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T. Summary of Project

The present project for aocoperation was started in April, 1979 aund
concluded in March, 1983 after operation for 5 years according to the initial

plan -and aditional 2 years of extention,

The subjeéts‘and yearly plan forx the research and cooperation were
decided ag shown i the record of discussion (R/D) signed in 1978, but
Yevision was made in 1981 by a joint committee to make them [it [or the
actual statc of cooperation as regards the actual situation in the field and

tempo of receciving the cooperation,

The goal Lo be reached was further revised on the occasion of exten-
tion of contract in 1984 from the former "Establishing pertinent control
technigues. for water rescervoir fovests" to the prescet "Bstablishing

researching techniques for controlling water rescrvoir forests praperly'.

The present report deals with the result of resecarch cooperation
‘veached in the period after said process and problems to be met by the

Brazilian party in the future.
the research cooperation consists of the following Four fields,

(1) Studies on Watcrshed Controlling Techniques
The studies arve those for the most fundamental problems on water
reservolr forest, and the goeperation for research techniques

developed arvound the axis of ferest hvdrology lie in the nearest

positlon to the bavget to be reached.

(2) Studies on Techniques for Bringing down Timber
The timbér cut for proper control of wiater rescervoir f{orest must
be carvied out without damaging the fovest ground and suitable
technigques for carvying out is necessary, 1t is the final goal
of these studies Lo.clarify "the relationship between methods
of purrying out and disintegration and ecrosion of forest ground”
by carvying out with various machines for the purpose. The
cooperation for these studies was limited to the scope of carry-

out technigues, considering the situations in the field.

(3)  Studies on Techniques for Remote Sensing
Application of remote sensing technigues is considered the most
clffective in planning disposition and control of forest and

culturing water veservoir forest in the water reservoir districes
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scattered in a vast avea,

(4) Studies on teéchniques for use of smﬁllwdiametér'logs

In the Staté of 830 Paulo and s Laios nearby, many 11VLr have
already 101L thelr water 1ese1v011 forest CLe i 1mpor ant’ for a
pOSLLLVO silviculture in buch area: to ebtabllsh technnquoa for
quucthQ utlllzat1on of smallwdlametel logs oxpoeted to be ploduced

in the future when the forest will be deliverately recovered.

Summary of Results in Respective Fields and Problems

Basis of techuical and research cooperatiou lies in cuttivuuiﬁg men of
Falents as'is'generally accepted. . In case of manufacturiﬁg'nrticles-ur gub-
stances by cpcfation of machines, it is easyirg nppraisuﬁthn result ol undef«'
tdkings oblectively, but .in the case OE_cultivdtibn of tniehted:muh; ﬂppraisal
of the resule is ¢xtrbmuly.diffibuft. This is vspeciaily_sn-ih the présént :
case where the rvesearch is such that its [ruit wmust be discuéscd.based oty - Taw
fulness after accumulation of date for a lhﬁg period._ Therefore, the coobﬂra“
rion that was extended within a liwited sliort period was directed to drraﬁgev

ment of basis of

study rather than cultivation of talents, spending much of
the time; and improvement of will for research and fixing of the awarcness

through such effort was our important work.

Nevertheless many papers have been pubiished_during the period of coope-
ration in each of the Fields under the sifuatidn} It is a matter of discus-
sion whether the result of resc¢arch be appraiéed by-the number of papér or
theivr quality, but it would be premature teo appralse the result of rescarch

itself, when the nature of the research.is cobsidered as mentioned above.

Studics on Watershed Controlling Techniques.

Ia the field of watershed controiling techniques, 3tudius.on tusting
method for forest hydrology, method For judging denuded land being in danger
of flood flow, method of applying simplé hillside'covefing.biants, cle.
were subjects of cooperation.

Forest hydrology testing included method of.mctedréiogical ohser-

vation and studies on forest evapordtlon and hvdro]ohlcal observation.

[nstruants for ohservat1on were all suppilud to five onszLng stations



}QCdLLd 1n ChdldQLGT istically approprLaln poaltlons in the state respectively
'cllmatlcally and Lopographlcally, and their installation was completed,
0bserv1nb aLaLlons wvere LStﬂbll shed one deh in a y(,m“3 and Cunha station
Lhat was caLabilshod e le%L ha 5~yoar amount of accumulated data, Obser-
aLlon by Lem has been seL up by comploLton of the stations, and climatic
CthﬂCtLrISLlCS around the qLaLlons 15 go1ng to be clarificd by comparlsun

of the accumulated sets o£ dapa from all of the stations,

. For study oﬁ_fprestreVapqrétion,_evaporation from ¥lliot Pine forest
was,obserﬁéd, s0.that the evaporation characteristics by the type of forest
be clarifidd.._QbservationTof various factors concerned has heen completed
for 3'§eérsl'énd many data were accumulated. Eucalyprtus forest was selected
as subjéct_of next study, and observation equipments are being transferred

and installed.

In the studies of-hydrological observation, research cooperation was
Sphrted by construction works such as installation of three sets of stream
gauging weif, three sets of plane lysimeter, three scts of surface run-off
plot; iﬁsidchforestVrain:gauge. The equipments planmed have been completed

80% by the local expénditufe by the state government and model infrastructure
arratgement cxpgndituré by Japani; and valuable observation data are beling
accumulated, .Equ{pments-still left uncompleted are two sets of stream
gaugling weir to be taken care of by the state goverument, and their carly
completion by Braziliao party is hoped for, it is noteworthy that the
results of studies-as explained in the following were obtained in spite of
the ptoje¢t being enforced under considerably.unteasonable conditions in
cooperation such as'simultaneous advance of two tasks of mutually different
nuture; construction of research eqﬁipmeut and éonveyance of researching
techniques. j a

Studies for meLhod of Judglng denuded 1dud being in danger of flood

ftow include three fleldb ot study, method for judging land being in dangoer
of flood, mLLhOd f01 Judﬂlnp Land 1n'dangur of eroéion, and method for
judging L Land in danger of collaps1nb In the initial five years of cooper-
ation, 1nvest193t10n of the dCtudl state was all thaﬁ was executed, and
conveyance of researching techniques was undertaken.energetically in tﬁe

two years of extension as the major item during the period. The studies
nré_succassful onlj when the existing data concerned are effectively
utilized, and ‘we consider that the conveyance was almost completed by the
techniQUe3 that.%i[1'be explained in the following. Field survey was made

along with intetpretation of aerial photograph, and research cooperation
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on improving tﬁe'accuyacy'of interpretation of aerial photograph wad carried
out with due result, e R
Studies on the meLhod of applylng Slmple hlllsldo coVethg 1nc1udcd
studies on ltse]f and qclectlon of plants from among those used COhVentlon—
ally. 1yp1cal method of covering wag conducted and exhnbngd Ln 1983
and simple method was applled on’ plOJeCL scalc in 1985. It 1s natural LhaL
the research techniques were conveyed to the countexparL as a rLsult but it
was a large success that the working technlquos WEre conVeyed to the of fi=
cers. of ‘Forestyy Agency along WLth conveyance of teghnxques for contTuct=
ing various equipments for hydrological observatlon. "The fact Lhat covellng
plants with a high adaptability in the field were ‘selected From atong the
conventional plants gives an important guide for the working of thij kind of

covering in the future

Studies on Bringing Logs down '

Collection and tldnhport1t10n of logs by means of foreatry machxnea _
was a first ehperlgnce_fOL the Forestry Agency, Therefore, thoy had plaLLI“
cally no knowledge not only the studies on mechanical tran&pp1tat10n but also
handling of various kinds of transportation machinesj and the reseafch coop=
erationwas started from guiding them to:bpéfate the mdchines proﬁided. '
Conveyance of researchiﬁg tedﬁniques was started only after they acquired
the skill for operating machines. This was almost the first case of.begin~

ning at a vety primitive level.

Therefore, so called technical Looperatlon to guldh mcchanlcal trans-
portation technlques and research cooperdtlon based on it weLe given SldL by

side,

In the field of technical cooperation for transportation aerial cablé
collection machines of mono-cable type, running sky type, slackllne Lype,
endless tailer type, hlgh ]ead typé, ete., tractor collection, mono*rall
collection, forestry wagon collectlon, chute collectlon, ete. were taken up
for technical coopération; and 1earning by ‘the field workefs wag mostly

satisfactory.

In the fleld of research Cooperdtlon, research technlques on Lest;ng
method 01 performances of forestry mdchlnes, worklng efficiency LHVQqL15ﬂ~
tion and worklng setup, measurement of worklng lntenslty, sLudles on wokang

_safety, method of working cost ana1y81s, etc. were the items of conveyance

of the technlques, along with operation of machlnes provxded.



Tho geucr&] machlnae for Lransportatlon provxded could be manufactured
in BLale Lechnlcally spnaklng, and the Lechnlqucs are expected to take
root on future commerc1al scala,.although machines Ior research must be
excluded Enriohmont in research on aforesaid items is expected, for this

putpOSL, qo that thc Lechniques Wlll be developed prOperly.

Studies 6niRémote Sénsing Téchniques

In- the fleld of remote 5Ln31ug,_mcrhod for JnvebngaLLng forest
foreqt analysls by means of aerial photograph, method for judging danger in
denuded land, and data analyq19 by mcans of computor were the items of
'researéh'coqperatlou,

Foreét investigation was [irst planned through utilization of aerial
ﬁhoﬁogréﬁhs, but.tﬁis was changed due to lack of aerial photographs as basie
data;-aﬁd ground sﬁrvey'was carried out. Volume table prepared independently
iﬁ Brazil did exist, but it was something to be called a volume table of a
IargéfsCale type; and it was a problem to apply it to small area under chang-
_ing enviréhﬁént ffom'an area to another and it was necessary to check its
adapLablllty to each of the areas, Résearch c00peratiou was started at this
level;, reso1tlng to ground survgy, by the reasons explained above, so that
it will be Lhe fundamenLal Lechnlquos in case of aerial photographs belno
avallable in Lhe fuLuro; ConcreL 1y, thL studies were undertaken on method
of estlmatlng accumulation of . stand and amount of grouth and method of pre-
paring volume table of standing trees. This kind of studies based on a vast
voluine of daté were not coﬁp}eted in the period of stay of the specialist,
and they were cbmpleted récently'after.wdrking in Japan under contact with
the counterpart,

Cooperétion on foreSt analysis by aerial photograph was carried out
for utl]laatlon of ahlldl photographb for forest analysis in general.  The
items as subject vere technlqueb for reading forest by aerial photographs
-andnprepar;ng volume table by aerial photographs. The former cooperation
was'carfied'qut atcofdipg_to the request by the Forestry Agency with emphasis
on the'techniqués of'reading photograph.aq the basis of research, not as
a coopozatlon to speclf]v counterparts but as tralnlng of five officers in
chatge of remot genslqg. Lectures andlexerCLSe were given, and this was
extremely abpormal_as résearch_coopgratiou. However, it should be accepted
very significant in ﬁetms of future development in.research activity. The
FEPOYL that follows shows the content of training. Preparation of volume

table by aerial photograph as the latter item was not for a specific area,



~but it ﬁes for conveyance'ef'the techniques of valema tabie‘by uﬁiiization
of aerial photographs in génerel. The report-ﬁhat follows is of a nature
of operation manual as combihed;With said report, ' B

As to method of Judﬂlng denuded land being in danger reading'of
denudlng and cause of denuding by meane of aerial phOtographs and analysxs
of cause of denuding by dlgltlzatlon 1n class II were the bUbJeCL& of
cooperation. Some of the denuded land and land in dan?er of becbmlng
denuded axe collapsed land oy are in danger of collapee, and Lhe techniques
are for readlng the surface cases for collapse by means of aerlal phoLo~-
graphs based on factors selected in advance. It is one of the results of
extended application of remote senving. As a result of cooperation,
techniques for reading the photographs and analysls vere conveyed,
However, the techniques of reading themselves must be improved by erlnlﬂb
for long years, and further studies and practice are hoped for their techni=

cal development.

Analysis of causes of denuding by'digitalizatioh of'claes 11 was
directed to the method of Ut!llZlng prog;am for dlgltallzarlon of class II
prepared for dHBIVblS of tauses of denud1ng. It is for preparing a program
. for calculatlng cause items of dlgltailzatlon of class II from the althude
data readlng, on the computor FACOM 230- 28, that was prov1ded to the Forestry
Agency, and this was _conveyed sufflclently to the counterpart to the extent

that he can understand it well.

As to aﬁalysis of data by computor; eomputor system and examples of
'utlllzlng it and grephlc analysis by means of drum scanner were the subjects
of research cooperaticn. In the-former, data collected from varlous tesLs
and studies ware treated, and technigques for’ rapld treatment for statistical
analysis, digital analysis, and simulation were cenveyed alohg'with develop-
ing research techniques'for their expanded utilization by his own eapaeity.
However, a large expense will be required for mdintenance'and'fenewal'and
‘culture of researching scientists will be difficult in the present facilities.
Further considerations will be required in order that the organizetion be
continuously expanded and 1ecessary budget and manpover be secured .AS
regards the latter item, drum gcanner 1g 4 eomputor for graphic analysxs,.
and analysis of various graphs can be made rapidly when the basic perfor—
mance aed procedure of handling ere understood, The report that folloWJ

is believed to be useful also as an operation manual,



Studies on techniques for utilizing and working small-diameter logs

One of the items chosen for vegearch cooperation was iwmprovement of
lumbering and chemical utilization of small-diameter logs. A considerable
amount: of aocumulatlon was existing in the fieid, and the cooperation was

dlrected to a ]1m1Lod field,

As to the’ 1mprovcment of lumbering, the conventlonal lumbering steps
with doub]e round saw aL its center was changed and a ]umberlng plant was
constructed based on-a ser;es of production steps from setting of saw tecth
to product ]umber'with a twin band saw at its center. Cooperation by the
specialist was: mdde w1th emph331 ‘on conveyance of techniques. As a result,
1n'saw settlng, two workers were cultured to the stage of mastefing the
technlquos, and in ]Umberlng,_LELhﬂlques for a series of lumbering operaticn
1uc1ud1ng elect1on1c control of bdnd gsaw was completely conveyed., The
_preeenL prOJect is orlgLna]ly for cooperation in research, but in the present
field, research and dthlopment were euntrusted to the autonomous effort,
_llmlLlng cooperatlon on]y Lo conveyance of technlques As a result of
'preseut cooperation, lumber yield, production in unit time, quality of

product, etc. were remarkably improved.

As to the.chemiéal utilization, the éxisting techniques held by the
écientist of Fovesiry Agency arc of a considerably‘high level, and the’
machines provided with analyticalzinstruments as their center, training
after Lecelpt of the machlngs, conveyance of operating knowhow for the
machlnes by sp901a11qL Eor a short period, etc, were sufficient to bring
a fruitful result. The scientific level in this field is high and a great
stride in research can be expcéted in the.future through éontact with IPT

and other organizations and conducting joint studies.

The féllowing report describes the techniques conveyed and the result
of study during the period; and its content is so arranged that it will be
a guide for Braziiiah party advancing their independent course in research,
" with the:preéént'result as the basis. We sincerely hope particularly that
sufficient éonsideratibn be given to research organization, securing scien-—
tists, and budget for research so that the technology and research techniques
conveyed by the present cooperation would take firm root.in Brazil and

coutribute to further properlty of the country.












1T Wétershéd Mariagement Technical Research

ii~1 Summary . of Wéfershed Managemeﬁt’Technical.Research
I O _Background and ObJectlve

The state oE %ao Paulo was covored in 18509 with natural forest
of hlgh trees more than 80/ buL in 1985 8% only. The figure is onty
about 20/ even if art1£1c1a1 forcsLs and low-tree forests are included,

and Lhe drea of foresLs has remarkably decreased.

On thé-bther hand the region along the high way contiecting Sao

Pau]o and’ RlO de Jdnelro, two 1arge cities ln Brazil, beiongs to the
wate rshcd uf Para]ba River; and Lnduotrlal dovelopment for mdnufactuang
and others 1n the. reglon isg very active. Production in the region is

as much as abouL 40% of thc total producLlon 1n Brazil, The land in the
lreglon is mosLly ut1117ed as farmb for coffeo or sugar followed bv utiliz-
ing as pastures but falms and pasruxes in slopeq are apt to form denuded

land or eroded land ow1ng to the acid nature of the soil, dry;ess lack
of organlc matterq oveiﬂgraflng, ete.; and low permeability of the soil
and surface er051on are Lanlng soil loss in many plages, causing also
flood and: Lurb1d1tv of rlver water, Yugh water of high quallty is
.demanded in the watershed of Paralba R:vet for qupplylng it to the
‘industfy”éﬁd'residénts in rapid ;ncrease in population, andrsecurlty of

the water is an important subject of the state governient.

Braiiliaﬁ gbvernmgntradvénced_a g:ace'policy'in tax system for
plantation since 1966 with said background, but according to .the survey
in- 1974 the area of artificial plantafion in the state. of Sao Paulo was
only 2.6%. 1In order to arrange the forests in important places for
security of water in quality and quantity, coping with the increased
utlll?atlon of slopes in the future, it is necéssdary to have results of
ac1ent1f1c rasedrch that is sufficient to persuade people of the necessity

of forest for the purpnbe.

The presen;.state_of forest in the state of Sao Paulo is not in
desirable situations  for maintenance of water and soil, and it is
necessary strongly to eanforce culturing and arranging of forest with an
object of securing water and soil., The existing forests'are mostly |
located in water reservoir area that is important for securing water and
soil, and their'mainteﬁanéa and control should be cbﬁducted with a

sufficient consideration.,  The state-owned forest on Serra do Mar along
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'Lhe eaSLern coast, that is plesarved as natUPal VLrgin EorLSt, \uff red
in 1966 by q blope collapSE nLar Caraguatatuba and latdly by devastation _
result from alr-pollutlon near Cubntao, and . thera are s;verai cases where
not only malntenancc and control of the forth but also predlttlon of
.danger of devastatlon, or. actlou of erosion control work -dependlng on _
the case,:ls requ1red. Alqo exlstlng Eorests arc 1n CODdlthnS luqu1ang
controlliug techuiqués £o av01d flood water pollutlon, s0il 1oss, blope
collapse, etc. o '

With said'situation:as.backgroﬁﬁd ‘t&dies'on'ﬁatﬂfshbd mdhngémenﬁ'
technlqueb ln ‘this prOJect WLfe dlructed as’ their fllaL ObJGCLlVB to
confirm the best of Lho treL klnds to b alranged 1n thu Lom XY ln the
watershed and of the worklng meLhod by moans of qualltat1Ve and quantlta—
tive dppralsal of the functlons of fOlOSL to maLnLaln wntcl_dnd soil.
.1he subject mﬂthod of torest hydroloblcal e St“ named in Lhe execution
_program is meant Eor Qd;d puxpose and hydrographlcll dbhervatlon, evapo—
trdnsplratlon obse1vat10n, etg. are 1ncluded.- Jlth i SQcond Db]LCLlVe
_Studles were Cdrtled out for: SGlELtlﬂg key dlsttlctq LhaL 13 necessary
1n changlng devasLated land 1nto forest S0 that dlStllCt& prerlally
requlrlng arrauoement of fo1est can ‘be selected; Ihe subjecrs in the:
_executlon program named "Method of predlctln area in danger of exusxon
”Method of Predlctlng drea in. ddngc] of slope collapse aﬁd “Method of .
predlctlng area in danger o[ flood" are 1nLluded 1n the methodq of anL5t1~
patlon for pxedlctlng arca in danger of devastatlon and f]ood With
the’ thlrd ob]ectlve, studles wero Larrled out for consezvatlou of soil
and water by: 51mp1e works u91ng materlals ‘and piantb ava:]able in Bra?ll
‘so ‘that devastated 1and be changed into- forestg The SthGLL in the
execution program nagied MMethod of Smelo forestry conse 1vat10n “

structures dpp]lcatlon work“ COerSponds to said studlgs.

_ Each of ‘the sub;ects hdv1ng water&hed controlllng study ag th?ll
obJects are 1nd15pensab1e For watershed management in Lhe mounta:nbldc
in Sao Paulo, but no syaLematlc study vas undertakcn in Brazll in the past
IInfdrdér to establish means of perentlng devastation of- inclined land
and damage by soil loss aﬁd-flqod-qaused'by théfdevascétion; by means of
culture of forest. there, the étudies enumerated in thig project must

'sErOngly-be advanced,
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1I~1-2 "Rescavch Subjects and their Contents in Watershed Management Depavt-

ment

The subjects for rescarch in the watershed management department and

their contents of execcition are as shown in page 3.

_..As has been describéd_in the preceding'paragraph, the studies in
watérshed mghagcméﬁt dépqrtment_gan roughly be divided into three subjects:
method of forest_hydrblogihal_;ests, method of investigation for predict-
ing ared in_dénger of dabaétation and flood, and method of simple forestry

conservation structqres'appiication work. The contents of execution.

under the subjects will be described as Follows:

(1) Method of'Forest:H§dfolqgicai Tosts
Hydrological -tests are meant for comparing the roule of water

ruhﬁiﬁg_iﬁ i watershed £rom rainfall to [inal stream [low in lerms
of quantity and dependency on the conditions of forest; so that the
efféct Qf fofest,on the Eunction of concervating water and soil in
the watershed be ana]yzed. As to the content of the study, forest-
wakershed 'expefiménts wust first be enumerated whereby the [function
oElidréét_iS grasped by the amount of water running out from the
watgrshed.dnd'daté be prepafed as a comprehensive index’for'compari—
son with result of other varieus observations. Secondly, "meteoro-
'Logical.observafion” can be enumerated whereb? characteristics of
rainfall bé grasbed that can cause leéd'and soil ‘loss as its center

of étudy.'.Thifdly, "evapotranspiration observation' can be enume-
ratéd;Whefeby water balnnce.by the kind of trees under certain con-

ditions be clarified.

(2) Method of Predicting Area in Dangei of Devastation and Flood

Under this subject of study method of predicting area in
danger of ‘devastation or flood are sought by means of statistical
analysis of the relationship between various conditions of the slope
and watershed such as yopography; geology, vegetation, ete. and
~devastation or flood. The studies are used fox forecdsting devas—
tation and flood in casc of ‘felling Forest in the watershed, or on
the Cpntracy,-fot.estimating the effect of cultﬁring forest om

devastated.land.‘

" “Method of investigation for predicting area in danger of
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devastation was studied by classifying devastation coneretely for

erosion and collapse.

"Method of pledlctlug area in dﬂnger of crOSLOn thﬁt was
directed to inland falms and pdstuzes where surface ‘erusion is Eeand
and it will be useful in fOteLdSLlnb Lhe dangcr of Lelllug forcst
land and ;n_conflmmat;on_oi the olfecr of fnxest ?one formatlon on
land where evosion is-advancihg. "Phe mebhod of predxctiug area in
danger of collapse" that is direCfed'to“theISEEGp'élopeﬁonfthc
mountain 1ange on - the castein coast aim@ @t foxuaaqtlng qlope
L031dpse cdused by a concentrated heavy rain and ptevenLlny losb of

' human lives by protective wotks 1n the” plage of posslbie ddngel or
taking- evacuating action. - "The méthbdZOEIPfcdicting-hfq&‘in danger
of flood" for indicating watofsheﬁ'in'danger.of-flOod'iﬁ'caSe of
hedvy rain can be utilized in Judglng the n&L6591LV of couservation

of forest 1n the arvea of danger or of SllVlLUltHrL 1n pastumc

(3) Method of Simple Forestry Conservation Structures Application Work

. The stﬁ&iéé-ﬁere méanp_for'dévé]oping simplé:méthodiof treating
hillside by means bf:timbér'énd other aVQiiable-mﬁterials for
_silviculture on'de&astatéd pasture. or éollapsed stéep-slope,'and it
Ancluded “Studleq on selection of plants" fof selection of"tféeS-
and grasses thaL can be applied for 1ep]ant1ng in Brd?ll and
"Studies on selectlon of structure” f0r %electlon of: stqutures
suitable to the Tocal conditions. Ehese studies can be uLll]?ed for

cilviculture on eroded land or restoration of collapsed slope.

II-2 Studies on Forest Hydroiogicél Teéting Methods

II-2-1 Studies on Meteorological Observation

(1) Object of Study
The studies are conducted wi;h dén object of grdsping the local
‘meteorological dharacteriqtiﬁs'in'thé State of $o Paulo differing
by the topography and altitude S0 that baSlL data for clarlfylug
- various phenofena encountered in studylng ”borest hydrological
‘testing mathod", "Method of 1nVe3t1gat10n for predlctxng area in
danger ﬁf'devaspatlon and flood”, "™Meéthod of-s;mple_tofestfy conger=

vation application works", etec., that are carried odt in rainy zone on

) .-'.J 16*‘



“coastal wmouptain range.,

'(25” Progres# and Ré$ult

Boefore a mateorological observatory.is. opened and accurate
data of observation are obtained, the following works must be com-
pleted: 1. sclgcti0n 0E location for sctting meteorological
observation ficld, 2. wb:king foriobserﬁation field, 3. installing
Cinstrument screen and. foundation for metcorological Instruments,
4. iustallation of the instruments and calibration, 5. construction

of fence, ote.

Before starting constructkion of chservation field, the central
mthorologibﬁf_obsvrving'station of DAEE {(State Waterworks Bureau),
located in Campos do Jorddoe 200 kn to the west of Sdo Paulo City
(State Park; where expeviment site for mechanical felling and trans-
porpétioh'wilﬁrbo established), was inspecied. The following obser-

vation iastruments were found in a circular Licid of 20 m diameter.

Wind direction and speed ... biplanc wind vane, 3-cup anemo-—
meter and Dines pressure tube

ancemomeler. (daily recording)

Temperature and humidity ... bimetal thermograph {(daily vecord-

| y grap 3
ing), hvgrograph (daily recording},
Puss type maximum minimuom thermo-

meter, glass thermchygrometer

Railfall ... Pluviograph (daily recording),

rain gauge
Sunshine ... Cambell=Strokes sunshine recorder

Atmospheric pressure +.. Fortin type mercury harometer,

anevoid barometer

Evaporation ' ... [Dvaporigraph (daily recording)

large-scale evaporimeter

Most of the instruments were made in Germany. Although they were
of old types, they were well maintained. Daily voutine observatiom

was taken carve of by a worker on site,

17~



(1)

Opening central meteorological obsetving station

The shape of observation field and arvangement of the

instruments in Cunltia station weve similar to-‘those -in DARR,

Arrangement of instruments is shown in Fig. 1T=l, Similar set

of instfuments was arvanged in dach of the scveral stations:

established by the Forestry Institute; Specifications of the

instruments are showm as follows as they have connecdtion with

the systems of observation ahd maintenance after starting

observation.

Recording wind vane and anemometer (with 4.5m steel pole)

detector 1 wind direction’

wind

measuring range:
U wind

wind
" accuracy : . wind

wind

speed

direction
speed
direction

speed

[

recording system:  c¢yphone pens

chart drive

continuous recording periocd

quartz clock

power supply for clock

Long~term thermo~hygrograph

detector : temperature

humidity

measuring range:

temperature

“humidity

accuracy: Cenmperature

humidity

recording system
chart drive

power supply

1
H

.

.

*

tail vane, mechanically

coupled to vecouder -

propellers with altefnate
current generator

marked at 16 points

P2

I

- 60 m/s

35 degtee or less

0.5 mfs at 10 m/s max,.

month

(drycell } = 5

bi-metalic strip

human-~hair

=20 ~ +40°C

0
+

14

- 100%
1°C max.

5% max.

“cyphon pen, 2 pens type

quartz clock
1.5V (dry cell) x 5

w] 8-
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Long-term recordiig rain géuge
detector -;1 tlpplng bucket 0. Smm per pulse_
recording system: pu]se cauntlng avent reLordet
chart drive: quartz clogk

power supply : 1.5V (dry cell) x 8, x &

,Héliograph_(Jordah Sunshine Rccﬁrder)__

Ctype:  printing on photosensitive. paper

Large-scale evaporimeter (120 cm aperture)

water level measurement! hook pauge

The second céntrai meteorological observing station was’
openéd'in Viveiro'de.Tgubate. Viﬁeirb_de Tautabe is located on a
hillside 16 km to the-sauth-of-Taub'ate'cl'.t"y that is 130 km to |
the cast of Sio Paulo Clty The place is ln the watershed of Rio

- Una ‘that is- a b1anch of Rio Paraiba, and it W111 be thc action
base for conductlng 1nvest1gat10n [or judging land 1n'danger
of devastation ahd'flood” and appllcatlon of blmple COVOTlng
works" in the watersh d of Rio Una, the meteoxologlca] obs
vation data obtained there bELHg utilized for the 1NVQstxgat10n

and study,

Thekind .0f instruments arranged there were similarftb,
those in:Cunha observatory; but the field was set . in ocfdgénal
shape, The‘arraﬁgement of instruments is shown in Fig., 1I-2,
Table II-1 shows the form used for-arrangement of the data

observed.

For the benefit of the power supply to the meteorological
stations in Reserva Estadual de Cunlia and Vivéiro.de Taubate,
a AC/DC cbn#erter manufactured by tﬁe CQunterpért was installéd;
and méasuring inStrumenté'waré operated'by AC power source
thereafter, _Althoggh_éfhéliograph_aﬁd an evaporimeter were
installed in each of theé two observatories as explained above,.
no observer ‘was stationed there, and dally observatLon of sun

shine and evaporatlon seemed difficult.
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According to the initial plan, observatoriés wéreIQXpacﬁed
to bhe Oponed in Tupi, Avard and Assis in dddltlﬂu to Cuntia and
Taubate, but this wag chaiiged to,opeulng-ln_car}os_BoLalho and’
Sete Barras instoad of Tupi and Avaré,

Carlos Boteélho is located in the state park in the
southetn part of the state, about 200 km from Sﬁo Paulo thy
Most of the area, '9.000 ha in total, occupies: LhL Headstream
region in bcrrd do Paranaplauahd, being covarcd wLLh Llup1¢dl
rain fovest and. supplies an luportant paxt of “water nued@d in
low land agrlculLulal zoue in Ribelra and Patdnapnnemd.

The farestal scenery with much unduldLlon at 60 - 900 m dbOVL
sea level is beautiful, and it is loved by people for yecreatlon
and natural education, ' '

Estagﬁq'ﬁsperimental in Asgis is located far to the west
of Sio Paulo Cltv 460 km. It takes care of 4,800 ha of forest
land on a gentle slope, conaLsLJng of 1,000 ha of Elliott pine
forest, 1,500 ha of'Eucalyptus'furest,—and“rest ares Of brush-
tand. it is in charge of silviculture, hrdeding;'and fesiﬁ
productlon, and its activity in bus incss as. wall as investipa-

tion and research is the largest in the state.
The items of observation in Carlos Bolelho and Assis axre
five of wind direcction, wind speed, aiv temperature, humidity,

and rainfall,

{2) Change after opening meteorological observatories

In the'bbserving scatién'in Reserva Estadual de Cunha,
solariﬁeter, net radiometer, and Qvaporigraph were_insthilud
in Septémber, 1983; and measurihg instruments were powered by
AC Soufce.thereafter. In Carlos Bot l1ho and Assig, the power

supply was changed into AC shortly after opening, except anemometer

(3} Observation system and data proco%sxng

Digitiyer (Muto ﬂodel T 11I-1215) and pelsonal computor
(Canon, Model, BX“I) are used YOr dnta reading, 1nvest1paL1un
of the accuracy of readlng was carrled out, and the result is

aS'EolloWE:
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Wind speed (m/S)

Digitizer 2,3 3.4 47 7.0 10.5

Naked eyes 2.1 3.4 - 4,6 7.6 10.5

Temperature {°C)

Digitizer  14.0 17.3 20,2 24,4  28.2

Naked eyes 13,8 17.0 20,1 24,1 28.0

(4)

laweidity (%)

Digitizer 35 50 65 72 91

Naked eyes 33 50 65 72 92

The values of wind speed measured by instrument were

_slightly different from those with naked eyes, but the

difference was-within'the.range of error, considering the
system of measurement being in pen tracing. The values of air
témperature'hy digitizer were always higher by 0.1 - 0.3°C than
these with naked eyes. Tﬁis-seemed to be due to adjusting the
zero point at grade humidity zero on the same rgéording chart.
The values of humidity were practically the same by the two
kinds of reédingé. Those For wind direction and rainfall were
the same by the two kinds of readings, and no problem was

noticed.

Result of Observation

The State of Sao Paulo th&t is located in the southeastern
part of Brazil belongs to thé subtropical zone, énd the climate
thcfe'iSfas follows in general. Average air temperature is
20°C ‘in low land along the coast of Atlantic Ocean, 17°C in
inland hill and undulatiﬁg.hill,'and 20°C in low plain, Monthly
éve"age_of air températufe is low in June and July but high in

Januavy and February, but the annual difference is about 10°C.
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The annual rainfall is as swall as I, 000 = 1,200 wm in the
intand plain and 1,200 - 1,500 mn on hillside hnd_uﬁduiﬂted
hill,.shnwing a comparatively siﬁp]e rainfall’ distreibution in
a wide range. They have wmuch rain generatly on the Atlantic
coast, especially in the west part of the State including the
watershed of Rio paraiba where charncteristic.distpibntion_wf
rqinfalllaéfshown in the diagram (Fiﬁ- 11-3) can hg'seoﬁQ
Rainfall in fatand siﬁe nills is 2,000 mm, on the hi]}side

of Serra do Mar faéing rthe ocean, 2,000 "'ﬁ;500 mm,'ou-thu _
hitlside opposite to occan, [,SOO - 2,000 mu, in low land ﬁlong_
Rio Pavaiba, as small as 1,200 o, and on Serrva da MuhtIquuird,
1,600 - E,OOO.mm:. Rainfail is generally high in January and
February but is low in June te July, and dry and wot SCASONS

ave clearly divided,

Table T1~2 - 13 show the vesult of observuﬁiou in the.
stations in ﬂﬁnha, T#ubntg, Cavlos Botethe, and Assis by months.
The average, maximam, and winimum of air tomperatuve and relative
-hﬁmidity in the table show wonthly avervages of ddily averagoe,
daily'maximﬁm,and dal iy minimum respectivelv,  The values of
wind speed is an average of daily moximem., 7Vhose voted (N.P)

show that they are not proeessed yot.

Now lot us look at the result on the climate in Roserva
Estadual de Cunha where obscrvation was started carly aind the

station is acting as of forest hvdralegical observation.

Fig. IT1-4 shows the moﬁthly averagﬂ,.maximum,and minimunm
of air temperaturc. The hottest wontlt iw Cunha throughout «
yoeay is Fébruary_and the coldest July.  The snnual average
air tewperature Ls 16L.6°C,  The annual diifercence isn 79C and
is smallevr than that of Tukyu (larger rhan 20°C).  The annuat
peak of alr temperature may not aiways qppuaf in Februavy. 1t
may appear during September to January. Tthe bottow of ansuai
minimum appears in July or August. The record minimum since
the start of dbservation was ~0.9°C, " The grass'laud in
Reserva Estadual de Cunhd turns all white in such a case by

frost, and it is a ' striking scenery in subtropical zonc,

Mouthly average of ré[ﬁtiﬁé humidity (Fig. IE~5) is 80U -

85% in the rainy season but below 807 in the dry scason,
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“The value in the figuve For February Is low in sgpite of being
~in rainy season., This is due to exceptionally small rainfall

in February, 1982, raining 5 mm or more only on 6 days,

The.avérage_annual rainfall was 2,107 mm in 1980 -~ 1983,

dnd 62 = 712.0f rainfall was’ observed during rainy season,

Fig, 11—6 shows the monthily rainfall in Cunha during October,
1980 to Aprii,_1985.-'Fluctuation of monthly rainfall from year
Lo year is geﬁéfally:Yar;e, éxcepting beginning {October to
vagmber) aﬁd.éﬁd'(Mﬂrch:Lo April) of rainy season and July, The
ratio of mdximum/minimum in January and February 1s 5.3 and 8.6
tespégt{véfy, showing that the fluctuation in rainfall is large,
ESpeciaiiy,:thcy had a heavy rainfall on January 23 and 24, 1985
Cthat ambuntéa to 435 mm in total, and it caused a serious flood.
270 mm of 2h-tour rainfall is estimated at the largest of that of
40 years, The manners of rainfall are different between in the
rainy and the.dfy geason. Generally, the vainfall in the rainy
seagon is.ofteh'a shower that may accbmpany thunder, bubt in the

dry seasoun uniform ‘vain that mavy Yast a whele day iong.

“Wind is weak all Che vear vound, and the {requency ol calm

day is about 50% in & wvear.

(3) Tuture Outlook and Problems

The follewing matters can be Indicated as problems on metcoro—

logical obscrvation,

(1) Twproving Observing Organization

One observer shall be stationed in observing stations where

nohody is at present.

(2) Maintenance of the Tnstruments

Because of the problems of the number and handling of standaxd
instruments, it seems difficult to.entrUSt maintaining instruments
to all observers. Periadical_patrollby assistant researchey is
hecCSsary for inspection and calibration of the instruments and

training for the observers ian situ.

—25.
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(3) POWQr supply

It is desirable to arrange backup unit For power supply
that works on the occasion power failure as is used In Assis

Station..

(4) Data Processing

Data processing will be smooth by use of digitizer and

persondl computor.

T1-2-2 Method of Studyiung Forest Evapotranspiration

(1)

Method For Studying

Andlysis of evapotranspiration is indispensable in studying water
balance in forest. The evapotranspiration is estimated from meteoro-
logical data, and many methods have been proposed. We examined the
heat balance method among those proposed to sec if it is applicable

to the forest in this district.

(1) Heat Balance Method

The radiation absorbed bf a plant comminity is disfributed
as latent heat of evaporation, sensible heat, sotl heat tlux, ete.
and the method eof heat balance is based on finding the balance of
the distributéd heat. Estimation is geunerally made by Equation (1),
but here modified équation {(2) will be used.' This is_bcéause of
the case in a4 long-term obsevvation as wet bulb temperature can be

used in place of water vapor proessure that is required in Hquation

(1).
T .—- @:HG
s ey n
s (R = G) ()~ it 0B (2)

K+ o ATW

where B evapotrapspiration? Rn: net radiation, G: soil heat
flux, ATp, ATy: ‘difference in dry bulb and wet bulb temperaturcs
between two altitudes, 1: latent heat of vaporization of water,
8: Bowén ratio, y: dry and wet bulb constant, k: gradient of

saturation vapor pressure curve

~49-



~ As can'be'seeﬂ.from_Equation (2), amount of net radlation, soil
heat flux,.dry bulb Eemﬁeratgre and wet bulb temperatufe at two alti-
tudes are feduired in estimating the evapotranspiration. _
ivapotranspiration in forest can be calculated by measuring these

factors in the forest.

Photo 1I-1 Meteorol
in Mogi Guacu state forest

Photo II-9 Evapofation oBéerétion equipment
(recording and transforming part)

43~
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(2)

Construction and malntenance of evapotranspirvation measuring cquipment

Evapotranspiration measuring equipment consists of a wind vine

and anemometer, pyranoneter, not radiometer, soll heat {low meter,

dry and wet bulb thermometer and transformation part, and rvecording

part arrvanged as shown in Fig., LI-7. The metcorological instruments

were installed at proper heights;-pytanometcr,_ref!ectometer, and

“nek radiometer neay the top of tower, dry .and wet bulb thermometers

neay the canopy surface and 4 m higher, and wind vane aﬁd anonometers
at the same.heights as the thermometers and at the top of tower. Soil
heat {low maters_ﬁere burried about 2 cw below ground surface at three
points.uear the towgr..-In_tha heat balancé method, Instaliation
height of dry and wet bulb thermometer is a key factor; and the
sitpation was explained based on the reports and capericnce so that it

can be applied alse te other forests,

The signal cables from various instruments were led to the

observation hut through piping of viayl chloride in order to

prevent any ﬂamage of cable. In the hut 6 recovders, 18 trans-
formers, a electric transformer,. and a power source stabilizer were
set on a frame and signal lines were connccted, The operation wasg
carried out under cooperatrion of the counterpart and technicians

of Inmstituto Florestal, and the progresé_was mastly satisfactory.
After assembling the unit, power source was Ciosed,.opcrating
conditiogs_of the unit as a whole was examined, absence of dis-
order was_confifﬁed, and tQO"day test running was started. The
values of the tésts were investigated, and the routine ohservation

was started after confirmation of theé operation being normal.

For maintenance and control of the evapotranspiration casur-
ing equipment, the following directions were given: The observation
system was considered sufficient as a technician was stationed for
constant guardingg. The system is considered wffective in reducing
troubles such as missing of observation, that can take place onder

absence of observer.,

As to inspection and maintenance of the meteorological inst;U"
ments, transformers, and recorders, explanations were given mainly with
the points of inspection; method, and frequency, aiong with the kind
of frequent troubles and method of correction with reference to
the cases in Japan. A manual in English was prepared with reference

to the handling manual to be a gulde in maintenance and coutrol.

A
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(2)

(3). Reading data and c¢alculation

Thc-rQCOrding'puper for'vapious méteofo]ogicak factors was
“exchanged periodically for data reading and processing, Pata werc
read Eof once eVery [ hour to be arranged on a table, and dally
total and dailly average werc qalculntod. The'opcration ig rather
troublesome, but it was uscful in understanding the daily and mouthly
changes in meteorological factors and in judging abnormality in

recording by experience.

The (_‘.vup()l:_r:mspir(ll’.i,(m was caleulated far cach of the
hours and days by substitution of the metcorological data into
Equation (2}, The operation was started at first by manual caleula-
tion in order that the calculating ecquation be uvnderstood, but it
was switched to caleulation by a persenal computor through filing.
Purther a main controller is operating at present in order to autoe-

mate the whole process [rom data collection to data processing.

Result of Study

.The result of study was put together for the data collected during
two yvears [rom November, 1982 to Octeher, 1984, The operation is
continued still at present for the mcteornlogical data and evapotranspi-
ration calculation 1s not completed for the whoele peried;  and the

-
1

result for typical days and wmoaths selected will be expiained as follows:

(1)  Experimental Forest

“Pasts were undertaken for Biliotrii Pine forest in state forest
of Mogl Guacu, that is one of the tvpical kinds of trees for plan-
tation, The forest is located about 200 km to the noreh of $io Paulo,
at lat, 22°17' §., 477097 W, and 600 w above sea level.,  The
forest was hiantcd in 1962, and it is of 23 of aze this vear. s
avurége tree height was 17,3 o with averape diameter at breast
height of 18,7 cu, average volume of 167 st/ha, and planting densiby

of 883/ha. The soil is reddish yellow Latosol.

No.123 section of about 20 ha area were selected among activity
map‘of Estacao Expevimental de_Mogi Guacu as shown in Fig.11-8.
Meteorological observatioﬁ tower was constructed somewhat to the
northedst'of the center of area, about 100 m inwards from the

nedrby”rond. Fucalyptus forest is found adjacent to the north and

7



(2)

west, but Elliottild Pine forest of the same age.in other directions.
Therefore, an uniform Bliiotii Pine fovest is extanding'nxcept '
to the ﬁest, and the sufficient fetch for the évﬂpotpanspiration_'
observation is pfovided. |

Near the forest, ﬁeteorologiuul station of DAEE (Departmento
de Aguas e Energila Electrica) is located, and meteorologigal condi-
tions there arve available. The meteovological data of DAEL are

published periodically,

Meteorological Conditions in Mogl Guacu

Meteorological couditions in Mogi Guacu will be explained
raughly, refercing to data veported by DAEE, According to "EFfective
evaporation map in $Ho Paulo State' published in 19765 annual '
average of'air'temperature is 20.6°C, annual average of retative
humidity 78.3%, annual average of wind speed ‘1.5 m/s, anwmsal
average of rainfall 1,175 wm, and anuual average of evaporation
900 mm. - According to the Zoning for climate in the state of Sio
Paulo shown in the map mentioneﬂ above, the'm¢teorologica£'cdnditiOns
in Mogi Guacu belong to those of humid zonc, and the climate can

be considered to be typical one of inland districe.

- As to the seasonal change 1n meteorological cbnditions, for
following characteristics can be found from the conditions in 1981
showa in Table IT-14. The relative humidity in winter is as low as .
60 - 70%, but it is as High as sumewhét_lower than 80%Z in summer.
Minimum of air temperature appears in July, and maximum in February.
Rainfall is very small in winter, months of less than 10 mﬁ last to

form -a dry season. However, the monthly rainfall rises even to

C300 mm sometimes after October to form a humid summer. On the

other hand, no definite seasonal change is noticeable in sun shine
hours; and it stavs within the range of 150 - 250 hours/month
throughoﬁt a year, In January and December in Summe;, sun shine
hours tend to decreases owing to vaining. Monthly cvaporation is’
as small as 100 wn during May to July, but it increases to 150 wm
or so in summer. The'figures'are measured by the avaporimeter
(Class A pan). The meteorological data above for 1981 are. just an

example, and they are not necessarily typical for normal years,

Y .



(3)

(&)

Radiation balance of Elliottii Pine Foresc

_ Evhpotranépiration 1 a.phenoméHOn of water changing into
vapot, and supply of heat cnergy is required for the change,
Therefore, we must know the amount of radiation energy reaching
the forest and clarify the amount of the eonerpy that can be utiltized
for evapotranspirvation; in other words vadiation balance in the
forest. Radiation balance characteristic to the Eiliottii Pine
forest was investigated for January and July from the various
radiation data obtained on the meteorological tower as explained

above,

Iig, T1-9 shows the vadiation balance in percent against daily
amount of insolation. The caloulation was made using the monthly
amouﬁt. In January, 12,57 of daily insolation reaching the
Elliottii Pine forest was reflected and the rest was absorbed. Of
the amount absorbed, 11.2% was vadiated back to the atmosphere as
effective long wave radiution; and net amount of radiation available

for evapolranspiration was 76,37 of the insolation., On the other

hand, reflection tncreased by 1.47% to 13.9% in July, and the amount

of absorption decreased accordingly. Effective long wave radiation
also increased to 2.5 times as much as that of January, and the
net radiation decreased to 37.7%, less than that of January by

about 207,

As explained above, radiation balance of Elliotfii Pine
forest shows a seasonal change, and the net radiation as heat source
of evapotranspiration was about 20% larger in January than in July.

Sinece there is lictie difference in veflection between the two

‘months, the difference in net radiation is caused mostly by the

scasonal. cliange 1n effective long wave radiation, it was discussed.
The values of vate of net vadiation shown in Fig. 3 is similar to
those reported for coniferovus forests in various places in the

world, showing appropriateness of the values,

Relationship between net radiarion and insolation

- Net radiation is an indispensable factor in studying evape~
transpiration, but it is not measured in routing meteorological
obgservation and it is difficult to obtain. On the contrary,
insolation can be obtained; and we can find net radiation from

insolation in case relationship between the two quantities is

9.
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(5)

clear,. Therefore, analysis of the relationship is useful for

making up for the lack of net rvadiation data., 1Lt is clear, howevern,
. Ay

that clarifying characteristics and structure of radiation balance

in forest is ilmporLant.

Fig. IT-10 shows the relationship between net radiation and
insolation in January and July in terms of daily amount. The

repression equation and coefficient of corrciation are as follows:

Jannarys Rno= 0,690+ 31,0 Cor. = 0.990

July fo R o= 0510 ¢ 2104 Cor. = 0,959

where Ry, O, and Cor. are net radiation, Insolation, and coefficient
of correlation rospectively. A high corretation is shown in both
of the months, cspecially o January, The regression coefficient is
Larger Tor January Lhas for July, and thig agrees with the rvesult

to net radiation rate in heat balance in Fiy, 3. The above result
makes us Chink that the net radiation can be estimated from the
insolation throughout a vear, However, Lhe.regression coefficient
seems to change by the secason, as has been explained, and regression
cquation For cach of the months o1 seasons can be ltecessary.
Thﬁ.rﬂgTCSSiDn pguakion obtained can be applied for the same kind

of Lrecs Lo the inland part and under the same meteorological
conditions, but further examingtion must be made for application

under dififerent conditions.

Baily change in evapotrimsplratioen

As a typical example of the daily change in e\.fapotr:mspir.ﬂti0;1_,
data for a Fince day on January 3, 1983 ave shown in Pig, 11-11.
The net radiation changes from negative to positlve some Llwme
after sunvise, reaches a peak about 13 o'clock, declines in the
alfternoon, and turns negaltive some time before sunset to stay
negative all night. The pattern of change is the same on fine days
regardless of.the season, although the peak values etc. may vary.
Evapotranspiration changes in a convex curve having its peak at
midday when vaporization is active, in a pattern similar to that of
the net radiation. Altﬁough the variation of evapotranspiration does
not follow the pattern of the net radiation near sunrise and sunset,
and effect of plant physiological factor and meteorological

factor can be imagined, time course changes of both of the quantities

53—
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arc similar to each other as a whole so that the evapotranspiration
“ean be regarded to depend strongly on the net radialbion, However,
the depréssion in evapotranspiration takes place in dry season, it is
considered, owing to lack of meilsture in the soil; and the time
course and quantitativé similarity between the two quantities is
_dcétroyéd; it Ls anticipated. Thevefore, further studies are
required f0f phe relationship between the Cwo quantities in dry

season with ample considerations for the soil moisture.

Sensible heat also shows a change in convex curve during day time,
simitarly to the case of the net radiation and the evapotranspirvation,
waaver, this is not so definite as in the case of the evapotranspira-
tien for time course change; and it is of a smaller amount than the
uvapotransbiration in many cases, although it was often found to_be

larger than the evapotranspiration in ecarly morning.

Variation in the soil heat flux was small throughout a day and
night, and no definite daily change can be found., [t is regavded
as large as O mm to be plotted on the abscissa. No seasonal change
was obscrved either., This wouid suggest that soil heat flux is

negltigible in the heat balance equation in a closed forest.

{(6) Relationship between evapobranspiration and net radiation

Correlation between evapotranspirvation and net radiation will
be examined as the latter was found to be one of the principal
factors to govern the former. Fig. 11-12 shows the relationship
beltween dailly evapotranspiration, as calculated by heat balance
_method; and daily net radiation, In Janvary in summer, evapo-
franspiration may be as large as 5 mm, showing that evapotranspira-
tion is very active. Correlation between net radiation is mostly

good as shown by the following regression equation.
E = 0,70Rn - 0.301 Cor. = 0,934
where E:  evapotranspirvation
It is.estimated that net radiation is the main factor.to decide

the evapotranspiration in January, and the evapotranspiration can be

estimated only from the net radiation,

On the other hand, a large dispersiocn is noticeable in the
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figure for July, as campared with.one for Jamuary; and. the regre-

ssion equation between the two quantitics is as follows:
o= 0.6LRn - 0,032 Cor. = 0.7006

~ The equation shbws that the correlation is weak end the evapo-
transpiration is about 60% of the net vadiation. July is in the dry
seasonVWhéu fine days last in succession, and the net radiation is
concentrated in a swall vange of 3 - 4 mm/day, while daily evapo-
transpiration shows u lavge Fluctuation in the range of 1 = 3 mm/
day. The small evapotranspiration in July may mean that the evapo-~
tranSpiraéing activity of trees is low, but the dispersion in the
correlation makes us imagine that the evapotvanspiration in winter is
governcd not only by net radiation but also by other factors such
as atmospheric humidity, wind speed, soil weisture, ete. and that
effect of other factors is relatively large. 1t seews necessarty
to make analysis also for other months in winter and find correla-
‘tion between other factors, Therefore, it seems difficult at the
moment to estimate the evapotranspiration in Julv accurately only from

net radiation,

This kind of analysis should be continued in the future,
because it is effective in finding simple methods of estimating

evapotranspiration in forest,

Heat balance in Blliottii Pipne forest

Distribution and utilization of net radiation absorbed by
Elliottii Pine forest were investigated in order to clarify the

rate of evapotranspiration occupying the met radiation.

Fig.'[[—LS shows the heat balance in January aud July. The
amount of sensible heat was calculated herce by subtracting evapo
trdnspiration and soil heat Flux., Energy used for photo-svnthesis
and respiration was neglected, for it is regarded small as compared

with other heat balance terms.

In Jdnuary, evapotranspiration was 53.4%, sensible heat and
soll heat flux 44.3% and 2.3% respectively. TIn other words, a
little more than a half of net radiation taken into the forest was
used for evapotranSpiration, the rest being changed into sensible

heat. Also it was Found that soil heat flux is very small in the
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closed forest as compaved with other heat balance terms. Daily

average cevapotranspirvation i January was 2.8 mm.

T July, uvnpotfunspirnrion, Sensib!é heat, and soil heat Elux
wore 58.3%, 36.3%, and 5.4% respeceively, showing that evapotrans-
piration and soil heat flux increased by about 54 and 3% respectively
and sensible hedat decreased accordingly. Daily average of evapo-
tranSPiratibn in Juiy'Q35 2}Dmm, “Fhe 1nrgq'eVaputrﬁuspiration oven
in July would mean that the activity of trees for evapatranspiva-
tion does not stop in winfer as Lhe climate Is wild as shown in
Table 1 [ox meteorological.dath. Ho&uvur,'wiﬁtcr is the dry scason,
and suppression of evapotrangpiruLiun can easily take plaﬁp_bcc1uso
of the shorbage ¢f moisturc in the soii. Therefore, ana!ysis nore
in detail would be necessary.for the rate of cvapotrmspiration
against net radiation in winter with constderation of motvoro[ogif
cal circumstances and soil moisture in winter to sce bl 1t compares
with that of summer. .

We would here simply conclude that the vate aof evaﬁntranspi—
ration against net radidtion is about the same in summer aond in

wvinter at 50 - 60 Z,

(3) Probloms of Studies on Forest Evapotranspiration amd Futuve Trend

As has been eaplained in the beginning of rhe present report, it
is the object of present studies to convey knowledge concerning Torest
evapotranspiration and method of esvimating it.by heat baltance as one of
the hydrological reseavch., Fivstly, handling, maintenance, and control
of various meteorological instruments and evapntrahapir#tion measurenent
equipment were well understood, it is Fully judged trowm the fact that
data were collected practically without missing and with a good
accuracy for wmore than two years. The method of cstimnfing evapobrans-—
piration by heat balance and its analyﬁis-was-applicd fo analvsis of
radiation balance structure and heat balance stracture in Elliottii Pine
forest and a part of the result obtained was already publishéd in the
Agricultural Metorological Society in Brazil, and it ig steadily contri-
buting. Analysis should naturally be advanced in the future, but the

result obtained so far is sufficient as the first srep.

Therefore, the object of the studies as explained at the beginning
could be fegarded being attained, except that the studies should be

continued for a long period and’ advanced into further depth. ‘The
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(1)

Cdndication that follows includes the problems in this regard.

As to the meteorological Instruments and eqﬁipmqnts, they deterio-
rate with time and loss of accuracy and troubles cannot be avolded,
Some of the instruments'or their parts arve difficult to repair or purchase
in Brazil, and changing them into those that can be taken care of in

Brazil will be necessary.

“As studies for the time being, radiation balance and heat balance
of Elliottii Pine forest, that have been studied partially, shall be
advanced for the whole year and water consumption characteristics of

Elliottii Pine fo;eét shall be grasped.

As the divection of study in the future, similay studies shall be
undertaken for natural forest and cucalyptus forest as for Elliottii Pine
forest and necessary data be accumulated. Studies for eucalyptus forest
is anticipated, but an early start is hoped for. Compilation of such
studies will lead to clarification of water consumption, differing bet-
ween forests and tree species, to Lts quantitative effect by forest
operations, and tinally to finding forests suitable for securing water

resources and flood control.

Anyhow practically studies have been hardly conducted on forest
evapotranspiration in the subtropical zone, and researchers should be
conscious of the importance of their studies in a worldwide aspect and

make the best of their ecf{forts.

Studies on forest-watershed experiments

Ttems of measurement and methods

Measurement was conducted on the following items in order to

ctarify the hydrologic cycle in the headwaters.

{1) Areal rainfall

In the Cunha Fxperimental Forest, local difference in rain-
fall was anticipated by the effect of sea breeze (2-3-1). There~
fore, tipping bucket rain gauges (0.5 mm bucker capacity) were
installed at four points in the watershed as shown in Fig. I1-16
for -observation. Gauges No. 1 to No.3 were installed in April,

1982 and No. 4 in November, 1982, with changing a chart every
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Table T1~15 TPhysical characlteristics
of PD-experimental basin

])Ifil'i,ll.el.p,(-‘. area 56.04 ha
Altitude range 1048.0 - 12220 m
Mean aititude. 11251 m

Mean slope 25°10!

Length of main stronm 12600 m

| Rt}.[ic.zf ratlo . 0,138

Mean basin width 459,08 w

|
i
£

R 1L00

& Raingauge _
T Metdorotogical
Gauglug O station
station 0 200 400G

Fig. TI-16 Topographic map and instrument locations
' at D-experimental basin,
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(3}

three months and maintenance and inspection eveyy wontlh,

Interception

In ovder to cstimate the amuuni of rain interrvupted by foreét
vegetation (interception),an éxperimental plot of 20 m x 20 m size
was arvangoed on 4 Nillside with typical forest onji and amounl of
rain passing through the cnnopy-(throughfail) and amouut of water
running down Lrunks (Stemflow) were measurad.  The amount of
throughfall was measured by arvanging 16 rain-pauges  (throughfall
gauge) of 20 om aperfure with-5 m interval., Stemflow was measurcd
by selecting 9 trees, attaching a rubber gheet in a shape of funnel
an each of the trunks, and cof]ecting water into a polyéthy{cne

battle of 30 ltitev capacity through a vinyl tube. Rainfall in n

copen (Gross rainfall) was measured in a neighboring plain by the

game rain gauge i the plot.

The throughfall was obtainced as an average from the 16 through-
Fall gauges in the forest, and the awount of stemflow by wulti-
plication of the average of 9 trunks by total number of trees in the

plot (65 trees) and Jdividing by the plot avea,

Seream flow measurement and run~of{ calculation

The gauging station is an open channel with a stilling pond

of 12 xell x 2 m size. 1t is finished by mortar, and the channel

Photo I1-2 Gauging station as vicwed from uﬁperstream gide
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is 20 m-long, inclined by 1%, 0.9 m wide at trhe bottom, and 2 m high,
with an inclination of the side wall at 45% to pive 'a cross seetion
of trapezold, The channel and gage house are conmected by an under—
ground pipe, and water level (stage) is measurcd by SUIKEN 62 stage
recorder, Stream stage and rainfall are recorded on the same

chart to minimize the time orror,

In ofdcr to deterwmine discharge rating curve, velocity was
measured at the end of channel near the pipe by means of a small
propeller current meter and Hirol type current meter, Water depth
.(stage) was also measuved at the point of velocity measurcment by
means of a scale, and discharge was calculated by the following

cquation,
Q= A .

where Q:  discharge (liter/sec), A cress sectlonal aread ((-7;112.)’

~

Vi mean velocity {emfsen)

1) pre— S e e e
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{)J
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o )'
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: - 698:
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Stage {cm)

Fig. 1I~17 Rating curve for D-experimental basin
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Fig. 11-17 shows the relationshipé between gstage and discharge,

and the equation is caleulated by the least-squaves method,

Reading a chart and other epevations ave carvied out in
Reserva Estandual de Cunha, Calculation and data processing are
carried out by FACOM 230-28 type compubor in thé'computor voom of
Forestvy Tustitute to obtain discharge (1itbr/3ﬁc), speeific
dischavge (Liter/sec/km?), daily run-off (mmfday), ere. The results
are printed out and field in a magnetic tape at the same time.

The processes from veloelty measurcment to caleutation of
discharge are coiiectilely roported in "Cunbha HydroLogy Rescarch
Praject (1) On the gauging slation and the discharge vating curvﬁ”

in such a stvle that It can be used as operation manual,

Surface run—off measurement

Thoto II-4 Surféée runoff expcfiméntalffﬂciliffés
Onodel_infra_undertaking at the center)
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Three experimental plots ware arranged for testing ground
surface run-off on a balanced slope on a hitlside near ganging
station. The avevage inclination of the plot was 18° in plot A,

14.5° 4n plot B, and 17.5° in plot €. Each of the plot has an

nréa of 600 mz;_with 30 m glope length and 20 w width., The upper

cud: and both sides were sectioned by burying concrete plates of

S1.2.x 1.0 m size 1.0 'm deep into the ground. At the lower end,

runof £ water and sediment were collected by a trench of 0.8 m widlh,

0.8 m depth, and 27 side slope, A roof was given to the trench La

sheleer 1t Lrom rain. The run~off water was measurcd by connccting

- tipping bucket flow meter (L000ce bucket capacity) followed by a

wulti~point vecorder.  Reading a chare was made for every oue hour,

and the amount of run-off was divided by Lhe plot avea to give

water heipght Gmn) .

Plime lysimelor

Plane lvsimcter is wade of concrete into a size of 10w = 10 m
square with 2 m depth. Tt consists ol three scetjons of the 4, B
and C. Filling ap lvsimeleor was carvied cut as follows: Gravels
of 10 - 20 cm diameter were Taid ot the botrom to about 20 om
depth, and sand was placed toe cover the zravel in a depth of
10 cm uniformly.” The [iliing soil was collected at the nearby slope
and laid while it is stumped, On the surface, brown black soil rich
in hums was taid by 10 em depth with consideration of scoding.

Soil was supplied cvery time the suvface subsided by natural con-
soiidétion. The total depth of soil taver including the eravel

was 180 cm.

The bottom of the lysimeter was comnected with the gase house

by a pipe, and measurement was conducted by the same setup of

instruments as surface runoff experiment. 1t is usual tfo start
experiment 0 to 12 wmonths after filling soil, and water balauce in
hare ground is measured at present atong with calibration, 1In
addition, A class evaporation pan was installed between plot A
and plok B lu order to compare evaporaticen from lysimeter with onc

from evaporation pan.
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Photo 11-3 Lysimeter (Bucalyptus-planted plot)
Elliott Pine-planted plot and herb-planted
plot adjacent to the lelt

Resuit

o
-

Before explaining the result of measurement and.diSCussiun, a sumple
explanétion will ‘be given on the pfucess of ruuoff that is> @ basis of
the ruubff analysis. '

Rain in a watershed gqes;thruugh vﬁrious paths unfil_it 1s measured
at a gauging station as a.disdhérgé. The hvdrological phenomena
included during the course 1s cailed.coiiectiveiy run—off process which
can be expressed diagramatically as shown in Pig. 1I-18 (2.3-3). Accord-
ing to the source from which the runof f is”derived, the runoff is classi-
fied into three components.of surface ruﬁoﬁf, subsurface runoff and
grouﬁdwater rinoff. Short-period change on hydrograph is’ brought about
by direct runoff consisting of surface runofl, prompt subsurface vunoff
and channel rainfall. ‘Long-period change is governed by base runoflf
consisting mostly of groundwater runoff. From the object of analysis,
the former is called flood runoff {short-term runoff) and che latter

groundwater runoff (long-term runoff}.

In the case of analyzing short-term runoff, hydrograph arve scparated

generally into direct runoff and bage runof f (basellow scparation), but
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no established wethod has been known. . ln the present report, the base-
flow separation was cavried out by a wmothod of the point of rapid change

in gradient as shown in Fig., L1-19.

Direct runofl (D.R.) shdwn by slashing iS:JQHEEaCGd by lyetograph
(P) iv the diagram, and ﬁhé base runoff (B.R.) Ls brought abbut'by.suhm
surface vunoff and grouudwater formed by a Lormer faiuﬁall. The ratio
rainfall (P) against divect vunoff is caltled diréct.runoff-rutu. For
all of the storm hydrograph that change by a rainfall, basc runoff was
separated, ‘The direct vunoff sepavated was integrated for cach of the
months and vears into monthily divect runoff and amnual direet vunofr.
Ménthiy and'anﬁual base runeff were abtained byISUhtrdcring'munthly andd
annual divect runoff From the monthiy and anmual runolf respectively.
These long—term runeff are used for E!;]i]l}-’f;‘i!ﬁ.\)r seasonal change in stream-

flow and water balance in a watcershed.,

(1) aArcal Rainfall in o2 watershed

The walues of rainlfall in the moteorological statien (M.S.)
were nearvly the same as those by Rain Gauges No. 1 oand No.o 4, but
those by Rain gauges No. 2 and No. 3 woeve: Jarger in the order. Rainp
gauges No, 1 to No. 3 arec locafud in fhe valley of watershed, and
a tendency of increasing rainfall with the altitude was observed.
Rain gauge Mo. 4 is located on a ridye of wountalu, and the amount
of rain captured was small, it secems, smaller values were mainly
observed for heavy rain accompaniéd by wind., As the general
relationship between the amount of vainfal] and wind direction, i
was found that, while southwestern wind is ptodominant around
Watershed D, in the case of northwestern wind, vainfall of M.5.
and Raingauge Nog 1 was larger than that of Raingauges Nﬁ. 4oand
No. 3. Although annual rainfall in the experimental forest s in
the region of 1,400 - 1,500 mm annual rainfall (2.3 - 3) according
to the Isohyetal map by DAEE, annual rﬁin[nil of 2,000 - 2,500 am

was recorded by our observation.

Areal rainfall in the watershed was obtained as arithmetical
mean of values No. 1, No.2, and No.3. Regression cquation for M.S.

(PM) and daily arcal rainfall (P) is as follows:

P = 1.020 PM + 0.797 (¢ = 0.984)
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(2)

Gorretation coefficients between arcal raintall and values by the
rain gauge No,1 to No.d were caleulated at 0,991, 0,998, 0,994, and
0,995 reSpchivaly, Therefore, Rain pauge No. 2 rvepresents the
areal rvainfall of the watershed. It is generally ﬁccepted that the

number of rain ganges needed in a experimental watershed of about

50 ha avea is 2 - 3 (2.3-4) and instaliation of one rain gauge in

the central part of the watershed in addition to one at the gauging

station is considered sufficient in Watersheds A and B.

Intercépbion

The interception measurcment was continued Irom Decembuer,
1982 to January, 1984, and 67 determinations were made. The regre-
ssion equations belween pross rainfall (PY, throughiall (U1},

Stemflow (SF), and interception (In) were cbhtained as follows:

{vr = 0,999)
G.044 (v = 0.9701)
la = 0,135 + 0,662 {(r = 0,952)

T = (.839p
S = 00,0129

i
<
5”;:

1

Aceording to the result of measurcment duriﬁg Japuary 11, 1983
to January 10, I984,_th0ughfali was 1942.0 om (82.3%) stemflow
24.7 (1.0%Z), and interception 391.6 mm (16.7 %), while gross rain-
fall was 2,358.3 mn. Owing te the observatlon carrvied out in a
natural forest, variations of throughfall gzauwes inside forest was
large; and difference as lavge as 30 - 100 % against rain gauge in
the open was observed for every rainfall. The total water received
by each of the throughfall gauges duving the period of observation

was in the range of 657 to 977 versus the gross rainfall.

Usually 10 or move throughfall gauges are regqulred to egqual
the accuracy of one rain pauge in the open (2.3-5). 16 rain gauges
of storage type were used as throughfall gauges in the present plot,

but the total area of roceiving canopy passing rain was as small

‘as 0.3% of the plot area. The values measured seems almost appro-

priate, judging from the reports by Paulo (2.3-6) and Ricardo
(2.3-7), but it is necessary in the future experiment to install

throughfall through and increase the veceiving area,
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(3)

Short—term runoff characteristics

¥ig, II-20 shows the relationship between rainfall and direct
yunoff rate. Although a large variation is noticeable, the follow~
ing conclusion cam be given, 1) Dircct runoff raﬁa is as low as
307 in any of the cases., 2) Direct runoflf vate teads to increase
with rainfall. 3) Direct runoff rate is higher in the rainy scason
than in the dty season, the difference'being cleﬂr for rvainfall of
30 = 40 mm or heavier. 4) TFor ratnfall as swall as 30 mm or lass,
direct runoff rate is about 5% in rainy as well as dry scasons in
many cases. Here let us discuss about the meaning of divect runolf

rate in the present watershed.

Streaniflow a first order basin dees not usually come from the
entire surface or subsurlace area but racher from an exponding and
shrinking source area vepresenting only a fractlion of the total
basin. The source of streamflow 1s usually that part nearest the
perennial, intermittet and epheweral chavnel, it is said (2.3-3).
Survev of the present watershed revealed that mavsh (humid zone) was
found on bhoth sides of the channel in 2 ~ 3 m width and at the
bottom of the valley upstream and downstream. HMeasurewment of the
area using tépogruphic map at the scale of /2,000 gave a total
area of about 3 ha, which corresponds to 5.57 of the total arca of
the watershed. Regarding the humid zone as the source avea, basoed
ot the approximate agreement of the direct runcff rate in a swmall
flood created by rainfall of 30 mm or less with the rate of avea
of humid zone, the direct runoff in a small fiood is generated in
this humid zeone, 1t is estimated. In the channel adjacent to Rain
gauge No. 3, a stream was noticed in the rainy Season but not in the
dry season. Such change in source area accompanied by expansion
or shrinkage of humid zone seems to reflect the difference in
direct runoff rate between the rainy.season and the dry scason.

The variation of direct runoff rate observed during small flood
seems to depend largely on rainfall characteristics such as rainfall

pattern, duration of rainfall, and rainfall intensity.

Runoff mechanism in the present watershed was estimated based
on the results ekpiained above, Upto rainfa]l of 30 to 40 wm,
runoff from the humid zone or stamped ground such as working road
occupies the most part of direct runoff. However, in rainfall of

50 mm or more, subsurface runoff from hill slope of scep zone

~ 10~
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(4)

increase with amowit  of rainfall, and the source avea exponds at
the same time. Inerease of vainfall brings about generation of
subsurface vrunoff and this brings about increase in divect runoff

rate.

The largest rainfall during the period of observation was that
of 191.8 mm in March 29 to 31, 1984; and the direet runoff was
39.3 nm with a dirvect runoff vare of 20.5 %. ALthough it was in
the rainy scason and the humid zone was expanded, 50 % or larger
part of the direct runoff is considered to be come from the subsur-
face runoff, However, this shows thal a major part of raiufall
infiltrated into the soll and was stored there, with all intevcep-
tion by the vegetation. Therefore, it could be said that the
permeability 1a the present watershed ix high in view of the rela-

tionship between raintall and direct rvunofl.

Long-term runoff characteristics

Table 1I-16 shows the monthiy rainfall and monthly runokF.
General look of the vesult with attention to the monthly base vun-
off reveals that there is a variation with a yvear as the peviod, the
minimum appearing in September in particular, it seems. - The rate

of total base runoff against the total runoff was 89.7%; and con-

version of 536.2 ~ 177.1 =mm monthly base runoft into average daily
base runoff gives 1.9 - 3.9 mm. These figures arc extremely stable

~and high as comparcd with those of Forestry and Forest Products .

Research Tastitute of Japau.

Watershed that 18 desirable in view of water resources should
show a high rate of base runoff to the total runoff and a low
variation in the runoff through the scasons (high wuniformity in
runoff). Theréfare, coefficient of river regime and scanty runoffl
(355th day runoff) were taken up as indices of uniformity.
Coefficient of river regime is the vatio of annual maximum flow to
annugl.minimﬁﬁ=£10w and scanty runoff in defined as the runoff
available within 355 days a year. Table 1I-17 shows an outline of
the coefficient of river regime and scanty vunoff in the forest
experimental watershedé in Japan. The table shows that 1) Most of
the coefficients of river regime lie in the order of 1,000, some-
times in that of 10,000 and that 2) scauty water runoff is 0,1 — 0.7

mm with a tendency of being the larger, the larger is the area of
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Table 1I-16 Monthly vainfall and runoff

- Month
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Table 7117 -

the watevshed., Further, coefficient of river regime in H,J.
Andrews Experimental Forvest in Oregon, U.S.A. is reported to be
1,000 - 5,000,

“in mauny first-order streams in late swomer to eary Fall,

Tt is also reported that the flow may cease entirely
(2.3-8).
Thus it could be said that v:n."ic:tion'i_n _ll_\f([l'()'[o_ig'.icel‘l regime in a-
small montinous watevshed is large, and that the scanty vunoff is

extremely small,

Examination in Reserva Bstadual de Cunha in siwdlar wauners
revealed that coefficient of river regime in 1983 was 101 aud
scanty runoff 2,74 o, while they were 81 and 1.85 mm respectively

in 1984 water year (fLable 1i-18).

Soil survey make us suppose rhat Forest having A-layer which
is rich in humus is good fov a headwater conservabion and recharge

improvement , owing tu a high perweability of B and C layer (2.3-1),

And the result of streamfiow measurement also shows that the foroest

show abundant and stable base runofl throughout a vear.

Low flow from forestry experimental basin in JAPAN

Name of basin

Coeff. of

Area (ha) . . 3155 days runoff
TivVey ruﬂiﬂl(.’

Geology

KAMABUCH L (N38 56" 3 _
3006 Tu C1709 ~ G066 01
Ho 2 248 Tu 998 — B5H3 0.2t
TAKARAGAVWA (N3G 51"}
Honyryu 190566 Gr & Tu 157 1974 .69
Shozawa 11790 T 22 AT 0.4 )
OKAYAMA (N34°42" )
Minamitani 2261 8Ss & 1 262 o 82106 012
Kitatani 17.27 s & 1 946~ 16944 01
SARUKAWA (N31¥ 51" 3
# 656 S h 229 -~ 7090 0.4 1
A2 917 $h 180 ~ 4285 0.3 4
. 818, Sh 485 ~ 3265 0.4 6
note: Tu: Tuff {Neogene), Gr: Crainite, $s: Sand stone,

Cl: clay slate, 8h: sghale

2) 355 days runoff shows the runoff availabie
within' 355 days a year.
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Table 11-18 Monthly maximun and minimam discharpe

_ Magimum discharge Mindmum discharge
"Month Dig—. Specific  Intensity Dig- Speeific 1£EEH§IE§'

May . 82

Jun .
Jui.
Aug.
Sep.
Oct.
Nov.
Dee.
Jan. 813
FFeb.
Mar.
Apr.
Nay .
Jun .
Jul.
Auy.
Sep.
Oct.
Nov .,
Dee.
Jan. 84
Fev.
AMer.
Apr.
May .
Jun.
Jul,
Au.g .
Sep.

charge discharge (mm/hr)  charge discharge  CGuom/hr)

s CQfsshad - (s) (/s /ha)

375 0.669 0.2 5 24.5 0457 ‘ﬂlﬁ
|8¢5 3292 .19 8.8 0335 012
61.1 090 39 RE: 0.246 (09
2126 3794 1.3 7 9.4 0170 0.06
097.2 406 1 14 6 w5 0170 0.06
2272 4054 - 146 0.5 0170 0.0 6
76 1.6

3590 189 6.8 03040 01
5859Y

2309 443 [ 0335 iz
1104 L9710 071 SR (L.id8 0.28

2453 4377 Lo# 257 . 0459 17
9669 FE.2b04 621 5.7 0459 ni7
66 6.5 F1ae3 L2 B aad 0571 0.21

181.8 3241 | 281 HEEIN s

351.2 G267 226 307 A48 Q.20
14.8 0799 029 240 437 016
389 0691 025 &8 0335 0.1 2

L74.5 al4r e 210 0,375 0.13

1455 2596 0.9 3 1838 0335 012
70.0 1249 015 188 L334 012

8362 1 4.@1 21 53T 158 03353 iz
3527 11647 419 2K 0301 018

1286 2295 0.83 291 639 014

7616 13590 189 168 0335 012

15 3.0 2730 0.9 & 16y 0353 013
611 LO90 039 1448 0335 0.12
19,9 0.355 213 1 5.7 0260 (1o
347 0.619 0.2 2 138 0216 (09

A7 0855 0.31 120 0214 0.08
375 066y 0.2 4 10.3 0.184 0.07

981
1.4 3
2238
23492
23972
41533
36649
364
9.5 4
3762
2083
G 7
1111

Oct. 681 1215 0.4 4 9.5 0170 0.06 717
" Nov. 611 LO90 039 103 0184 0.07 593

Coefficient of viver regime is defined as the ratio of annual
maximom discharge Lo annual minimum discharge.
1983 water year: 101,78 1984 water vear: 81,18
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Surface runoff measuvement

Surface runolf was measured in pluf A,_a nnﬁurnl'arassiaud;
where observation was cbntiﬁuqd iungur ﬁhén 12 mhnths, amoung three
plots A, B, and C. The total ratufalt From’Novﬁmhgr i, p982 Lo
Octeber 31, 1983 was 2,352.0 am and Lhe total surface ruﬁnf[ wis
15,12 wm with runeff rate of 0.64%. Monthly runoff rate vavioed in
the rangoe ufZO;UZ —.1.55?,Idepending nu_tho rain(ali voﬁditinnu

and moisture conditions in the experimental plot,

table T'1-19 shows the rosult Qf experiment vonducfed in
similar methods in Japan. Thu.oxpvrimvnt.wvrv conductod by Forest
Con:_;e);_‘vati.uﬁ Research Feam of ["0.1'0.-4{'1'_;; ad Forest Products Research
lnstitute in espevimental area in Hirakasa, fwate Prof., and Oguni
Kamamoto Prel .o that are forest land aud araziig tand respectively,
The runoff vate in the table iz for o warw pel‘iu_d in Hirakasa but
for a whole yvear in Ogunil.  the runoil vate iy less than 1.0 7% in
any of the cases, aud the rate of tunha s 205 - 10,0 vinmes as
Pavee as chat of Hivakass and 1.0 - 200 tises as lavege as that ol
Oguni, The maxiwom value of Ogund was about the same as that of
gge

Cunba. However, the plot in Qguni s a erazing land of 27% incbioa-

rion, whiiv in Canha experimental piet graziog. is probiblted, and

the Inclination is 8%, This wakes us say thal ¢he vunoff rate

Table 10-19  Suvface runel{ ratic from runaf{ plats

8

Area Cround Hoil suriace
No. . stope Caver Soil® havdness runof f ratie Remarks

(m=) {(deg.) (kpiom ) () '
i 400 30 pasture il FLU - 4.0 0.44-0.48 Gouni:
2 400 27 pasture B1 2.2 - 404 4,350,010 May, 24, '73

e : } ' oy Mar 7% V7

3 400 29 forest B1 L~ %0 0,240, Lo Mar.23,77
4 800 Stecep pasture il Gk .01-0,28 fivakasa:

Jan 10! 715!

5 800  Gentle  pastuie B1 3.6 U.16-0.28 Lo Nov, 18,'70
6 800  Steep  forest B1 2.5 4.06-0,27
7 600 18 pasture RY 2.1 ~113.0 0.67 Junha:

*#B1:
RY:

volcanic ash soil (Andosol)

latosol
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in Cunhn_is_larger than Opunl. As the cnﬁsc of the differeuce,
s0il conditious can be rajsed. That is, the soil in Oguni is a
black soil (Andosoil) of volcanic ash origin and that of Cunha is
rad soil (latosol) being created laterilizatibn of metamorphic
rocks such as gneiss, Similaifity in metecorelogical rainfall
charactoeristics between Oguni and Cunha rather than Hirakasa is

estimated to be one of the causes of resemblance in runoff rate.

5‘0 ..... S

1.0 -

6.5

Y-i

S0k

(.05

Dry condition

u _(g_ i Wet condition
@ @ i 1 ]
0.01 P RS T S SN O VS S
1 5! 10 50 100 300
Rainfall {mm

Pig, TI~-21 Relation between rainfal! and surface rowoff

Fig. 11-21 sbows the relationship between the amount of
rainfall and surface runoff during the period of observation. Wet
condition in the figure vefers to the case of 30 mm or lavger
rainfaf! during three days before generation of surface runolfl.
Surface runoff (SR) increases as the amount of rainfall (P)

and the relation between the two quantities is expressed

increases,

by
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where a and b arve constants., The rolation was especlally clear

in wet cmnditions. RunofF rate also tended to increase with the

amouunt of vainfall. For 30:mm rainfall or less, runoff rate was

mostly 1% ov less, but For more than 40 mm, 1% or larger rate and under
wet conditions almost 47 ?nte_wus observed.  The vainfall conditions
vequired for generation of surface ranoff were: 15 wm rainfall and

10 mat or higher maximum hoarly vainfall tolensity,

The ceastal meuntain range, on which the Cunha expurimehtnl
Forest is localed, is Frequented in the vainy season by showers of
about 50 mu/hy rainfatl. Bven it the groond surface is covered
completely by vegetation, shrfucu raneff is gencovated on inclined

grazing laond,

{6)  Annunal Water Balance
Within a certain watershed wheve theve is no inflow of surface
water and graundwater from éther watersheds and no watershed

leakage within a certain period, the following equation is valid.
P o= R+ E.JT £ "8

where P: amount of rainfall, R: runoff, FKI: cvapotranspi-
ration, 23: change In storage

Taking the hydrologic¢al pevied ar 1} year, 4% is equal to zero.
P RO+ ELT

Water year is decided by bordeving at the smallest month of
river fiow,'tﬁﬂt is the smallest month of stovage in the watershed.
Judging from the change of monthly base runoff, the water.ycar of
the Cunha Experimental Forest was decided to be from October | to
September 30 of the next calendar year. 1n U.S.A., the water ycaf
is from October to September, if we are corvect (2.3-8),

Water balance in 1987 water year (October L, 1982 to Septéhbvr
30, 1983) and 1984 watcr”year as obtained from Tab]n 11-16 is shown
in“Tablé Ii-20, Rainfall'in thertwo years differ by 726 mw, but
runoff réfes.are nearly the same at about 70% and evdporntion Wwas

about 30% of rainfall, Annual potential evapotranspiration of the
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. present watershed as calculated by Thornsweight Method (2.3-10) is
770 =~ 780 mm, and. 758.5 mm evaporation in 1983 water year roughly
agrees with the annual Potential evapotransﬁiratiou. However, in
1984 water year, 5]4,2 mn of evaporation was lower than annual

potential evapdtranépiratidn by about 250 mm, Nakano {2.3-4)
assumes that although annual leses in the region of 1,700 - 1,800 mm
annual rainfall (eritical rainfall) is nearly constant to be equal
to annual potehtial evapotranspiration in Japan, the critical rain-

Fall would be lﬂrgcf in tropica] districts., Therefore, the small

annual evaporation in 1983 water year is supposed to be due to the

small annual rainfdll in the year., ‘ihe effect on cvaporation of
the altitude of'the Experimental Forest at move than 1,000 a and
generation of thick fog by the moist air carried by sca breeze

teft to be examined in the

were future,

Tabte [1-21 Water balance at D-basin

Evapotranspi-

Water year Rainfatll Runoff _ .
_ ratlon
1983 (mm) 2586.8 1828.3 758.5
(%) 100.0 70.7 29. 3
1984 (mm) 1860.2 1346.0 51402
() 100.0 77,04 27.6
note:  MWater vear 1s from Ocuiober 1 bte Septembexr 30,

To sum up all of the results of various hydrolegical experi-
ment obtained hithertae, rate of distribution of the annual rainfall
te runoff brocess was obtained (Fig. T1-22), 7% of the rainfall
is intercepted by the vegetation, and water arriviag at soll
and

surface (Net vainfalt) is 83% only, Infiltration into the soil

‘strage there is 75% only. The rain water straged iIn the soil is
dividcd inte two process, One of the process is the loss as aa
evaporation from soil aud a transpiration from trees (13%Z). The
other is the Base_runoff that vain water deeply percolatéd and was
rechafged as groundwater (627). Direct runoff is composed, judging
from the result of streamflow measurement and surface runoff

measurement, mostly of surface runoff from source area and subsurface
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from infiltrating vegion, and surface runoff in the forest is extre-

mely small,

Gross Rainfall

100%
3l Crowns Interception |
............... R ITE PP -———-—-—f{ l_ 7/’ ’ ) . !
Y b - -
Throughfall 1 Stemflow '
82% _ ke
S k\b R . 1‘.5\’3 o Lran S pj. rat j. an
Nek Rainfall ' . 304
837 Z
g Infiltration LVJPOlenspttdllon
E o Tl from satil
i 757
i 13%
3
| R
Direct Runoff Base Runoff
87 - BIZE

L v

Total Runoff
70%

Fig., [I-22 An example of runoff process
' at D-experimental basin,

(3) TFuture oultlook.and problem

As a result of preliminary measurements of streamflow and surface
runcff, the goil of the D—Qatershed was found to show a high storage
capacity of rain watér;'and base runoff showé'a high uniformity{ Turbi-~
dlty meaaurement rcvealed that the Lurb:d]ty of Rio Paraibuna is ordlndly

4 to 5 PPM, which ig as same levels as that of forested waLcrshed in
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remperate zone (2,3-11). Thevefore, positive protection and management
of the natural forest widely distributed in the headwaters of Rio Parvaiba

is extremely important. for soll and water conscrvation.

The future couvse of watershod researchs and problems ave as

fol lows:

(1) Watershed rosearch

The result of watershed researceh in the past will be explained
at firvst as follows: Inercasc of anoual runolf is widely recognized.
Suﬁming up.thc'vuport by Makane, incrvease of 100 - 200 wa is
observed in mﬁny.uf Lhe Jdpnnesw caporimental watersheds, while it
is various in V.S.A. from about 30 mn i Waeon Wheel Gap to about
450 mm in Coweeba No. 17 but 100 - 200 me in wany of the places

(2.3-12), TIncreasd in base runoff

is obscrved in a part of small
TFainfall belt, but most of the increase is of direct runoff. As the
cause of the increasc, 1) Increase of surface runeif by formation

of watef'path as a result ol disturbance on the suriace owing to

the logging, 2) Decrease in loses by absence of iaterceotion by

thoe forest vugutation, ole. can he eﬁumuratcd. However, thoe increase
is reduced as vesenerating plants and srow to eatablish forest to

a cortain depree, and the provions anmial runot! hefore the cutting
is restored. The time vequired Iov restoration is net the same,

depending on the climate, soil conditions, ete. (2,3-4).

As tfpical merhnd.of watersied rescarch, single watershed
method and uoﬁtro! wvatershed method casn be raised.  The former 1¢
characterized by comparison and examination of runeff forv two
periods of calfbration and greatment in g watershed.,  The fatter
ta characterized by experiment for twe or more watersheds of resemb-
!ing conditions such as topowraphv, area, cte., and treatwent such
as cutbing is given Lo the lorest cxoept one to be (oft untreated
as control, after precceding observation for a cevtaln peviod before
Lreatment. As the wmetorological conditions differ between the
periods before and after tfcatmeut, the lacter methed excels the
fnrmer. [n any of the methods, 3-5 years of calibration period
shoutd be sot, and hydrological characteristics in natural counditiouns
should bu'grasbed; As treatment of the watershed, 1) clear cutting
of'forest and 1eaviﬁg the ground in natural process thereafter,

2Y.clear cutting and pasturing inte grazing land, etc. can be
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(2)

conceived. In the watershed of Rio Paraiba, grazing laud'isrwidaly

distributed, excopt Forests in the headwaters and it is importﬂnt to
compare and examine vunoff chavactevistics of forest land and grass

land, If forest vegetalbion i recovered in the presént dxperimental
watershed rapidly, the_method clear cutting forvest and then paturi-

zing hare seems.to be suitable in. ovdev to clarity the effects of

forest on the soil and water conservdtion,

Surface runoff measurement

Surfaée runoff measurement were conducted with an object of
experiment the effect of various canditions of land utilization,
as forest, grass land, or farm (bave land), on Eurfacu runoff and
amount of sediment. lHowever, soil runoft is too targe on a bare
tand to be measured, in view of malintainance the insrruments.
Therefore, three wavs of treatment are conceived: ik ing a forest
tand by seceding, making a grass ]aﬁd by natural standing, aund making
a grass land by. tredtment. In the watershed of Riv Pavaiba whoere
pasturing on slope is done in many places, nusberless cattle steps
are formed, where bare gound is increasiug. The bave ground formed
by traﬁpting soils by cows 18 a source of surface runoff, Lurther
to be a cause of flood. Therefore, it would be lmportant to

introduce cows artificially into once of the grass tand plots -and

~examine the relationship between the avea of bare grovnd and surface

runoff. TIn this case, it is necessary to change the water gauge of
tipping bucket fype into partial filume equipped with a precision
stage recorder, In addition the instrumeﬁt must be maintained and
éoﬁtrolled frecuently in order o minimize the trouble by soil

runoff,

Plane Lysimeter

Water balance idnvestigation by plane lvsineter shall be
conducted with cmphasis on the diffevence in evapotranspiration
between forest and grass land. Assuming a headwater Forest being
cultured on a pasture land, a grass land shall bhe Laken as uuntrél
and a forest as treated plot in terms of ‘experlmental plan. Three
plots of experiment shall be arranged, grass land, forest 1, aund
Forest 2, and a buffer forest shall be arranged around the lysimeter
so that the external effect on the seeding can be avoided as far as

possible. As the kind of trees to be planted, pines and eucalypm
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tuses species are selected, both being the typical planted trees in
Brazil; and ARUCARTA that. is the native speciescan also be resorted
to. Experimental period of three years for a plot is considered
sufficient, becatse of the Fast growing, although this can depend on
the number of trees planted.  The flowmeter of tippiﬁg type being
~used ab present may. not work in the case of a heavy rain, because

of the too large runoff, However, for o cxperiment of cvapotranspi-
‘ration comparison between the kinds of trecs, the objaut of the
experiment will be accomplished if depressioa curve in the dry

scason ks oblained.

The above ts a proposal for the varjous hydrotogical experi-
ment in the future, bul something on o long-term oxperimental plan

wilt bo added.

Thn.tnfgut of streamflow measurviment at the moment 1s placed
mainly. on the change of vunolf characteristics following f_‘()llVGfSiO!.]
af the land after cleav cutting into pasture land, but it would be
necessary in Lhe future Lo investigate the effect of afforestation
in thm.watershéd where it dis utilized as pasture land for some
time, An afforvestion should be carried oat by a caveful selection
of the kind of trees that is best suited for soil and water conser-
viation by experiment of vvapoetranspiration covering of the ground
sur{ace, development of the root svstem, ete. heing obtatned by

plain lysimeter experiment.

It is also nefuxsary to conduct experiments at the same time
on gotl physicé such ag pevumeability and porvasity so that they can
be quantitative indices of wiater reservoir culturing function,
The extremely high base runofy in the D-watershed is estimated to
be due to the presence of o thick laver of soll following weathering

bedrocks.

Thevefore, investigalion of porosity and determination of
permeability coeffictent of soil would be an lmpovtant subject in
view of a quantification of head water conservation and recharge

improvement ,

The present project accemplished 1) construction ol Cunha
ixperimental Forest, and 2) Travnsformance of fundamental knowledge
and technique necessary for execution of forestry hydrological

experiments and arvangement of basis for full-scale tests,
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Exehange of inforsation aud'cooporatioa with University and other
research fustitute of Sao Pauvlo seate will he nocesnnfy o

future experiment and réseavch, It is alse considered important
to exchange information uhd'inturchnngu rescarchers between
Porestry fnstitute of Sao. Paulo amd Foresiry qand Forest Prodocts
Research Institute of anuﬁ, utilizing the [riundship fostered by
the present project, in order that the offect of research coopera-

tion be maintained and enhanced,
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