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Studies on the method of predicting watershed in danger flood runotf
Method of study
- The following methods can be cited as the method of predicting
watershad in danger of Tlood,
i) Method by escessive probable [ieod
Amount of flood and its probability of occurvence expected:
in the future arve caleulated based on the recerd of past lood
for each of the watersheds, and the danper is wmeasuved by the

figures.

ii) Method by excessive probable raivfall

The higher rhe amount of rainfall, the wore is the risk of
food occurrence, and the danger is vanked by estimating the
‘amount of heavy rain, its probability of occurrence, and régional
same

distribution based on the past records of vainfall in the

way as 1),

iii) Method by watcrshed varliables

‘Although the direct cause of flood is the conditions of
rainfall, the occurvence of flood is aiso governed by the response
of the watershed against the rainfall. Therefore, in this method
the danger of flood occurrence is predicted in velation with topo-

graphic conditions and ground coverings,

Of the above three methods, i) and ii) arce snitable for the water-
‘shed of medium to large area watershed, in view of arrangement and
availability of necessary data, bul they are difficull to apply to
small area watershed. The meéthod 1ii} can be applied to any of
_watersheds of large, medium, and smali area; but it would bhe suitable
to medium to small watershed when the amount of works required'for

measuring watershed factors is considered.

Occurrence of flood is thus governed by a series of complex
factors, besides it is an organic phenomenon. Measurement of many

characteristic values such as watershed conditions and rainfall
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cbﬁditibns are necessary for explanation, and spatial~temporal variation
of the characteristic values is governed by many factors. In addition,
the characteristic valucs_measured influcnce‘one anothér in many cases,
Therefore, the method of multivariate analysis, that is a method of
analysis by considevation of mutual relation between charactevistic

'values,.wguld be a better method for explanation of the phenomena.

Various analytical methods have been adopted for predicting

watershed in danger of flood or landslide.

Raiationéhip between watershed factors {also called watershed
variable), such as geology, topography, soil, fofest, etc. of the
watershed that are regafded'as primary cause, and flow factor of the
wvatershed, such as peak specific flow, increment flow, etec., has been
investigated in Japan and other countvies by multiple watersheds
method. (3.1-1) Correlations between various watershed factors
~and peak specific flow and other flow factérs were obtained. Then in
this.method, the multiple regression equation was introduced for
obtained peak specific flow, by taking various watershed factors as
independent variables, and degree of danger of flood in the watershed

was predicted.. In other words, the method iii) above was adopted.

- Tt would be desirable as the means of vesearch by Sdo Paulo
Forestry Institute that examination be extended for the analytical
techniques in such a dirvection that not only interval scale but also

“nominal scale be applied to explanation variable and objective
variable, with reference to comparatively simple analytical method
such as multiple regression analysis and accumulating experience,

so that the content of investigation and veseavch be graded up,

{2) Result of Study
1)  Study plan
Initially, the method of predicting watershed in danger of
flood was scheduled to be carried out in the watershed of Ric Una,
Rio Una is a branch of Rio Paraiba, and it joins Ric Paraiba on
its right bank in the east of Taubate City. The watershed of
Rio Una is the water reservoir for the service water of the city;
and Taubate City is an especially important distriet geographically
and econemically as it is located between the two largest

economic centers in Brazil, SHo Paulo and Rio de Janeiro.
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2)

ho-land LhdL once produced coffee as Lhe ma]or produulub land

and brought prosperity to Brazil is now deprlved or_the Orlglnal

plants, and "semi-arid forest in Paraiba Valtey" is left in a

very small arvéa in Serra Quebra Cangalha,  The land is barren,

and from the remain of coffee farm, veddish yellow podzol and
clay soil 1una of f after couversion into Pld ing land or farm,
owing to a poor malutenance; -and the river water of_Rio'Una is
coloved red. Therefore, the watevshed of Rio Una 1s especially
tmportant in terms of watershed management. The watershed of

Rio Una was wisely selected as subject of study in this sense.

The consistent r.bOdFCh that was intended at first as
regards items of study, such as setting of experimental warer-—
shed by multlele watersheds method based on oxamluatlun of
analytical wethod and hydrological observation, was not developed
owing to difficulty in arrangement in Lime and.bersonuel. But
the method of measuring aund indicating watershed factors, Flow
measuring wethod, vte. that ave basic items of investigation in
the method for predicting watevshed in danger of flood were executed
in Reserva Estadual de Cunba in the line of research object that
investigating method based on multivariate analysis be conveved
and contributicn to establishing the method of predicring the
watershed requiring fofest restoration in the devastated watershed

be made, .

Conveyvance of basic javestigation for predicting watershed in

dangev of flood

Multiple watersheds method is gencralily adopted for
studying-methdd of predicting watershed in danger of flood, and
basic investigating operatious for collection of various data
are required accordingly, One of thew is measuring operations
for watershed conditions in the aumber of Wafersheds to he
investigated, such “as topographic Factor, geologicé] and soil
factor, ground cover factor, ete. The second one is flow

observing operation by investigation of runoff From the water-

'shad by rain that Lonstltutes necessary Ob}LLLlVO variable,

such as peak spec1t1c Flow, runoff lncremant, ete.
As the former operation, four watersheds in the initial

schedule were investigated by means of the topography map of
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Reserva Estadual-Cunha'in 1/5,000 scale; and the result of

 investigation is shown in Table I11-21.

Table 11-21 Topographic Characteristics

of Watershod

Factor/name of watershed

Watershed area (ha)

Altitude range (m)

‘Relative_heigﬁt (m)

Length of main stream {m)

Relief ratio

Mean slope (°)
(tan 9)

Mean watershed width {(m)

Form facétor

Watershed perimetér {m)
Compactnéss factor
Elongation ratio
Circularity ratio

Forest area ratio

A
37.50

1030-1175

145
1070

0.136

18°48"
(.340
330.5
0.328
2800
0.775
0.892
0.603

0.958

B

36.68

1025-1199

1871387
0.337
398.7
0.433
2750
0.781
0.739
0.609

0.934

c

1050~1188

138
800

G.173

19°26"
0.353
509.1
0.636
2450
0,923
0.960
0.853

0.833

40.73

o

56.04

1048-1222

0.353
3450
0.769
0.649
0.592

0.676

note:

aerial photograph of 1/45,000 scale,

Topographic measurement was made referring to topographical

map of 1/5,000 scale. Forest arca ratio was rvead from

As the latter operatiou, investigation was carried out right

after ruﬁoff of high water level, refering to the simple method

whereby flow ¢ was obtained from water flow cross section area A

and avarage velocity V as the product.

Q = AV, obtaining the water

level of flood at its peak by the mark left on the stream bank,

bridge pier, etc., obtaining cross section areaof flow by survey,and
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3)

caleulating hydraﬁiic radius R.- On the other hand, water suffacu
slope 1 was obtained by survey, on assumption that it is the

same as that of the stream bed. The coofficient of roughness

0 was decided according to thé conditions of the poiut, aund
average velocity wéé calculated by the Manning formula,

Vo= 1/2 R2/3_11/2. The cross éeqtion area was,mulbiplied by the
average veloclty, and the peak flow from the watershed as the time

of flow at the mark level was obtained.

As other methods of observating water 1evg1,_simple maximum
water level mark meter can be manufactured tentativély  and inexpen-
sive maximum and minimum water level meter can be purchased and
installed, TFor a higher accuracy in observation, gauging weir

shall be contructed and self-recording must be carried out.

As to flow observation, viver traversiung survey and flow
measuring method were conveved under guidance of Fujieda in

Rio Paraiba.

As ecxplained abové, sefting of experimental watershed for
studving the method of predicting watershed in danger of flood was
planned, and basic operatlion procedure and manual have been _
conveyed to the counter part, except techniques of analysis, by

practical guidance.

Turbidity investigation

Turbidity of vunoff water seems to be effective data as

watershed index in a peried of flood, as it reflects solil erosion

“arising by varying mode of land vtilization in the watershed

and proves erosion of river bank and viver bed scouring.
Turbidity was observed in the watershed of Rio Paraibuna, that

is the source of Rio Paraiba, al two points of forest watershed,
one point of grazing land, and in Rio Paraibuna aftef coﬁfluéncu
of the said streams. (3.1-2). Determination was conducted by
accurate turbidicy meter of NSK-2P type, manﬁfacturcd by Nikkyo

Manufacturing Co., and provided by Japan.

A part of the result of Obseréatibh.is shown in Table 17-22,
Fig. 11~23, and Fig. I1-24; and the summary of the result is

as follows:
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Table 17-22 Turbidity by mouth

Month Forest (1) | Forest (2) Paqture Land | Rio Paraibuna
1983 June average 2.8 1.8 3 8 15.2
range 2.0~4.5 1.0~4,0 1.5-9.5 6.5-70,0
July average 2.6 1.7 3.8 9.6
range 2,0~5.5 1,0-6.5 2.0-20.0 4.5-55,0
August average 2.6 1.9 3.0 5.0
range 2,0-3.5 1.5~3.0 2,0-5.0 4,5-7.0
L o ' i
September| average 4.5 3.4 % 7.9 53.9
range 2.5-10.0 2.0~8.0 |  4.5-16.0 5.0-230.0
October |average b1l 3.0 | 6.8 % 15.3
range 2.0-8.0 | 1.5-8.5 i 4.,0-13.5 | 5.5-65.0
November ; average 3.3 é 2.6 { 3.8 E 8.6
range 2.5-4.0 ! 2.0-3.0  { 2.5-5.0 | 5.0-13.0
December | average 6.0 4.5 % 14,2 § 81.5
range 3.0-7.5 3.0-6.5 |  6.5-26.5 | 22.0-148.0
! |
! i |
1984 January |average 5.3 3.2 N 6.2 14.6
range 2.5-10.0 2.0-10.0 § 3.5-13.0 | 5,5-58.0
- i L i
’; 0
100 E
s0p- o 25 e Rio Paraibuna
fg;;\ ‘%E /\ 4 Pasture land
[=% oed w
~ ® /g o forest (2)
5\ e | ©
o 10}~ / _ \.
" & : Fa
ot c - 9\0\ _® O 29
ra 5 e 8T N e
a A
A
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Fig. I1~23 Turbidity change
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Fig. 11-24 Relationship between rainfall and turhidicy
{(Rip Paraibuna)

i) Turbidity in novmal time was 1.0 - 3.0 ppm in the
forest watershed, 2,0 - 4.0 ppm in the grazing land waterghed,
and 4.0 - 6.0 ppm in Rio Paraibuna, 1i) Turbidity in flooding
time was about 10 ppm in the forest watershed, but in Rio
Paraibuna including farms and grazing land in the watershed, it
was 200 ppm orv higher“iqhsome cases, 11i) Turbidity as high as
that was not showﬁzéﬁ g?gzing land, ivj while the turbidity in
the Forest watershed of Rio Paraibuna in normal time was 5 -~
10 ppm, “in Rio Una in Taubate District, it was as high as 450
- 500" ppm, and 100 ppm even upstream in the branch, showing the

difference by the mode of land utilization,

Method of predicting watershed in danger of flood

(a) Example of predicting watershed in danger of flood in the past

Here the method of multiple regression analysis will be
shown from examples in Japan and other countries. The method
is simple and independent variable as well as criterion

variable can be expressed in interval scale.
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Actual examples of wmultiple regression equation intro-
duced from the result of obscervation by multiple watersheds

method are as follows:
i)  HExample in Tenryu River,Ogawa River River System in Japan

:The 15 forest watersheds were of 1.1 —~ 28,0 km" area,
and the multiple regression equation for a rainfall of

50 mn was (3.1=3),

q = 3.227r = 0,448 ~ 2,441 - 0.07fc + 15.8
(R = 0,70)

where ¢ @ flood specific flow (w®/sec/km?)
v+ mean inclination of main stream
B mean width of watershed (km)
Lot Concentration ratio of watershed,
fo: forest Coeffiﬁient {product of forest area and

square voot of growing stock per km" )}

i1) FExample in State of California, U.S.A.

The result of investigation of 38 watersheds of 0.1

~ 201 mile’ area in California, U.S.A. gave (3.1-4).

logQ) = 3.624 + 0.928logA + 0.723i0gP
+ 0.8601logrb.rs/rl - 1.15210gC

(R=0,983)

Qhere  : maximum momentary peak discharge (Ft?/sec)
A @ area of the watershed (milez)
P : maximum 24-hour precipitation {(in)
rb: bifurcation ratio
re: slope ratio
rl: length ratio

¢ : average cover density

iii) Exampte in Nigeria

Casc of 15 watersheds in southwest Nigeria haviug

2.0 - 18.8 km® watershed area was (3.1-5).
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1ogROy = 37,6 + 0.4710gS; - 0.2310g5; ~ 0,5210g8;
0.40%0gSy + (,8410ogSs = 2.2110g8s
+ 0.9110gSy  (R* = 0.94)

where RO1:  annval runoff ()

5)

S1 1t percentage of basin avea. underlain by quartzites (%)

B2 1 percentage of basin avea undevlain by granite and. gneisses (7)E

ercentage of basin area undertain by amphibolites and schistg ¢k
3 . - i {-ﬁ

E

Sa

\ ' . 2

54 ! drainage basin arca (km™)
' . . -1

Ss ¢ drainage density (km )

Ss ¢ total dry-season rainfall (mm)

[ €01
LI«

maximm weekly vainfall in Octeber (um)

Trial for predicting the degree of danger of flood in [our
'uaL ersheds in Resevva Estadual du.Cunhn

Analysis for predicting the danger of floed was tried as
exampie,'although for 4 watersheds only, using the vesult of
measurcment of topographie Factors in four watersheds A, B, C
and D in Reserva Estadual de Cunha with past examples of stidy

as reference.

First flood peak specific flow was taken as objoct variable,
It would be a rule to obtain peak specific flow of each 01 the
watersheds by water gauging observation and other means of
investigation, but here the {low of three watersheds othér than
watershed D were estimated from the existing datn for Watershed

D, and the peak specific flow were used.

Forest area ratios in the four watersheds were calculated
as vegetation cover factor in the watersheds, belore start-
ing multiple regression analysis, in addition to topographic
factors already maasured, by.means of acrial photographs at

1/45,000 taken in 1977. (Table 3.1“])

As to the flow factors, the peak SpLL]fLP flow 160.73 #/sce/ha
in Watershed D that was cgused by the LOngenLraLgd heavy
raln of 435 5 mm a continuous rdlnfall from 16 o'clock January 23,
1985 to 30 clock Ianuary 25, 1985 (49 5 wm hourly maximum
rainfall, 199 5 mm_6-hour rainfall) was referred to and peak
flow in other watersheds were estimated by the rational equation.

Here 424 mm maximum 24-hour rainfall of the rain was used ag
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probability rainfall in the equation, and the runoff coefficients
for Watersheds A, B aund C were caleulated from 0.73 (3.1-6)
anawal runelf rate For Watershed D on an.assumption that they
Care in inverse proportion to forest avca ratio. Peak specific
[lows iﬁ_w&tersheds'A, B and C were estimated by simple propor-—
tion calnnlhtion using the rate of calculated value for watershed
D by the rational equation based on the rainfall data against

the obscrved value as the factor. The reason why peak specific
flow thus calculated on guch assumption was used as’ the

index is that 1ﬁarks of flood were hardly recognized by the
investigation that was undertaken about 9 months alter the [lood
occurrence. Therefore, it should be noted that the analysis in
the four watersheds in Reserva Estadual de Cunha is just for
showing the researching procedures as an example and that the

result obtained has no strict meaning in the values.

The multiple regression cquation obtained for the peak
specific [low by selecting watershed factors highly correlated

with peak spoeific flow is as follows:

q = 2.64X; ~ 66.02X; + 56,60
(R = 0.,991)

where g @ peak specific flow (&/sec/ha)
X1t watershed avca (ha)

Xs: forest area ratio

The equation shows that the peak specific [low increase as
the area of watershed increases and that it decreases as the
Forest area ratio increases, as a very plausible result by the
common sense.  lowever, as shown in scveral examples of research
in the past, the constants (or the independeut variables in
the equation can be either positive ov negative depending on the
uxperimenfal watersheds, cven if the same -independent variables

are usad,

The relative importance of the independent vaviables in
the multiple regression equation for Reserva Estadual de Cunha
is calculated at X,:X, = 1.0 : 2.8, showing that watershed area
“affects the peak specific flow about three times as much as

forest area rabio, between two factors, but what we can change
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by our effort is the [orest area ratio, and the difference may

not be rvegarded very lavge.

‘The prediction of degree of danger in the four watersheds

can he estimated from the vaiues of ﬁeak specific [low, but

we predicted aﬁoording to the‘gxample by Mashima (3.1-7) by
woeighted total of the watershed factors, as célculﬂtcd by multi-
plication of walershed factors by thvcbefﬁicibnt.of relative impor-
tance and sunming up the prodocts.  The larger the weightéd

total, the iargér is thoe danger. The rvesult of calcqiation gave
that the danger of flood is the largest in Watershed I, followed
by Watershed C, Watershed B; and Watershed &, Electronic computor

FACOM-230-28, that is a provided machine, was used {for calculation.

The result of_prudicting watershed in dungér of Flood was made
based on the result of caleulation using estimnﬁud values by a
bold assumption, and more detailed information will be abtained
when water gdugihg welr in Natefshedé A and B oare completed,
accurate observation is contiaued, and caleulation is carried

out based on the actual floed {low obscrved.

Setection of imvestigation watershed in danger of flood by

mittiple watersheds method

~ It is desirable in studying the method of predicting
watershed in danger of flicod to collect a large number of data in

many watersheds and introduce multiple variable analysis.

For this reason the present study was ye—examined, includ-
ing the initial plan, and the watershed of Rio Antas, that is
a branch of Rio Una, was selected as subject. ln:this districet,
watersheds of various kinds of land utilization can be.selented,
including - forest land, besides fundamental invéétigation for
geology, diﬁision of Tand utilization,:étﬁ. s alreudy.finiMuwh
Investigation of water quality 1s also going on in this watershed
among other investigations, and the district lies in a geogra-
phically convanient.position for obgervation, being near to
Taubate.nuréery Offige cf'Forestry Institute, IHydrological data
by Taubate DAEE and others can be used andndompared, and this
also gives convenience, Tﬁé_district was surveyed, and experimental

watersheds ware selected, water level observation points were
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selected, cross section at the points were surveyed, and longl -~
tudina1 éufvey for riverbed inclination was conducted is fundamental
investigation for flow measurement. As to the method of water

level recording, inexpensive method for recording the water

level during the period will be sought in ovder to save the

expense,

As  to the analysis of the data collected, program for
eléctronic computor as developed by the remote sensing depart-

ment will be utilized, -

{3) TFuture outlook and problems

It would be safe to say that the concept and procedures for
studying the method of predicting watershed in danger of flood, that is
one of the pillars of studies on watershed management techniques,
were mostly understood, However, execution of studies will require
more skill and knowledge besides a vast amount of operation and expense

in practice.

Firstly, in collecting related data, it 1s necessary to start
with arranging data, that can be utilized, clearly. For example,
ddta should be gathered from aerial photographs and Landsat Satellite
_data so that many watershed factors such as topography, geology, soil,
land utilization, vegetation, etc. be obtained. In examination and
fractionation of factors deeply related with runoff, the level of
comprehensive research must be raised in order that original items
and catégories for classification suitable for Brazil and State of
530 Paulo be found. For example, techniques for collection of forest
information factors affecting water circulation, such as tree species
construction, amount of resources, growth characteristics, ete.,
should be advanced. This is a problem not only of Forestry Institute

but much could be obtained by exchanging studies with other research

organizations and other fields.

In practical plamning and promotion of studies on the present
subjecﬁs, studies should be started by a method for general comparison
and analysis in simple method and by small expenditure, After accumu-
lation of experience, experimental watersheds shall successively changed,
accuracy of data accumulation raised, and analytieal techniques designed
.and advancad.into'higher stage. This would be a practical way of

advance,
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Yorestry Institute has an expaeriehca in_oﬁly a short périod in
water gauging experiment, and the method of predicting watershed in
dudger of Flood was taken up in the final stage of mdbpération_and
the techmiques were conveved. Thus they have no prérience, Therefore,
exchange of information and pursénnel between Forest Institute and
Japanese side will bé needed in the'futuﬁa...The offect of the

‘present regearch cooperation will further he enhanced as a result,

At the same time, the number of researchers on hydrology in

Forestry Institute should be increased.
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11-3-2 Studies on the method of predicting area in danger of crosion

(1) Method of study

(1) Arvea divisibn in predicting area i danger

The tand in 8o Paulo is utilized as non-forest zone such as
-farm, grazing land, and ﬁnntilizud land for a large part; and
the frequenéj of sudden rain is 1arg0; Théreroro, grosion is
adﬁaﬁcing widely on the slope in the whole arca ol the state,
and prediction on danger of crosion will be needed in a large
rangoe, Two mothdds are vonceivuhiu ai means of scetioning land
as object of prediction of danger uf‘vrdsiou, one =ectioniay fand
into several hectare or tens of hectare of the sﬁme inclination or
shape of slope, or so-calied stope sectioning method, and the othey
mechanical mothod of secticning Tand ip prcdérerminvd gize ip oqual
intervals cast-west and north-souti, or go-ealted wesh sectioning.
The former has an advantage of making Tand of stwillar conditions
related with crosion, such as inelination and shape of siope,
as unit of prediction, while the latter oi making the avea of all

sections cqual and the vesnlt of sectioning objectively the same.

Photo 1I-% Erosion -in Taubate grass land for pasturing
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11

 Mesh sectioning was adopted for prediction in Sdo Paulo State,

considering the need of prediction for a large area, so that the

- same sections will be treated regardless of the researchers and

with advantage in treating data by electronic computor, ELspecia-
Iy in the present study, the peried is limited; and advantage in
the mesh method of easy collection of many data in statistical

creatment was considered.

The size of mesh was decided at 100 m square (1 ha). Based
on the existing topographic wap, conditions of erosion, land
covering, and other data were entered with interpreting to acrial

photographs.

Investigating Procedure
The intensity of erosion was taken as external standard y,
and the Factors considered as causes of devastation, such as
inclination, ditection of slope, vegetation, ete. were taken as
internal standards X, the fellowing equation was obtained by
multiple regression analysis based on dipitalizing theory, and
the degree of effects of each of the factovs on grosion vere
grasped quantitatively,
y o= axy + bxy £ ..., *+ nxi
where v ¢ degrse of danger of crosion
x1: inclination
xz: direcrion of slope
a3, bz, .... n: constants
1) The degree of erosion was rated none, slight, and heavy by inter~
preting aerial photograph (1973, 1:12,500 scale followed by
enlargement by 2), and the result was transferred into topo-
graphic map of 1:10,000 scate.
i) The rate of area for every grade of erosion was measured within

the 100 m mesh (1 ha).
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iii)

v)

vi)

viii)

(3)

1%)

%)

As related factors, ground coveriung and pasturiag densily werce
interpreting from the aerial plhotograph (twice enlarged onc

her na ftcr) 3 i i e 1(] g u‘rv ey was ¢car ]_‘.i_ed aulb Lo Sul)p]. cment th 6] .'i. nt \}[\E

preting of photograph to enhance accuracy, and the kind of

largest arca was adopled for the section.

A district of the same geology was sclected as subject of

investigation as [av as possible.

Topographic map was wsed for [inding inclination, direction,
longitudinal cross section, traversing cross scotion, and

slope tength, along with inferpreting of aerial photographs;

and the accuracy was raised,

The depth of soil was obtained from the existing soil map
(1:250,000 scale) and aerial photagraph, along with the result

of field survey For a higher accuracy.

Single corvelation analysis was conducted between cach of the
factors and evosion so that proper category sectiponing
(sectioning factors into c¢lasses of factors) neceded in

multiplé regression analysis be properly wade.

Category weights were obtained for ecach of the factors by
multiple regression analvsis (quantification of Class I1).
The reason for using quantification Class IT is that the

reading of the degree of eresion that is to be a dependent

variable (y) vemains in stages.

Multiplie regression analysis was repeated several times to

enhance corvelation ratio and judge appropriateness of the

‘category weights of related factors; and predicting of land

in danger for all of the sections was carried out using the
category weights obtained by the proper multiple regression

analysis,

‘The result of judgement was compared with the actual conditions

~of the result of analysis was examined,

Land investigated

In Sio Paulo State, Taubate District that was selected for

investigation of the danger of erosion is the oldest region of

development where many forests were developed for culture of
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coffee plant or sugatr cane, Later, the land turned barren, and
farms on inclined land disappeared, The land has been utilized
mainly as grazing 1and.  It is located about 130 km to the east
of S3o Péuio City, and it seems to lie within the economical

sphere of the city,

There is a slope of comparatively gentle inélination beyond
the ridgeline of coastal mounﬁain range (about 1,000 m above sea
level) that rises northwestward as a steep slope from the Atlantic
coast. Further to the north of the investigated land, Serra da

Mantiqueira is located, including Campos Jordad.

The_investigated land is situated in the watershed of Rio
Pedra Negra (2291 ha, Fig. 1I-25) upper stream Rio Una, surrounded
by the two wountain ranges within 45°26'00" ~ 45°29'21" west
longitude and 23°09' - 23°14' south latitude. In the central and
lower régions of Rio Pedra Negra, the slope of the hill is gentle,
but in the upper region in the south, the slope is comparatively
steep.r The difference in altitude between the northern And gouthern

ends of the investigated land is about 400 m.

(4) Items of investigation

Detail of investigation is eéxplained in remote sensing

department, and the following is an outline.

(a)  External standard used in factor analysis

External criteria to be used as index of erosion danger
in factor analysis were examined, The conditions of erosion
in the land of investigation can be classified into four items

as foliows,

i)  surface erosion
ii) " rill erosion
iii) gully erosion

iv) ecrosion after stream collapse

of the above mentioned classification, iv) etosion after

stream collapse was not taken up in the present investigation,

The conditions of erosion was classified by inter-—

preting aerial photograph into two types, The borderline
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between the two types lies at the medium degree of the rill
_erosion" The two types of erosion was transferred on the

tepographi¢ map, and the rate of area in the mesh was measured.

(b) Cround covering

Land was classified by the mode of utilization by inter-
" preting aerial photographs, and unutilized dry riverbed,
villages, farms, and quarvies were excluded. As a result,
“the total area of investigation turned to be 1966 ha, or
1966 meshes, which ave investigation data, Therefore, the

following items also were for the 1966 meshes.

The first problem of iuterpreting aerial photograph was
whether vegetation classes in the grass land, that occupies
-more than 707 of the total avea (mcaning 1966 meshes here-
after), can be classified by interpreting. The result of
interpreting was actually classified into three classes as
shown in Table 11-2B. Bias was formed in the rate of occupied

area by each of the three sections.

Table II-23 Ratesor area occupied and invaded
by causal factors

_ Occupied area Eroded area
Ground covering . T A JAv 7
Crass land of 30cm or lower 1030 | 52.4 1 102.1 | 9.9
- grass land of 30-100cm height 252 12.8 10.3 g 4.1
tree and grass land of 1lm 109 © 5.5 1.4 é 1.3
or larger height ) i :
; !
Secondary forest of 80% or 131 6.7 4,9 1 3.7
more stand of 2m or lower j
!
Artificial forest 1 274 | 13.9 1.7 [ 0.6
Natural forest 170 8.6 1.1 i 0.6
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Directiou

4

(W)

SW

Occupled

SO

ha

234
340
197
.220

103

207

area

A

10.0

Eroded

héi

22.9
26,6
6.3
8.1

0.2

area

e
9.8
7.8

3.2

3.7

0.2

7w L2291 116 j 12,3 | 5.4
i i
8 M | 352 179 1 o370 110.5
: ! i
9 None ) 84 5.3 1 2.6 1 3.1
i L
P ¥ Oceupled area ! Eroded areca
Traverse cross section | I S,
section | ha A | ha | 7
S PP ﬂ ; S
L Concave | 429 o218 | 2803 I 6.6
H \ : i
i ; ! |
2 ‘Ywven ;1096 | 55.7 i 61.7 | 5.6
i i i
3 Convex 440 | 226 4 3154 7.
N I — SN IS S
Occupled area Eroded area
so11l dEp th b”"”i'l'; o /D o _ha ’ ?-;“
s [ P O O ,%, AP AU
1 Latosol (thick) 853 43.4 49,5 5.8
2 Podosol (thin) 1113 | 56.6 72.0 1 6.5
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Secoudly, conditions of forest wés intevpreted, as has
been the case in Juﬁan, by degrec of numbét of treeé, density,
tree height, etc. No data weve available on the forest age
of man-made forest, and it was nol used. However, the rate
of forest area against the total avea was smali,_and the
man-made foreét was classilied into two classes and natural

forest only in one class,

(¢) Inclination

The number of contours in a mesh was counted, and it

“was converted into Inclinabion angle,

(d) Direction
Average direction of inclination in a mesh was clagsi-
fied into 8 directions, However, considering thic difference
between individuals by the counterpart and operator at the
time those meshes having two or less contours were regavded

"no direction"” mechanically for the sake of accuracy.

(e} TLongitudinal cross sectilon

The distance between two contours up and down along the

slope was compared and longitudinal cross sectilon was judged.

(f) Traversc cross scectlon

The degree of bending of contours was measured by angle,

(g) Slope length

The flow line of water was traced from the center of
mesh, and the horizontal distance along the Tine of maximunm

inclination upkteo the upper ridgeline was measured.

(h) Soil depth

Soil depth was investigaﬁcd in the field by the cut
face of road construction at ten and odd points, The depths
of layers A, B, and C were measured, and the 1.4 m.depth'of
podsol and 2 m or larger of latosol were obtained as the

result. Soil map of 1:250,000 vas used fFig. 11-26) with
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correction according to the investigation in site. Thus
distribution of soil type and that of soil depth became the

same,

The geology was all of migmatite except of granite in

the northern part of investigated land.

(i) Pasturing density

Tt secems likely that there is a strong correlation
‘between pasturing density and erosion in a grass land,
but there are difficutties in obtaining a-curate or

objective data at present as follows:

i) The aerial photographs were taken in Junme 1973 for
investigation of erosion and land covering conditions
at that Lime, but it is difficult to grasp the

number of cows to be compared with the phetographs.

ii) The conditions of pasture differ between milk cow
and beek cow, and the rate between the two kinds of

cows are changing complexly year after year.

iii) Tt is difficult to grasp the border of property land

correctly,

“ For the reasons stated above, digital grasping of

pasturing density was abandaoned.

On the other hand, method of grasping relatively
from the aerial photograph and conditions of grass, bul
this gave nearly the same result as three classes of
_grasé land in ground covering factors, and the result

was abandoned.

For the reasons explained above, trial as follows
we made as a model.,
i} Pasturing density in forest zone was assumed ar zero.
ii} Eight cowhouses are located in the investigating
area, and "devastation conditions' were interpreted

in the aerial photograph near the cowhouses to

give grades of devastation,
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Table IL-24  Tudex of oceupiled area rate in slope
in clagsification of ground covering

- . iy Gecupied Index of occupied area rate in slope
Ground covevring araa (L) [ ey K
ared A2 'roma} 0-10° | 11-15° | 16-22° | more 23|
1 Grass land of 30em or less 52.4 100 i ! 35 46 8
2 Grass land of 30-100 cn 12.8 100 | 10 26 | 57 7
_ l E .
3 b o roe le £ oy ! : : ;
prass tree land of dmort 1y g 100 | 8 28 0 40 24
igher : ;
4 Secondary artificial Forest i 6.7 100 f 7 28 1 6D 5
; : 5
! i
5> Artificial forest 13.9 [ 010 I i 34 48 5
‘ _ ; . |
b Natural forest . 8.6 100 9 148 : 45 28
A i
Total 100.0 100 | 1 31 | 48 10
SN IR S d B L
Table I1-25 Standard for sectioning rate of eroded area
Group of ) _ . » s o ) Mixture of erosion types
cection Typa_of erosion 1| Type of ervsion Qg Type 1 Type 2
Group (1) 0% 0% _ 07 0%
“less than 10X less than 202
Group (2} ! 1less than 507 foss than 207 ' 20% " 104
' M 30% " 107
Group (3} 50% or larger 20% or larger 107 or more 20% or move
AGE " 10% "
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(2)

11i)  The intensity of pastuving density was assumed at
the graded values and those mechanically reduced by

one grade for every 300 m distance from the cowhouse.

The background as basis of said model and the problem
will be given as follows: The investigated land lies
among the milk-supplying avea for the city of Sfc Paulo,
and it is estimated that the paéturing conditions are
those of milk cows rather than of beef cows. In milk cow
mdﬁagement, all_of the cows owned are milked twice a day
by the owner; and erosion and devastation should proceed
in the surrounding of the cowhouse in proportion to the
number of cows owned, and the pasturing density the lower,
the farther the land from the cowhouse. However, the
number of cows at the time was not available, as started
above; and this should bc one of the subjects left for
the future, along with establishing correlating equation

between the distance from cowhouse and pasturing density.

Result of study

(1)

Rate of erosion by each of the causes

The rate of eroded land area against the total area was 6 %,
and the iatés of eroded land by each of the factors are shown in
Table 11-23 and Fig. II-27, The rate of eroded area was calculated
by assuming ercded area by simple addition of areas of erosion
type 1 and type 2 and dividing it by the area of each of the

categories. The number of meshes where erosion is taking place

‘was 403, or 20,57 of the total number of ueshes investigated.

(a) Land bovering

The higher the rate of covering by vegetation, the lower
the rate of area being erovded in inclined land, generally

speaking,

Secondary planted forest comnsisting of 80% or more of
trees of 2 m or lower height is found among pine forest only
in planted forest, but in eucalyptus forest, among renewed

forest by sprouting in addition to planted forest, FEucalyp-
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)

(c)

(d)

tus forests in Brazil are generally cul every about seven
years, and the forests are renewed by sprouting fvom the
stocks and cutting every seven years is repeated, However,

after three cuttings, Spfgutihg iu 2ist year is vemarkably

~poor, and the forest rthereafter are not recognized as economi-

cal forests usually at present.. Thevefore, a few pevcent of

Chigh trees ave left uncut in renewing forest by sprouting in

many cases, and such forests correspond to secondary or

tevtiary planted fovest with 80% or more trees of 2 w or lover

tree height. Erdsion scems bo procecd in such forests of

eucalyptus by agitation df;gruund surface in cutting in many
cases, and this is estimated to be the cause of a vacher
higher rate.oF eroded area!:

Most of the areas of gfass~and~tree land of 1 m or
larger height are found avound naturval forests, and it is
estimated that they had been used as pasture or for cultivatioen

of coffee plant or supar cane,

Inclinatlon

Result of the higher vate of evoded areas was obtained,
the larger the inclination of the land. The rate of eroded
tand seems to be too low on slopes of 23° or higher iuclina-
tion, but this'seems to be due to the higher rate of forests

on the slopes as shown in Table T1-24,

Direction

The rate of eroded arvea was generally higher on sun-
light north-facing slopes but lower on south-facing slopes.
This is judged to be caused by meisture situvation in the so0il

and poor growth of plants on the north-looking slope,

The lands of category 9, or 'no direction", are flat
lands of 6 - 7% or lower inclination; and many of the meshes
in this class are located near the summit of a hill, as
unutilized land On_dry riverbed, villages, farms, etc. are

excluded, and the rate of eroded land there is low.

Longitudinal and traverse cross section
Ho remarkable difference in eroded area can be found
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(2}

by the differdnce in convex and concave shape of the ground
-gurface, . The rate uf eroded land scems to be somewhat

larger on lands of balanced topography,

(¢) Slope length

The difference in the rate of eroded area by the catego-
ries is small, but the rate of eroded area is the larger,

the longer the slope.length.

(£) Soil depth

The rate of eroded arca was higher in the category of

shallow soil, but the diiference was extremely small.

(g) Pasturing density

Category 1, or "slight", includes forest zone of zero
pasturing density. On the other hand, calegory 3, or
"heavy" shows an extremely high rate of eroded arca. This
Sﬁows that erosion preceeds remarkably around cowhouses.
But it is unreasonable to conclude correspondence between
pasturing depsity and erosien in other places by the
remarkable devastation near cowhouses, and we refrained

from conclusion.

Result of multiple regression analysis

Multiple regression analysis by quantified calculation of

class 11 was conducted 27 times in Lotal in order to obtain

causal relation between various factors related to erosion and

occurrence of erosion. As a result of calculation, where classi-

fication of external standard into grades and categories was the

best suited, the vatio of correlation was 0,3566.

(a) Classifying external standard into grades

"Int order to decide combination of erosion type 1 and
erosion type 2 obtained, number of classes of external
criteria, standards for classifying, ete., calculation was
répeated by trial and error under conditions of 5 kinds of

standard of type 1, type 2, type 1 + type 2, type 1 + 2 x
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type 2 and type 1 «+ 3 x type 2, and number of classes at

4 respectively. Aé a.result, it was decxded to uqe combina~
tion by addition oE_the rate of erodad area for the meshes

of type 1 and twice the rate of eroded avea Eof.the meshes

of ‘type Z. As a fesult_of_further,calculatipn-by the combif
nation and.in'th@ range of 2-6 ﬁumber.ﬁf classes, the classi-
fying standard shown in Table ii—25 was judged the best

sulted.

(b) . Factor analysis

Caleulation was vepeated by trial and error by'three
categories'of erosion as shown in Table 11-25 and changing the
ciassificdtion into categories for each of_tﬁe factors.

Table I11-25 shows the best result of classification into categoﬁaé
for every factors, ambng_thdse after cmission of pasturing
'density fof the.reason explained in Paragraph (d) that

“follows,

Category weights are as ‘shown in'Fig; I11-28, and they
show a more reasonable tendency by approximate'&greement with
the tendency for the rate of éroded area as showﬂ in Fig.
11-27. Accordlnoly, the causatlve Factors of the highest
effect on occurrence.of eroslon are dlrgctlon and ground
covering, followed by lncllnatlon- OLher factors were not
found in clear correlation with occurrence of e10310n by the

present result

{¢) Result of prediction in danger

The result of'rbting of the land investigated for the
danger of erosion based on said external criterian and
classification of factors inte categories is shown in Fig.
I1-29, The figﬂres.On the left side are fo} actual obser-

vation and those on the right side estimated values.

{d) Examination of pasturing dénsity factor
 No reliable metho&jwés found for collection of pasturing
density factor, but'it was found as a result of tentative
calculaLlon based on the category standard in Table II~23 that

the factor has a very 1arge welght too 1arge to allow
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analysis of other factors, and it was omitted as the Factor.

On the other hand, if a category is arranged by judging
tﬁe'pasturing density at zero in forvest land, it coincides
peffectly with the category of forest, making the internal
correlation almost 1, and caleulation is imposgsible., There-
fore, in order to conduct factor analysis with pasturing
density:in forest at zero, existence of cabegory sections
of zero pasturing density in grass land becomes a necessary

condition,

(3} Total discussion

About the same tendencies were shown for the rate of eroded
area by cach of the factors of cause and for the rate of contri-
bution of each of the factors to the rate of eroded area from Lhe
result of mditiple regression analysis. Among the Factors of
cause, effect of ground covering, direction, and inelination is
remarkable, while that of slope length, soil depth, longitudinal
and traverse cross section of the slepe, ete. was not very clear,
Effect of pasturing density is 1argé also theoretically, but there
was problems in investipation as stated above; and i1t was not
adopted as factor in multiple vegression analysis. About the
same tendency was shown as to ground covering and inclination as
one in Japanese study of erosion, but the difference in direction
of slope was unexpected, differing between north-facing slope
and south~facing slope., The difference seems to be caused by the
.differéuce in moisture content of soil that causes difference in

vegetation.

The result of estimation of degree of danger of erosion,
as estimated for each of the meshes in the area of investigation
by the final multiple repression analysis by category classifi-
cation by Table II1-23, was compared with the actual result of
erosion. This showed that the result of estimation was generally

satisfactory as shown in Fig. 11-29,

(3) TFuture outlook and problems

As a result of_studies on the method of predicting land in
danger of erosion in Taubate District, similar tendency was obtained

for the relationship bétween erosion and inclination and ground
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covering to one in Japanese studies. ' The résu]t'on'the effect of
direction of land gave. an unexpected differetce between north~E$cing
slope and sduthﬁfacing slope, but ﬁ roasonable ekxplanation was givén
for the difference, However,:ub defihite tendency was recognized

for the effact of soil depth, sltope length, and Iongitndihal and
traverse cross section of slope} The strong elfect of pasturing
density is clear, but it was not taken_uﬁ'as.a factor in multiplé
regression anélysié'because the actual state at the time of taking
aerial photbgraphs could not be grasped. The result of-&stimation by
studies agrees with the result of ficld investigation in many of the
meshes as shown in Fig. T1-29, and it scems possible to forecast land
in danger of erosion by thrée Factors of inclination, ground coveving,
and slbpe direction; but in order that judgement in a wide range of
the state of Sio Paulo be conducﬁéd, more studies egpecially as vegards

difference by the type of soil could be accumulated,

The causal relation between eresion and each of the factors as
obtained by the stétistigal'means should be proved by field survey or
experiment., The relationship between the direction of land and erosion
that was found in the present studies was proved by comparison of slopes
oﬁ both sides of road in a cutting. The slope facing the north was
easily dried, and the vegetation thete erew poorly, and the result of
statistical treatment was supported by actual .observacion. The
relationship_ﬁetween groﬁnd covering and erosion was also confirmed by

the tendency in the field.

Summing qp,.in order to establish the method of predicting area
in danger of erosion in the state of Sdo Paulo, many studies by statis-
tical means ﬁust be accumulated and the result proved by comparison
with the fact in the future. For the time being, the studies would
desirably be advanced in the order of i) similar analytical analysis
in adjacent district to Taubate, ii) similar stabistical analysis in
districts other than Taubate, and iii)_confirmatién of the vesult of

statistical cause analysis in the field.
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TI~3~3 Studies on the method of predieting area in danger of slope collapse

oD Method of studies

(1)

(2)

Method of predicting area in danger

There are two means of predicting arca in danger of collapsco,

one a so-called inductive method where actual site of collapse

in the district and factors related with colilapse, such as

geology, topography, forest type, ete., are investigated and the

“relation between collapse and the factors is analyzed from the

result of investigiation, and location in danger of collapse in
the future is forecast, and the other a positive method where the
actual site of slope is investigated and the danger of collapse
in the slope is estimated from the structural conditioms of soll
layer. The former method allows investigation by means of
topographic map, soil map, aerial photograph, etc., and it is
suitable For prediction in a large area, and the fatter is sulta~
ble for prediction of a specific slope, for investigation of soil
layer on individual slope 1s required. Tor prediction of area in
danger of collapse in Brazil, the method must be applied to a wide
range of mountain land, and the fovmer method was resorted to,
that ‘1s a method of statistical analvsis of the relationship bet-
ween collapse and Eactoré related to collapse where the rate of
contribution of each of the causal factors is obtained and used

for forecast aof danger of collapsec.

Section as unit of predicting area in daunger

The district as subject of prediction for danger of collapse

is sectiouned and each of the sections is judged for the danger.

In so-called slope sectioning the district is usually
scctioned into several or seveval tens of ha of similar inclina-
tion or slope shape to be units of prediction, while in mesh
sectioning, mechanically into squares of predetermined size by
straight lines in the directions east-west and novth-south. The
former is of advantage, because the inclination, shape of slope,
forest type,'otc..that are deeply related to collapse can be the
same within a section, while the latter of advantage, because

the sectioning is operated mechanically and objectively and the

area of sections can be the same.
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(3)

Predicting of avea in danger of collapse is-required.for a
vast area in the state of Sdo Paula, starting with the steep
slope on the eastern coast; and 0poratioh on a 1aréefarea ig
anticipated. Therefore, séctioning.by'the mesh:method_was adopted
in the present study, So7that the sectioning can be the same
regardless of the investigator, that the avca of the sections are
the same, and that 1t is cénﬁunientfin treatment by electronic
computor, Particularly in the present studies, most of the opera-
tions must be finished in the former half of 1985 ﬁiscal year,
and investigation is a farge.range was . impossible; and the advan-
tage of the mesh method of possihie gmall area of a section aud
advantage of many sections in statistical treatment were considered,

The size of wesh was decided at 100 square (1 ha) that is
thie smallest unit coneccivable for the scale of drawings (1:10,000)

to be used, with reference to the result of studies in Japan,

Procedures {or investigation for prediction in danger.

The investigation and analysis were meant for investigation

e
e

of the rate of collapsed area, inclination of the land, wicro
tepography, vepetation covering, direction, sotl depth, and
presence of stream for every mesh scctioned and for obtaining
the following equation by multiple regression analysis based
on digitalization theory between the rate of collapsed arvea

as external standard (function) Y and cach of the causal
factors as internal standard {variable) Xi, so thal the degrev
of effect of each of the facters on collapse bhe grasped

quantitatively.

¥ = akX; + bXy + ..., + n:{i

el

where degree of danger of collapso
X:: inclination
Xz: local topography

a, b, ..., 1 constants

ii) The shape of collapse was read from twice—enlarged acrial

photograph, taken in January, 1973 by Agriculturai Bureau of
the state of Sdo Paulo on 1:25,000 scale and transferred onto

a contour map of the investigation area in 1:10,000 scale.
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Meshes of 100 m square (lha) were drawn on the contour map,

o
[l
[

ot

and - the area of collapse was read in each of the meshes,

iv) - Inclination (degrees), micro topography (concave or convex of
contolirs, balance), and directionsg {(four directions) were
obtained from contour map, along with aero-pholto interprecation

for raising the accuracy.

v) Soil depth was obtained by investigation avound the land of
collapse, on c¢liffs along streams, ete, and obgervation of
topograph in the aerial photograph. The soil depth was

clagsified into four classes and s0il depth map was prepared.

vi) Slmplc correlatlon analysis was made between collapse and
individuai factors related with collapse, and rough estimate

< N . x . N §
of sultable category classification (into classes of factor)

tobe addpted in multiple regression analysis was made.

vii) Multip1e regreSSioh analysis by digitalization of class 1T
was cbnducted to obtain category weights af cbllapse*rélated
Factors. Dependent variable (Y) was classified ih;o three
or four claéséé;'and classification that gives the best
result ‘'was adopted after trial and error. As to the pregram,
the same digita}izétion of class IT was used as in the case
of predicting area in danger of erosion in the preceding

paragraph.

viii) Multiple regression aualysis was condiocted several times to
raige the cﬁrreiation ratio, and the best result of calcula~
tion was adépted'witﬁ consideration of the approprialteness
of the relative size of category weights of collapse~related
factors, Danger'of collapse in all of the meshes in the
investigation'distrigtrwas judged using the category welghts

of the factors obtained by the adopted calculation.

ix) The result of predicting was compared with the actual condi-
tions of collapse taking place, and appropriateness of the

result of investigation and analysis was examined,

(4} Subject dlstrch for 1nvebt1gat10n
Mountain land of about 800 ha near Caraguatatuba was SelecLed
as investigation district.

A11 of the state of SZo Paulo is covered geologically by
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granite or its me£am0rphic rocks except basalt zone in a small
part, ‘The basic vock in the district of investigation in the
mountain land along the easter coast néar Caraguatatuba iz
g