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CIIAPTER I METEOROLOGICAL ANALYSIS
1.1 Data Collection

In the Study Area, there are 51 main meteorological stations and 844 rain-gauge stations (as of
March, 1995). The Team selected 33 metecrological stations (See Figure-1.1), and additional
three rainfall stations by considering their data availability as listed in Table-1.1 and coltected
data at all selected stations. .

According to accuracy and a_vailabiliiy of observed data, simutation period adapted for the last 20
years {1974-1993) .

1.2 Resulis of Analysis
1.2.1  General Meteorological Condition

~The climate and meteorclogical conditions of a region are mainly determined by atmospheric
circulation that acts on the various scales where the region is inserted. The south of Brazil as a
result of localization in the middle latitudes, is subject to the following basic atmospheric actions,
(Source Sugai ¢t al, 1993)

- the Subtropical anucyc!one of the South Atlantic.
- the Migratory Polar Anticyclone

- the Chaco Center of Low Pressure

- the Amazon Tropical High Pressure

- - the Pacific Anticyclone

Along the year, these centers of atmospheric action change position and vary their intensities,
“and they cause the so called air mass. These air masses have almost uniform physical properties at
_ the same level, such as temperature ,humidity, air pressure and wind, and can be classified as
tropical and polar and subclassified as continental and maritime. The influence of air masses in
Parana state is characterized as follows;

<From October to March>

A predominance of the Atlantic Tropical air mass of low pressure occurs in the direction of the
south of Brazil bringing good dry weather with few clouds.

<From April to September>

An Atlanlic'P_olar air mass occurs more intense in this period, and infiltration occurs north
provoking good weather and few clouds, as well as cold nights and droughts.

<Whole Season>

" When the tropical air mass goes over the polar one, there are the formation of warm fronts
and shorter duration rainfall, When the opposite occurs, there is a formation of cold fronts
which provoke instability of great extension and tong duration rains, it is called frontal rains.
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l 2.2 Ramfall

The ramf‘ali data in Parana has been measured wnth dlffcrent agencncs and dlﬂ‘crcnt observahon
pCHOdS by stations. At present, about 900 rain gauge statlons are registered.

(]) Monlhly Rainfall Distribution

The last 20 years mean momhly rainfall data was summanzed as shown in both Table—t 2
and Figure-1.2.. The missing monthly rainfall data were determmed by applymg the
correlation equations by statlon (refer 1o the secuon 1.2.9). - :

" Seasonal vanatlons of monthly tolals are similar in dlﬂ‘erent parts of the Parana. Fluctuahon
of monihly rainfall by regions are summanzed as follows '

Two different fluctuation pattern exists between Litoranea and Nonhern‘regl'on‘ Southern
region. Litoranea and Northern region rainfall pattern only fluctuates once a year on
December or January, but at the Southern region has two nmes a year on both May and
October. o : :

(2) Annual Rainfall stmbutlon

Usmg the fast 20 years annual mean rainfall data as shown in Tablc-l 2, an Iso- hyetal map
 was developed as shown in F:gure—l 3. In Parana, the followmg rain characlcnshcs can bc
observed, S

- a) Litoranea at the eastern side of the coast mouniams range has the hlghest annual
rainfall volume. -

b) The region including Cunuba at the western side ot‘ the coast mountams range has
: the lowest annual ramf‘all _

¢) The south-western region has second hlghest annual ramf‘all volume because of
high altitude between !100 mand 1200 m, and ramf‘all volume decrease toward the
- eastern side. :

(3) Long-Tenu Ramfall Vanatlon

To determine the long term vanatlon of ramfall IO typlcal ramfaB statlons were sc!eclcd
And analysis of long period annual rainfall was computed by using S-years running annual
mean and average of S-years rurning annual mean rainfall as shown in Flgure 1 4

According to Flgure-l 4, rainfall ﬂuctuatlon cycles of S-years runnmg annuat mean repeal
the range from8to 12 years in Parana.

In this Study, meteorological simulalion period adapléd I‘rom 1974 to 1993, there are two
fluctuations exist in 1983 and 1990, espemélly central region and Iguacu basin. 1t was found that
the simulation period adapted last 20 years is suflicient to study of meteorologacai factor such as
rainfall, evaporation and others. :
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Figure-1.2 Monthly Rainfail Distribution by S_taiions




Figure-1.3  Annval Iso-hyetal Map

Pt
”,

"




LEGEND

R ‘ : : ' ~4500 -— S
LR 77 S — &5 .
b . F ALY : 3 3 T
| . AN 5"\_ Sho 2000 |- = o s s
_ : / \\ JAmzmHosrmou 4 : & o e e e ——m e
] ) .
: l. '\\ 4000 - -
P Y TN, i 3500 : |
y ey A ‘:Blim trof e
= 7 D L] 2500 Ao L] w7
! 3 pea'[OPAMSODONOR““AmN . 2000 - . &k \ D CT) Aallll_uj_lu.uj||lclnul_l_tLlnll|jlIlllllinlllr‘!ll!l.lj||llllll||n
' : Ko.02352000 : 1500 - L WD © % DY O WD T DI WL O N DN B o
- ; il IHI Jﬂmﬂlh A ~ HEBEBYEEMBBEESLYEE
0 : E K-\ . YEAR : .
Z - .
: TR

!OWMDNAEE SUREHMA SIAT}OH © o jeeg hnust Balnfatl —8funnlag Bean (553 .
No.b2343033 . B =+= Aversge of Running Nean (Sy)

Ha.02350000

e o e ws e

IVAIPORA STATION
Na. 02451014 . -

§z"°°:4i:: Eﬂmﬂiﬂm

TIBAGISTATION
No. 82450002

© GASCAVEL STATION .
Mo,0245302)

. \\. -
s A : /.
A CURMBASTATION - —%,'%r;ﬁ‘;nw
- : Ho.0i843006 J \ <
£500 -~ - ——
400G ¢ e e - 1!
[} -.r
L2

. 4-‘ 1500 ————
/___/ \_~_\ zsoo:v R :___”1 ;_ o>
- .l000
V{; mmnmnmmwmmnm
. ! AN O t-r*'f v b

Q
G
N
: RIQ OA VARIEA DOS LIMA STATION %/ N
oo e Ho.0254900) ) Q
\?‘:’
A
Y-

GUARAPUAVA STATION
Ko 02581000

4090 f———

g

PALMAS STATION
Ho 02651004

Figure-1.4 Long-Term Rainfall Variation -

. 8-







1.2, 3 Temperature

The obscrvatlon of lemperature is normally made by three times a day (9:00, 15:00 and
21:00 hr). Annual mean temiperature in Parana has generally range between 16°C and 22°C
throughout the year. According to collected data, maximum temperature 41.5°C at Paranavai

_in the north-west area and minimum temperature -6.8°C both at Palmas and Guarapuava in
the south highland area were recorded respectively during the recent 20 years.

The mt)lmhly' and annual mean temperature were summarized in Table<1.3, and also plotted
as an Iso-thermal map (Figure-1.6). ‘The missing monthly mean temperature data were
obtained by employmg the correlation equahon by station. (refer to the section 1.2.9)

The amlual mean tcmperaturc by lhe station except for thoranea area is olosely related to its
elevation "as.shown in Figure-1.5. The relation between them can be descrlbed as the

fol!owmgequanon _ e _ o :

 Tm=24.6-0.0077 xEL -

where - Trn : annual mean air temperature (°C)

EL ; elevation (m)
correlatlon coellicient =091

30

- T = 24.6-0.0077 * £]

o e a .

3, 20 -4 _E_g__ﬁ n - p

[ “Litoranea : o o ’

| ol
% .10 .
9 £ :

0 e 200 .' 400 . &00 500 1600 1200 ©1400

Elevation : EL (m)

.. Figure-1.5 Relation between Air Temperature and Elevation
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Figure-1.6 Iso-thermal Map of Annual Mean Temperature
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1.24 Evaporation
1) Dnrcct Measurement Data

Evaporation pan data after converted by using a pan caefficient (0.6 - 0. 8) is useful for

eslimating the value for lakes or reservoirs. The obsewat:on of evaporation pan data is
: mamly carried out at main meteorological stations in Parana, and is observed by IAPAR

{at main meteorologwal Stations) and DNAEE (at 12 main meteorologlcal stations). But

data is not sufficiently available. The Team collected row evaporation pan data at some
. slahons to compare the evaporation data by Penman s equation. -

2) Penman’s Evaporauon

COPEL, IAP and other related agencies are commonly computed an evaporation rate by
* using Penman’s equation. The Team determined the relation between evaporation pan
data afler converting by using a mean of pan coeflicient 0.7 (: Evpan) and evaporalion
% data by Penman’s equation (: Evp) at several stations, Using both annual evaporation
~ data, the ratio of Evpan / Evp ranges from 0.7 to 0.9, with a mean of 0.8. The mean
value of 0.8 w1|l be employed to estimate the evaporation value for planned dam
reservoirs in surface walter development sludy

The almual nmean evaporation results calculated by COPEL using Penman s equahon (by
Frere, 1979) in the selected 33 stations is summarized as shown in Table-1.4. The
missing monthly evaporation data were determined to employ the correlahon equation
by station. (refer to the section 1.2.9)

One of the factor affecting evaporation is usually known as air temperature. Figure-1.7
shows the relationshin between the monthly mean air temperature and the monthly mean
evaporation. It obwously indicates that monthly mean evaporalion for months having the

- same monthly mean air temperature of the same month is higher between October and
March (hot season) than between April and September (cold season)

300
8 ol _
t 280 1-— ' T | Fes JAN"
b - CoMAR o R0
1 o~ DEC
% wol o 7;_“0'/-/ a—"1" nov
S : S ‘ |1 oct
& | w0
E ) .
> 150 R I 5 = § el S
g |- JuL .
[ ] . )
£ 100 :
£ - -
50 _ _
©oa0 ) 10 90 10 130 15 10

M}an Month!y Evap-oulion 1 Evp (mm)

Figure-l ] Relatlon beh'.cen Penman s Bv, aporatlon and Air Temperalure
. (usmg mgan umnlhly data al 13 selecled ctahons)
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As considering relation between evaporation and air temperature at a certain place, annual

mean relation of both parameters can be described as following equation; (Refer to Figure-
1.8) S o _

Bvp = 91.6 +67.9 * Tm
where‘ Evp : annual mean ¢vaporation by Penman’s equation (mm)

Tm : annval mean air temperature (°C)
correlation coeflicient = 0.87
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Figurc-1.8 Relation between Annval Evaporation and Air Temperature
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1.2.5 Poteutlal Evapotransplralwn

Evapotransplrauon is the evaporauon from all water, soil, vegetahve and oiher surl‘aces
plus transpiration. COPEL computed the valué of polenllal evapolranspiration by usmg
Penman’s equation (by Frere, 1979) Whlch is commonly used in Brazil, ~

The calcuialed results were smmnanzed in Table-1.5 and was plotted as an Iso-potential
evapotransplratlon map (Figure-1. 10) '

The annuat potenlral evapotransplrauon ata certam place except for thoranea area is re!ated
10 its elevation, il can be described as fo!lowmg equatlon (Refer to Fagure 1. 9)

Bvt=1320-037 * EL
where, Evl : annual potenhal evapotransp:ratlon by Penman’s equatlon {mm)

'EL : elevation {m)
_ correlation coeﬂ"icxent =0.70 .
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Figure-1.9 Rclation befween Annual Potential Evapotranspiration and Etevation
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Figure-L.10  Annual Ise-potential Evapotranspiration Map
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1.2.,6 Wind Speed and Divection

~ The wind speed and digection are observed by 3 methods in Parana, such as using automatic
anemometer recorder, manual observation with anemometer (10 minutes duration) and visual
observation. The wind condition in Parana depends on the air mass movement of the whole
Brazil.

In January equatorial air mass is moderately humid and has entered from the north. In July

- the tropical air mass which brings easterly or northeasterly winds 1o near all area. According
to collected data, wind speed is stable at range between 2.0 and 5.0 m/sec throughout the
year. The annual mean and monthly wind speed at the each selected stations are sunmarized
in Table-1.6. :
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1.2.7 Sunshmellours SR S e

It is generally known that sunshine hours rclates to the latitude of obscrvauon point. ’Ihc
state of Patana locates belween latitude 22°30° and 26°40" and the tropic of Capricorn
passes through the notth aréa (Londrina, Maringa city). Accordmg to the collected data,
mean annual sunshine hours has about 7 hours/day at the regions except for Litoranea area.
Litoranea area has about 4 hours sunshine hours almost through the year, because Litoranca
area locates to nearby Serra do Mar h:gh mountam rangc and thc fog gathers especmlly m
the mormng (Refer to Table-1.7)

T able-i.‘? Annual and Monthly Daily Mean Sunshine Hours
{Available Period between 1974 and 1993)

Slatton Basin Locatioa _ IJan | Feb Nov. | Oec. | Mean
No. IStNo. _ [Nawe Lot | Lonp |Aititude ]
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23]02550025 | Teleeira Soares  ITbagl  J25°275)50°25W 693] 58] 5%

2402351510 Guarapuava iguecu  J25°21§[5430w] 02 65| 84
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Daia Source : COPEL
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1.2.8 Relative Humidity

Relative humidity in Parana is almost constant, range between 70 and 80 % throughout the
year. Monthly refative humidity by the selected stations is summarized in Table-1.8.

The annual mean relative humidity is closely related to air temperature, it can be described
as the foltowing equation;{Also sce Figure-1.11) '

" RH= 1115

-1.9%Tm

where, RH :annual mean relative humidily (%)
" Tm : annual mean air temperature (°C)
«correlation coefticient = 0.81 -

;106
80
i

€0

40

R;el_ative Humidity : RH {%)
E

20
10

— S B 2 .
0 10 0 30
Temperature : Tm (0C}

s Figure-l.ll Relation between Relative Humidity and Air Temperature
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1.2.9 Correlation Analysis

The missing data of the following mctcorologwal items were determined to employ
correlation equation by station. The simulation period were adapted for the last 20 years
(1974-1993). The employed correlation equations were summarized as shown in Table-1.9 -
Table-1.11.

Monthly Rainfall

" Monthty Temperature

- _' Monthly Evaporation

" Table-1.9 Correlation Equations for Monthly Rainfall
No. X Station ¥ Station za+bxX X=a'tbx¥ . Correlation
. . a b a . b Coeflicient

3.4 62350017 Cambara 02350018 Bandeirantes 1s.40] . 093] 1663 108 o8
5.7 02351003 Londiina 02351011 Ibipora 12,89 . 068 -14.64 1.14] 091
36 [02352047 Pardnaval 02351008 Apucarana . - 30.32 0.87 -34.94 145 084
127 (02450011 Telemaco Borba |02351011 Ihipora 2848 .77 -56.87 128 0.73
12-13002450011 Telemaco Borba 02451052 Candido Abreu $3.64 0.85 -39.3% 147 Q.79
13.6 |02451052 Candido Abley  [02351008 Apucarana 27.12 073 -35.02 1.35 0.74
137 loz451052 Candido Abrey  [02351011 Ibipora 33864 056 81,92 152 067
13-14[02451052 Candido Abreu_ |02452050 Nova Cantu 59.97, 0.84 7369 123 Q.78
14-16}02452050 Nova Cantu 02453023 Castavel 2208 056 2569 1.16 0.7%
15-15{02453003  Palotina 02453023 Cascavel 433 056 50,64 $.47 077
i7-98]02548038 Morrstes 02548039 Guaraquecaba 13.74 B B k! -12.20 0.89 0.85
19-17[02548070  Antonina 025450368 Mometes 17.76 0.68 2611 147 0.88
20-41§02549041 - Piraquara | 02449013 Cerro Azt 19.54 0.78 -25.16 129 0.78
21-22]02543091  Laga 02550024 Ponta Grossa 2879 085 -34.05 1.48 0.86
22.23]02550024 . Ponta Grossa  |02550025 Teixeira Soares 207 087 2410 145 0.82
24-25]02551010 Guacapuava 102552009 Laranjgiras 2249 0.58 2556 1.4 0.84
28-2702553015  Planalty 02553018 Quedas Iguacu 23.5¢ 088 A265 1.14 035
27.28]02553018 Quedas iguacu 02554026 Sa0 Miguel 21.82 0.75) -28.45 1.33 045
30-31(02651043  Palimas 02652003 Clevelandia 0.49 0.94 -10.11 107 0.90
1132002652003 Clevelandia - 02652035 Palo Branco 1330 0.94 -14.10 1.06 083
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Table-1.10

Correlation Equations for Monthly Temperature -

No. - X Slatien ¥ Station " Y=atbxX CXK=artixY . . Corretation
o . ) ) a b 2 b' Coefficient,
3.4 02350017 Cambara 02350018 Bandelrantes 1.07 0.96 RRE! 1.04 09
57 |02351003 Londrina 02351011 Iblpora 1.56 097 -1.61 .03 .00
36 02352097 Paranaval - |02355008 Apucarana -~ 1379 085 209 1.17 099
9-10 (02352019 Cianorde 02353008 Umuatamna 0.29 1.00 0.29 100 1.00
11.42]02449043  Cerro Azul 02450011 Telemsoo Boiba 079 . 095 " 0B4] 108 043
136 |02454052 Candido Abreu 02351008 Apucarana 5.35 0.78 -5.81 427 0.58
141502452050 NovaCanty  |02453003 Palotina 261 1.14] 2] . - 088 093
15-16{02453003  Palotina 02453023 Cascave! 083 0.63) -0.95 1.14 083
17-18]02548038 Morates 02548039 Guarequecaba 037 102 0.38 0.98 1.00
19-20102545070  Antonina 02549041 Piraquara _+1.51 0.88 1.7 1.43 053
21.22{02549091 Lapa .. 102550024 Pontd Grossa -1.09 1.07| 1.0t 0983 0.59
22.23]02550024 Ponia Grossa |02550025 Teixeira Scares -3.38 .06 1.31 0.95 099
22-24]02550024 Ponts Groséa |02551010 Guarapuava -1.36 1.03 1.32 0.97 0.56
25-27[02552009 Laranjeiras  [02553018 Quedas lguaty 031 1.10) 0.28 091 099
28.27102553015  Planalto 02553018 Quedas lguacy 0.74 098 075 £.02 0.59
“ler-2802553018  Quedas iguacu 02554026 Sao Miguel 121 .41 “4.10 080 093]
7231102651007 Porlo Unizo (02652003 Clevelandia - 225) 086 . 262 1.17 0.99
30-31|02651043  Palmas 02652003 Clevelandia 1M 098 434 1.02 " 0.99
32-33102652035  Pato Branoo * §02652012 Francisco Belao -4.39 1.10] 1.2 0.91 1.00
Table-1.11 Correlation Equations for Monthly Evaporation
No. X Station ¥ Station Y=a+bxX X=a'+b'+¥ Correlation
. : . a’ b a oy " Coefficient
16 [02251027 BelaVista: 02351008 Apucarana 447 . 088 433] - 1o04] ¢ 0.60
2-3 02340030 Joaquim 02350047 Cambara 2142 .- 093 -22.88 1.07 055
34 |02350017 - Cambara 02350018 Bandeirantes 525 088 - 535 1.02 0.95
57 02351003 Lendrina 02351011 ipora g2¢] . o007 - 448 - 103 0.4%
£.7 [02351008 Apucarana 02351011 bipora Coaresl. o pesl o -ates| - oo9a7 068
lss 02352017 Paranavai . 02352019 Ciarora 55| 102 - 575 “pes) i 099
210 [92352019 Cianoite 02353008 Umuarama 4281 093 428 - 104 - 0.89
10-41}02352008  Umuarama 02449013 Cerro Azul 13.53 099] - -13.73 1.01 0.8
12-13§02450011  Telemaoo Borba 02451052 Candido Abreu -4.51 1.14 3.05 0.88 0.66
135 loa4s1052 Candido Abreu 02351003 Londrina 21.74 085 -25.68 1.18 0.95
14-15{02452050 Nova Canfu 02433003 Palctina 4.72 077 616 1.31 0.93
15-16[02453003  Patolina 02453023 Cascavel 9.94 114 Biz2 0.88| 0.02
17-18{02548038 Morretes 0254803% Guaranquecaba 204 086 T.2.14 1.05 0.99
17-15[02546038  Morreles 02548070 Antonina - 447] 053 4.7¢ 1.07 0.99
17-20{02548038 Morretes 02549041 Piraquara 14.25 0.88 -15.54 1.16 0.91
17-21}02546038 Morretes 02549091 Lapa 4.47 1.02 -4.38 0.98 0.97
20-2102549041 Piraquara 02546091 Lapa -3.87 1.09 354 091 0.60
21-22[02549091  Lapa . |02550024 Ponta Grossa 1022 098] - -10.39 1.02 0.89
22:23[02550024 Ponta Grossa 02550025 Telxgira Soares -17.08) 0.9% 17.22 1.01 0.98
23-24[02550025  Telxelra Soares  |02551010 Guarapuava 1339 1.02 -13.12 0.99 0.98
25-27[02552009 Laranjeiras 02553018 Quedas Iguacy - 1] 1.09 478 092 0.97
26-27102553015  Planallo 02553018 Quedas lguacy 4.10 0.¢0 -4.54 1.1 0.0¢
27-78[07553018 QuedasIguacy  |02554026 Sao Miguel 358 107 T332 0.93] 0.69
24-31[02651007  Porlo Uniao - 02652003 Clevelandia 2.92 1.09 267 0.91 0.97,
30-33{02651043 Palmas 02653012 Francisco Belrao 41.30 0.85 48 3% 1.47 0.78
31-32[02652003  Clevelandia 02652035 Palo Branco - 1268| 0.98 12,94 1.02 0.95
32-33102652035 Pato Branco 02653012 Francisoo Belrao 3.06 “1.00 3.05 1.00 - 089
33-27)02653012 Francisco Belrao 02553018 Queadas lguacy 678 0.97 £.96 ~1.03] 0.68
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CHAPTER 2 HYDROLOGICAL ANALYSIS
- 2.1 -~ Review of IIydrological Measurement Data

2.1.1 Present l)nscharge ‘\Ieasnrcment

There ate 217 hydrological stations (as of March, 1995) operated by mainly DNAE!Z
'COPEL, IAP, of which 69 staiions are provided with automatic level recorder. The actual
field works such as discharge measurement, water quality sampling and sediment sampling by
“each hydrological station are carried out by 11 observation teams of JAP. The frequency of
field measurements is cither once a month or once in two months, and at times whcn the
- floeds occur,

2,1.2  Confirmation of Discharge Measurement

The - Study Team visited several operating hydrological stations accompanied with an
observation team from IAP to confirm the accuracy of ficld measurement in terms of
instrumental and methodological. The comments are described as fo]lo'ws
< lns{mment > :
IAP has been using enough number of sounding current meters, the instrument
is well maintained as annual calibration.
< Methodology >
The methodology is enough skllled in executing the dlscharge measur¢ment and
sanipling by two observers.

2.1.3 Review of Dnschmge Ratmg Curve

To convert the observed data of water ‘level to discharge, the discharge ralmg curve is
essential. The discharge rating curve generally prepared from relation between water level
ang discharge as determined by the discharge measurements. It is usually expressed as the
following equations;
)] Second degree curve
Q= ax(H+b) where a,b: constant
- 2) n-degree curve
Q a x(H+b) where a, b,n:constant, n=15-25

The established discharge rating tables and curves in Parana are determined by manual
~ plotting method. To confirm that the established discharge raling curves in Parana are exact
- curve wilh flow measurement data, the Team employed the second-degree curve detenmined
by the least square method. Figure-2.1 shows both discharge rating curves at some selected
station, and there are not much different between two curves.

Therefore, the discharge rating curves for tables established by Counterpaits were employed
to determined discharge by selected station in this Study. -
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Figure-2.1 Discharge Rating Curves
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2.1.4 Hydrological Database

At present the following three database syslems are used by the drﬂercnt public agencies in
Parana

1) MSDHD (DNAEE)
2) SISTEMA DAD - (COPEL)
3) CADASTRO-PLU-FLU  (JAP)
The database Systcm developed in this Study are composed of the following components

and described in ‘Figure-2.2. The databasc prepared by JICA Study Team is covercd all
rcgrstcrcd sla'rons except for the closed stations in Parana State,

1) Filling System
= H-Q Table by Station

“- Cross Section Data by Station

- Flow Measurement Data by Station

- Daily River Water Level

2]

) . Analyzing System
- Discharge Rating Curve by using Manning's Formula
- Discharge Rating Curve by using Least Square Method
- Daily Discharge
- Monthly Discharge
- Correlation Analysis between Stations

- Flow Regime Table and Graph

Dod g Freteat
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Figure-2.2 Database System of JICA Study Team
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2.2 RunoffAnalysis
2.2.1 Discharge Refcrcncc Pomt
To clarify the flow characterrstlcs of each river basm 31 hydrologlcal stalions were sclcctcd
as discharge reference points by considering the following condlhons (See Figure-2.3)
- data availability
- balance of catchment area
- accuracy of existing data |

Consxdermg lhe dlscharge measurement dala availability and other collectecl data as shown in
Table-2.1, the simutation period was applled to the last 20 years (1974 to 1993).

2,22 DiS(‘hal ‘ge Correlation Analysis
In case that the missing or not- available discharge data were found at ¢ach selected station,

the correlation equations as shown in Table-2.2 was employed. The smlu!allon period was
adapted for the Jast 20 years (1974 - 1993).

227 -







":.’Sv\’??m:q?.a
P

bg

3.

0]

YooKl pp0; MALEHO,

5/7 Ny
f * LARAKFEIRAS 0 SUL
e .

'

\ﬂ'
s
(€
I (T3S c;’é“\:
L N A N
}v_'/, ; ] e
o= 3
A
1 .\,?:_;;"/ ! -
7 Uy ™
ST e |
3 { ¢ 1ﬂ$,r A 4
t N \ l‘
N
. LR
:.‘ /
-)i- ra ’
S

iy
o
Apu

-) c?ﬁna (
1
(

gt e L
"‘._’ o ;_' . -,_‘_-{jﬁ—\
Vf\g).;na fda riforig ZZominns
A3 e G{’ﬁ’ﬁ\-’\"\ .‘
e eI
i :

. * | ..y
,_«.-F‘{f-“'- owgno (26 _
- + " [}
Y

S

;%

o
o
———

No.| Basin River St No. $t. Name &;‘,‘},
3 1 |Ttarare | Jaguarlaiva | 64 -242 -000] Tamandya 1,622
3 2 [Cinzas™ [Cinzas 64.-360 - Tomaziaz 2.015 ]
/ (3 : : 64 -370 -000] Andira 5622
[ 4 [Tagl | Tibagi 64 -444 -000] Uvala 4,450
5] 64 -465 -000) Tidagl 8948
5] 4-491-000] Barea Rib.Das Apfas | 15600
] 7 64 -507 -011] Jalabainho (Extendldy) | 21,955
: & [Pirapo [Pirepe 64550 -000] Yila Silva Jardim 4,627
( _'9_ Tva} Tral | 64 -625 -000| Terera Crlsting ___g.ﬁof)] g
- e, 10 64.-64% -000 Posfa Fspanhol A

E;jv\ y 5 (11 | 64 -675 -002| Parln Bapinelras 282001
N e 12 £4 -685.-000/ Porto Paralse do Norte] 28427
- - N3l 64 -693 -000| Nove Porto Taguara | 34,432 |
e 14 [Piqulr | Piquirl 64 771 -500[ Porto_Guarani 4973
e z 8 2R 64795 000! Poate do Piquirl 17,303
WARTZIAN0 \\“ 16 | 64 -820 -900} Porte Formose 17,600
JNNN F 17 64-830-000 Balsa do Santa Marla | 20,952
~ &\ [ 10 [Tguace  |lgsacu 65 -010 -000] Fazendinha 110
¢l B 9] 5 025 000} Guajuylra 2,304
WVl (20 65-035 -000| Porte Amazonas_ 3562
- /: \};‘1 :5:-:\ % 5 -00Q -000F Sao Mateus do Syl 223??

A -1Q 000 Unlza da Yitatia )
] A N _ 65895 002 Salta Osaric [ T45.824
Y N 24| 65-993-000| Salto_Cataratas 67317
s I R Negro 65175 -000] Dirksa 17570
. ‘2‘?_{- "Gl ( B Timbe 65 -260 -00G| Foz_do Cachorira s
R =7 S jf{ ) 27 | Jordao 65825 -000| Santa Clata 3913
N peiosgbi: 1o8 Chopim___ [65-960 -000] Aguas do_ Vere 6636
_50 W S |29 [Riteira {Ribeira 1 -200 -000] Capela do Ribeliz 2.252
LN |30 | Titoranes] Nbundiaguara | 82 -370 -000) Morretes 217
31 : Mrrumbl 2 -195 -002} Morceles 53
(¢ _\
LEGEND

— et et mea

Boundary ef River Basin
State Boundary

T
SCALE

6 10 W X Wwa

'\q_‘__-_.
L,

-F - e

o Figure- 2.3  Selected Hydrological Stations (Discharge Reference Points)

SANTA CAT

ARINA

-28 -







ASTY R A0 D vl U H RO L [OMIHEAR GUE WD W DU 1onl Jeiem 10n | w 'R0 10as1 Jeap, | AR KUD BB WaiLeinewayy Moy O {s0n)
LigroF] clve VRN TOUTO TS | LT AP

vrapmnanmalmm . b .nnnaﬂ( QR RGO OONL LR

DI EEEEE EEEK] RO ajzer'e i Op M0 OOUOOT- M

i
ﬂ_” e gt ke e = G Ol oo | T e op senby 0000mese
- eriry | DUDIC8 T 1Y BN (O00-GLU49

PRI RAERYCRI (o PR [ B T o R o Ty

HIEREEE

It NG I OO0F LY

IR

Zo'sy Q) OYVS | 2OGSeND

4

[YE2} (Y e e

5909 1S P VAR VS | G0G-0U00

[ e T

Pl

BEELE

FOTZ [

s
e

OLL . [ o WY

N80T

R

e

ez 1

4

1. 3 ol o

Nr're

ara

BT

TR

ST

‘o] ole] ¢

] s s m Fracf B

2

3l
B

o 5542

R R N T

Q0R'gh
renes |

v

B N TRV AT I PR )

SIT R B U B IR RE R By RN

-e
3

T

ol ol ol 8

S0 |

€'

¥ E L +0[8¢ .9 SIPC L L0608 05IP CLLa8ecio6" cCC 069 LSS rELe0Bressret.
ovel o8t | o8t 0485 ovaL ol | pouio)

F

gwd)

i
;

suonEIS PAEOSIaS YITT 18 AIqe[IeAY 2e( [v0iB0[0IpAH ['Z-2Iq'),

@ ®

-29.



Table-2.2 Monthly Specific Discharge Corcelation Results

Unit (m*/sec/100 km’)

o, fver X Stvon ¥ Stanon YT S R A B

. - . , 2 .} b a . b Coefﬁc:enl
-2 |itarare-Cinzas [64242000, 1622 km2 . 164380000, 2015 km2 000037 0.84561 (00044) - 117701 : 09521?
Tamandua Otarare) Tormazina (Cinzas) o . L ; L
2-3 Cinzas-Cinzas [64360000, 2015km2 54370000, 5622 k2 : 000292] - 1.01074 000239 0.95938 > 095013
O |Tomazina {Cinzas) . tAndea (Cinzas) i e ) ! .
£-5 Tibagi-Tibagl [64444000, 4450 k2 54455000, 8245 k2 : 0.00157 ¢.92193]° -0ON70 1.08458 © 0.8737T1
. [Uvela(Tibag} - o (Tibagi{Tibag) . : . : : . -
58 Tibagl-Tibagl [64465000, 8248 km2 ; 654494000, 15600 km2 S Q0N 0.90742 -0.00144 1.10203 0.98892
R L . |BaraRib.das Antas (Tibagd |- L . N -
6-7 Tibagi-Tibagl 64491000, ISBOOka 64507011, 29855 km2 Q.00030 095994 -0.00031 1.01016 . 098554
i |Bara Rid. dos Antas (Tibagd | Jatsizinho (Tibagd ) . ‘ : o . ]
7-8 Tibagh-Pirapo  [64507011, 21955 km2 64550000, 45627 km2 | 000793 - 0.38490 -0.02068 259305 - 073835
. [Jataizinho (Yibagi) Vita Sitva Jardim (Pirapo) : o . -
3-10  |Ival-teal 84625000, 3572 km2 64545000, 8500 km2 . Q00360 085102 -0.00426 116132 . D.e78Z8]
. Tereza Cristing (lval) . Poco Espanhol (iva) : . e ) !
10-11 {ivai-bval - &4645000, 8500 km2 _ 54575002, 24200 km2 300363 _0.73018 -0.00497]. - 1.36852 o 095137
Porto Espanhol (ival) - Porio Bananeiras (ivai) : . - . S :
11-12 aklvai 645675002, 24200 2 54685000, 28427 kn2 ’ 0.00085 0.85812 £.00090] . 1.04589 -, 0.98907
Porlo Bananeiras (tvai) Poclo Paraiso do Norde (vai) : e B L . ) -
12-13 [val-vai G4685000, 8247 km2 54693000, 34437 km2 000206 0.88349 000232 1.12424] ¢ 092718
Porlg Paraiso do Node (vai) iuovo Porfa Taguaca {iva : o ) . Lo
14-15 |Piquini-Piquid  |64771500, 4223 km2 64795000, 11303 km2 D.00115 1.04025 HoGi10] 0.95813¢C C 097424
Porio Guarani (Pigul) -~ ©-  |Ponte do Piquin (Piquin) - ) . i E
15-16 [Piquin-Piquiri 164795000, 11303 km2 54820000, 17500 km2 0.00543 0.70210 -0.00782 1.42430 L 098123
Ponte do Piquirt {Piqulr} Porlo Formosa (Piquir) ‘ N )
16-17 |Piquin-Piquid 164820000, 17500km2 . 64830000, 20982 km2 0.00203] - S 0.84994) . -0.00233 1.47655 0.97651
Porto Formosa (Piquir) Balsa do Santa Maria (Piquir) : ) -
18-19 [lguacu-lguacy (65010000, 110 km2 16502500‘), 2304 km2 - - -0.00119]  0.92678 000828 1.0785% 0.52588
___ Fazendinha {lguacy) - Guajuvica (lguarcu) : . o )
1220 [iguacu-lguacu (65025000, 2304 kin2 65035000, 3662 km2 -0.00011 093787 0.00012] - 1.06625 T D.BT600
Guajuvira (iguacy) Porto Amaronas (lguacy) . B ] . S : L
20-21 [tguacu-iguacu [65035000, 3662 km2 65060000, BOGS ki 0.00044 0.94833 -0.00047 1.05448 0945331
) Porte Amazonas (fgeacy) . [Sa0 Mateus do Sul {lguacy) - . s ;
21-22 [iguacu-guacy [65050000, 6085 km2 63310000, 24211 km2  ~ 0000731 . 1.41028] . -0.00065 0.90065) - 0952934
Sao Ma'cus do Sul (lguack)  [Unizo da Vitoria (Iguacy) . L L L :
23-24 [iguacu-fguacy [65895002, 45824 km2 65993000, 677 km2 0.00359] . 0.80064 0.00449]  1.24900 ¢ 0.96308
Salte Osorio (Iguacy) Satto Calaratas (Iguacu) ‘ R ) -
21-25 lguacu-Negro |55060000, 6065 km2 - [65175000, 7970 km2 ' Q.00354 1 0.86862 -0.00453 1.15325 T 0.86180
Saa Malaus do Sul iguadu) | Divisa (Negro, Iguacu} . . S ) . : e
22-25 |iguacu-Negro 155310000, 24211 km2 65175000, 7570 km2 : 0.00390 0.76368) " -0.00514 1.30946 L 0B8TTS
Uniao da Vitoria {iguace) Divisa (Negro, lguacy) _ : : . = - -
26-22 |Timbo-lguacy (65260000, 633km2 . 65310000, 24211 km2 Sl D.00362 0.613¥7 -0.065%0 1.63683 © 084700
Foz do Cachoeira (Timbo) . {Unlao da Viloria (iguacu) o ) | : L
27-23 |Jordao-Chopin 659825000, 3913 km2 55960000, 6696 km2 | . 000393 - 1.18238 0.00265 0.84575] - 0.89169
Santa Clara (Jordan, Iguacy)  [Aguas do Vere (Chopim, !guaw} : : L L
23-28 [lguacu-Chopim[65895002, 45824 km2 65360000, 6696 km2 0.00499] - 1.09337 -0.00457] © 0.81460 o 081492
[52%0 Osorio (lguacy) |Aguas do Vere {Chopim, iguacy) - N R L
311 [Ribeira- Rarare 8200000, 7252 kn2 84242000, 1622 km2 000342 1.50314 0.00359 0.66307 T, 0851
Capela do Ribeira (Ribeira) [ Tamandua (larare) 1o . B o
32-33 [lileranea 82170000, 217 km2 82195002, $3 km2 - 0002051 - 1.55160 0.00§32 0.64450 - 0.845%0
Morceles : Maorretes ' o ‘ B s
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2.2.3 River Flow Simulation

~ Based on the river flow data for the last 20 years period (1974-1993), daily discharge at cach
discharge reference point were determined, and the missing daily discharge were determined
by monthly discharge correlation analysis among the stations.

The flow regime shows the annual condition using the calculated daily discharge at a certain
hydrological station and shall be indicated by the darly discharge and number of exceeded
days. The annual flow regime of each selected stations in the Study area shows as follows;

- High Discharge (95th daily discharge from the greatest)

- Normal Discharge (1'3511_1 daily discharge from the greatest)
~ Low Discharge {275th daily dischafg’e from the greatest)

- Drought Discharge (355th daily diScllarge from the greatest)

T he flow regime is commonly used to find the fluctuation in the daily discharge, and uhhzed
for detenmnmg the potential water characteristics in’ Japan

‘The flow regime computed by station was adapted for 20 years period (1974-1993), and
mean value of the 95th, 185th, 275th and 355th daily discharge for the last 20 years period
were calculated. The results of mean flow regime for the last 20 years period are summarized
in Table-2.3, and I*igure -2.4 shows flow regime curves at the typical selected hydrological
stations.

Table-2.3 Flow Regime (mean valucs for the last 20 years period (1974 - $993))

Basin [ - River Nol SLNo. . StNama . Area Daily Discharga (m¥sec)

I N (un2) J 9962y | 185day | 275 day | 355 day
{itarare Jaguarieha t [33 243 00| Tamandus 1,622 A3.85 2356 18.13 1304
Cinzas  [Cinzas : 64350 000] Tomazina i FGE AR Y 1803 1220,
‘i& 370000 Andira 56221 £8.26 2003 318 2232

fbagi  [Toeg ; 64-444-00G]Uvaa ) - 44508 11602 o461 4056 248)

5| 64 465-000] Tbagi agal 2x933] 1a2wm]  &r08]  S18SF

6{64-491-600]8ama Rib das Antay 15600]  33396] #3094] 15334] 954

. 7164-507-011] Jolaizinha (Extendido) 21555] o8] svzae] 2173 2870
Piapo Firape 8] 6£-550-000]Vila Shva Jardim 4,827 79.54 64,36, 49.43 T4
tvai Tvar - §]64-625-000{ Tereza Cristina__ 35|  e026]  3dzs] 2157 $0.58]
1 IR 10] 64645 000]{Porlo Espanhal geo0] Zzo04] 11543] €783 w
11| 64£15-002]Porlo Bananoiras 24200] 56165 31155| 15543 13084

| 12] 64-685-00C]Foro Paraiso 6o Nole 28477 65065) - 381.85| #6271] 17359

: 1 . 13] 64 £33-000|Novo Porie Tequara’ 3443:] FI70B|  49163| 35597| 24635
[Fiquin [Piquir 14[64771-500]Forte Guarard 37| 2083 5035 38| 166}
| 15| 64-755-000]Ponte do Pryiri 14,308 35565] 18673] 1§17 65%¢

15] 64 520 000{Porlo Formosa v o] esees|  :sqs| mear| 1432z

17| 64 530-0001Ba'sa do Sanla Maria 20502 55177 36845] 6297 ii2ed)

figuacy  [lguaou ™ . 18] 65-010-000]¢ azendinha’ 110} 313 LK 1.29] ¢85
- {19) 65025000 Guaiivia 230 88 3578 Zeo3] 1253

20{ 65-035-000[Pordo Amazonas 3867 B4 ] IEEXE] IREXL

21| 65-050-0001 Sa0 Maleus go Sul 6.065] 136414 7847) 5085|303

72| 65310-000{Uning da Viofia 24201] 65667  865.42| 23203 13134

265855 002|SaMlo Osoro 13T IR0 B IR XH

24| 65-553-000]Salo Cataratas B7.317) 1690.20] (126 20] 79205] 435 7¢

Negro 5] 85175000 |0visa 7o70)  19567) ii2éa]  TEd 45 5|

Tando 26 65-260-000|Foz da Cathooira €93 22%0 12.47 782 45
Jordao 27] 65825-000]Santa Clara 3513 $2E07 77.18] 4367} z8.13)
Chapim 28] 65-950-000| Agoas do Vers 66%| 22480 13103 7813 4014

Rbeira_ |Rueva 79] 81-200-000]Cape'a do Ribeira 7252 33063] 16u15]  6aar] 728
Lioranea [Hhondiaquara] 30] 62-170-000|Morietes FIT] 1243 804 4.58) 2.5
Marumbl 311 82.135-002|Moreles 53 5.02 217 161 077
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2.2.4 Charac_terisllcé of River Flow
(1) Monthly Discharge

Using the last 20 years period (1974-19,93), the average monthly flow patterns at cach
. discharge reference points were given as Table-2.4.

(2) Monthly Specific Discharge

.Based on the momhly'mean discharge at each station, monthly mean specific discharge were
determined as shown in Table-2.5, and Figure-2.5 shows distribution of monthly mean
specific discharge by discharge reference point. Based on Figure-2.5, charac(ensilcs of
monthly specific discharge are summarized as follows

<Upper Iguacu> : S _
Monthly specific dlscharge at the regmn including Cunuba at the western side of
* the coast moutitain range Ribeira river basin and Negro river basin ranges from 1.3
t0 2.9 m¥/sec/100kn1’, with a mean of 2.0 m¥/sec/100kny?, The monthly fluctuation
is not clearly existed as compared with other regions, .

<North Eastern: Region>
Monlh!y specific discharge at the region including Itarare, Cinzas, Tibagi and
Plrapo river basing ranges from 1.1 to 2.7 m*/sec/100km’, with a mean of 1.9
m'/sec/ 100km The runoff peak exists twtce a year from December to Febmary
and i‘rom May to July

<Central, Western and Middle ahd Lower Iguacu Region>

Monthly spec1ﬁc discharge at the region including Ivai, Piquiri, Middle Iguacu and

Lower Iguacu river basins ranges from 1.2 to 4.3 m’lsec/ 100k, with a mean of

2.5 m'fsec/100km> This region has a biggest value in Parana, and especially
: ﬂuctuation pattern is clearly occurred from May to July.

<L|toranea Region>

The region of coast area has h:ghest value in Parana ranges from 2.6 to 123
m'/sec/100km?, with a mean of 7.0 m¥/sec/100km’, and fluctuation of peak runoft
occurs on between October and March with dlf‘fercnl from the patterns of other
regions.
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Table-2.4 Mean Monthly F low Patfem '

- s _ Unk; mysic
Nol & Mo SiNemg s | Fev | owan | ae ey | dun | ag s oo | WNev | s | Anauat
) ) . B O] e
1] &4242.000( Famandva sul  os] wml sl sl e 2egs] menf zree] amsl  arvel  ssad] s
2] 84-380.000| Temazine sel ass] wel wo] mal wel secel ms] sn| sl sieel aes]  sans
s} 64320000} anctra e wranl vt eas| wsedd wes| eacal siss) §ezs rasl oz anss] sses
of o4 achaooliie 2208 3500 en]  wo .10 _1.505'0 viaws] ‘wmn ' 895 -_'wiau Tpaso]  mem]  sous
8] _teshsooolriog Gaee] wae| sl wirss) viase] ] marel wser] veresd dissal csiam] sl s
¢] 6443100003 b ot dates saa] 20| aszer|  erz|  3mf s Cswme] smmal stisel sase] sosse] aidae _aery|
3| seseronfiwaiimg Eenssy | mes] wsome] stac] sbx] asnesf seie] asses] assuaf amiss] Cwnes] avem| ebei] eouse
8] e4-250-000]vE0 Shva dochin wo] wre] mel ere]  awas]  nesal  mred seso]  sese)  esas| esas]  aem]  gam
] 64825000]7ereza Cistig roa]  s2aa|  saesf  dmwf 13eadf weorh soe] eseo]  d8ar| worasl ) mads]  miee
10} ets4s-000!Poda Espantat ool rkse] ool sz ama] aaer 2t seres] zasws| zeasef 1sissf aseo] ssase
1] e4-075.002}P0d0 Baoansias - 543_ o aeosel woms smsos] snn _toasr] 41040 .-,e'!_rs m._eJ s7a15] _ 4soss] ssaen] aeran
12 steasolpotopansosonote | s3ce] sesse] ente] amer] mveel soass] sassr) aerse] soosl ssasel sswsel esaned sasne
1 drearoveliovoputoTages | messel 7eees] srassl el ssezs] 5020 85280 sas] sonse] rende) esise] wmaml ram
14 e4-711-500]Port Guarans a3 "m:é Ceae] mo] Cvenie] wanme] ddiay n..rg» LM e U T IR T
t5] _ #4-795-000!Ponte do Piqul _soow) 2ms0] isase| 220e0] soesz] woene| ssera] 2erz| asear] sersr] swas| woema] ssises
18] ea-020-000]Porto Formes o] _awoed sna] sma] sea] snn] ever weas] dsseo] soadd eesne] soss] esese
0| eda00o0leabadoSanatada - | arzsy] asoen) asvse) seses] éss7sl enrwi] sieeo] asans] apsws] csizas| svaer] serss| soeer
18] _e6500000|Fazendiohs _ can| o osenls 2wl coaas)  aeel o adsl  zedl 2w 2w o) 2s  am] e
18] 68025000 ] Sunjrdry Lo ampl  oer]  aase] . wdalC 4sd] . eBos|  8d.40) Conl ezl Cses] s o ase 43
20]  e5-035-000|Pors Amazonss | et sl eas| asasd wsas]  aear] erss)  ees onnal corree] se2e]  erss] . sen
2} 85.080-000{ 520 Mateot do Sul_ vaee| soroal  wass]  remd vased wwvss] exeadl weson] sswr] ease) senae] scaze] s10na
23] 85-310-00¢ Unlao da Vlora : 45110 452 ¥, 41322 32% 20 3% 24 648 35 624,43 54501 52783 52? 39 20245 489 62| - 50982
23] 658050025300 Ossiio aseol_zamea] 2essa| ssaze] mszes] vasens| sserse] vorase| wisaze] virdes] rsorse “itae] iz
| 24| 65 093000 [Sato Cataratar 11| vsnas] swase] 1oznes] sesmea] vossas] 200ran] sessas] sseiar] waraie ] asissed tsenn
] 65175000 [Dtdsa Lsatsl weses] 154 wsas| 12| werel arses]  tress) essme '1_54.75 Cames] issa asses
2t] es2e0000iFerdoCochoes . | sngef - R R T R T TR T
27] _ 65826 poolsants Clers b287 1] IEEFRTY TN T) REYRCYBNE TEY I TRY) YY) IRCR Y] IR Rt e
28] 65-060-000 aguss da vere sl weed] voaa) wzmzs| - dwreel zmaer|  aewe]  wning ziese] 2ssed) zeml ahis] desee
23] #1-200.000 Capeha do Ribein ool o] wem| wores] swn] o] waser ewed] saamr| vaaz] sesss] wimed] wosso
! 30]  B2.470-000{Monetes wal we|  isw 1'1_13 o] s3] zasl  snl. wer]__1a]  dses]  wase] - aze
:sI . 82195002 Jouetes ess] e sad oyl anel ze) Res]  zad aeel sm)  sed  sed  aes

Oata Source ; COPEL

-34 -




Table-2.5 Mean Monthly Specific Discharge

Unit : w3 fsecd 130km2
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Figure-2.5 Mean Monthly Specific Discharge Distribution
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2.2.5 Probable Discharge Analysis

| Using annuial maxinium daily discharge’ data by each discharge reference point, probable
discharge by dischargé. refcrencc point were computed using plotting position method. -

The simulation period were adapted avaitable period by the selecled station in ordcr to
* determine an general tendency of peak flood discharge in this section, :

_ (l) Plotling PoSifion Method (Source:Ministry of Construction in Japan)

Probablhty papers can be used for a brief estimation of the probability or random
hydrological quantities. Typical methods for giving the plotting position of samples are
widely known as Weibull (£1939) (or F oInas plot 1948) and Hazen ( 1930) ploumg posmon
methods.

Weibull plot can give the expected value of plotting position of order statistics, when .
samples are regarded as a set of order statistics. On the other hand, Hazen plot corresponds
to the median of each interval of each sample value represented by a histogram and is a
simple method. Weibull plot is rational for empirically presuming the distribution and gives a
stightly larger hydrological quaniity compared to Hazen plot at the upper tail of distribution
for the same probabilily'of exceedance or non-exceedance, which means at the safe side in
planning point of view. Thus, the use of Weibull plot is very reasonatﬂe when making
simplified estimations based on probability paper.

Weibull Plot P(xj) = ——J— or F(xi) = hﬁﬁ] ................................. (Equation 2.1)

o %1 2% -1 '
Hazen Plot . Px A or F(XE) = e Equation 2.2
(J) v (xi} 2N _ . (Eq )

where, P(xj): probablhty of exceedance of a certain value of a h)dro!oglcal
quantily xj

B F{(xi) : probablhty of non—e‘(ceedance of a certain value of a hydrological
quantity xi, E : .
j . order of xj from the greatest value of sample
i : order of xi from the lowest value of sample
" N size of samples
Using annual maximum daily discharge data by each dischargc reference point, probable

discharge by discharge reference point were computed using both Weibuli (l939) {or Tomas
plot,1948) and Hazen (1930) plotting posxllon methods.

' (2) Distribution Function Formula . (Source:Ministry of Construcuou in Japan)

: Shape of frequency distribution of hydrological quantities varies dependmg on the kind of
hydrologicat elements and method of drawing samples and thus precautions should be taken.
In this study, two distribution types were apphed as follows;
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1) Loganthmlc Normal Type Distribution

Although hydrologlcai quantities can be approximated to normal dlstnbuuon as they are, .
or by means of logarithmic conversion or the conversion of square root or cubit roo,

the logarithmic normal distribution is often used since a widely apphcable method of
analysis has been established for the logarithmic normal d:str;butlon ‘Basic formula for __
loganlhnnc normal distribution is shown as below, - : '

P(x) = 1 - F(x =—~ ey = 'c'gdg...-..‘ ..... ORI Fi uallon23
() =1~ F() f o G )
alog—t-b— oF E a- log x+b
_ V:xo+b ‘ S xX0+b B , ; R )
log(x+b) log(xo+b)+— . =10g(xo+b)+l-E....................(Equalion 24)
_ g "

- a,a'>0, x0>-b, -—b<x<oo

, where X random hydrofoglcal quanuly
S u& & : values conveﬂcd from x, standard normal vanables

F(x) : probability of non- e:-cceedance of X
P(x) : probability of excecdance of x
X0, a, a’, b . constant values

a’ = a'\l@_-,u?ig-_«ﬁ,

Constant values in the functions are normally estimated based on samples and they can -
be estimatéd by Iwai’s method, moment method, least square method and others.

<Least Square Method>
This method computed a regressmn line to fit the ptotted dala
" <Iwai's Method> o ' c

This method considers that the technique of nor_nﬁal distribt_ition and empirical
distribution for estimating three parameters xo, a’ and b'in logarithmic normal
distribution given by (Equation 2.3} and (Equahon 2 4)

- Estimation of b :

When a sample size (number of years of data) for hydrological quantity x is N,
a median value xg (first approximate value of xo) should first detetmiﬁed. '

b= 1 bs ST e e e e eeiiiiheisli (Equation
m & i ‘ S ) el )
2.5) '
where, bs= —j[xs xg’ {l=N-s- l) -
2xg - (xt + xs)

with meN/lO bs should be éaiélilated for s=1,2,.m andthen b
" 'should be deterinined. bs should be determlned based on lhe 8- th
value xs, 1-th values or’ (N-s+1)-th values %t and xg. ]
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xg : log xg = Zlog xi

1=|

xg is a median value (first approximate value of xo)

- Estimation of xo and 1/a’

log {xo0 + b) = z log (x1 + b) el s (Equahon 2.6)
N e
LR (VI Z {Iog (x1 + b) log (xo + l:»)}2
S i ...{Equation 2.7)
J Z{log (xi+ b)} —' {log (xo + b)}?

The proccdure for estlmatmg constants shown above and (Equation 2.4) is
normally applied for ¢xamining the maximum-vaiue-side of distribution but can
also be apptied to the minimum-value-side as long as the value of b is carefully
handled. That is, if the minimum value of x as characteristics of hydrological
quantity to be applied has to be zero or larger, thenb = 0 or b <0. Therfore, if b >
-0 in (Equation 2.5) to (Equation 2.7), the remaining constants xo and 1/a’ should
be determined using b = 0. If b =0, the distribution curve shows a straight line on
logarithmic normal probabilily paper. For this purpose, if the sample distribution
shows a curve and the adaptability of distribition applied is not good, it is desired
to apply the logarithmic normal distribution with the upper side bounded, that is
suitable for the minimum-value-side of distribution.

<Estimating Constants by Moment Method {Ishihara and Takase's Method)>
This method can determined the constant valucs based on the moment.

- Estiination of 1/a’

1_toge ilE = 030709 % ................................................... (Equation 2.8)

% | NN _ |
1/k should be determined by the following procedure: First, find the skew
coefficient of samplcs, Csl

Z(Xl X) ' ) N 2 NI
Cst = = JN - -E-—__3_(x ):x¥ QEX) ............... .{Equation 2.9)
T Wbt AN IRSRCR
=~Hle, =*~ZXI ﬁle
t=l isl '
Then, find the skew coefficient of population, Cs
Cs = Csl(l + Ps) TR errgeraneentsnrbnnssnantas i b nt e sbeae (Equahon 2.10)

Psis correction coefficient of the skew coeflicient of samples as shown in
Figure-2.6, aud 1/k should be determined from lhls coeflicient.
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' . 7 1

. e'}!lk _ 3cSn’4k :+2c3f‘ﬂk _ .
§= 1! ml? - :

o ™ -e¢") e

.'.%_:[2]:1{-"\/14-—2]—&2 4»%CsJ4+Cs2 +3\’l -r%Cs’ —%CS\M-!-CSZ -—iH :
- o ....(Equation 2.11)

Estimation of b, xo

i
b=-——=——0ox—-mx=sA,0% - mx
VAl -1 ’
xo—mx— 27l ox=mx—B.ox o (Equation 2.12)
. Vi Tha , e .

x0+b=-—==0ox=Cox

A
AT

|
where, A =ex (———)
W r. exp e

o R [ R ﬁ_i._ 1. = _
mxsx=-—»X{, OX= Vg = |2 i~ x)?
: - N;: AT \/N—_l_g(x x) :

Method of solution by moments stated above is based on the empirical correration
method  utilizing sample distribution (based on Hazen plot) in (Kquation -
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2 10).The results of this method can approximate relatively well the theoretical
~ solutions of distribution fum:tlons S

2) Ixtreme Value Distribution (Type I)

- This distribution is derived as the distribution of the maximum values of data in a group
-taken from a population having exponential type distribution, and the data of maximum
values of hydrological quantities of each year can be suited to this distribution in many
cases. This distribution shows a straight line on the extreme value probab:!ny papcr Basic
formula for extreme value distribution is shown as below; :

P(x) =1 - cxp( e Ty O e (Equalion 2.!3)
y= a(x —X0) or X=X0+ 1 Yo e (Equation 2.14}
o a

a,xo0>0, —w<x<w

~where, x:random hydrological quantity (annual maximum value)
y : standard extreme variable transformation of x
P{x) : probability of exceedance
X0, & : ¢constant va‘ucs

Constant values xo, and a in the above formulae are normally estimated based on samples,
and various methods of estimation are available such as Gumbel’s method (moment
method), Kimball’s method.

<Estimating Censtants by Gumbel’s Method>

1_sx

a Sy

X0 = X ~l«§ ..... (Equation 2.15)
a

where, ;z——ZXI < J Z(xn x)? = / ZXI —(x)?

:=! i=t 1=|

......... (Equation 2.16)

For y, (Equation 2.13) can be rewritien as shown below with respect to sample
No.i=1,2,., N.
- Using Weibull plotting method,

yi = ~In{--In{1-- P(x}}} = —]:1(—ln-—i~) ....{Fquation 2.17)
: _ N-+1

Thch, y and 8, should be determined from the following formula;

B N
y:"IEZ \( Z(yl—y) J Zyl -y’ ..{Equation 2.18)

1 i=1 _ i=1

T



y and Sy arc determined only by N and also can be dbtain‘e‘d' from the table
- proposed by Gumbel. In the above niethod of solution, the plotting position
samples is utilized together with the Weibull plot as shown in (Equation 2.17).

(2) Results of Probable Dnscharge Analysns

- The results of probable discharge calculation were applled the above mcthods and Table-2 6
shows only results of Gumbel’s method and F1gure-2 6 shows results of four methods such as
 least square method, moment method, Iwai methad 'md Gumbel’s method at typlcal dlschargc :

reference points in this Sludy ;
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Table-26 - Summary of Probable Discharge at Typical Discharge Reference Points

{Gumbel's Method)

i . ) Unit : {rm3fsec)

Basin | Rwer  [No| stie StNama Period | Calchment Probable Year
’ _ ) : Area (km’) 2 . ] 10 g 50 100
Marare jaguariaha | 1| 64242000] Tamandua 1976-1993) - 1,622] 2437 4857 ¢450] sses| gses| 1147
Cinzas |Cinzas 2| siasooon|  vowesina 49311993| 20180 2318] " aved| er2.3] 6252 e928] 783
| _ . 3| sa3r6000] " Andia . ' 1931-1093] . 5622] 53801 917.0| 1,1348] 14640 4,6142] 1818
Tibogl [Thagi | 4| 64444000 vl 10741293 4450 sael soos| 6144 78s4| ssas) e70
' 5| 64.255000| - Tibagi . 1931-1993] 8osal e527] vosss] 1317.4f 17115] 18918| 2,124
[ 6| 64-491.000]%1) Bamarw.gos Anes - |19a1-1903]  dseoof 1.2228] 1.8788] 23131] 28593 32688| 3613
_ 7| 64507.011]  Jatalzinho (Extendido) | 19311093 21,9550 5,921.4] 31725 40000| 52527| 5.8244] 6594
Pirapo_{Pirapo 8| 84550000] _Viia Siva Jardim 1967-1292 46271 3108{ 437.4] s21.2]  e478] 7058 783
nai {hal 9| 64625000  TerezaCristina 4957-1992 3572F 9787| 1.4450] 3.7530] 22185 243101 2717
10| s4645000]  Porio Espanhat 1965-1093| - s600] 4.716.7] 2,4950] 30102] 3,7888] 41442) 4623
11| 64675002  Podo Bananeiras 49741293 2a200| 25527| sesto] s4281) ss560] 70722] 7767
12| 64.685.000]  PodoParaisodoNote |1953-1993 28,427 3.6107] 40204 56213) 6831.4] 73930| 8120
: 13] 64693000]  NovoPordo Toquara | 1974-1993] as432| 41208] s3242) 61214) 73252 7.8748] 8516
Piquiri - {Piquin - 1] sarris00] - PodoGuarant 19761933) . az23] 1.5122] 1.006.4| 2316.4] 27998] 30205 3,318
o 15| 54-795.000]*2) _Ponte do Piguisi  1970-1993 11,303] 3,493.3] 4938.2| 58945 7.3905] 8.000.4] 8890
16] . 64820000 Porto Formosa 1966-1983} 17,500} 3,061.4] 4,470.4) 54033} 6_612.9 7,456.4] 8324
_ 17] 64.830000]*2) Balsa do Sants Maria__ | 1969-1353 20.982] 33313] 45104| 523086 64938) 70362 7.767
iguscy {iguacy 18] 5010000 _ Fazendinha 1955-1993 1] 112 148 _178f 207 223] . 24
: ‘ " |19] 65025000 Guaiwvira 1976-1983 2304] 2002] 2754| 4914| 6667| 7467|854
20| 85-035000] __ Podo Amazonas 1935-§593 seo2] 2o14| asas| sssr) . miea| veaz] ew2
1] - 65-660-000 S0 Mateus do Sul 1930-1933 6,065] - 2509 - 587.5] 7243 _,_gégs Jﬁ,gggg 1,182
22| $5-310-000 Uriso da Vilorie 1930-1583 24211] 1,460.4 2.i321 26599] 3381.8] 37115] 4156
23] 65-895-002].  Satto Ostrie 1940-1993 45,824] 4.289.7] 7,089 2010435 5114,139.6] 15,628 2{ 18,108
24|  55582-000| _Safto Cataratas 1926-1993 67,317 8,065.4| 14,055.8] 18,088 £ 24,121.8/26,676.0) 30,590
Megro | 75] 65175000 Diisa 1964-1992 7.970| 2015] s4asl  7460] 899.0] 9888] 1,063
Timbo | 26| 65.260.000]  Foz do Cachocia 19741993 603] 1240] 2183l Z83q] avso| azze] 481
Jordao 27| 65925.000]  SanlaClara _ 1943-1902 3913 e1sc¢| 10023] 1.4083] 18858| 21038] 2397
Chopim 28| 65-960-000] - AguasdoVere $956-1993 s506] 13048] 23436] 29718] 39212| a3546| 4939
Ribeira [Ribeira 29| §1-200000] - Capelado Ribeira 1036-1093 7.252] 6559l  9930] s2162] 15535 1707.4] 1,915
Litorane Nhuﬁd’naqua:fa 30| 82-170000] Moretes 1938-1993 z17] _1118] - 1530 1604 _.271.9]  2408] 286
" Marumbi 31| s2-i05:002]  Morretes 4975-1893 53] _564|. 782] 934] 185 127.0] 14}

Note :*i} : The dala peried from 1947 fo 1973 are not available.
"2y 1 Trese results are not sccurale enough, because of the data source
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Figbre-z.’l

Results of Probable Discharge at Typical Discharge Reference Points

{Weibull Ptotting Position Method
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