survey in the vast . area-in Brazil,  The last training oditcated
many intcerpreting technicians, maling a basc Lo faiSc tho_l¢Vo2
of remote sensing technique irself.  lence, the trainihg who
attended at the lﬁst trainiug course are expected to endeavour
to spread the téehnique. We would like to propose to sct a
continuous trainiﬁg course and to formulate a system of qualiri-

cation of the training vourse graduates.

Conmstruction of Aerial Volume Table

Purpose

The growth of artificial plantation (malnly pine tvees and cucaly-
pteses) in St. Paulo state is generaliv very well; for example, the
cutting period for pine trees is said to be 20-25 vears, though Chere
are uncertain factor duae to insufficient experience; and eucalyptuscs
can be cul in sevea vears. Buch belnyg the case, the avea of artificial
plantation itsclf varies extremely. Therefore, it is rather difficult

to grasp the diseribution of volumes at a destined point of time.

fven under such sitwation, if there is a rather simple way of
volume estimation, that is, in a short time and with a low cost, the
attempt of an experiment with such method as a temporary measure wonld

contribute very much to the vegional or short time Torest policy.

So, the atilization of aerial volume rable is taken up, which can
estimate volume Dﬁiy with the intarpreting'work.of alr-photograph,
though the trustability of accuracy is a little low and the range of
application teads to be narrowed, and L1s more advantageous than prac-
tice of sampling survey, because when a proper alr-photogeaph is Lakesn,

volume can be estimated almost simultancously,

Further, if the survey by sampling wmethod is practised afterwards,
the air-pholograph method will display its usefulness sufficiently wilh
the monitoring eéffect to detect the trend thereafter in the avtificial
forest.

In addition, in those discricts where the ﬁolﬁme information
is almost nothing at a present time, or as the rough estimate of the
current growing stock where only.state information is available, the us

of aerial volume table, which enables to estimate growing stock in a
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short time and with i low cost, ig advantageous

(2)  Process and accompl ishment

(D Determination of working procosy

On making . e ! .
making an aerial voiume table, 1t must be fundamental ly

examined at First whethor ame Fao . o .
© C Lirst whether any facrors to estimate the volume

“directly or indirectly are included or not, and if included, how

to take out those factors and make data out of them,

(a) Selection of tree specics
Lt ts probably o resgonable Wwavoal anproeach to make acrial
volume table {rom such a broe spectes as ite crown andheight, which

can he the factors for photo-interpretation, have relatively

simple refation to the wrowth of voluwme, and the number of trees
18 easy to be weasurcod.
-

Tiwrs, the spocies seleelod for the Firvse step of making an

derial volume tabte iy

(Aravcaria ansustifolis).

(b) Seclection of airv photorraph

O delermining the seale of photo, it is normal to select

a propey compromising soale according ro the purposc.  However,
for rhe purpose o wmoke a0 seriel volume table, the least limit
of the scale is gencralls 1710060, Tarther, considering that
the move recent airv photoaraph mav have less problems in compari-
son with ground data, it wos Jdecidad to use the photo of 1/8,000
scale taken in June 1982, which was nsed in the photo-interpreta-
tion study in the previewes section,  The clements of the photo

were shown in Table FV-173 in Lhe provious section,

(¢)  The place of survey
Since the aevial volume table is to estimate the volume of
a forvest stand, and facters for interpretation are also expressed
as one of average data on a lorest stand, it is advantageous that
a unit forest stand should have uniformity as much as possible,
In such view-point, araucaria artificial forest of Mcjoramen-

to company (privately owned) was selected as the subject, This
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locates 25 km north of §t. Paule city (West 46°44", South 23°
24", with its history of forestry since about LOO years ago,

where below named other kinds of troes have been well controlled,

Cupressus lusitanica
Cuningamia lanceolata
Cryptomaeria japonica
Taxodium distiuim
Melia azidarachi
Pinus spp.

Eucaliptus spp.

The average above the sea tevel of the selected araucaria avtilicia
Forest is 780 m. As the examples of thinning is shown in

Fig. 1v-17 (from the data published in rhe 1982 Tirst mecting

of forestry soctety on Brazilian native treec species ) to find

the contrelling situation, it is learned that Enirly.CRreful

tratning has been repeated.

volume
per ha
(')
32 99 26
23
/
100 a6 / !
too20
I ,-"/ i 1//!
-
300 | V1
{ ’_,»‘{
| .~ i
15 i .
{15
| /,,/.f
L l
‘ ] 13141
200 Ea
L]
L BVEEE
- g4
100 - -
b e e t__t?._,v,,—
1000 2000 3000 et o et

Fig . 1v-l7 Thinning status of araucaria artificial forest
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(d) Determinalion of method

As for gencral -
8 L e methods ) two we 4 Are be :
: ds, two wetluxls are to be considered;

the First is a method by - :
' bots amethod by a multiple repression Lormula where a

volume unilb per ha of a4 Foreer .
toper ha of a forest seand of o certain division is

nade a depe - v el ] e
ma a dependent vartahle, and measurement data of intcrprelalion

factors arce treated as indepo : i
¢ i cated as Independent varlabies, aud the sceond is

<o ot 3 - :, .
a method by multi-valiare analysis where the above factors are

Wit 3 - 1 . = H Ty

extended to include the quantified data of tupographicsal and
peological features v 8oLl and ground grade coefliciont

Here, attaching tpertance to the simplicity due te the

-eviously 3eT Lhe el ey 1 . .
previeusly described hackyground and constdering the meaning as
9 ! 1o

the application of i pretation traini i i i
I { ointer pretation traning in the previous seclion,
1t was decided to lead an estimation formelaq of a volume per ha
(a multiple vegression Formulal) {rom ihe crown diancler ; !
) e crown diancler and the
numbor ol trees per ha in o farost stand, aud make s volume

table.

The renson why the factor of tree heisht was discarded as
seen it the reading vesults in the provious section (Fie. TV=12)

doen m
was dirvectiy due to the unskiiled interpretation technigue thac

did nol cexpress allowabic accuragy . Busides, there are Jew cases
whoere the measurement vaive of Crece heivht could bhe divectly used
as a general Lactor for the use io maring the aerial velame

tabte. in other words, the factor of trev heizht availed in
general is a way substituring for s arading facter in helght
comparing cach other, vesarding o forsst atand as a vnit. However,

this was not also adopted because the interpreters’ cxperience in

interpretation Lechnique on the foress gspeuls was tnsufficient.
After all, the multiple vegpression foraaia as @n estimation
Formula 1s presumed as below.
Cstimated volume = a ¢ bhelorown diameter) + o (number of
Estimated Fuy 1 helorown diameter) + o (number of

and number of

trecs) + - (combination of crown

Lreas)

wheve, a, b, ¢ and d ave coerficients,

() Practice of work

On practising, the process fiow is as in Fig, 1v-138.
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Fig., IV-18 Flow Chart of work procedure
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{a) Field sufvby

Every tree survey was conducted by 5 trainees at a ratio
of 1-3 plots ecvery division by forest stand as in Fig. 1V-19, gy

the data for 34 divisions in Lotal were collected. lere, the

==

size of a plot was 0.1 ha (40 m ¥ 25 w),

As a vesult, the frequency by forest age of the surveyed
34 divisions was as in Fig, TV-20, The items of measurement werp,
breast height diameter, tree height, and number of trees, where

were as shown in Table 1V-26 respectively.

!
i
i
ﬁ%}
! A
S
ey ‘
o : | e
20 : : ! ]
: | i
; i i !
i H i M
i : i :
: | T 3 i
i : i i i
g g oo | 21
Y SR IS EN SR S
a5 - K o ) '
1, . - v 1 Forest ago
£ k) Y Ta %

Fig. IV-20 Distribution of the collected data frequency in the forest age

{bY Average crown diameter in forest stand

Each trainee who conducted the interpretation of air-photo-

graph, took 3 intermediate crowns in a division, measured diameter:
respectively by means of a crown diamétef_Measurement plate
{Fig. IV~9 in previous scction), and caleulated the mean value,
which was considered as the value of measurement of crown dia-
metev, ‘Individual's measurement values thus calculated were an
in Table Iv-27, showing a dispersion.. However, since the dis-
persion was around the expert's measurement value, and there was
noticeable difference among individuals, as in the result of
training in the previous section (Fig, IV-14), the mcan of the
individual's values of measurement by every division was adopted
as the data for the factor of crown diameter. In addition, the

“standard deviation of the difference between individual's value
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Tab ]

ferial
numher

9

13 .
11
15
16
L7
s
m

i

20
21
22
23 |
2 4
25
26
27
28
29
30

32
33
34

Section number

21
22
23A g
238
27
28
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Soction avea

FOO

7.2
2.6
1.0

2.2
1.2

2.7
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hreas hutphit
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29 | . 2]()
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29 % 197
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_
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Table 1V-27 dMeasurement values of crown diameters and the average

. ; e
Measurer
1 2
Section NO™-.
e e s T
3 ; 2.7 3.9
i
2 ? 3.0 3.0
E
22 : 2.9 8.7

,
.
jos

0
[

s

83A

319
332
336
338
349
361
446

1.a
o~
3.5

1.2

3.8
31

2.9
3.5

4.2
3.3
2.8

3.1

5.4

q, 9.

,.
-~
-

3.6

[
~1

— b
o Ll

o

2.6
3.1

3.2

-

i
-~
o

5.9

30

4.9

6.

a

Average

3.0
3.3
3.1

3.6

.,_.
[

1.9

:._».‘
=1

I3
=
oo

3l
vy

pat)

-l
-~

<
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¥ TV-28 Moasurement valuos of -
able 1V Measurement valuos of photo-numbers of trees and the average

w{‘ sur Q‘r T o O U
l 2 3 P -

section No. g G Average
3 350 184 138 Ry 550 507 108
2 | 617 350 5350 3 190 460 Y
22 585 AT5H 595 158 540 100 508
234 173 158 372 100 425 58 0 108
238 625 ey 360 143 500 182
278 287 283 278 Pt 22 1y 23
28 287 220 285 217 520 250 263
33 430 358 32 K 400 308 555
39 1S 453 24 Bu 440 500 359
4 ¢ . 540 547 T80 6o
80 627 600 156 aRT 500 119 PRI
g1 510 593 517 48T 475 22 45
B3A 215 ido 2R 375 500 42y
838 5 335 i3 347 340 125 370
111 i 975 i G 6350 P R
11 L o27o 575 as0 240 275 48
129 E 330 330 U8 260 203 10 )
144 to270 52 8 220 240 265
I57A 260 200 25 EE 220 187 2u5
1578 285 200 260 207 220 210 230
160 190 &7 290 167 150 173 1938
161 205 107 390 b 9y 186 21 4
167 2590 200 118 30 11 R 240
312 200 110 263 280 P9 227 212
313 300 b1 7 t20 SN tuu IR 580
315 170 P 283 i 224 253 A
319 335 270 430 P56 360 372
332 190 R 215 70 286 207 221
336 430 38 15 Lo 300 13 P10
338 365 375 125 360 260 260 35 8
339 340 300 350 333 260 287 513
349 5572 533 568 g2 150 550 524
361 825 108 625 575 500 433 561
ddb 460 650 167 150 575 520
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of measurement and bthe mean was 9,8%.

(¢) Number of standing trecs

In photo, select 3 forest sections which are interpreted
to represent the intermediate number of Lrees out of forest
stands in one division, overlap on a proberplot size on a ploy set
plate (Fig. V=10 in previous scction) and count the number of
trees in each phota.  The mean value is to become individual's
value of measurcment. Thereaftef, similar to the casce of crown
diameter in (b), the mean value of individual's value of measyre-
ment by division 1s considered as the interpreted number of
standing trees of a division, which will be used in the estima-
tion Formula (Table 1v-28), In addition, the standard deviation
of the difference betwecn individﬁal's valie of measurement and

the mean was 17.77.

C) PData analysls
{a) Ground data
C) Calculation of volume

i} TFormer method

The volume per ha of a forest stand is obtained by the

following formula,
‘V=BAXxHxKxTF (1)

where, V: volume per ha
BA: average.basal arca at breast height per ha
 Hi: average Eree height
K: bark percentage
F: Form coefficient
In addition, taking the volume of round timber with bark of
lmx I mx 2,4 mas 1, a batk percentage is expressed in ratio
of the volume after the bark is peeled off dgaiﬁst the original

volume, which is given by a foreslt age.

The form coefficient is a taper ratio from base to end,

which i1s also given by forest age.

Thus calculated results are as in above. Table 1V-9,
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Apply to linear regression formula

Formerly, the volume was obtained by the above formula i

2
using given values, by Forost age,

of bark percentage (K) and

Form coeflicient (1), Taking the volume calculated with the

‘above methed as q dependent variable, and considering the value

of (diameter at breast height} x (tree height) mulciplied wieh

number trecs as an independent variable, when they are applied

to a linear vegression Formula, the result in Figure 1V-2] arc

obtained, thereby the below 1inear regression formula (2) is

acquired,

v

]

12.2 4+ 0,578 x » « (%%%)2 x H x N {(2)

R

0.999
where, Vi estimated volume (m®/ha)
e 3,14
DBH:  diameter at breast height {cm)
H:  tree height (m)
Ni number of standing trees (trees/ha)

R: coefficient of corrclation

ﬁolume |
(m®) '
5004

400

300+

200 -

e e e e e T T

T T ¥ T T ]'_'J " N
100 200 300 400 500 600 700 800 900 w(7/2)<HLK

Fig, 1v-21 Estimation of volume by diameteF at breast height,
tree height and number of standing trees
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Therefore, it is possible Lo estimate volume by the Formyl,
(2), regardless of forest age, if only diameter at breast heighe,

trec height, and number of standing trees ave knowm.

C) Growth curve

When the average diameter at breast height aud_the average
tree height in a forest stand by forest ages are cxpressed in
linear formula as well as in a loparithmic curve formula, follge

ing formulae are obtained,

Average diamcter at breast height (Fig. 1v-22)

DBH = 9.69 x 0.461 x I (3) R = 0.904

DB = ~23.7 + 4.1 lop ¥ (4) R = 0,907

Diametoer at !
breast 'lleigi‘.ti_(':l.’!} H

a

| .

! v = 9.694-0.461
|

veEm e 2874140 Top x

20
;
i
i
1
i
i
104
: B e S I S I s ey

10 20 a0 A0 50 Forest age
Fig, IV-22 Forest age and diameter at breast hﬂight

Average tree height (Fig. Tv-23)

H=13,7 + 0,193 % (5) R = 0.739
H = =1.83 + 6.37 log I (6) R = 0.809
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tree heighi
(m}

244 °

Voo 183 B 60T lops x

10~

! i . B

-
10 2 : a1
20 30 10 50 forest age

£

Fig. V=23 Forest age and tree height

vhere, DBH: estimated diamerer at breast height {cm)
H: estimated tree helght (m)
[: forest age

R: coefficient of corvelation

From those coefficience of correlation in above linear foriu-
lac and logarithmic curve formula, it can be seen that diameter
at breast height indicates a linear growth, while tree height is

better expressed in a logarithmic curve.

(© Thinning

Same as above, the change in the number of standing trees

becaomes as in Fig. Lv-2&, where the formula is expressed as below,

N = -180 + 19764 = (7) R =0.831

— | —

where, N: estimated number of standing trees {trees/ha)
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Number of standing

s/ha)

4

I: forest age

R: corrvetation coeflfilcient

v -?\1804-19764-J
1 b
1200 4

I
1

B 0831

1000 4
800 4

GUO -

400 - el
o ‘v :
200 + T
L_.__ e . -y 1 . i f
40 30 Forest apc

1o 20 3

V=24 Yorest age and number of standing trees

Fig.

As seen Trom Figure V=24, the number of trees within 30 years
bowd 3 E

Forcst age indicates that thinning was practised only on small

wmber of trees, and this coincides with the decreasing tendency
in volume ﬁer ha of less than 30 vears fTorest age, which is
shown iu the thinning . state as in Fig, Iv-17 on the basig of othor
literature, wheveby the characreristic of thinning practice in

this artificial forest is realized.

Since the. decisive factor in practice of thinning is suppos
to he the diameter at breast height, the relation is shown in

Fig. IV-25, and formula(8)is adopted,

o "

N o= =549 + 25489 /DBH (8 R = 0.846

where, N1 estimated number of trecs {(Lrees/ha)
LBH:

R: coefficient of correlation

Average diameter at breast height (cm)
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Fig., I¥-26  Crown and diameter at. breast height

Tree height

Same as above, the relation with tvee height is as in

Fig., TU-27. and expressed in a linear formula of (12) as below,
b i

o= 11.8 ¢+ 2.03¢ {12) R = 0,857

where, Hr estimated tree height (m)
C: average crown diameter (m)

K coelficieont of correlation

v 118 2 alx
R O4RsY

2

ght (m)

hel

Yo

[

Ltree

.

150

SR SRR VISR SRRV FPSIPT NV ,.,k-‘l....
i 4 3 4 5 I
Crown diameter {(m)

Fig. 1¥-27 Crown diameter and tree height
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Volume of averaging single tree
The average crown diameter by individuals {(hereafter called

n . ', ot Yoty d : V

crown diameter”) which ig uged 11 aboyp (D :md@ displays

relatively high correlation with a diamctor ar breast height as

well as with tree height, ‘then, it is naturally presumed to be

of high correlation with the velume of o stngle tree, which is

expressed in {(diamcter ar breast eight) x {tree height).

Henee, as @ way to cxpress rhe volume of a singie tree {rom

the ground data, when the aclual velume of a forest scand obtained

in formula (1) is devided with the actual rumber of standing trees,
then “the averaging volume of 4 sinele tree 1n the forest stand

will be obtainced.

Then Lhe rolation hetween

alies and o crown diameter
is as ia Fig. 1V-28.  As the reonll o or apulication of the relation

Lo the followiay Iivst, sccond zid thipd degroe fovmuiac of (14)

H t )
the sccond degree Tormula of s indicarod sueh coefficiont of

cocrrelation ay high o5 0,947,

[V o= <0017 + 0,305 (133 B =~ 0,925
TV o DUATh - 02520 ' (14) B = 0.947
TV o= 0195 - UUOO0FYTC 4 4, 0058707 {15y B o= 0,946
TV = 0L178 - 0.000683CT ¢ 0.0855830° (16) R = (.946

Y = 006067 - GUAZ3C ¢ GUT1500 - 4,0042507 (17) R = 0,946

whiere | V1 catimats! voiume of single rrec
{‘l
R Preiatron

~391-



Fig.

()

™ !
ek v AT 0252 5 1 0.0672 37
o
vk R 0647
oo
m |
—~ Lo
o0 i
R
' 0ok
I :
wa 0BT
<
[\3]
g 07
-]
—
2 06~
Lt -
5 oos-
) *
o} .
:!:} (k- +
T S
Rf,» "1 ' S I
! 2 3 5 i

Crown diameter (m)

IV=28  Crown diameter and averaging volume of & sinple tree

Application of anumber of standing trees

The relation between the mean of the number of standing
trees measurved by individuals on aiv-photograph (hereafter

referred "photo-number of trees”) and actual number of standing
trees is as in Fig. IV-29, which can be expressed in formula (19)

as below.

N = ~144 + 1.B2FN (18) R
N o= 56,6 + 0.730FN + 0.00132rN° (19) R

= (1,946
0.953

I

it

where, N: estimated number of standing Lrees
FN:  photo-number of trees

R: coelficient of corrclation

When we examined the average ratio of pﬁot0mnumbcr of troes
by the above Eormulé(lQ)against the real number of standing trees,
as shown in Table IV-29, the ratio is 70% or more for the veal
number of 500 trees/ha or less, and 60% or wore for the veal
number of 1000 trees/ha or less, thus showing such number of

trees can be counted by air-photograph,
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Fig. 1v-29

Y66 0730 5 2 ponkay
R-0.051

S P | S L i -k

2000 300 00 spp

Photo-number of

Photo-number of standing

aumber of standing trees

B0 06

standing

Lrees {trces/ha)

trees and standing

Table TV-29 © Averaging ratio of the number of standing trees

to the photo-number of trees

Number of standing
trees (trees/ha)

_ 142

255
394°

564

! IR e
90 600

1214

Averaging photo-number
of trees (trees/ha)

1.00
200
o0
400

Photo-number of trees
Number of standing trces

700

393~



{d) Combination of adaptable formulac

The Formula of volume of a forest stand expressed in the
average diameter at breast height, the average tree height ang

the namber of trees in a forest stand is hareby again shown ag

bhetow,
Vo= a +bh xDBH x I x N

vhere, V: cstimated volume
DB nﬁerage diameref'at breast height
It:  average tree héight
N: o uumber Gf standing trcés

a,br coefficients

Here, it the relation between volume of a single tree
obtained by (diameter at breast height) = (tree height) and the
Crown d{amctor by air=-photograph Ls expresséd in the formuta(l4)
with height cocificient of corretation, and the relation between
the pumber of standing trecs and phot0~numbef of trees is expruoss-
ed in formuta (19) with'high corre]ntion, then the estimation of
volume in a forest stand could be obtained, by the caleulation
of the cstimated value of volume of a single tree by formula
(t4) and (19) muitipliod by estimated number of standing trees, The
caleulation was tried, since a cortain extent of accuracy is

expected, TE expressed in formela, 1t will be as follows,

where, V estimated volume
iv: estimated average volume of single tree by
fFormula (14) | .
N ¢ estimated number of standing trees by formula

(19) from the photo-number of trees

Table IV-30 compares the averaging volume of a single tree,
the ground value and estimated value of mmmber of standing tvees,
the ground value of volume of a forest stand, and the product
of multiplication of these estimated values. fhe correlation

with the estimated volume is relatively high as 0,786,
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Table 1¥-30 Single tree volume

3
21
2.2

Section Mo,

23A
2308
278

238
33
39

volume (m}

Actual
measurenent

0,283
0.360
0.335
0.339
0370
1.006
0.754
0.388
0.499
0.4 61
0.373
0.380

.124

DT |
L0220
o428
uéﬁx
0.980
1046
0.96 3
0977
(230
1301
.24 2
0308
0.93 9
0.4 20
0.85 8
0.360
0T T75
0.76 1
0.460
0.2 88
0.275

Averaping single Lvee

Estimated

0394d

0376
0340
0.4 61
0.4 40
.02y
0.66G9Y
396G
B4d0
0.396

0.3 3

-1

G376

0410

1.02Y

.07 6

tLo2ao

0.5156

0.9

0.543

0.573

S 0.3 24

0.310
0.357

Actual
| measurement

Humﬁur of
(teeos/ha)

520
740
710
620

-]

TR
80
280

a1

40

wt

-1
=t

GO7

8§40

. ’ and number
aiid the estimate of forest stand

volume

auding trees

629

TG0

L5073
LT

Jrz

-1
-3

Lstimated
575

Forest stand volume

(m® )

Cactual T

Weasurement

lf&g
2665
2379
2490
29351
281.6
ER N
28 4.1

20906

1884

v
[
"J
Z

2929

23 L1

T |

Estimated

Error of the
estimation
aof voilume

of standing trees,

(w® fha)

- 129

[ [T
o = e
woe W
J e o

[g]
o
2

-1

30.0
1+ 23.G

! 5.6
- 331

- 283

+51.8

4 0.2
- 0.9
- 4.4

207
- 631
1+ 2 5.1
47
+ 256

3.4
- 211
— 293
— 190
52.4
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(a)

Preparation of volume table by aiv-photograph

Muttiple regression analysis

Using the estimation Formula of the volume -of an averagiag

single trvee and the number of standing trees, the estimated

volume, which is vesulted by the product of multification of

the estimated walues. thus respectively obtained, indicated rathe
high correlation (0.786) as above, This volume is developed as

below, makiag the volume estimated in the multinominal Foermula.

V = (estimated formula of volume of a single tree (14)) 5
(estimated formula of number of standing Lrees (19))
= 26,8 + 0.346FN + 0.000626FN" = 14.3C = 0.184FN-C —
2 .7

0.00033FN"-C + 3.80C7 + D.0491FN-C* + 0.0000890FN? .7
' (200

where, Vi estimated volume
FN: photo-number of trees

"G ervown diameter

However, as the cocéfficients in the formula(20) are the con
bination of those coefficients, which ave intended to separately
estimate the volume of an averaging Single tree or the number of
standing trees, so if the estimation formula of volume can be
made newly by the multinle regression'caicuiatiCn nsing those 8
variables, thc formula of higher accuracy is expected to be

obtained.

However, even if the volume can be estimated with high
accuracy by a muLtiple fegréssion formula of 8 variables, the
range of its adoption will not be expanded. So, 3 variables at
most will be adequate to be'handled! also from the consideration
of the practical use of the formula,

tTherefore, by combining these variables by trial-and-error,
the multiple regression calculation was repeated. The results
are as in show Table 1V*3l,'and the 10th trial of calculation as
below (21) shown the heighest correlation {corvelation

coefficient 0.811),

V= 27,6 % 1,37C% + 0,0000320FN2 + 0,000240PN-C  (21)

C~396~
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Table IV-33 Table of vesults of the cstimation of volumes

I

Section No.

Actual weasurenent

af yotume (w’/ha)

S Bstimated volume
(n® /had -

Ervot of ostimas
tlon (n' fha)

9.3

3 T T T Y

2| Co66s L 2348 § 2.0
29 9879 26 8.8 30,0
23A L2009 0 2579 1 8.0
238 L o2uad L 2w R
2 7R sx 16 ol 275
2y 2r1ll o zias 8.7
33 20 6.1 f 188 577
39 200G L 20 .5
40 R 1006 286
80 9 05,0 2702 2.0.8
81 [0 15 2045 5.0
8 3A 3046 2512 51
23D 2EET 2543 31
b1l b0 2.0 2903 27
114 218 2086 a8
P2y Py 'i’.U 2 3 3.2 J 6
11 3360 1236 1ol
57 A 7376 3L RIS
157 B 443 30.0.0 121
160 300.9 D8 17
P61 3309 501 5.4 274
147 3023 072 301
$1z 38 2. 5ALY (75
313 1785 2300 315
415 264 5113 1 6.1
310 21 85 2.0 3.0 215
340 240 27 b1
336 1884 2330 1.6
538 2984 2426 % 5 5.8
339 2589 % 2218 é 371
349 2805 -E"27L1 i [ 8.3
361 2927 290.2 | 2.5
446 23 1.1 2889 57.8
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{v)

(a)

Volume table by aif*photograph

.

Using the formula{21), the volume- table by aiv-photograph
was made as in YTable TV-32, ¥arther, the comparison of the
volume in each forest stand with the estimated vatues is shown

in Table IV-13,

Volume chart

The graphic representation of the above table is the volume
chart as in Fig. 1V=30, which is convenicnt to know the approxi-
mate volume from the photo-number of trecs and the crown diametey,

and alse ¢learing the relation between these three valuces,
Consideration

Appropriatencss of ground data

The forest aguo, which were collected in this study, were
ranged ‘over [rom 16 yvears to 50 yeavs age.  Awong them, as secn
in Fig., Lv-20, the frequency.of both 20~30 years age and 40-50
years held 207 or more respectively, while 10% or less for 30-40
years age, whereas only one data [or 16 years and none for 41-45
ycnrs,-thus showing fhar_the data were not uniformly collected

for tree ages.

Those black spdts in the volume . chart in Fig. ITv-30 were
the real data used in tﬁe estimation of volume. These indicate
that'the data for crown diameter of 4.0-5.0m and for photo-
number of trees of 300-500 trees/ha are in short. 1L these data
are added, the chart_wili becore most trusgtable.

Neﬁt,'in sémc Fig, IV—BO; when the.distribution range of
numher.of standing trees for crown diameter 5 m or more is noticed,
the ground data is 240-346 trees/ha, against photo-number of
trees of 190-270 trees/fha, in any case, bthe number of standing
trees seems to be rather small. Thcrefore, the values of esti-
mated volume of férest section of crown diameter of 5 m op wmorc

tend to concentrate around 300 m®/ha, and the ground data close

‘to this value.

Considering from these matters, those data are by the very

careful practice, and this is also learned from the Chinking
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(b)

(c)

condition by outside dara

out. The reason is,

as in Vig., Tv-~17, This shows that the

thinning was always carried out prior to the contact of adjacent

crownsg especlally on tall trees, Therefore, this is the point

to be carcfully considered when this study is applied to araucaria

artificial forests an which carefu) thimning has not been carried

. there is the possibility of deformation in
crown due to the competition between crowns in such artificial

T ST a D e 3 ~ 1 eyt 1
fovests, and so such consideraton shiould be made using the

agrlal volume table which wag made without such care.

Use as the guide for practice

In the previous scction, it is said that the data used in

this study ave those For the weli-tended forest stand, Contrari-
wise, when such tending practice is aimed, the monitoring use of
the study could be imagined by weans of photo interpretation on

araucarvia artificial forest.

AL Eirst, fram the relation of the dlameter at breast
height and the aumber of standing trees shown in Fig. 1v-25

(3 (a) ¢), the relation, where the di

eter at breast height 1is
substituted with the crown diameter, is shown in Fig. 1v-31; and
the relation, where the diameter at breast height is substituted
with the crown diamerer, is shown in Fig. IV-31; and the relation,
where the number of standing trees is substituted with the photo-
number of trees, 1s shown in Fig., IV-32, Both axes in Fig. Iv-32
are the interpreted values from air-photograph. Taking accouut
of the high correlation, it is presumed that the ground practice
was made by some rule, and if this adopted hypabola is the ideal
thinning curve, it shows, for example, at point A the thinning

is delayed, while for B and € peints, a desk policy could be
taken, to postpone thinning and wait the growth of trees, i.c.

the growth of crown,

Fqualization of interpretation technique

it is proved that if the mean value of the data by measures
by this methed is always used, the gstimation of voluwme of
sufficiently allowable accuracy is possible, The equalization
of interpretation technique hereafter is inferred as not so

difficult problem.
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“so the unassisted adjustment of

guese, which is

Forecast and problens

Lt is a great accomplishment thac in this study, by the comple-

tion of the phota volume table on araucaria artificial forest, the

6 . : e AT a e ot .
procedure of preparation, the detailed precactions, ete, were learned,
the same table on various Uree kinds

hereaflber became 151 N F e ) ,
‘ ceame possible.  TFurther, the vesults of this study was

contributed to International Confervence of Remote Sensing held in

Rio de Janeiro in June 1984,

In addition, the report of st includi i

i » the report of study including the mannuzl in Portu-
the content of the guidance of interpretation techni-
que 1n the previous section, has been made, As Forest Board realized

Lt 1nstructive Lo geneval researchers in the board, so decided to print

as the official report.

() Reading of average tree height in comparisen

Here, as for the problems when the photo volume table is

attgmpted te apply Le ether tree kinds, the crown diameter factor
whieh was used in this study is considered very difficult to
apply to pine trees or eucalvptuses as [ar as experts regard.
The main reason is because manv of these artificial forests grow
very Chickly, and the whole tree crowns rarely appear on photos.
Then the volume must be supplemented with factor of tree height,
but this cannot be recommended, since there is a problem in the

accuracy of the measurement of tree height.

Hence, it is recommendable to acquire such technique as to
read out, taking a forest stand a uult, as comparved with other
unit forest stand, in which stand the volume is higher averagely,
and how much the extent of the difficult is., Generally called
"comparative reading', this nceds the accumulating experience to
read always a forest stand as a unit, and requirs the abundant
ground data to make proper judgement. So it is not accomplished
in a short period, but should be kept in mind as rhe guide line
of improving the reading technique.

Further, this technique has a strong effect on availing of
air-photograph, and directly connects with, for example, the
interpretation of forest aspects as well as stratification of

forest, which is needed on forest survey.
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Application to natural forest of araucaria

Although in recent vears fhe artificial forest of araucariy
in Brazil has rapidly increased owing to the alforesting policy
of the country, its abéb]ute quantity is less than natural arau-
caris, Nhereué aatural araucaria Forests are faow in unmixed
state but tend to exist dispersed separately, so our Rnow]edgo

does not grasp much of thom,

Since one of characteristics in thé application ol the phaty
volume tabte is, as previously described, that it is a simplte way
Lo know a tearative vo!ﬁme'ﬁur unknown forest, fof.a short time
of survey and with low cost, it will be an idcal use of thﬁ'tabh

to use iu the veilization for natural araucavia forest.

Speaking of some of exports' dpinjons, at fiest, the factor
of ¢ crowt ddameter, on which daportance 1s set, will be effective
in natural forests. However, since a tfec Figure (means the
rofative figure between a stem and a érown} may remarkably difier
in ridge line or vavine where it grows,.the survey of these is
to be done. It may he considered to subdivide furcther into inter-

mediate portions, as clrocumstances require.
Moxt, on these subjects, a fleld suvvey on a single tree

shall be conducted so that the velation like a single tree volum

and a crown ddiameter, etc, may bo learned for ecach parvt (stratum)

of forest. 1§ necessary, the survey on the factor of tree height

shall be added.

The survey of above matters could be an iIndependent study
subject by itself., 11 any.felation is. recognized, the forest
3spects.ph0to interpretétion, in next stage, shall be conducted
with the density of Standing trees for the whole arca of the

subject of survey, and stratified.

Concerning each aspects thus stratified, reading and wmeasusre

ment are conducted on the rvepresentative araucaria, and the {ield

“survey on the subject is repeated. Tt depends on the aimed acce-

racy how many times such survey shall be repeated,
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1v=4  Method of Predicting Avea in Dangor

1V=-4=-1 Phelo Interpretation on i}

(4

of Devastation Land

16 MG e 1 .
Devastated TLand and Devastation Factor

Purposce

AL present 1t is necpsoegree | .
: U 16 &8 mecessary in Brazil to learn what Factors or

the combination of factors mav cause those placeS; where suffer

varleus damages by flow awvay of sail, i.c. soil erosion due to the

rapld inerease in farmland and pastures, and where tend to suffer
soll erosion that may affect the water polution problem. As for the

analysis method, there is a method of predicting area in daneer of
e e - Rabd <]

eroslon,

On the other side, since the danger of damage by the collapse

of hill-side n the mountain near sco-side has been becoming more and

- S e i ~ L .
more urgent as the pelution has increased, the combined use for pre—

dicting arca in duanger of hill-gide collapse has been attempted.
x koo N e ¥ 1 e . .

fu this project, Lhe purpose was to studv the way to apply the

remote-sensing technique in the process to practise these analysis

methods,

1} Applicatton of the forest intorpretation learvocd by the use ol

alr—photograph.

i1)  Learning of interpretation fechaique by air-photograph on the

eroded or devastated area.

ii)  Way to collect data on varicus factors concerning method of
predicting area in danger, and the development el Lhe techaique

thereot.

iv)  Study of the wav to accumulate, nanage and process the data by

SUTVEeY .

Heve, conceruing a series ol study vesulls on method of predict-
ing area in danger of crosion and devastation in our department of
watershed management will be veferred. In this section, the develop-
ing process of the progress and use of remote—sensing technique is

mainly discussed.
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(2)

Process and accompligshment

®

©

The actual status of collapsed or ervoded aveas, and the study of

concernced factors

When the intevprotation of the devastated bf_eroded area
was attemptoed by the use of remute~sensing'téchhiﬁﬁe, the seale,
the state of distribution, the conditions of land surface, ote.
were surveyed, the size of h mesh to be used in.thu analysis by
the dapartment of watershed ménaﬂcmenﬁ was'cdnsidefﬁd, and at

the same time, the Tickd survey werce proper bo be adopted,

~As the result of a Eiéld survey, it was judged that the
size of the collapsed or ervoded area could be intevpreted by
air-photegraph, and that the mesh-size and concerned factors,
which were the basis of the prodiction on the devastated land,

could be the same as those used in our country,

Application of forest interpretation method

Using the already learned interpretation technique on tree-
species, height and tree density, aftificia] forests can be
classified into several grades, and by the aid of the interpre-
tation techoigue on tree crowns and deénsity, the reading of the
aspects of natural forests hecomes possible, For devastated
areas, adequate interpretation should be attempted, with the
understanding on the analysis theory of judgement of the deva-
stated dangerous areas and with through kﬂoﬁ}edge'on the differ-
ence in analysis results due to the differeat mechanism by
erosion and devastation. Further, as this prediction method is
based on a statistical method, the care should be taken, on
practice, on the balance among categories in a Factor. Concre-
tely, it was fundamentally tricd to read as minute division as
possible, and such data were properly streightened up in the

processing stage of guantification tyvpe 11 caleultation. Hewever,

it was realized that in natural forest, it was hard to find

objectively the border line between different forest aspecls,
50 more cxperiences were required.
After all, the classification adopted in the prediction
method o . B . . . 0", ‘.E""lu and
thod of erosion in dangerous avea was only "artificial’ auc

"natural”, partly due to the low forest area ratio against total
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©,

surveyed forests were al)

arca, Tn the ' i
At he' prediction method of devastation dangerous arca,

natural and they were classified into

the "sec oWt Foreoe! Co
\ second growth Forege existing on peatle slopes, the natural

forest not includine i : .
O : ! wing laree A et 1 v g T .
g large diametor Uroog" growing on ridges,

and others only into "narural forests',

Interpretation of devastated land

Fhe interpretation of devastated land was carried out on

how the trace of o small amount of 5011 flow away on the ground

surface would appear on the aierhotograph taken at the altitude

of about 4000 meters against the ground, by the ficld survev.
Further it was noticed that distinguishing, from artificial
bare ground like farm land, and sther various field checks were
at [irst necessarv,  In addition, the scale of photograph and
the printing condition were studiced, Further, the grading of
eroded land, the setring of border line, ete. were uncertain
Factors, but weve properly processed, based on the nature of rhe

method.

Slope coliapsed land was almost clearly interpreted, without
any special difficulty.  However, since the air-photograph were
taken wilh o wide angle lens (focal distance 153.5 mm) regard-

less of the steep topography of the subject area, it was vather

hard to look sterecgriphic scopicaily both of vidge line and valley

lTine at the same time {the masimom height difference 300m), so
it was difficult to transcribe the stepe collapsed area on a
topographical wap. In spacicus Brazil, due o the ropological
reason, etc., the popularvized use of long focal distance lens
bhotos is notb expected, so the transcription from wide angle

photos may also be regavded as a sort of technique,

Interpretation of topogtaphical factors

Normaliy, as tor the factors used in the prediction method
of devastated dangerous land, slopes, directions, vertical
cross section shapes, horizontal cross-section shapes, existence
or not of valley streams, etc, ave thought of. These were mainly
interpreted frem a topographical map, Also, the interpreting
training of the slope and partial topography From air—-photograph
were carried out, since these were required in the survey of soil
depths.,
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Other Factors

Other factovs are mainly obtained fr0m ﬁhe field survey
and Outside-muterials, ameng which_the density of paturage and
soil depths are exemplificd. Regavding the density of pasturage,
a modelnlikg'me;hod was only once attempted.on hasis of the

photo interpretation, so this was only a trial, not the subjeey

of analysis study,

As for the survey of soil depths, since the local counter-
part personnel was an expert in soil and topography, the exist-
ing ability was sufficient. However, in the determination of

the plane distribution of socil depths, the ahove photo inter-—

‘pretation Lechnique of topography was used.

Analysis by quantification method

- As for the quantification method, the quantification type
IT to the devastated and category weights were examined. These
results are, aftéf.fhé'examination-by also using the simple
correlation analysis between devéstated land snd the categeries

of devastation factors, regarded as reasonable in Brazil.

Topographical analysis

The group of topographical factors in above are to inter-

prete each topographical factors in every mesh,

Ofdina}ily, the size of:the:subjeét area to be used in the
prediction method of devastated land is said to be 2000 - 3000
ha, but the interpreting work in all meshes for all topographi-
cal factors is so enormous that sometimes it may lack the objce-
tivity,

Due to the above reasons, it is desirable to develop more
objective, automatic inteépretation, even though its accuracy
may be a little inferior. So, in this case, the cross-point
method and the middle~point method_wére attempted, which could
derive slopes, directions, and local topography by computer
processing from the data of the height above sea-level, After-
all, the eross-point method was Eouhd to be applicable to the

prediction of devastated dangerous land.
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- Data processing syseonm

Mesh data are o
Mo . vl . .
sho data arc adopted: in the prediction of devastated
dﬂ“HOYQUS Land. This could be the base of a data-bank system

by muttiple~stage method in future, which can be used in various

ficlds, and at the same time, could be a beneficial system Lor

cdata storage in future, go 1hie . _
data storage 1n future, so this methoed is regarded spreadable,

Hence, the anit of mesh ig determined for hoth of 400 ha and

hat v Ehal aro coads 5. G e . .
1 ha, that arve codificd. The Sreing ol a unit mesh obscrves

TN o R .'. : I . Py .
UM and s0 it {s invariant. Mhese two unit meghes were decided
50 that they may adapt 1o the o

of 1/50,000 and 1/10,000 both,

xisting Lopographical map scale

(3) Method of predicting arca in danger of erosion

(D Study method setting up

One of impovtant subjects of this study, always intending
to improve the remote-sensing technique, is to search for the
way to collect quickly and exactlvy the required varicus infor-
mation,'nnd.to make the most sultabie method to Brazilian

"society. To achieve that, at first one must winutely analyse
and examine various problems occuring while carrying out the
procedures by the prediction melhod of devastated dangerous land
ﬂﬁd repealt to exert one’s originality lor the solution. Hence,
we decided to proveed the work with the below four poinls ay

fundamenta! plans.

1) Digitalized iInformation by a mesh provess
1)  Uxtension of the interpreting technigue
i1i) Establishment of the computer processing

iv) Application of the topographical analysis

() Subject area of survey
Prior to determine the subjecl area of survey, the wmesh
system was set up, with the X-Y coordinates (UTM coordinates)
_as.a standard, with the origin at the capital Brazilia, where-
by intending the start of a data bank by Che storing of
multiple data, that will enable the various data used in the
prediction methed of devastated dangerous land to be repeatedly

availed in many fields in future. Fortunately, the exlsting
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Fig. TV-33 Relation between 400 mesh and topographical map

topographical maps of 1/50,000 and 1/10,000 were provided with
‘the ¥-Y coordinates, and besides{'o%dinatus were marked cvery
2 km on the map of 1/50,000. Hence, this was made as a unit
{400 hﬁ) of mesh information, and code numbers of two figures
were given to each-direction of east, west, north and south,

vhich were registeted in computei (Fig. 1V-33),
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567 OB UION 2 B W e

mesh codoe {(Fosr-Wegtd

3

for the first

woere located with codes of mesh in

atage Lo colleot

divided

and the data which

slaora

whole constitution,

and asg

the proper place to practise the predictlon wethod of evoded

dangerous land, 2291 ha in the basin ol Pedoura Negra River,

at 136 km northeast of

$i, Paulo city, was detcrmined.

This

place has a gentle, billy landform, and is rich in farmland

and pastures,
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OO m), which ave atso code-nembered From 1 ofo 20 in four diree—
fions, Further, on rhe misnimes ] oha mesh, the code mumbers of
the administrative scection as wel! as the basin section, to
swhich the unit mesh helongs, are aizo inpul ina cowputer.  As

{8ce the section of basin management in detail.)



The shape and area of the subject area and code nhmhet are as

in Fig. TV-34..

C@ Alr-photograph
Used air-photograph was taken in June 1973, with the scalc
of 1725,000. This photo was enlavrged in twice, and used with (he
scale of 1/12,500. .
Other material use are, topographical maps (with.scélu of
[:10,000 and 1:50,000, a soil map and a geblogical map (seale
1:250,000). (Table IV-34)

Table TV=34 Photographing conditions

S 1 O }r—~ e e
) c ate of i PV Paea ! _ . Number of
Photographed bate o ‘ Course No. | F9(tt i Photo No. Number of

area photogldph1nd : rdistance | photos

e . ; : e !T i e
N : _ : um W .
Taubate June 23, 1973 . Fx.2731 l)?.h | 4061340014 2

" June 24, 1973 . Fx.277J .. " 1 46813-46816 E 4
Karagatatuba June 7, 1973 § Fx.2940 " I 43185-431806 2
i ! e
" Jupe 7, 1973 Fx.2937 " | 4320543206 2
L SO RN RV SN SRSV

(%) Survey method
{a) Interpretation of soiled land

The extent of gsoil erosion ranges from so slight as hardly
noticeable to so deep as may lead to the corruption. In
addition, erosion has continuous vastness in a plane. One
must learn how exteat of erosion is expressed in the photo
taken at the altitude of_&,OGG m. For that? a [ield survey
must be repedLed. In this report, one should judge which

extent of erosion is expressed in photos,

As the rcsulf erosion were ¢lassified into two Lypes For
}nLcrpretaLlon as shown in FﬂblL 1V-35, When classiflied
by the normal erosion type, Lypc 1 is the surface erosion
to Yight rill eroglon, while Lype 2 exceeds 1 and rvanges

to gully erosion.
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“Table 1V-35 Guide to rhe inter

pretation of eroded tand

Photo-image

Colour tone

Fines of image OFton

Pattern

S T

(h)

Lrosion Lype | Erosion type 2

Darkish white Clear white

lneludes darkish spoty
and string-likes in whicce
i background :

Almost uniformiy
whi te

OfFten Forms o whitish bandle-

: Shows rather cvident
Like pattern, comected with

séctions

booa white string=like,

Stnce the phenomenon of orosion was irregular extension

as described above, even though the eresion type could be
classified by photo tones, Finess or shadows, vre,, it has
uncertain elements whoen it i demareated into one eroded
area as in Flg. iv=35. Thar js, in Fig, 1V-35, A 35 right,
while B rannet be said vrony.,  However, when A and 8 ave
compared in area, that will vesult iu considerable diffor—
cace.  TT this is considered only the problewm of inter-
precation, A is betier, and idesilv, i is most accurate
to demavcate smail subdivisions. Bul it is impossibie to

treat them separatelv in fact,

in this way, it is the nltimately reguired data whethey
erosion exists ar not, or if more precisely vemarked, how
much percentage of the arca the erosion halds,

Considering above, the vrosion tvpe 1 and 2 were interpreted
and divided. Then these were transceribed on a topographi-
cal map (1:10,000), by which the rvatlo of ereded area was

read in every mesh,

interpretation of the coverage on the ground

In the subject arca of the prediction method of eroded
dangerous land, Lhough mainly therc was farmland and
pasture in sloped laud, partially there existed a reverse
vase like farmland in sloped land, so by the interpretation

on the sections of the use of land in advance, unavalled
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riyerﬂside, villdges and Farmlqnd'one omittedl (The hot .-
print of Favmland resuﬂhled in colour tone to eroded

tand, but it is judged by the Fact that the border is man-
made and also by the field check.) As the resuit,.nftey
removing the pottion.of above Lhree categories out of 229y

ha, 1966 ha was obtained, on which clement analysis was

.hold..

Interpretation of forest

The forest in this subject area is only about 30% of the
whoieé arvca, among which natural forest holds 9%, while

artificial 21%,

Regarding natural foresy, it was decided the division

would befmade.an the Fﬁrcst density, classified by every
102 from density ol 307 aind ﬂxcoeding,:rqsulting 8 catego-
rics made. Qo the other hand, the artificial forest in this
aréa are mostly of pine treeé and eu@alyptuses. Pine trees
forest were divided into 2 ciassificdtions, i.e. "the
forest valsing land® with the tree hefght of 2 m ov less,
and other "artificial forest'. 'Further,'reghrding eucalyy-
tus, there is.special civeumstances in lts production
system in Brazil, ies classification standard will be late:

described aiter the explanation,

in the production of éucalypﬁusés, tha production period in
a Eoresﬁ stand is made For 21 yvears, during which the clear
culting of twiece and the sproul regencralion are repeated.
That is, the Firvst clear cutting is made seven years altev
plantation, and the forest stand regenerated by sprout is
cut after 7 more vears (total 14 years). After the last

cutting after 7 move years (total 21 years), the sprout

ratio becomes much lower, so the Crees are not regavded

Az economical farest thereaflter.

However, the first and the sccond clear cutting actually
often leave some grown-up trees. Since it is judged that
the Situation, £ rom immmediate after the cutting to the Uim
when trees by sproht $row as high as exceeding 2 m, 1is
comparabie.with the plantéd area, some categories as the

pine tree planted area are adopted for cucalyptus,
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In addition, as rhe Browlh ol individual trees afrer plan-
tation or whele

CUtting Qs wot uniform, by the ratio of

standing trecs vegarded oy Eall trees, the Torest stand is

classificd into 8 prades, i,e, 307 and evary 104 exceeding

30k These grades are regarded s catepories, Therefore,

1 ] - el L I ~ . . .
pine trees (Martificiql Porest™),in other than "the plan-

ted Tand" beloug to Lhe same calegory of "cucalypruscs
Forest with the tall rrow ratio of (007",

Aftery all, the vlassificarion of Lhe foresty consiste of
"second growth forest whero trees with the height of 2w
or less holds 807 or more (cacalypiuses forest)”
(including the planted 1and of pine Lrees), 8 classifica-
ticng of artificial forest, and 8 classifications of

matural torast, that mal

s P oelasgifications i total.

Interpreration of srassland

In the prediction method of croded dangerous land, grass-

tand should he enbdivided beoar

to the mechanism of
eroded Tand oveccurence, Furthier, since the nercentasc of

zrassland is over 707 in order teom

ke It one category,

some trouble mav be enticipaied in the alveis calicu-

tation duc to data balunce,

Whereas, this is a quite new attempt, since it has been

hardly practised to interprete grassland itseif and Furcher

-

subdivide the tand, in the field of phote interpretacion
in the forestyvy in Japan. However, by the use of the
technigue of heisht discernment by the stercoscoplc view
that 1s the basis of the phote interoretation, and

the technique of discriminating tones, arain shadows, cte.

interpreted and subdivided

of photo-i

as in Tabie V=10,

N



Table IV-36 Guide to the interprétation of grass land
A . Height of o Finess of .
Classifieation = Tone . Shadow
grass imege :
Grassland less 10 em ox very bright | seft and very | nome
than 10 cm tess fine
Grassland of 11-30 ¢m bright soft and fine | exists a
11-30 cm i ' lictle
Grassland ol o 31-99 cm bright hard and mostly
3t - 99 em ! course exigls
Grass and tree | 1 m or intermedi- | soft and regularly
tand of 1 w or higher ate course exists

higher

{c)

Interpretation of topography

As for the topogrvaphicat factors, slopes, dirvections,
ordittate cross Scction figures, abcissa cross section
Figures, slope lcngths,'étc. are thoyght'of; and all of
these can be interpreted and measured by the aspects of

conteur tines in the topographical map (1:10,000).

Slope

The number of contour line iu a mesh is regarded as. the

‘prades {(categories) of slopes.

Direction
The avervaging divections of the slopes in a mesh are
classified into eight directions, However, consideriog

the ‘individual differences of a counterpart personcl and

workers, and aiming at more exackness, the area with 2 or

less contour lines was regarded as "no direction”.

Shape of longitudinal secection

As in Fig. 1V-36, when the distance of contour lines above
the center line of a mesh is wider than that below the
center line, it is regarded as convex, while it is narrow,
it is as concave, When no distance difference is observed
in the contour lines above and_below theé center-line, it is

regarded as llat,
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A

Q) eroded
Land

Concave

M Convex

Pig. (V=33 Difference in the Fiv, 1V=3h  Interpretatbion of
Judgement scolions sross~section shape

@ Shape of cress section

The extent of a curve o the contour lines at the center of
a mesh was measursd as an angle in degrees, then was classi-
fied at everv 10 dezree. secording to the dngles thus
measured, the slopes were divided into three ol convex,
concave and flat, where the standard was to be finally
determined at the compurer processing on the quantification

me thad,

Upward Ypward Upward

1 H
| ! |
Y ¥ ¥
Downward Downwatd Downward
G0 200° 164"

.

—

]

g, V=37 Measurement of Cross section shape
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(d)

Leugth.of_slope

By traciag the line of dischavge from the center point of
a mesh, the horizontal distance of the steepest slope Lo
the upper ridpe line was measured and elassificed in overy

20 m (2 mm on the topographical map).

Other factors

The factors Lo be used in tho prgdictién method of dovasg-
tated dangerous land avée composed of those obtained by the
use of the above described rumote;sensing'technique and
those from survey results Uhtﬁined by'vnrious methods in
Lhe specialized Fields together with availing of che
remote-sensing technique. As for the latter, geological
factdrs, soil factors, soil depth factors, pasture density

factors, etc. are exewmplified,

In thiS Study,'since the subject arca was selected, with
the premise that the wvhole subjeét arca had alwmost simiiar
geology and soil, these factors were not ﬂﬂalysed. The
reason was because the subject area was not sufficiently
extensive to conduct the ordiﬁafj analysis in a limited
period. The scalte of the geological and pedelogical dig-
tribution maps was father rough as 1/250,000, so these
factors were concluded improper to attain sufficient
accuracy of distribution for the application to réiatively

small area.

in addition, Taubate district in Pedoura Negra River basin,
which was used for the prediction méthod of croded dange-
rous land, geologically consists mainly of migmatite and

partially granite, while in the soil type, the Taubate

subject area is composed of podzol and latezol.

Soil depth survey

The so0il depth has a close correlation with the devastation
phenomenon, and is deemed to have a stroag influence on the
occurrence of hillside collape. However, in order to obtal:
these data minutely, not only the survey over a long period

but also the specialized knowledge of pedology is required.
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(e)

Hence, in thisg : i i i i ’ -
, this study, rhe esbimation on the distribution ol

5oLl depth was tried in the applicable range.
Goner: Lt ois consider i : ; i '

vally, it is considered that the sof) depth is diseri-

buted as pecaliar to the soil-type, wnd there are diffevent

depths in locad Lopography,

In this stady, as t(he subjoct arca in Taubate is g pont e

SO b e e . . .
il dand, it is deomed different to precise the diseribu-

trton ol focally different soij depth, so the difference in

8011 Lype itsell was regarded as fhe distribution of sell
doepths.
As the procedure of SUIVeY, o banis of the existing pedo-

lorieal map, avatling of

splov mooid of roads in Len

rlaces o so, the donths of Boand O taver were measured,

1‘.‘

Sui b owas doete f[l}i.?]if(i Lo

o, and e additlon, the

ddingl pedelopical map was

modified by the Lepoprapiieal Teatures, A% rhe

1

distributions of the sol) tyoes aod soi!

depths becane

tdenticai,

Pasture density surves

was ol prasped gquantiba

tively due o the vacisae restrictions,
assuming
nlaces near catiie

number of cattles

protation,  Next,

Phocollection was made

5 3 Ty o B e A
raises mainly dairy cattle, and

twice a dav, It is assumed that e farther away from

R N N Ty 1 B vr Fyoves (e © '
cattle houses, the fower the ¢ densily necomes, 50

a model, Lo whish the erade ts, on basis ol the grade ol

a4 cattic house, lowered at every 300 @ away Frem cattle
(= SR A R S e 3 AL UL K A

4 v 1 [ S S )] T S T
houses, 1t adopted (sce the section of waltershed manage

ment 3-3),

Topography analysis

. : - g e R ~ - (e ‘:'.f]‘
Slope factors, dirvection factors ano toral topographical
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ii)

Factors which ‘are obtained [rom the height data are sub-
stituted with those siﬁilar'factors ohtaihed from the
topographical map interpretation, and it was examined
whether the utilization to the prediction method is possi-

ble or not.

Cross—peint method

As in Fig, Tv-38, besides the height data 1-8 of the
cross—point of a -mesh, the height data of center point 0
is incLuded,_Sb slope degrees dirvection angles and local

topography are calculated from the above 9 points in total,

At First, the Tormulae for glope degrees (8) and divection

angles (o) are the following (1) and (2),

vali h
Sin @ = pomms L
bin Va2 4bh2+1 (1)
b (2)
Stan w o= — : 4
a
Lere. a {zytzs)-(zatzy)
wviere a4 =
? 20
b - (mytzs) - (za+zy)
2D
and z~zw: the values of height of cross point of mesh
1= 4

pP: mesh distance

Next, the'programming srocedure of local topography is the
one which Watanabe® used in the surVey'of productive

capacity of forest lawnd, and categories classifying topo-
graphy are as in Table IV-37, 1t is expressed iu a figure

I¥=39, The proccdures are as follows:

When, the slope inclination 1% below 15, using the data of
4 cross-points outside, it is distinguished whether it is
a ridge slope or a piled up slope at the hill fool,

When the slope inclination igs at 15-45, by comparing the
height of center point with the data at 4 cormers, it is
distinguished whether it is a convex hill-side, a concave

hill-side, or an equilibrium hill-side.
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When t : TR E : .
hen the siope melination is ar 45 or wore, it is regarded

“as an oroded stope ar rhe nily foot

Fable IV-37 Classification items of tocal topograph
by the Lopegraphical anatvsis

e B

Category Content

Ihe hill top and its surrouvnding avea, with
the slope clination of about 15° or less.

Hill top surfaco

¢ The top surface of table land,

Table land e

111 side cauidibhrae b FE o ey - : . o
Hill quL equilibra the part of a hill-slope, existing between
: surtface Y1 op Lable i: i K
ted surface ' §lll tep table fand and hill foot, where
1ls plane shape 1s almost equllibrated,
[ | Py '
Here, "equitibrated” means when the curva—
ture (the ratio of the central vertical
distance te the chord length) is 1/15 or
o less,
Hi1l side convex The part of hill side as ahove, with the
surface curvature exceeding 1/15, with the convex
shape to downwavd direction.
Hill side concave . Same as above, but with the concave shape
surface . Lo downward divection.
Hill foot croded This is the case when there is a slope-
surface changing point on rhe hill side surface,
near the hill foot.  The inclination of
slape is mostly 43° or more.
Hill foot croded ¢ Bame as above, but the inclination is
surface Pogentler than the hill side surface. The

inclinatien 1s 15° or less except when a
bosudden inclination change cxists,

e e et o e et i i

(b))  Center point method

As its characteristics, the cress-point method requires

the height from sea-level besides the height of the cross
point of mesh, so it nceds move than twice as much as the
tumber of meshes which are the subject of analysis calcu-
lation. Hence, it is disadvantageous for the purpose of

.1 L : ; -
lessening the enormous volume of work, which is the one of
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Fig., 1V-38 lleight above sca~level and location,
required for topographical analyvsis

lamd surfaee Convex swrface ay bili side

wmlatesd

tiitl top surtace

.
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l1at surface at hil! side Coneave sueface at barl! aido tredod surface at hill foot

Fig, IV-39 Simulated didgram of loral topography
by topographical analysis.

422



(a)

the origingl purposoes

Lo Ehis sense. sipee b ' .
- B, since the center-poiut methed, devised by

Sawada Lupere, ig calenlated only with the height from

sca-]oeve f the cenforemn! .
ca~level of the center-point of a mesh, as in Fig, 1v-38,

LLoonly requires the data a litrle exceeding the number of

Q 3 - . e . . . o
Subject meshes, so the collection and processing of the

data COMNS S - e . X : . .
¢ becomes simpler, Whereas, thus obtained slope incli-~

-l.-' i Y4 e . - s .
hation and direction angle and for the size twice as large

as the original mesh (1 ha) (the mesh of the broken line

tn Fig. I¥-18 becomes the subject of calculation), and
this is the difference from the eross point method. The
tormulace to be used and the procedure to judge the local

topography are treated as the same as in the crogs-point

mi: Lhod,

Analysis by quantification method

On the guantification caleulation, the registered number

of ecach wesh, arca ratio by tvpes of the eroded piaces in

I ha meshes, and data of velated factors vere input as

tn Fig. V=40, 7Tn addition, the eroded places are expressad
in a figure of 1 digit for every type, and graded at every
L0Z of arca ratio against the total arvea, so can be expressed
up to 907 at meximum, FPurther, regarding the above "other
type of eresion”, the ratio of ereded area by stream erosion
was iaput, but it was not used in the actval analvsis cal-
culation, But the procedure was sct out Lo be used in
future, when the simiiar analvsis carried out in other

district, or when cother analysis calculation ig atteapled,

Combination of erosion types

For the combination of tvpe 1 and 2 of the eroded land,
the quantification type 1T calculation was carried out 27
times, in five diffevent ways, i.e. type 1, type 2, type 1
and type 2, type 1 + 2 x type 2, and type 1 and 3 x Cype
2, by the others in the column of the external standard

in Table 1V-29. As the result, the combination of type 1
+ 2 x type 2 was best, s0 it is concluded that as for the

number of classifications of outside standards three

4273~



clagsifications are best sultable:. The detailed analysis

vesults are described in the section of watershed,)

Combination ol various factors and classification standard

Tn the previous secti on, at the same time _.whon the con-
hination of erosion types and the classification standard
are altered. The classification number (number of catoegory)
of inside standard is changed as in Table V-39, Further,
in the 15¢h caleutation and thereafter, the factor of
pasture density was omitted as improper, the reason of
which wis expressed'in the section of watershed management,
In addition, the number of vavious classilfications in each
factor and the classification sctandard arve shown in Tabic
19¢-40, enabling the vevification Qith the calenlation

results in Table V=739,
Utilization of topographical analvsis

Tnput and contvol of numerical information
i

Oa computer processing the topographical factors based on

the valuas of heights above sea level by means of topographi-

cal anatysis, when data is input, the cross point value

(X) and the center point value (') are written in separate

data shects in Fig. V=41,

Since rhe_bound.ef thé subject area is in an complex shape,
the number of calculations 1s made to be as close as
possible to the number of subject meshes, by measuring the
least nccessacy number of data for the calculation and io-
putting 0 for above thosce outside rhe bound, but as there
is somectimes complicated boundary in the subject area,
ultimately in the quantification type [I calculation, the
number of factors is made to correspond Lo the mesh numbers

which are input by Fig. Tv-40, Ttherefore, on inputting the

‘data of the height above sca level, it is safe to input

more -data than those For the subject arca.
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i ) DATA SHEET

Erosion survey at Tauhare districy B
2(3 25 30 35 40 45
13007 06 2 2 4 2
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\ '\_EE"M" of slopo
a\.tme dr-nqlL)

" \ \ N
A N ‘ ‘N.lll dcpth
: . \\ .
\\ . \ Y Trm'-,vursall cror;q soction shapae
. ‘\ Vthlc\nl Cross ‘.c< tion she e

oo lhu-ctmn

‘\
, Bround f,nr[m.r, coveru,s'
type)
AN \ hn mn iy
\ ! ha uesL

Y N N ) \ Gt hluhnh T

3 B iy ML

\ |

. Y X Hﬂbln cade
| \ -
. \;_ mii!l.uslr;LLO‘\ district sode

Fig. P40 Data input shoeet of Computer

C) Comparvison of vesults of quantification type calvulation

As provided in tie classification number of topographical
factors used in the 19ch calenlation of analvsis in Table
V-39, that was concluded most proper, and on basis ef the
clasgsilication standards in Table 1V-40, judging that the
slope inclination and the divection angle would veplace the
shape of ¢ross section and Tongitudinal section, with 3
classifications of convex, flat and concave, the quantifi-
cation type 11 caleulation by the cross-point and center-—

point method was respeclively carried out,

As Che results, the corvelation vatio rthus obtained was
0.3656 by the cross point method while 0.3684 by the center
point, and logether with the previous value of 0.03566 by
the topographical map interpretation, they do not differ

so much. Whereas, when the weight of each category by
Factors are investigated in Fip., 1V-42, rhe cross—section

method somewhat resembles the pattern of the category
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Table 1V=39 Practice of quantification type IL calculakion
{Prediction of oroded dangevous land)
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4] CaSculation was made for all. that the outslde standard is | or
more, and for 10Z of these random sampled out of which the
outside standard is 0.

#7%3  Concerning the type of erosien, in -1 and -2, catevlacion was
made, regarding the erosion 10% apd 202 ag the grade of "no
erosion". .

#4  This indicates that it was lineorly separated with the score-
values between groups.
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Table TV-40
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(Prediction of o

Land suvlnce coverage
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Table Tv-40 (cont'd)

Category . 3
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shape area area ratio il area ratio
{ha) _{ha) ] I 0 R O
1 | Goneave vertical b g gl g7 & 73 11 241 | 73
2 | Govesverteal |77 | o750 LG4 |2 | 599 [ 64
3 | riae I16E 109 419 [ LA 34
Category 3 (D . Category 3 (% Category
Traversal cvoss Occupiesi Eroded | Erosion -‘g“ Gecupied] Eresion E Oeeupicd! BErosion “:‘“-(chupi_ad
5 v.‘;‘ L'io;\. '»‘h-.l o area area. vatic q ared ratie B | aiea vatio ] arca
’ o Joay ey | b2 | vadio | L 2] vatde | 2 [ ratie L
1 1o~ 57 56 26 1.6 :
2 Gr— 1 C1OEl 13s 7%
3 11 34 10 2.9 . 1 194 71
. L = 1] 28 66 : ) .
4 (2 610 671 _ _ 1| 295 6.7
5] 13~ d91 0 06 14 , s
6 | by 18l 1 SR N O T ) o
7o 157 I ST I W N R L
8 14 A P i 15 o i
9 17 O % T N & L
: f : w i - . cn g U BN “
190 by S 0 N R 505 B 3.7 2 (ST Y O " A R T ¥ R % 2 326 54
. i ; : 5 17 !
11 146+ ;e R R . P ‘
12 20 PoreT. P65 ! : |
13 21 R S S ) P = et
[ 22" LB D3 A e
15| 2% By S P { : .
ia _ ; > ! b ! 31 378 65
16 240 : RV ; [AY : : i
B - i . : 3 H i i
17 25 EY-¥ Poow2 g oead [
IO w Fattoan 74
18 267~ 360 1495 153 . 13 ; -
19 3~ 357 f0 0B 0 L3 i - IR R R e
20 Not determined 22 { [ils3 i i 2.7 2 I ]_“ﬁ]'ﬁr;id zabr.we 2 ] A
Category 3 Category

— . H - T [T P N 3. ST
: (tecuplust Froded § Erosion u  JOvcupies] Eroded & {egupies
Slope length area ared ratio 'g area raiv ] area

L Sbad 4 Mee) L Z_§ (ha} 2 _p_ Aha)

U] o~ T20m | 5701 377 | 85 '
: ; 62 5.8 628 5L
al~ dom | 663f 350 | 53 | ' | °%° o] e 4]
41~ g0 m 379! 262 67 | _F T T : )
. - \ 2 | 300 66 |21 300 64
61~ 80 1 210f t25 & 60 2 i ' ______f__ b ) ]

8t~ g M 74 51 | 69

101 ~ 125 m 35 320 8L
121 ~ 140 ™ 16 i 68
140 M Exceeding 18] 07 | 39

_ _ 3 55 76
3 73 F T O
4 17 53

N RS T N L

I Catagory 2
Gecupied! Froded | Eroded ;"rﬁ(‘_cupiml Eroded
Soil depth arca area vaio 2 area raio
. U et ey L b E | G L]
i Latesol {deep) 779 A7 [§3 e
_ , P e SRR
3 Intermediate 74 2.1 vz 0 N N ]
2 Podsol (shatlow)i 1113 120 035 2 56.6 65
. " Category 3 (1) Category 3 (&)
Jecupiodt Eroded Froded _§ Occupiel} Eroded HE Occuplied | Froded
Pasture density area area raio & area raio g area ralo
{ba) {ha) 2| ey Z | thay |
1 None P 8 9. I -348 14 .
o 686 < 144 L o703 | 4
2 Thin 873 H20 7.1 2 444 71
3 Intermediste 308] 285 92 : 2 157 9.2
> 31 207 | 123 ot
4 Brase 99 216 218 .| 3 a0 218

-428-



0.4 i

0

Fig,

Pata Lo be ianut in

4
PN

\|c» 1. LM _io__'.m
! R K4 ' k4

AT
L M o on
PFFL.L’” dx 5% {7 b
1 N i g

U
A ol i

il A

iy
=
p
=
3

21 ;.c‘,,?;,j'l_,,,,).ﬁl LY
Mo bata to be used in
— Cy point method

Clata to be used in
cenler point metliod

topograshical analyais

. Intorpretation of o asraphical map
o Popouraphical anadvais {(eross poinl method)
# Topugraphical analvsis (center point method)
Cos ¥ X
X . % : [ 1
; ‘\ (" f ¥ N
oy : i
! - a i1
| . .
\ oy 1 . S Transversal cross
: ‘i AN .7 tel seviivn shapy
§ . o ;]
e ¥ . ] #
: ] ; ‘ R
‘-' : l‘.. ‘ . R lff
L' [
P '* it P -
3.

A ool s

/ AR
i it it " :

¥ S it o L \é,“n
e o 8 2 4 v

| 4
’ H 1 PR
' F . Vol
L ' ; . \
[ 5 ¢ . Y ¥
ey . i
3 B : i
¥ . . [ Vertical cruss
. E p
PR § Lo sevtion shipe

, &
L v
[
V
- P, e Concave
N S SR ! 1 P23 B 6T 8 Lewe

Growmyl surlace
coverage

{11 tion Local topography
Ly il

Fig, 1V-42 Comparisen of category

~h29.-

weipght of cvery [actor



weight of the Factors hy the t:opogréphicnl map lnkerprata-
tion, iThetefore,'it was concluded that the substitution of
vopagraphical factors by the topographical analyﬂis in movy
Favourable achieved'by'tﬁe.cfoss point method than by the

center—point.

(&) Method of predicting avea ih'dangeriof slope collapse

0

Determination of study method

Since 1t was proved that among the factors used in the ahove
prediction method of eroded dangerous laud, instead of those
factors from the topographical map Tike slope, direction, shape
of cross section and longitudinal section, when the slope,
direction, and local topographical factors calculatad by the
computer processing programme on basis of the digitalized height
data were used, the similar analysis result could be obtained,
it was determined that the above'3 factors would be used as the
Lopographical factors in the prediction method of devastated
dangerous land, aiming to extend "the study of the accumulation,
managing and processing of data", which is one of the subjects
of this study. '

éﬁrtherjthe slope 1ength, used in the prediction method of
eroded dangerous land, as other topogfaphical_factcr, was omitted,

since it was decided no concern with thé mechanism of disruption

" occurrence, Instead, the existence or not of & stream in a mesh

was added to the topographical factors, since it directly affect-
ed the slope collapée, which was interpreted from a topographical

map.

After all, on the slope collapse danger analysis, taking
the collapsed area ratic in a mesh as an outside standard, 6
factors of ground surface coverage, slope, direction, local
topography, stream existence and soil depth were adopted as the

inside standard,
In addition, the whole process of a series of the prediction
method of devastated dangerous land including the prediction

method of eroded dangerous land is as the flow in Fig. IV-43,

among which the practice of the prediction method of croded dan-
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gerous land i5 as the processes of 16-25 in the Fig.
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Fig. TV-43 Flow chart of work nrocedure

(2) Subject area of survey

A part of Antonio River basin, with the area of 774 ha,
belng the slope along the 9e351de in Caragatuba district, was
determined as the subject area of survey, which is 125 km east~
ward from St. Paulo city, and almost due south through Taubata
district, across the hill alang the seaside (see Figure). This
is a state forest, which is alwmost all natural, and has a steep

hilly topography. (See the section of watershed management.)

(3 Air-photograph’

The used photo was taken in June 1973. 1Its original scale
of 1/25,000 was enlarged by twice and used with the scale of

1/12,500 (Table 1V~24).

(&)  Survey method
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(h)

Interpretation of collapsed land

The collapsed land_hus a'di§tinct deptcséion-dn Lus slope,
which is in most cases shown as a clear white image on a photo,
not requivivg a ﬁigh tcchhiquc of iutérpretatioh. Howover, capp
should.ba taken aot to overevaluate the depressian area, sinee
a mass of soil Tlows downward iun a 1arge*snﬂlé.depression.
Further, the depressed avea .\ms not subdivided bust regarded as
one tvpe only, and the demnfcuted part on a photo was transcribed
on a tap.m;l.\‘lphi(_‘.:zl map,; then the vatio of the c.ai].:-lp.ﬂ:e(i' area

against the total area was vead in every mesh,

Interpretation of ground surface coverage

This survey arca mostly consists of thonatural fovest
except about 9% of grass-land, withoul any artificial forest.
It is rarher hard to distinguish natural forests by their aspecrs,
In the survey avex, there was a distinet fovest stand with a
diffevent Cémposition of trec species on the re}atively.gentlo
slope, which was observed growing Lo upright and rall trees by
the ficld survey, but the image on the photo was assz.mrt‘.d.tn shaw
a short thin second growth forest at the time of photographying,
Another disvinguished aspect was interpreted to exist mostly
at the ridge, where tree beight was rather shorp and dense, with-
out éarge diameter trees, but as far as the field survey ascer-

tained, no significant difference in tree. species compositien

From other natural forest was observed. This aspect was clagsi-
) . |

fied as "the natural forest without any large diameter trec”.
Therefore, forests were divided into 3 clasgifications,

After all, the factors of the ground source coverage arc
grass land and 3 classifications of forests, which makes 4 classi-

ficationg 1in all.
Tnterpretation of topography

By topographical analysis

The factors by the topographical analysis arve three of slop.
direction and local topography. Since tlie slope and direction
are expressed with the continuous real numbers, these classili-

cation standards are to be optionally classified on the quantifi-
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cation type VL caleulation. The local topography is classified,
as in the prediction method of croded dangerous land, into 3 of

convex, flat and concave.

QD By the interpretation of topographical map

Among those topographical factors Lo be used in the predic-
tion method of collapsed dangerous tand, what can be obtained
from the interpretation of a topographical map is only one,

"the existence or nol of a strean'. The way of interpretation
is that,.the one with the ratio a/b of | or more in Fig. IV-44
is regarded as a stream, and any mesh invoived in a stream is
classified as "the existence of stream”, while the other meshes

are "o stream”, se mzking 2 classificatlions.

Stroeam sxisty Streom does

[ AR A R |

Fig. FV-44  interpretation of
stream

{d) Soil depth

Since the Carvagatuba survey area geclogically consists of
granitic diorite and granite, and the soil is a unitary type of
fithosol, the soil depth distribution was made, determining the
s0il depth mainly by the topographical inclination., The practice
was that, judging the inclination of rhe slope for every local
topography by means of photo interpretation, and consideving the
plant state (tree species, tree sizes, ete.), the classification
of soil depth was graded into 4 grades, t.e. 0-50 cm, 60 c¢m - 1
m, 1.1 m - 2 m, and exceeding 2 m, which were stratified on a

photo, then transcribed on a topographical map.

C). Multivaviate analysis calculation

As multivariate analysis, the same quantification

type 1T caleulation as in the judgement method of eroded dange-

~433-



rous land was carvied out. The process of the practice can bhe
explained as the combination of the caleulation order.in Table

V=41 and the classification standards of factors in Table 1v~42,

After all, the calculation result, conc¢luded as best, was
the 7th factor classification standard in Fig. Tv-40, where the
corvelation vatio was 0.5059. The minute vesults of the anaty-

gis have been indicated in the section of watershed management.
{5} * Accomplishment of study

(I) Data processing system and data storage

By this study, not only a servies of a computer processing
system have been established 1ike the caleulation of the area
of the devastated land by cach factor, the quantification tvpe
L1 cateulation, the map by output data, etc., but also the 400
ha meshes and the 1 ha meshes ave dveriapped,in goed order of
positions along x—y coordinates. This oot ouly facilities the
data storagoe herdafter bt also entavges the range of the utili-

zation of the data,

CD Establishment of prediction method of deviastated dangerous land

This study has estabiished not only the photy interpreting
technique of eroded or collapsed lands, that is uscd in the
prediction method of devastated'daﬁgerous lLand, but also the
interpretiﬁg tecﬁnique of the ground surface coverage which is
based on the existing method of forest intefprctation, as 1lts
application. Furcher, the interpreting techniqué from a topo-
graphical map.has been remarkably improved, enabling to abtain
the objective data. |

In addition, it was verified, during the apnalysis practice
of a series of the judgement method of devastated dangerous
land, that by the interpretation of geological and ﬁédoioghwﬁ
knowlédgc the versatile and éomprehensive_use of remote~sensing

became possible.

{3) Application of topographical analysis

By the interpretation of a Lopographical map, various topo-

graphical factors can be used in such form as the purpose calls,
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Table TV-41

Practice of

APrediction

quantification type IT calculation
of disrupted dangerous land)

g
KRR ErTT
Its1de .
L | standard Inside standard Hultiple
&8 - B T - Py - v _Jeovvelation
] uwinber o sibite . . . hocal | HIStenee Ligoarficient
25 | mdes | sl | Sioee [ wireetion |y [S0f2 derdh | L ig) o
{ 4 i | 5@ k¢ 3 4 2 0.5227
4 q d & 23 8 3 i 4 2 G.5222
| .
3 q i B : 3 ! 1 2 05117
4 4 i 5 2% ! 4 3 4 2 0.5114
5 4 4 6 4 3 1 2 0.5175
{ i !
6 ! 1 5 G I i 2 05118
! : '
. N L 3
H N 1
7 4 4 i A - D 0.5059
i ]
3
8 3 o i 5 g 1 l 3 % 4 2 0.5068
b _—
%] Grade 1 means no disrui:l.icm. %2 Grade 1 means disruptien up to 10%,
2 means disruption up to 10%, 2 weans disreption up to 307
3 means disrvuptlan up 1o 07, 3 meaas disruption 31Z or more.
4 neans distuptien 31% ot murge,
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Table [V-42

ategory standavd of
{(Prediction of

cach factor

collapsed dangerous land)

Category.
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(6)

hut thus obtained data are rather fixed, for example, cvery
time when the classification like local topography, etc. is
required to be alterved, cach mesh must be interpreted again, so

it lacks versatility. ~Further, as for direction, as seen in

Table [V-42, when proper classificalion 1s to be judged out of

Consi

{D

8 direcctions and 4 directions, interpretations for both cases
arc necessary. 1n addition, when analysis methods differ, the

repeated use would often become impossible.

In this sense, when data of height above sea-level from a
topographica!_mqp_arc accumutated, the tépogruphical factors as
required in accordance with the purposes in the topographical
analysis can be taken out, and the calculated and processed

topographical information is objeclive, so they arve very useful,
dervation

Tnterpretation of devastated land

The techniqie to interprete the devastated land from the
air-photograph information is the extension of the existing
fundamental techniqgue of interpretation of forests, so it 1s not
called a remarkable new technique. However, since it was an
unexperienced field, there could be a certain.phase where it was
not cavried out smoothly., Particularly, the experience of the
interpretation of the eroded land, even of the expert, was not
sufficiently accumulated, so 1t was undeniably carried out by
means of a trial and crror. Also it made the Interprotation
harder that the available air-photograph were taken in 1973, as

well as more than 10 vears ago.

However, since it was proved that the proper data in the
analysis by the judgement method of the devastated land could be
obtained by the use of various remote—sensing technique besides
tﬁe photo interprctation technique, this analysis wmethod has
develobed a ﬂcw.field where it could well contribute to the
programme of devastated lands prevention as well as the prdgramme

' N " - - M .
of foreéstry conservation in Brazil, and the. analysis of the

social function of forests, é¢te., so the spreading usc as well

as the storage of analysis data hereafter are expected.

Further, in the short time programme in future, it is most
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advigable to put.ﬂﬁ euphasis on unifying the inpefﬁreting 6apaN
bility of techaicians. As anothdy-imporcnnp mattér, if the
technique, to traﬁs&ribv the phota interpreted scctions bn_n
vopographical map, is completely adquirod, the sphere of photo
application will be rapidly enlarged. In fact, almost atl of

the existing air?phétagrnph are by a widowangle lens, that often
makés the stercoscople view hardly uppiicable;_and also difficul,
exists in the i.nsul’fi;xi_(snt exactuess of topographical maps

whéere necessary smal b ridges and valleys are someltimes not

indicated.

(3 size of mesh

In this sthdy - the analysis was conduc ted by making a 100 3
2 100 @ omesh (U ha wesh) one data, E)i_:'ri.ug.z, a serics of the
devastated land analysis, the information of 1 ha unit was
ascertained as proper in respects obf the scale and. accuracy of

availoed air-photegraph and teposraphical maps.

However, sinee it is_possibie that otber minimal cccurrence
mechanism of erosion aud other uxtremoiy local Tactor thereol
might cxist, other more proper mesh . size wnight be found in the
prmli(,:tinn_-mcthod of erodoed dangerous tand, so the study i3

crpocted o be continued in this respect in future,

3 Topography analysis
POEYaph; >

1

-Though.the cruss¥pofnt method and the center—-peint method
have been both attempled, 2o far, the result shows that the
QYOSS”pOint'method'is.ﬂdﬂquatﬂ to thie prediction method of
devastated. dangerous tand.  One of the reasons is probably becass
in the center point melhod the subject is pfuutically exbended
Eaoearry out the topographtical ﬁqdlysis of a 2 ha mesh, result-
ing the equalization in the expression of the analysis roesult
in this roépect, a margin is afforded for a new classification

standard to be set up, fit for this analysis,
(7)  Future prospect and probiems

C) Improvement of photographing system

In this study, we had to use such old air-photograph as
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ctaken in 1973, The reason was that_thq phato was sclected

under the restriction with the scale of /200,000 and more for
the proper handling and accuracy to this prediction method, and

as the latest thereof, Uence, some difficulties were met during

the¢ work to ascertain the scale of the eroded land or grass land

in a [ield survey. In fact, though dried whitish grass like
kapingoldoula rpmnins in almost same pattefn as in most of the
slightly eroded land 1 in the photo of 1973 vear, the light
ﬁrosioﬁ, assumed as oceured after 1973, ig seen in the different
places. FUrfher, the extensively eroded area like the erosion
Lype Z'Stili remains, and in some places the erosion 1s further
progressing, while in other places a little restored. Tt is
presumed that if ‘the air-photograph at present were available,
ceroded Tands and grass lands woﬁld he interpreted more minutely,
and the quantification typé ! method could be carried out

30

3

various analysis methods could be applied.

“On cthe other hand, though theve ave 1977 year alr-photograph
for hoth survey areas, unfortunately their scale is 1/45,000, If
they ave with 1/30,000 or 1/35,000 scale, some other means would

have been considered iike enlarging by twice for the use, And

it might be wmore interesting to observe the progress of the

erosion.

Yrom-above, it is desirable Lo establish a photographing

system basced on a peried photographing and a multiple plan in
which the scale is decided f{or versatile uses, including the

use of enlarged photos.

System divided by speciaiized {ields

The reason why the wesh data 1a adopted on practising the
prediction method of devastated dangerous land is, as described

above, that the unit of data handling is uniform and with the

advantage that uniform data can be obtained by any measurer,

Besides, as the one of other back grounds, though a part of
fundamental knowlcdge of statistics theory is required to
Japanese researchers in general , thefe,is a tendency in this
country that the stacistic matters are handled by specialized
people as such knowledge is regarded as specialized one, So it

is judged, if the weight on the data to be processed was uniform,
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there would beé tess problem,

Now, though it has been graduaily récogn{éed in'ﬁhis c0unnw
that a rcsoatéher requives the knowlédgé of minimal statistical
processing theory, the tendency to regavd Che statistical matter
in a séparatﬂd speciatized £ic¢1d will last Ebr some time in

Future,

Meauwﬁile, the improvement of the technique ol interpretathm
of whethetr aiv-photograph or topographical maps means Cfundamen-
tally the collection of data, enabling its application to the
subject analysis. TIn-othey words, it is an essential element
to understand the ihterpretation_accurucy in accordance with the
putrposes and meet quickly, which requires.to culbivate always

wide knowledge.

Therefore, if the ihterpfctation teéhnique in such sttuation
of the spucialiéed system coll@cts-dqth at a determined .accuracy,
that would be a cirvecuitous but certain way for the utilization
of the obtained data in various fields. So, technical leaders
should keep this in wind, instructing the versatile uses of the
obtained data, and strive at educating such technicians with the

reliable technique even at a rather slow interpreting Lechnique.

Spreading of remote—sensing technique

During a series of interpreting work in this study, in
addirion to the forest interpretation that is the previous
technique of photo interpretation, the interpretation of devas-
tated land and grass land was newly attempted, aéquifing consgide-

rable accomplishment.

Such accomplisbment, after conducting the judgement method
6f devastated dangerous land by the use of various remote sens-
ing technique, wouid'suggest a possibility that the sphere of
application of rémote~sensing technique could be widely spread,
by means of extending these methods to other distriets or abtempi
ing the application Lo a new method.

Generally, the'imprdVement of interpreting technique needs
plenty of'e#pe;iénﬁej and in this sense hlso; the extension of
épﬁiication of this method is aspired, by which the understandii:

by researchers in general on remote-gensing technique will be
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certainly increased., Accompanied with the increase in such
understanding people, it is possible the photographing system

will ae improved.

Storage of multi-purpose useful data

The subjegt.of this section i1s, besides the improvement of
'rémotc'sensing technique as well as the application of the
technique to analysis methods, to cstablish a data management
‘system in order to enable ‘the multi~purpose use of the dava

obtained by the technigue.

The first 1s the data management by a mesh method, in which

a4 systewm of datd management and accumdilation has been established,
makihg the information per 1 ha a winimal unit. Further, since
the 400 ha is_encoded,.for example, in future if 1 ha mesh data
are statistically proéesscd and expresséd in some form of infor-
mqtion for every 400 ha mesh, the data could become the statis-
tical data for the whole state of St. Paulo or the whole country
of Erdzil. In additien, in case when the statistical values in

a wide range are requirved in a short time, the sample information
of every 400 ha mesh also can be used at the same time. Further,
it could be possible Lo catch premptly any change in the statis—
tical information in the whole country scale, by the combination
of these controlied data with the Earth observation satellite

information,

Second, the work of in piane éxtension of data accumulation
to be used in the topograpﬁical analysis is consldered important,
The largest advantage of the topographical analysis established
in this study is, the processed data are rather ever lasting, so
once accumulated, can be used almost permanently. The develop-
ment and extension of the use is the subject of the further
problem, but at present, the preparation of various distribution

map is being examined.

Henee, if on one hand, striving at the improvement of the
remote-sensing technique, and extending the range of its appli-
cation, and on the other hand,the accumulation of the height
above sea-level data in the topogtraphical analysis is countinued,
we convince that this will certainly become a precious estate

of this country in future.
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LV=d=~2

(1)

(2}

Analysis of Factors of. Devastation by Quantification Type Il Calcula-

£1on

Marpese

In this section, the use of the progragme ‘of quantiflication
type Li-made for the Lactor analysis of dilapidation is mainty dig-
cugsed, The quantifiqation'type'{l ts a methed to classify the chara-
ctevistics (outside standard), which are observed with the nominal
eriterions, by using otlier [aﬁ;ors. Sincu 0thcr-chtors are treated
‘as categories, this method can be used broadly in the forestry study,

As for the fundamentat calculation, the "Quantification' (type 1)"

(Kopo Kawabata), iu the Repm‘i:'nf Computér lilfngz:ummi.n;_?-, at the Fores
and Forost_Prodnhts Resdarch Tostituto (!]} wag used.  Puarther, when
the siope inclination, the slope direction and the local topography
of a wmesh arce vused as tho_qutors, the use ol lopography analysis
programmv,.to obtain these values by a caibulnt{nn'pthcesa from the
data of heighits above sea-level, is also discussed,

-

Proceding process fov quantification type 1t

v
The processing flow of quantificaticn tvpe L is shown in

T

Fig, IV-45.

Q) Collection and ordering of a data

The data of necessary factors are collected and.put in order
for each mesh by mecans of phbtuﬁinterpretatiqn, photographical
map interpretation, ete. In this study; though the mDSﬁISEZ?
was determined as 100 m, the size could be determined corves-
pondent to the subject s&rvey area. Though this quantilication
type 11 programme is_iutendod for a square domain, the data te
be collected and put in order. are required only for the wmesh to

be analysed, as shown In Fig., IV-46,

() Data ¥nput into floppy disk

Using the floppy data entry system of TForest Board, the dati
collected and put in order as in paragraph (1} arc input, The

dinput data format is shownin Fig. TV-47,
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Fig. 1V-45 Flov chart of quautification type Il processing
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» Column divection , . .
. ~ dmage. form file

e
~ el
l,/ B
i
oon
(S
o
FE
SR
@ .
b o : ! )
pa CGutside subject avea
B
&
i
31 i
“‘1
Subject avea
;
;
T b
Flg., Lv-46  Subject arca and input data

r) | |

r/{H! R . ’ . . :
When [{/,j is the subject area, tréat only the data
for rhat section and input in the floppy disk.
flowever, on the disk of FACOM, the image form [ile
2ith the unit of 20 lives x 20 columns is sade.
{Since the mesh outside the sabjecl area is masked,

its actual calculation is not practised.)
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Tile convert

By the File convert utility of FACOM 230-28 of Forest
Board, the data file in a floppy disk ave saved in a disk (DP-D2)

of FACOM,

Prepavation of data file by categorics

This guantification type $1 programme is intended to a
square domain as above deseribed, and handles only those data

of evach categery which are stored in a file called an ilmage

type file (See Pig. 1V-48)., The size of file, prepared in this

study, are with the line number of 100 and the columu number of

A0, Fach data is ecxpressed in 2-types. All programmes there-

cafter have used this form of File. Further, the amenduwent of a

file sire can be atlained by amending the filed staltement 1n

each programme, provided the record length is 100 at maximum,

Mapping aud output of statistical quantity
utpatiing in imaze the content of the image-form file,
Cutputting in image tl 1t of the inage-form file

the appearance ifrequency of data is obtained. Data ascertainment

is also carvied out by this. This process is often utilized 1n

“eorder to ascertain the data in o image form file,

Categorizing of data

Categorizing of each item to be used in the guantification
type L1 is examined by using "the appeavance frequency table of
data' obtained in paragraph e, The number of categories that
can be used in this quantification programme is 20 categories at
maximam per item, so 41 categories in total. Categorizing of
each item is to attempted in such range as satisfying the above

restriction,

Preparation of a new outside standard tile

This is used in a casce where the outside standard data are
obtained by the addition or the deduction between two lmage—form

files.

-



(3) Quantification type II prograume

tn the quantification type Tl programme, those data of-factér
items and outside standards are both treated as categories, and the
data for every wesh arve expressed in the reaction pattern table as
shown in Fig. IV-49. On basis of this reaction péttern tdble,-the
vaiue of score (xjk) to explain the outside staudard ié searched for
the category [or every factor. Heré, it is presumed that_the group
could be estimated by the linear sum of scores, Thét is, on the
‘basis of the below formula, the value ai which explains the outside

standard is to be obfained,

al = LESi(ik)x

. ik
ik ]
where, §i(jk) = 1 when data i reacts to j factor k category
= 0 when does not react
xjk ¢ Number of scoves to be furnished to j factor
k category
. 2 . . o . .
Presuming O, as the distribution between groups, concerning the said
: . o
, . s 2 . . 2 _ob’
i, then correlation ratlie y" 1s :@ Yy Ny

where, gt = l fad - owl
n . i
1=z
—_ l n
- X S ;s N
o = 'Ziuo (Jk)(xik)
1=1 4
ik

When y° is large enough, it is deemed to be able to distinguish the

group, i.e. its reaction pattern well cxpresses the outside standards.

So if the score Ky which is to be furnished to j-item and k-
. g 3 2, M . Vs
category, is decided so that y“b  may become maximum, the quantifica-
tion, that is able to express the classification well, could be

accomplished,

Tu addition, if the mono~d imensional quantification does not
afford a satisfactory result, the outside standards are presumed multi-
dimensional and shall be classified. '

The group number, estimated by the quantification'typc:Ii,-is
output on the image form file. Using the outside standard file and
the file of thus established group; the prograﬁme of "mapping and

statistical quantity output” is carried out. A figure will be

L4 8-



)

furnished, that is output in 2-digit number, where the first digit
expresses the original data, while the second digit shows the estimated
data, The appropriateness ol the estimation is examined by the out-
put.

Further, the relation between the calculated score and the esti-
mation of ‘the group is shown in Fig. Iv-50.

Note} Carc should be taken, since this programme performs the
gspecial wmasking process in accordance with the original data in the

1st factor. When the original data of lst factor is less than 3, or

99 or more, they are omitted from the subject of the whole processing.

As this is stipulated in the 6th and 7th lincs in the sub-routine
PIXEL, Lt is necessary to delete these 2 Jlines of conditlon establish-

menl, for the usc of general guantification,

Topography analvsis programme

When slope inclination, slope directlon, and local tapography in
each mesh are adopted as the factors in the qhantification type 11,
the training and the lengthened period are requirved to interprete
them from a topographical mdp. In order to mitigate them, a pro-—

gramme of the calculation of these kinds of data from the read—out

~data of heights above sea-level, has been prepared for FACOM230-28,

The pfocessing fiow is shown in Fig. IV-51, As indicated in
Fig., IV-52, the data of heights above sea—level have to be cellected
[rom a broader range-. than that of'the analysis subject.

A mathod to search slope ilnclination, slope direction and local
topography by a topography analysis programme is shown in Fig. IV-53,
Three kinds of imape forming Files, made by this programme, could be

availed in the quantification type I without any modification.
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Fig. IV-49

Image form file and reaction pattern table
to be used in Quantification type IIT
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( Starvt h

Colleetion and setging
e in order of data of
height shove sea-level

T

Data input in floppy disk

Preparation of image form
file

 S— S
1

; I —

Execubion of tepegraphical
analysis progranue

Qutput of maﬂ

: .. |
statistics daca

==lj
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i

Y

Quantification rype II

Fig. Iv-51 Preparatibn of topbgraphicai information file
by data of height above sea-level
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Analysis subject area

Tirst fj]u (Cross poiﬁt data) ) ///
o -~ @ - @ — @~«w-v'” o _*—“'“'7/f“q}“‘? “‘@ ’,,Data'input area
| | [ i / | I =

v

(I}' () : £ (?_ e ,j"m D) ‘) — _q:)
| I
©O — B D e Y Jr -(JJ‘_\

| .

Py

O__.O...... (1) J R LTI TC TR, S @ — él) w,‘,\_\
| “Data of height
i above sea-level
i
|
|

Outside the analysis subject area, one more cross point data
is necessary, i.e. when the analysis subject area .is of
Yine=100 and column) 60, the image form file shall be

103 lines x 03 columns.

) . , . . : _ Aralvsis subject arca
Sccond fite {Center point data) - o 1

Tl Wl el

e ' Data inpub area

I

;—-— — RNV SN SNV S -T‘L///

o O O

| S .,, S cee R - .._..._.4!,-_-_.___—- — —{\\_\

e A ' oo ”MAM - Data of height
i ; ! ! above sea-level
f ! i H

i P j

i o :

[ : I

AU N N T R

fol| o ! o | ol ol

!....__ ..;,..__. Y S i e —

toltoti o! ol o

L ) P U UV VU N |

Outside the analysis subject area, one more center data of
height above the sea~level is necessary, i.e. wheg analysis
“subject avea is of 100 lines and 60 columns, the image form
file shall be 102 lines x 62 columms.

Fig. -[V~52 TImage form [ile of height above sea level
for topographical analysis
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The data of height above the seca-level

as shown in the Cigure 1s used

in topographical analysis. ' .kf.“’()..;:... S DS S, ﬁ)Ah
t. Directiom angle {a)
A i
) o }_) [P S _.__()I;.l... . .‘_()...f‘_“ ——
tan o = 5 _ : %)
| B G 7
2. Slope inclination () : : ,ﬁMc}m;”ﬂ,ww»,mun.Qra
R 7 s
. l[r 2 + b z
Sing = CpmseTETasseees

Ja2 + bz o+ 1 . o .
Fig. TV-33 Algorism of topographical

analysis

(21 + z2) = (=3 + 2y)
whore, a = —- — T

b= - ‘_(7‘1 + ?'j) .___g(AZ;)_ + 7_1’)

D ¢ mesh distance (100w, in this study)

whereas, o expresses angles in the folloiwng quadrants, depending

on the plus or minus sign of a and b.

When a < 0, b < in the first qurdrant from duc north
s, D

0,
0 0,
a>90, b > 0, in the third quardrant from due south
0 0, '

I8

a > in the second quardrant from due south

a < in the fourth quardrant from due north

Further, the limiting angle of slope inclination (0) is detgtmined
(SLIM: 5 degrees in this study}, and when the slope inclinations

within the limiting angle, it is regarded as no direction.
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3. Local topography

Calooor “a plane slope . ~ 11 s

altegory tnelination Other conditions

i Bill tep surface within 1% Zy plane is extending out of 24 plane

2 ‘Hili side convex th -~ 45 Zy plane is extending oul of 25 plane woere than 15:1 ip
) : horizontal plane vacio :

3 Hill side equill- 15 - 45 Lo ks extending oul of %5 plane within 15:1 in herizontal
brium surface | plave ratio ) .

q Wil aide concavy 15 - 45 %o iy extending vut of 2 piane more tham 15:1 in horizontal

) suriace - plane ratio

I3 Wil foot eroded exceeding 45

guriace

G Bill fool accu- within 15§ zq plane s depressad out ol a2y plane

A - - —J

mulated sucface 1

Note: A horizontal plane ratic 15:1 describes the ratic of the
length of chord to the center height,'which can be converted

into the ratio of heicht by the following Formula.

| ek
R
T - ptant
Ki/»“”ffﬂ Soqg v (rtan 0 15
S
(Dtan ¢) 715
By compaving this q value with (z, - (average height of

2z, plane above the sea level)), category 2-4 is determined.
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Appendixy Use of programmes
(Assigoment of data)
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Tv-5%  Data Anail y"l‘-‘ by Computer

V5]

(D

Compuiter Syslem and Examples ol its Use

Summary of computer syvstem

FACOM -230-28 system (by Fujitsu Led.), installed in Forvest Board
of St. Paulo state, is a granted {nstrnment'to proceud prompﬁly and
accurately the data analysis'like statis Llcai aualy s “data analysis,
simulation, ete. and thus assist the eleuienL udvancament of the
project, which is intended for the data collected in the process of
various survevs and tests in the local Field of Cunha, Campos de

Jovdan, Aguas de Santa Barbara, cote. by 5 research doepartments of Lhe
forestry research project,

Though the hardware and software of this system are constituled
anly for the bateh processing at present, the on-line programme
pickage like SOM (standard on line moduice), CPM (conversational

programme module), ete.

Constitution of hardware
Hardware is composed of the central processing cquipment which
i5 constituted with the computing and controlling system and the main

memory, and various peripheral equipment like a magnetic disk supple-

menting the main memory's capacity, a magnetic drum, etc., floppy

disk system, data inputwéutput“floppy-disk system, aud line printey
system, .

- Magnetic drum QQﬁipment, called a page-file, is used as the sub-
stituting domain of the main memory for job~processing by virtual
storage method which 1s one of the [eatures of this system. The
virtual gtorage method is the one that develops and prattiées'not in
the real storage domain but in virtual stqrdge domain, with various

advantages advantages like the improvement of programme productivity.

The constitution of FACOM 230-28 system at present is ijlustrated

in Fig. TV-54

Constitution of soft~ware

The operatlng %yetem BOS/VS of FACOM 230 28 dystem is the asseubd-

iy of various plo&ramme in ordcr to shorLen the proresslng time and
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improve Ehe costfperfbrmance of the computer, by fhe‘cfficient use of
central processing eQu{pment, input-oulpui equipment, ete. One jols
(the unit of work processed by a computer) is, from data input to
regult output, divided into_sevcfni processings insidé a computer,
The operating system makes a programme start ab every processing, ang

assists the practice of a job, sccuring nccessary sources,

The whole constitution of the operating system is {1lustrated
in Fig. Iv-55, where the consﬁituents of the presenl system have
been determined alter the comprehensive déiiberation.on the status
of computer wtilization,. the content, quantity, etc. of data-process-

Lng,

Urilization of computer system

The so-catled utilization of computer system Ls divided inte; the
use 1o the development stage, starvted with the occurvence of a probiem

and its standavdization, aand the use ia the practice stape,

Except those uscrs with the programming knowledge, general users
are restricted te the utilization in the stage of programme practis-
ing.

The extent of conce;n'of.users (o computers also varles depending
on the processing method adopted in the computer system. The process-
ing methods are divided inte the open batch processing in which user
himself carries oot the job processing while nperating the inpub-out-
put egquipment, and the closed batch pro&essing in which an appointeid
operater performes a joﬁ upon the user’s vequest. Forest Board has
adopted the latter method. fn this section, the fundamental matters
that are rugérded-necessary for the utiltization of a compute? system

avre discussed.

Operation of data entry equipment

The job ilnput to a computer is exceuted through such media as

cards or [loppy-disks, and magnetic tapes.

in PACOM 230-28 system is provided with floppy disk ﬁquipment
instead of a card reader that has been previously often adopled,
A card-punching machine, for making inpﬁt medium of f line, though
siﬁple”at its operation, has often cncountered troubles like mecha-

nical damages due to operation mistakes, incomplete machine operation
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- Control program

- Supervigor
——Job management
—- V5 management

: ) F—— 11-1})1.11; cutpub management
BOKSAVE ——r

------ Data management
H—0Online management

=== Practice utility

-—- Yolume management

--——— Procesgsing programme

——Word processing programme
e FASE

t-—— FORTRAN

= COBOL

L— TASKFORCFE
— Service programme
}»——— S0FT /MERGE
- Convert utility
= Chinese character utility

L 18P

w-— Application programme

—- Package programme

L User wmade programme

Fig. TV=~55 BOSNS operating system composition diagram
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Y JOB USGT_nUmber, ACGTE'FORTQ'

Y CAT FORTC, LIB=DP-DL/CM.CATLG.OV
/MERGE 13 |

Y DATA _

¥ LIED Titlé of programme

¥ DEND
/TEND

. /CEND

¥ JEND

Fig.1v-56 Job control statement for load module preparation

(CONSOLE)
[
T
Sul,,XYZ,FD-C8
(DISK)
(FLOPPY) : —
. /RL.AGCO

( } = Compile & Linkage * ! RA.AQQO:  Saving file of load module
- CM.CATLG: Catalogue library file

fAi;;Iﬁxg\
l CM. CATLG

HFORTC
\\$‘,//J

Fig.IV-57 Graphic diagram of job execution
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due to worn parts, ete. Besides above, reasons, the [loppy disk
entry eqhipment lias bedn adeted owing to the merits as; 1) record
of a large quantity of data, i) refrosh and reuse of a modium ard
possible, 1i1) simplicity of storing and trunspopting. -Furthet,
since two seats are provided in this éqﬁipmunt, Lwo operators can
independently input different data simultancously, and:bés{des, it is
provided with various into]ligéup functions like verify, up-date,

gearch, . ote., enabling efficient data-input,

As the opérating process of the data-entry cquipment is minutely
described in the operation manuals 1n Portugues, etc., here the manu-

als ave described as below,

1) FACOM F6852 Data Entry
2)  MATERIAL SOBRE FLOPPY-DISK

Both of above 1) and 2) are Xerox copies of manuals from FACOM

DO BRASTL.

Process and job-control statement

_When a job is input into a computer, inside it, the processing
is carried out, being divided into such departments as compile of
source programme, combination and 1inkage of plural programmes,
allocate of files, etc. 'What makes théSQ.prQCGSSing ﬁrogrammes
start is the job ceontrol statement,'thé constitution of which 1is

determined with the content of the job processing.

Generally, reparding fairly standardized job ﬁroéessing, instead
of taking a trouble to provide the plural number of job control
statements for each job, a method is taken, where a series of job-
control statements are in advance stored with tespective titles in a
file called a.catalogue‘library, and the respective file is called up
and carries out the job when a job is input, .By*this méthod, any
possible mistakes in the description ot the order in thé'joﬁ control

statement are eliminated, so jobs can be efficiently processed.
However, when there are mostly unstandavdized jobs like scienti-
fic and techinical calculation, the above catalogue function will be
fairly restricted on its use.
Hence, taking account of the content of job-processing, the

fundamental processing patterns were determined as follows,
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1. Cowpile and execcubion
iy with work file
?2)Y  without work [ite
2, Compile only
4. Repistor of ioad wmodule
A, Executlown of load module
1y with work file
2) withoul work Tite
voo Bxecution of Toad wodule hy command
13 with work Fiio

2y withoeat work file

6. Store of data by oo

/. Registor of cavatopne procedure

s execution form programme, catalogue

By the way, load modaic

and o omerices ot job contvod

stored in the same

PUraCess 1

»

file.  For the reference, v Fig. 1V-536 15 shown how to write the job
control statement, in case when alter the compile and linkage process—
ing of source programmes, losd module 13 rveglstered in oa file

(RL.AUDDY, In this sind r, doad modate 1s made, using FORTC that is
fegist@rmi in eatalogie library, but the titie is to be alteved into

the designated one.  {This is olse called over-write function)

Eracuclon of lob

“in this svstem, a job is cexecuted by the kev-pperation oun a
consele.,  The standard job procedure is; at first set in the input
equipment the fioppy disk vecorded with the job stream which is
compoesed of programme, data and job contrel statement, then only input

by key on the console the command to motive the input equipment, The

typical procedure, as described in the previous (2) paragraph, to

store the load medule in {ile, is shown in Fig., V=57,

fa a floppy disk as the input medium, there must exist at least
two Files., ‘That is, in one file the job-control statement in Fig.
V=56, and in the other [ile the source programme 1s stored, where
the Fite data is optiopal in the former, while fixed (FRONTE) in the

lacter,



1)

Job is motived by start command {abridged form: S), made by key-
input togethevr with pavameter as in Fig. V=57, Here, XY2 indicates
the optional file number provided by the user,-ahd D8 ShOWS‘Eloppy

disk input equipment.

Besides above, various methods have been provided, such as keyq
input of job control statement at a consule,_ﬂsifor the method of
job execution, so the most adequate way can be'selécted,_t&king
account of the content and quantity of ptocessing, the simplicity

of process, ete.

Usc of computer in the field of remote-sensing

In the field of remete—sensing; computers arve mainly used for
rhe statistical treatment of data of multi-charactevistics, which ave

collected by sample tree survey or photo-interpretation.

Tn this section, the summary of ‘the process of prepardation of
total tree volume table in Aguas de Santa Barbara district, which is
one of the study subject of remote—sensing department, is disgcussed

in the view point of computer processing.

The preparation of each tree volume table is pefformad on the
collected data on 100 sémple trees in the above district, in three
parts of 1) rearrangement of simple tree volume analysis, 2} appli-
ca;idn of the tree volume table, and 3) printing of trée volume

tahles.

The main peortion of the data analysis 2), one of multi-variate
analysis, 1s applied. 1) s the pre-processing p&rt to obtain
various tree volume that is one of 3 variables to be used in 2).

3} is the after processing part, in which tree volumes, caluculated

by the tree volume Formuia which is ultimately determined, is printed

in a form of table.

At first, on basis of diameters at bfeaét height, under branch
treec heights, and diamters. at determined heights, which are collected
at the cutting sﬁrvey of sample trees, total tree volumes, available
volumes and.real available volumes are calculated, then the results

together with input data are printed (output) in a form resembling

to the field book. (See Fig. IV-58)

After these calculations are performed for all data, then taking

those calculation results as the secondary data, the volume with bark,
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the volume withoat bark, and the rvatio of volume without bark against
with bark aré searched [ov each kind of volumes, which are printed in

a list., (Sce ¥Fig. 1V-59)

A sorics ofsnhove caleulations weve treated by FORTRAN programme
STERAN/VOL) that was aewly prepared for the simple stem analysis.
Fm:tiu_:r, thouzh this pfog;rmmne is made as the pre—treatment for the
preparacion of tree ﬁp]umu tables, if some modificatlion, including
the addition of a part of Tunction, is made, it could be used in

the research in the corvelating fields as more versatile programne,

Taking diameters and tree heights for every sample trees as in-
dependent vaviables, and volume tables as dependent variables, the
optimum regression model was selected by a maltiple regression

analvsis,

As the volume formilae to be studied, the following five

formulae, which were rather often used, were sclected, among various

formulac already proposed,

vosoauntt (1
Vo oag 4 oa (8700 ()
V o= oa, v _{i)':H);ji {3
Vo= aentigtt (L)
Vo= asHaaD’ o+ ash o+ oa: (T (3}

Since the application of the volume formilae 1s executed for
ciach of the total tree volume, the available volume and the real

o

available volume, that makes 3x5 wavs the number of treatments, so
Jitlooks fairly troublesome work but the job processing for computer

can be suffictently made only by once.

in other words, since the multiple regression programme {Forestry
and TForest Products Rescarch Institute, library programme, made by
Kozo Kawabata) is provided with the conversion function, the varia-
ble selection function, cte,, if only the original data of five

variables (i.e, diameter, tree height, total tree volume, available
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s e o ) .
" Application of velum - Apply sach volume. Formula
Forearla with whole daea . |
with whole data,

i

Detect and discard the extraordinary
Discard of extracrdinary data due to mi s L'.Elkes_ on measurement

B ¢mik _— ] or record in a field book, or improper
i selection of a sample tree,
Application of volune Apply volume formulac again
pyiy vith data e with the data after discard of
- s extracordinary data
f .
ST bBelete independent variables that
Butetion af independeat i do not coentribute to the estimation
sartables J of volume, by means of the
o o significance test of partial
e rogression coefficients.

Borer Estimate the adaptability of each
volure {orenla . . ) - .
; volume formula.

sinaticn of

L

Trinting of voiuns ¢ Caleulate the volume formula,
tabi i . N - . .
- P then print the results in a form of
tabhle.

ey
i
—

Fig. LV-hA} Preocess of volume table preparalion
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(4)

~volume and veal available volume) are input beforehand, thereafter

variahles'fqr cach formula are selected by the iﬁscruction, and the
conversion of variables-(to logaritim) is made in formula (1), (3)
and (4), so the hpplivation of 15 ways of volume fofmu]a can be
processed continously. The adaptability of each volume formula was
evaluated from the results of above caléu]ation. Then vitimately the

following formula was adopted for all of volume formulae.
, z 2
Vo= ag + a1l + a2D7H

in addition, this volume 1s such as the third term is deleted
in the formula (5), duc to the results of significance test on the

partial regression coeflfiicients,

Once the volume Fouviula is determined, thereafter, simply volume
will be printed out in the two-dimensionai table in the diametrer and

the tree height.

The programme is made Lo input three parameters of a , a  and

v i
a 1in the volume [ormala, then calculated and output the volume in

]

the range of the specified diametcr and the specified tree height.

{sce Fig. TV-60)
As above, the summarvy of the preparation of the volume table,

divided in three parts, is described in the view point of computer

processing where a series of processes can be set in order as in

Fig. IV-61. &y for the detail of the study, please refer the study

of volume formula of Pinus elliottee in state forest of Aguas de

~Santa Barbara in St. Paule state {(the 95ih, Japan Forestry Soclety

Theses, 1984), etc.

Utilization of computey in future

In recent years, the vesearch and study of forestry have become

higher and diversified, meanwhile the computer using technique, to

“which the efficient study can be attributed, has rapidiy progressed.

Computers have been availed for various purposes by a research as a
too] to conduct study cfficiently and a mean to develop a novel
research.

Though the computer in Forest Board has been availed in the

research work, mainly of scientific techmical calculation, its use
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will be enlarged to various works including clevical calculation,
in Luture,

"Under the circumstances, in order to attain the cfficient

1 3

employment, 1t 1s always necessary to catch uscrs'

necds and tunduncy
and to- reconsider the syétem, including its iht@ﬁsiﬁicution and cex-
‘tension, Especially, the problem of rencwal, taking accouht'of.the
compuber's lite cyele, should be prudently dispdse(! with the future

prospect of its utilization after the many faceted deliberation.

Since the existing FACOM 230-28 system i fully pfovidéd with
the functions of medium-sized versatile computer, such as imaginery
wmemory method, muitiple prouessing, on-line function, ete., at this
woment the prdvision of ﬁeriphérai machines like a XY-plotter, a

oraphic display, cte. will be the subject of deliberation.

Parallel with the prdvisiﬁn of hardwarve, soft were especially
the basic programme of statistical cnlculution.énd numérical value
calcutation should be provided by wmeans of introduction or develop~
ment, and it is necessary to establish soon .such system capable of

furnishing data alwavs to users as a programme Iibravy.

In this section, though it is hard te anticipate the change in
the future utilization of computer in Torest Beard, several opinions
are indicated fo increase the Future utilizatien of computer, taking

our present use of the computer as a clue,

(:) Preparatiﬂn of application programme

The data processing by a computer handles various probleas
such as data modification, calculation, illustration, searching,

cte.

In recent years, as the ncw type of data processing, the
demand for image analysis and datafbése has been rapidly increas-
ing. This owes to the improvement of the performance of image
treating équipment like color-image display, drum—scanner, ete,
and the advance of the availing technique, so, in fact, a
versatile image-analysing-system, making use of remote-sénsing
data, haé been developed, In addition; as the data base manag-
~ing system for personal computers, has been-prepared, its use Is
iﬁcreasing; for example, as furnishing a small scale data basc

for the user's individual use.
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- Nowy data precessing in the Field of rescarch is, of non-
standardized type, quite different from those clerical work that
malnly handles standardized type. Therefore, even though it is
a complete programme, it is necessary to conduct the addition or

change of a part of function, if desired by users.

Generaltty, though programmes are developed, intending the
specified function Lo meet the purpose of use by users, it is
desirable, as for the concerned stuff of Forest Board, to develop
and Tibrarize sdch versatile programme as provided with various

Functions for multifaccted use.

In order to furnish efficiently the complete set of library
programme, 1t 1¢ possible to introduce the existing basic pro-
aramme of statistical cajculation and numerical value calcula-
£ion. Further, since programmcs ﬁecu!iar to forestry research
are cansidered to be already prepared in concerned organization,
uﬂiversity, cte., 1t is proper to introduce such programme

through the prescribed procedure.

Tt will be one of pfobiems to prepare and extend the pro—
grammes, which are necessary te the research or work in various
depdrtments of Forest Board, by the development or iatroduction
as above, ﬁnd=to‘provide users with a svstem for efficient data

processing without delay.

Making common data to data base

As Forestry experimental research intends Ffor the natural
phenomenon, various data required in the study in various fields
are collected over many years, So requireé plenty of labor and
éxpense; Among.these data, some data can be used not only in
the réspéctive field but also commonly in other wide field.

The éxamples are the fofestry hydrogical data, like meteorology,
evaporation, watef quantity, etc. collected by watershed mana-
gément depﬁrtmént and remote—sensing department, and the forest
survey data containing minute measuremenl data of every sample

Lroee,

Continuously observed and measured minute original data
are prescrved in a form of recording paper or a field book,

O ﬁfusefved in a floppy disk when data are processed.
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‘These data can be positioned as common basic data in the
forestry experimental rescarch, usable not omly individually but

also as the comprehensive data combined with multi-faceted data,

Tn.order to attempt thé efficient use of the common basic
data, they shall not be prescrved by individuais nor 1aborutories,
but have to be controlled in the unified Form making use of coni-
puter system. For this purpose, the concrete study on the intro-
duction of the data base management system is vequirved.  The
introduction of the data hase.managément system displavs its
capability of the preservation and_use.of-mass information such
as, 1) data maintenance like addition, renewal, deletion, etc,
of data can be efficiently carriedrout, 2) necessary data can be
ftmmediately scarchod through.simple procedure, 3) various calcu-
lation is carrvied out, availing of the searched results. Further,
by the unificd wanagenent of data, the waste of expenses, time
and labor due te the collection ol duplicated data will be pre-
vented, The data base maﬁagﬁmgﬁt'System wiil remarkabﬁly con-
tribute to the efficient promotion of résearph and work, as

the center of the data processing system in Forest Board,

Introduction of time sharing system

«The present usge style of FACOM 230-28 gystem is restricted
to batch processing (jobs are processed in a lump, with higher

computer availing efficiency, but shorter turn arcund time).

Time sharing system (TS5) is a system that furnishes .a
number of users with the service of conversational tvpe, ﬁer—
fdrmihg various processing for a divided time, and the recent
tendency in the use of computers have shifted from batch process-

ing to TSS., The way of use of this system ranges from the use

depending on various functions. (intelligent function) of persomnal

computer to the use as the on line terminal, availing of commu-
nication circuit, relying on the plentiful function of the host

computer.

In fact, by this system, various data provessing prepara-
tion, addition, deletion, modification, ctc., and like the deve-
lopment of gradually to the direction.of TSS in near future so
it will be necéésary-to deliberate the composition of hardware

as well as software for that shift, and the technical problems
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