b ohtained by formulo (10} with vaviance V-V from
- v

regression, and veject i-th saapie wheon E VL, o~ V5l exists. As

Noal

rhe result, material No. 94 was rejected 1n Lotal volume lfovamulae,

and material No. 98 was rejected in formmlac with bhark,

In lincar regression model, there is g provision that the retabion
among variable is linear over the whole ranze of materials, But in
this case, since the number of samples avre only 100, and the range s
pnarvow, a4s 8 ¢m - 30 cm in diamctor, and 7 om - 23w in height, one
volume férmula is taken for the whole diameter grade, as iollows.

(Application of volume fovmula is omitted.)

(D Total trec volume with bark Tormula

-3 5=



(4}

(5)

Vo= 0,00674609. ~ 0.000122810% + 0.000045520711 . (E=14.96)

GD Total tree volume without bark formula

G = 0,00226291 ~ 0,00009136D° + 0.00003656D2H (1:=16.65)
C) Commeruial.volume with bark formula '

Vo= 0.00113217_~ 0.000108990% + 0.00004506D°1 (BE=15,46)
@D Commereial Volumg-without bark Formula

¥ =-0.00204230 - 0.00008071D% + 0.00003621b*H (E=17.05)

(5)  Real commercial voluﬁerwith bark formula
V = 0.00116770 ~ 0.00011814D% + 0.00004539DH (E=15.61)
@D Real commercial volume without bark formula

¥ =—0.00200872 ~ 0.00008761D% + (.00003644D%11 (£=17.20)

Tree volume table of Pinus elliottii

The tree volume tahle of Pinus elliottii are as shown in from
Table IV-14 to Table 1V-19, which are calculated by 6 kinds of volume
formulae, by the purpese of use, determined by the results of analtysig
and examination carried out by the above. Volume tébles were made,
corresponding'to the forest stands, for the range of diameter of & cm
=~ 34 em gradéd by 1 em, and for the ‘tree height of 5 - 25 m graded by
1 m. The volume tables were indicated in any cdse in values of dia-
meter with bark, because it was impossible to measure diameter without
bark. Thefefore, by measuring a diameter with bark, volumes without

bark are estimated.

By ‘the way, the relation between diameter with bark (k) and dia-
meter without bark (y) is as shown in Fig., IV-4, and the regression

formula and the coefficient of correlation are as follows.

vy = ~0.962 + 0.909x (r=0,989)

Conclusion
() cConsideration to the result of adjusted volume tables

The six kiuds- of tree-volume tables were made for study of
adjustment methods, but hereby some consideration was attempted

on the adjusted volume tables,

First, on 98 samples left after 2 extraordinary ones were
digcarded out of 100 sample trees which were selected and cut
in a forest stand, the relation between diameter at breast

height (DAP with bark + D) and tree height (H) were as follows.
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Table of total volume with bark,

Table TV-14
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= 30759 40,7900 - 0.008p* (r = 0.694)
s e an Ca e
When these data are shown on g praph, the distribution indi-

cates seatloring o some oxtont ; -
) jeattering o som extent, so the coeflicient of correlation

cannob be regarded e At 5 i
¢ d hieh, But this is the rvesult of that sample

"TYoees oo g - [ voope;
trees wore intentionalty calleered so that tree Neight might dis-

tribute in a certain ranee by vach diamerer grade.  The scattering

of this cxto Pe O Foi v o
s oextbont 1y often seen in any torest stand., Viewed from

avother angle, it weans thor such scattering as this extent always

erists due to the dilfeprent places or dificrent land positions

evaert 1o the same stato Farese ol Aouns de Santa Barbara
HLLES o an g Xl ra.

TNoxl. Ehe volaf ion tu b .
Nexl, the relation betwern bark and volume without bark arce

as in Table Tyv-20)

Table V=20 List of

the rearesaion Pormuin of 31

Parameters and correiation coeflficients in

ster to voelume

Sy
Kind of , ;. ar Correlation
ad ot volume : - i r B -t e
 hrndoeb volune : a. i a, coefficient
- _ - S N S
a. Total volume POILOBROY L -0, 01640 0.06127 0.595
With bark = - : e s -
' (b Commercial valume © 0,07084 L =0.01597 0.00126 0.897
i c. Real commercial : .'0.003251 0.8495
? volume
Without pod. Total voiume L9230 - 0111R 0.00122 0,890
bark o : : : e S
foe. Commereiad uwolame o 0, G.00123 0.897
Lr - kﬁ - . & : . .. - - S
i f. Real co Lol : 00T L0082 0.890
i 4 H !
volume :

From Table 1V-20, iu case of with bark, the regression formula

‘is Formed with nearly dar teadency in oa, b, and ¢.  The volune

was as a b ¢, so the valucs of parameteyr became a Iittle smalier
in ovder of a, b, and <. in three of d, e, and £, the vaiues of
parameter became smaller than those with bavk., But the order is
not definite as the former three, The coefflicients of correla-

tion arve generally in a vange belween 0,890 and G.897.

The relation between teotal volume with bark and other volumes,
hetween commercial volume with bark and those without bark, and
between real volume with bark and that without bark are shown in

Table IV-2].



Table IV-21 List of pavameters and covrelation coefficients
in regression formulae bhased on the corresponding

vo lume
Parameter . .
: £ wm%WH“NfH*wﬁimwmwm_ Correlation
Concerned formula . e
ajp ai coefficient
i Total volume with bark to : -0.008 0.832 ' 0.998
total volume withoul bark
ii Total volume with bark to -0, 004 1.004 0.999
commercial volume with bark : g
iii  Total volume with bark to ~0.006 (0.829 0,999
commercial volume without bark
iv  Total volume with bark to -0,005% 1.002 0.999
real commercial volume with bark
v Total wotume with bark to. reatl - ~0.,010 0.834 0.997
commercial veolume without barvlk’ : o
vi Commercial volume with bark to 0.006 0.832 | 0,948
commercial veolume without bark
vii Real commercial veolume with bark (.004 0,829 0.998
to real commercial volume without
bark

From Table IV-21, in all forwmulae the coefficients of
correlation are as high as in a range of 0.997 - 0.999, showing
good correspondence. Regarding individual formula, i1 and iv
show hardly any difference on a graph. On the gontrary; in i,
iii, and v, volume values are much smaller than the total volume
with bark., The cases of vi and vii show the same tcndehcy. So
it is inferable that the main cause for the difference exists in
bark. Tt is guessed that this is probably the reason why 5t.
Paulo state measures the volume with bark ﬁlways together with the
the volume without bark, By the way, the result of stem analysis
carried on Pinus elliottii of 21 years age (DAP = 22.0 cm, Il =
22.1 m, Tathdo No, 15) in the same statce forest of ﬁguas de Santa

3

‘Barbara, indicated total volume without bark 0.3331 m against

total volume with bark 0.4109 m® , showing bark ratio of 18.93%.
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lace

on basis ol 6 differents
is whethor Lhe preparced volume

_al(:til;ll measavement or paot ., fre th

[he

Here, considerar; 18 mat P .
R Ideration is matnly limited o rhe relating form-

:;‘01"1‘(':H|mnding to hreast beisht diometer and Varions volwmes
volume Tormulase., However, the probica
vitbue would be adaptabie o the

1 Psorespecl, we must wall Cor
field scudy vesutr.

@ Reforence titerature and corre batin: materials

(a) Reference litevalure

appl

Forestry Fuporimcnd sLation, Manasooement division: Prpiana-

tory boak for the proparation of Cree ve!

dasamiclit Chvo, Toohiakl Shiibavasti, o and H, Aok

F LI S | . T : Syt - e <

atron on volnme Tormaba of Plung ol iollidl in Aoz do
";'1"1[' (1 }"‘i"’n'i TSR Vi . N i H AN
SANLA Bartary slete Tovesi b B0, Posdo siate. frans. $5%th
Mba. Jdap. Feo, Sael ) by

(h) Covrelaviae matoris:

Varions : ; clhod hazed Lo thereef
s o -3 P .- 1. - . -~ H i - - N . .
teation ol o Larpmid bre, araphis foy various considerations,

ele. #ars min [ odon
gamploe Lrocn, calovingins meibed of s iane

-
y

material (2] Niso omaterinis sooardine volome

show the caamingt fon oo the adantabiiioe of the

actual ovampie, ra

and

@®

Birbara

Compos do JGordon ae aabioe osy

I T B U T S el TP At -
i oshiihavashi, Ny Hapga, and L Ae&L:

Masamichl Chveo, Togt

Study on the
ttil in state forest of Aspas de Santa Bar
bBeen reporbed as the stady resntts aed the mouual of prepar-
ine a volume tabic. to Internations] Cooperation Agen
well as the forest board of state of St. Panlo. The printing

irxs not been decided. 1985,

Masamichi Chyo, N. Haga, and B. doki: Stem analysis — Manpual

stem analvsis of Pinus f£liiettii. Tuternational Cooperation

.Agcncy JR 84-40 (Experts' Report of International Cooperation

on Study of Forestry in 5t. Pauilo, Brazil) p395~-444, 1984,
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(3) Masamichi Chyo, Toshiaki Shiibayashi, N. Haga, and H. Acki:
Fxamination of the conformity between actual wmeasuremént of
Volume table, for Pinus cltiotiii in statec forest of Aguas

de Santa Barbara, dittd, p291-310, 1984

4) Masamichi Chyo, Masaru Kobayashi, Rivoshi Suzuki, L.Z. Bucci,
and J.M, Motta: Examination'of the coufoimity'between actual
meagurement of volume and volume tabie used,_for Pinus
¢lliottii and Pinus patula in state forest of Cdmpos do

Jorddo, ditto, p311-335, 1984.

I¥v-3 TForest Analysis by Alr Photeograph
tV-3-1 Interpretation of TForest by Air-Photograph

{1) Purpose

As a part of proper managing technique of water-veservoir forest,
this is intending to practise the interpretatioh technique of air
photograph on forests, in order to establish the way of availing forest
in the economics, and also aims to place foundation to educate Lech-
nical personnel to attain systemdtization and organization in order to

use such technique in various fields in future.
{2) Process and accomplishment

C) Institution of a study and training course

In order to achieve the above purposes, a study and training
course was instituted, thereby attempting te instruct from the
basic principle of air-photograph to the using technique for
foresr-survey, and at the same time train-thc.technique by the

practice of interpretation.
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Table Tv-22

Namg

Qualification

thideyo Aoki

Ledndro José Bellix Faurin

Master

Bachelor of
agriculture

List of Uradneey

T

Oceupat fon

escarchoer

Agricultural cngincer

e e e e e e e e H i
lvan buavez da Mota Bachelor of iFurosta1 engineer

forestry % i
[tiana Rajo Saraiva Bachelor of %AgricuiLuru] aninuurz

7 agriculture ‘
Sandra Regina Gomes Student L Dstagiario®
. H - i
1 e

Content of studvy and trainine

(a) Preparation of mannual

Since distinet

temporary personnel

difference wias

perceived in

Training
in Japan
Mg, 20,81~
ot 149,81

individuasl's

ability, because there were wnesperiencod people fu aiv-

photograph, or some peanle

any precise theorv, it was

tevel of traipgces. So

3

was to take shave of

By doing this, a mannmuid

was prepared.

(b)

Making of index map

in

necessary to unifyv ot
ovder o ascerbaln b

<

were used, whoereby

aloud,

For rhe nractice

who handlied photogra

plis without

ha knowledoe

e basic

, bhoe oxisting texthooks of

cach trainee

in Peortuguesc

The ability to use the interpretation technigue of air-

photograph is significantly alfected by the accuracy corres-

ponding to a topographical map.,

interpreting

training was

Thervtore,

to know trainees’
ability on topographical map, the practice

carried out to make index maps on the topogra-

phical maps scaled 1/56,000, corresponding to 69 pieces of

alr-photograph of a scale of 1/8,000 with photo-elements in

Table IV-23.



Table TV-23 Photographing conditions’

Date:O% ) Course Focal distance | Photo Noi Num§er(m
photographing No. _ photos
June 2, 1977 x. 11 1)[ 44 (mm) 179 - 181 3
June 28, 1977 1 Fx. 12 4 204 - 217 13
July 9, 1977 Fx. 13 | 152.67 239 - 248 10
: i '
July 7, 1977 Fxo 13A 1 151,44 273 - 284 12
June 10, 1977 | Fx. U4 | L 296 - 312 17
i !
June 19, 1977 | Fx. 15 " 342 - 355 L 14
g j Total 69
i i S —
i;- ] S ;MJ;WWU“TﬂT?bq
R e

.,. . : 5"0,' o “‘0 —_’__D‘__’.O ’0?, (;d a o L:-
(“5“5 CaruH.. \‘ . L

o B R . T O

f ;2«%-3% I L Sy S U 22
Ve =9 ‘"FQ’-TC- FEE b S
) ‘_.;".«' Fer. do e\,, {a!lr,h:; I - :

Fig. IV-5 Index drawing

in this country, index maps have not been used, but
photo-index (Fig. TV-6) has heen hsed;: The reason is pro-
bably because the kind of topographical maps is few still
now Ln this country,'énd besides, the interpretation of
geogréphical features is difficult since there are many
flat districts where no éignificnnt building structure exists,
so photo-index may be used instead, which anybody caﬁ pasily

understand,

The features for both of 1nd&x maps and index~-photos
are expressed in Table 1V~ 24. The prominent feature of

using index map is that it is less in the cost and easy to
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Theory of tree height mcasurement
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he kept handled, and this is regarded superior to the

feature of photo-index that does not need the simplest

technique of topographical map reading,

Table IV-24 Chavacteristics of index map and index photos

Ltem

Topographical map

Intevpretation of
Topographical map

Correspondence to
Topographical map

Productlon cost

Handling

For a flat topography

Judex map

Very inexpeunsive

Necessary

n
Comple [;._e

Simple

Difficult

Index photo

Unnecessary

Incomplete

Very expensive

Too large
Manageable

Range ol area Clear Vague
Faurther, duving the index map making practice, 1 a
3 o i 2 1 )

photo~-system,

conditions of

2 deformatiou characteristics of photo, 3

a flight course, ete. were clearly understood

hy trainees, and promplness in reading topographical maps

was cultivated.

proving the reading techniqgue,

{c)

Measurement of Lree height

These are considered to be helpful in im-

Starting with the principte oﬁ.air—photograph, and

attempting to let understand the theory of measuring the

difference in the height, substantial training of three

dimensional view was carried oul.

Stereoscopic view of a floating mark

Availing a figure model for the practice of parallax

measurement, make practice repeatedly until one can accura-

tely cateh the height difference of stereoscopic images
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lmag e

f\/’“"\/\l

Floating mark

Il" 30 em e _""3!

Fig. [¥-8 Model for the practice of broe height neasarement
and the lmase o o Tleating mark

Table 1V¥V=-25 Example of measuremeni fost table
el paratian divferimeos
VALOR MEDIO P , s
J 3 | | MEDTA P
= n " ’ 1

1 1466 155 0,92 001 00001

21466 13,74 0.92 601 00001
T 1373 0.59 602 0004
4 1466 1374 092 000 00000
s 1ae2 imgd4 08t 00w 00000
% Trast 1368 0.9 002 poo4
TTUTT TV A6 1369 oot wno 06000
e Y S VX DR XX 0.06 00000

0oy 003 00009
10 1462 4 373 0,89 g0z 0.0004

L
=

Tt ori ooozs
win 001

TESTE j a0

n—1 9

EXBNPLOT 00023 1593

!

e hoa
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through a SterQOScope_Qith the point (a floating mark) as
in Fig, IV-8 marked on the parallax measuring bar, Table
V=25 {illustrates an example of pdint—tub]e'of a Lrainee,
who attempted 10 times of measurcment using this figure

model, and acquived an allowable accuracy,
Measuremont of single ttroe

After having finished the practice of h,.ropeat to
éompaio the measurement read on an actual tree with the real
trec length, so Ehat mﬁy remember a stercoscople feeling
when a ELodting mark locates very close to the ground suriye
and locates at the top- of trec crown, thug obtain the tech-

nique concerning image in photograph.

£
L

Moasuvrement of tvec crown

For this measurcment, a crown diamter measuring plate,
2 tramsparent plate ¢n which a number of black circles of

diffevent sizes are drawn as in Figure IV-9 is used.

e e s a v
ii'l'fl”iliff'|'§'|';
3B 7T " 9 10 W r2ad oan

—
—
)

Fig., V=9 FPlate for crown diameter measurement

This is rather simple measuring techalque, but guldance

wag conducted with emphasis on the following mark,

The black circles on the measuring plate are arranged
by the size with the difference ir diameter of cvery 0.05 wnm
On measuring, by using a stereoscope of 3 magnifications,
the unit becomes 0.15 mm Care was taken to assure the feeling

by eye on the delicate differcnce.
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(d)

in Figire [V-10 on

Measurement of number of s(and fng btrecy

Measurement of nuwber ol srandinge

Lhe namber of standineg troes on the pho
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Utilization to Torest survey method

Forest Board, from 1976 to 1978, carried oubt the arca
survey, with the name of “forest survey in St, Paulo StaLwh
of arvtificial forests (pino trees and-eudnlyptuses) in 32
towns or villages (1,453,000 ha) in the watershed of Palaihg

River. (Figure 1v-11)

/‘\,‘._,_______p__* N

/ wy-;‘z&!’"’m
//<;\\\\Jf5”“ I 1
< JORE DU R, PRETO
ARACATUBA . :
el RIBEIRRO PRETO
e
W l
PRES, PRUDENTE \ e
_ BAURE
MARTLIA s
e
A TNAQ - -
na_/’"“‘\\a\hm‘\\ - #SAln’a\A. S’ \n_,nj
- - ey 9 E
P B ~ =
\ l'\':\!..l‘l DO PARARA®
1—- 18977 —=1 145000 TN i _/Q e
. i ' r Y /f;;Vqé7
— 1977 e ] 45000 R o
I i 1 i 5, 0 "")]5(')("\“\ SAD PAULO \/_,/f‘f
fi— 1978 e 35000 TR ARS ¥ N
N 1977 T8 1: 40,000 R ]. _“..,.,.._AJ_IKU,, Lyl [\5
Vo Sehedule e L 85,000 ‘ //V :
pROtopLaphing ) ALE DO ORIBEIRA
- # el I 1N 1Y) v
1 — ;‘xiogmp}ning,,hht S 10000 2 /»
Y — e} D 20000 /

Fig.

W11  Pholographing plan of State of 50, Paald

In this survey, pine trees were classifipd.into tropieal
and temperate pine trees, while cucalyptuses were classi~
fied into for pulp and for lumber. FPurther, pine trees were
divided by forest age into 1-4, 5-6, 7-9, 10~12, 13-16,

17-20 years and exceeding 20 years, while cucalyptuses were
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tnto -3, A5, 6~11, 12-17 and exceeding 17 vears. The ros-

’ *
‘pective arcas ¥ e Pt .
pective arveas For each division were summed up by city, town

T : ¥ 3 1Yoy s . e foo

or village. Data collection was made by the information
obtained hy tnquiry and the ascertaining survey of areas by
air-photograph.

Further, since the personncl who took part in the above
survey were the principal coastituents of the trainces of
this course, they were so mueh interested in how to ntilize
the accomplishment of this training course in the volume
survey of artificial lorest of the state that the practice
of the interpretation teehnique was carcied out concerning
the statistical analysis by sampling method as well as the

reading of Forest aspects of artificial forest,

Un basis ob the state survey materiaTey the techuique
to estimate a volume value per ha by forest age from outside

mformation was instructed, thereby the way Lo Figure the

tentative total volume 1n Palaiba River basin was shown.

Results of training

After practising this training course, we were impressed
with the following:

First, the techunique to iuatevprete topographical map, l.e.

the technlgue to know the topographical state of the land and

relative locations theveol from the aspects of contour iines of
toﬁographical map, was learned well sufficient to make an index
map but is insufficient to identifv the exact location, due Lo
the lack in experience. Particoelarly ghe speed of performance

was unsaltigfactory.

Second, as for the interpretation technique on tree heights
and crowns, by means of carrving oul exactly the detailed working
procedure, following furnished precautions, it was concluded
that the measurement results were of atlowable accuracy.

Third, in order to interprete average tree height, crowns
and number of trees in a forest stand, it is necessary to obtain
such ability as to prasp in which state the above items are dis-
tributed in the subject forest stand, when the forest stand is

looked as a whole,
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S In the.below,'éhowing the.vﬁlﬁes of measurement by exports
on avtificial fovest stand af Arauvcaria (A¥aucaria angusti Folia)
as the basis and the distrvibution ol measurements by trainees,
the uccompiishment and the level of the interpreting techuiques

are considevred,

(a) Average tree height

From Fig. TV-12, it seems that thce interpreter 4's valy,
is nearest to the expert's measurement. Though the ihter~
preter 4 has the f{irst experlence 1 measuring tree heightsg
this time, he has so far directly flandled a number of air-
photograph for our survey, aud so it scems that his abundauc
experience in photos has ﬂﬁfected'favourahle.results on the

measurcement,

ight measurement

e ne

=1

Average Lré
trainees

bv

g g et

12 14 16 18 20 22 24 (m)
Average tree height measurement
by expert
Fig. IV-12. Results of training of tree height measuvemncnut

B b

Though individual's skill difference was not particular-
1y'recoghized, sometimes quite different values by other
trainees from those by experts were noticed, To prevent

such dispersed measurement, it is advisable to make the

upward and downward movement of a floating mark as slowly
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as possible, sometimes neglecting the view of a floating
mark, thus concentrate en the stercoscople view of the
subjécts then try to look. the storvevoscopic view of a {tour-

inz mark, and repeat the above,

(b} Averase diametoer of crowns

The crown of Araucaria displays, when LU grows up to g
certain age, a ligure like a spread umbretia, as in Fig,
Tv-13.

fndividual's skill difference was not pereeived Trom
the traineds' picasurement 1.‘(.*5—‘:1%_1&;, p)“m-'i.([ing almost uniform
dispersion arcund the ekpe-rt's‘. values, thoagh the oxtent
of disperston scemed a Pitele veo wmuch as shown in Fig. v
T4, 1t was Judged the mean values of their weasurement

could be used as Vairly trastable values,

PR
.,

64

.

-

MOASUTL
*u

sy
\'\
KN
.

dlamatb
.
R SN
.

. qaba

orown
3

aran

.

e ey e
3 : 1 5 : 6 (el
Average crown diameter measured

by export

Fig. TV-14 Results of training of crown diameter measurement
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(¢}  Number of trecs

2 TV=15 el et v

Plg., 1v-15 dicates, when the number of trees per ha
exceeds 300-600, the reading of the aumber of inferior trees
becomes unsaccessiul . '

On the other hand, the weasuvement on about 200 trees/

ha are also extremely dispersed, teading to overcount the
expert's valuc, Probably this is due to the fact Lhat a
crown of araucaria has such characteristic figurd as cach
part ol adjacent crown circles is looked together like form—
ing another Cirglo, and this causes misinterpretation, (T'ig.

IV-16),

When the measuvcment rosuics of trainces are looked
through, excluding those values regarded as miscount, the
results 1adicated nearly cereain dispersion.  1r is concluded

that when the wmean valoe of the weasurement 1s used, that

will lead to some relation formula concerning the actual

number of trecs,

Accomplishment

As the detailed work procedure to scparate items is deseribed
in Portugues, woe belleve the foundation has been sol S0 that
the trainees can independentiy goide the practice to other
vesearchers or workers interested in photo igterpretation in the
future, |

Therefore, it is expected that from now on they will apply
the available data for interpretation in the various fields of
research and study, thus become able to judge by themselves che
extent of trustable accuracy, and accemulate rheiv experience.
As an expert, it will be rather efficient if thev tryv to indicate,

as much as possibte, how to use the interpretation data.
{(3) Tuture forecast and problems

GD Sterecscopic view by naked eves
" ’ 2 > o) "l
The stercoscepic view by naked eyves means, when one looks
at similar images on a pair of photos, one looks divectly at a

left image with a left eye and, a right image with a right eye,
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Fig. 1¥-153 Resuits of teaining of pumber of standing lree measurement

Fig. [V-16 - Judgement and mis-judgement
on resembling crowns
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without availing

@ stereoscope, thus obtains a stereoscopic
feeling with the fmac i 1
ceelling Deamage built in one's byrady o :
I . : ALone’s brain,  However, the action
af ook at s thins 1o
of .Ok.‘lnéf, tosomething iy normal) v by human habit 1o leok ar the
M vy B HEN - . N ' -
ohject with both cyes, whereas the naked cve stercoscopic view

‘orees 51 P N o S N
Forees physioclogical rofleet Berves of both oves to Foreus

separately by one'y | T . : . . :
par Yoby onc's ainteation, so considerable training 1s required,

I Japan, this naked eve stercoscopic view is deemed an
essential technique for interproting technicians and researchers
wio frequently use photo tnterpretation.  Since no equipment like

: sboeroose T iy 3 . o : -
a4 stereoscope 98 reguired, the benciit of this technique is

3

neoed less v ot whoncvo s VR .
ced e Lo sav, that whoneye; pary ol photos are avaliable,

TSI v 3 R Ty e i A S . .
regardless of the Piace ov Lime, thi stervoscople view of the
imave could o o il s . T + :

mage coudd be obtainzble, so ir Qs not anty convenient in chock-
ing the-detattod slevenseoyie foeiing 4t site hot also helps to

accumulate various uscf

=

pretation eepevience, wvhereby con-

Aributing to improve fhie technioue.

Howewvoer, iy MNorthery and Southorn Amevican continent, inetud-
: S S T B S A L
tag UL S50A 0, theve are verye Few Hrerpretailon techiticiang capa-

bic of the noked cve sterveoscopic view,  in othor words, they

scem Lo study only in the

gl interpretation technique that

noecd not the aaskoed ove stvvcosooric view Leehnique.,

Large—scaile alr-photas

For the goidance of techmigue ol phote inter-

pretation, a fTarge-scaie photo  of at feast 1/10,000 is desirablie.

CHowever, the vecont silustion of aiv-photosrvaph in this country

indicates the photes with the scale o7 /755,000 - 1/35,000 are
This {act s also conghd

nany Lo uumber. cred as one of obstacles

in educating interpreting tochnicians,

Bub, on the contrary, @s the avoilabilicy of the interpret~

ing techuique increases, rhe dew for 4 darse-scale phore will

increase, hence. the spreading etfeet of rhis training is expected

in [uture.

Training system of phato interpretatioun technique

Remote sensing technique, that is able to a great mass of

information into data guickly, displays much benefit in various
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