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PREFACE

In response to a request from the Government of the Federative Republic of
Brazil, the Government of Japan decided to conduct a study on the Master Plan for
the Utilization of Water Resources in Parana State and cntrusted the study to the
Japan International Cooperation Agency (JICA).

JICA sent to Brazil a study team headed by Mur, Yoshio Nakagawa, Yachiyo
Enginecring Co., Lid., and composed of staff members of Yachiyo Engineering
Co., Ltd. and Nippon Ko¢i Co., Ltd. (5 times belween March 1994 and October
1995). I - ' '

‘T'he team held discussions with the officials conceried of the Governnient of
Brazil, and conducted field surveys at the study area, After the leam returned to
Japan, further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the projcct and to the
 enhancement of fricndly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the
Govermnnient of the Federative Republic of Brazil for their close cooperation
extended to the team.

December, 1995

Kimio Fujita
President
Japan International Cooperation Agency






December, 1995

Mr. Kimio Fujita
President
‘Japan International Cooperation Agency
‘Tokyo, Japan
Letter of Transmittal
Dear Mr. Fujita,

- We are pleased to submit to you the Master Plan repori on the Utilization of Water
Resources in Parand State in the Federative Republic of Brazil. This report presents a
strategy over the statc on water environment, which includes not only comprehensive
surface and underground resources development for various lypes of water use but also
environmental facets of water, such as flood, quality of river water, soil erosion, eco-
system, forest, ctc., as well as a Master Plan for improvement of water environment in
setected two pilot river basins. .

In lhe Master Plan for the pilot river basins, projects and recommendations are
embodied towards the year of 2015 for sectors of water supply, hydro-electric generation,
flood conirol, water quality control and sewerage development, soil erosion conlrol, eco-
system conservation, forest preservation, water environment management, and institutionat
lmprovemenl Urgent implementation of studies to follow this Master Plan Study is also
proposed in the report,

It would be a great honor for us that the result of the study would contribute to
socio-economic development of Parana State and to closer friendship between Japan and the
Federative Republic of Brazil.

We wish to take this opportunity to express our sincerest gratitude to your Agency,
the Ministry of Foreign Affairs, the Ministry of Construction, the Hokkaido Development
Agency, the Embassy of Japan in Brazil and the General Consulate of Japan at Curiliba.
- We also wish 1o express our deepest gratitude to the State Secretariat of Planning and
General Coordination and other authorities concemed of Parand State as well as those of the
Federative Republic of Brazil for close cooperation and assistance extended to us.

Very truly yours,

U oo pasee

Yoshio Nakagawia

‘Tem Lead

The Master Plan Study on

the Utilization of Water Resources in

Parani State in the Federative Republic of Brazil
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CHAPTER 1 INTRODUCTION
I.1 Background of Study

The state of Parani is located in the south of Brazil and has an area of épproximatcly 200
thousand km? , equivalent to 87% of Japan’s main island, Honshu, and a population of

~ about 8.5 million inhabitants. Regarding economy, north and north-eastern Brazil are not

well developed, while about 80% of the economy, including the agricultural and industrial

- sectors, is concenirated in eastern and southern Brazil. The state of Paran& is one of the

wealthiest states in Brazil together with Rio De Janeiro and Szo Pauto.

Agriculture was the main sector in the state of Parans; however, agro-industry, chemical
industcy, paper industry etc. have been expanding around urban areas in line with the
industrialization policy of the state government. This expansion of industry has promoted a
concentration of population around large cities, such as Curitiba, Londrina, Maringa,

~Cascavel and Ponta Grossa causing shortages of domestic and industrial water. In addition,

water pollution due to sewage and waste water from factories has become an important issue

~and the turbidity of river water has been increased by soil erosion on the large plateau.

The topography of Parané is niainly platcau and most cities and agricultural lands are located
on the plateau. Since the major rivers flow in valleys eroding the plateay, it is popular to
utilize the smaller tributary rivers which flow on the plateau, or groundwater, for city and
agriculture use. As a result, it has tended to be difficult to distribute enough water to each
sector, despite the fact that rainfall is quite plentiful.

To account for the situation described above, the slate of Parand urgently needs to formulate
a Master Plan for the utilization of water resources with a target year of 2015, including
countenmieasures for environmental issues such as water pollution, soil erosion, flood
mitigation, etc. : :

With thas situations as.a chkgfouhd thc Government of the Federative Republic of Brazi)

requested technical cooperation related to the Master Plan Study on the Utilization of Water

~ Resources in Parani State (hereinafter referred to as the “Study™) from the Government of
- Japan in August, 1993. The importance of the Study had been realized through the
‘environmental Joint-Programming (JP) carried out as a part of JP between the two

govemments to find and establish a project which is necessary and worthwhile. In
compliance with the request, the Japan International Cooperation Agercy (hereinafter
referred to as “JICA”) dispatched a Preparatory Study Team headed by Mr. Koichi UZUKA

iin October, 1993, and the Scope of Work and Minutes of Meeting were agreed among the

Governor of Parané state, Secretary of State Secretariat of Utban Development (SEDU),

" Executive Director of Brazilian Cooperation Agency, Secretary of State Secretariat of

Planning and General Coordination (SEPL), Secretary of State Secretariat of Environment

- (SEMA) and the leader of the Preparatory Study Team. With thesc agrecments, a study team

headed by Mr. YOSth NAKAGAWA (Study Team) commenced the Study at the mlddle of

3 March i994



1.2 Implementation of the Study
The objectives of the Study are as follows:

1) To formulate a Master Plan for the utilization of water resources, which’
:conlributcs to urban, industrial, agricultural, hydropower development and
~ environment conservalion, in Paianﬁ state aiming at the largct year of 2015.

2) To promote tcchnology transfer lo the Brazitian counterparts durmg lhc Study. |

The arca covered by the Study is the whole of the state of Parané as shown in F:gure at
fronhsplecc and consists of 11 mam river basms

The Study was divided into three phases as follows:

‘Phases I: ~ 'To determine the methodology to formulate a Master Plai considering not only

: ~utilization of waler resources but also environmental ‘conservation in river

basins, such as flood conirol, - water quality improvement,” ecosystem
preservailon, sonl erosnon comrol etc

Phase II: Based on the above mentioned’ methodology, to formulale the Strategy

- regarding utitization of waler resources and ‘¢énvironmental conservation in
river basins in Parani state and select pilot river basin(s) for the Master Plan
considering importance and urgency of water wilization and enwronmema]
issues.

: Phase I:  To formulate lhe Master Plan for the selecled pxlot river basm(s)

‘The Study has been implemented for about 22 months from March 1994 to December 1995
by the Study Team under the close cooperation with the Brazilian counterparts, ‘The’
members and the assignment schiedule of the Study Team 'are shown in’ Appendix-1. The
Government of Parani State orgamzed the Steering Committée and the Technical Conimitiee
for the purpose of over seeing the execution of the Study and providing tcchm_cal guidance to
the Study Team, respectively In the same manner, JICA 'set up the Advisory Committee to
manage the Stady cffectively. The mcmbers of thc qbove commtltees are qlso shown in
Appendix-2. :

Technology transfer was achicved by joint working of the the Study Team and Brazilian
counterparts in the course of the Study, by the first and second technical seminars hotd
jointly by the Study Team and Brazilian side, and by p“ﬂ‘llClpRilOl’l of three of Braz;llan
counterpaits in JICA lrammg coutse in Japan. :

1.3 - Contents of Report
The ouiput of llie Study was Suﬁmilted as lhé Final Report to ihe cdunlcrpaﬂ agehcy; _ihc \
State Secretariat of Planning and General Coordination (SEPL), which succeeded the former
counterpart agency, State Secretariat of Urban Development (SEDU) in January 1995.

The Final Report comprises the Executive Summ_ary; threc volumes of Main Reporis,
fourteen volumes of the Sectoral Reports and one Data Book,:
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CHAPTER 2 SUMMARY OF STRATEGY

The proposcd water environment lmprovemcnt strategy for the Parani state up to 2015 is
- summarized as shown in Table-2.1

Table-2.1 (1) Sumniary of Strategy

Sector _ Deé,cription of Strategy . Cost
' : - L(10'uss)
-Domeshc and Industrial Water Development for Urban Area
Arca Development Water Development, Method .
- Curitiba Metropolitan Area 1 : T.lmYsec : dams and wells 759.7
Water | -6 Large Urban Areas: T 34misec : direct intake, dams, wells 208.5
Supply. - Other Urban Areas : " @ 8Sm¥séc 1 direct intake 821.9
l sAgricultural Water : : 1.0m¥fsec @ - direct intake ' 122
Sub Total - - 30.0mfsec 1,808.3
;Non-S(ruélural Countermeasures such as Zoning, Resctlement, Flood Forecasting, NA

Evacuation, Proofing and Operation Rule for 8 Regions suffering from flood damage
sStructural Measures '

Argas Structural ure

Flood - Curitiba Metropolitan Area :  Continuation of PROSAM 34.3
Conleo) :  Extension of PROSAM NA .
' - 5a0 Mateus Do Sul ' :  Dikes Y A
- Unido da Vitoria 1 Dikes 85.9

- Morveles ' 1 Channel Improvement and Dikes NA
Sub Total - N 200.0

-.Dcvelopmenl of Sewerage System _ : '
Water "- Cinzas River Basin o : 28,000 mYd 21.4
Quality | - Tibagi River Basin D 118,000 mYd 90.3
- fand - Pirapo River Basin : © 68,000 mYd 52,0
% - |sewerage | - Ivai River Basin’ _ : 152,000 mYd 116.2
) S - Iguagu River Basin : o 474000 mVad . 362.5
- Ribeira River Basin : 80,000 m¥d 61.2
__Sub Total ' 920,000 103.6
sImplementation of Countermeasures '
Soit - Countermeasyres Impl¢mentation Arca

Erosion - Terracing : : 60,200km? 241.0
Control | - Non Tillage : 31,500km? 202.0
- Sub Total : 91,700km? 443.0

N.dte:. (1} Sub totat of flood conirol sector is estimated based on the cost for the Master Plan Study.
(2) For PROSAM cefer to Section-6.7.
NA: notavailable -



Table-2. (2) Sunimary of Strategy

Sector ‘ - ‘Description of Steategy - " Cost
~jotuss)

sStructural Measures . i NA

- Implementation of municipal solid water recyclmg, composhng and Ian{lﬁlhng
projects

- Establishment of urban green areas and parks, and introduction of fauna into the
“areas as environmental education and recreation progtam

Ecological - Establishment of Aquatic Ecology Laboratory and reproduction !aboratory for . ‘
Concervation] - endemic fish species

sNon Structiral Measures . : T ; NA:
- Monitoring and assessiment 'of water quality through benthic community '
- Ecotxicological study of agrochemiéals
- Fish population inventory

- Echancement of mangrove protection legistation and avmdance of dcslrucuon of the
existing mangiove ecosysiem

= Promoting regulations and Iegnslauon to limil the Imporiauon of wood fmm olher
states and la proniote incentive for tefotestraction of cademic species

- Development of data base bank for ecotogical data basc center

Forest sPrescrvation of natural forést. : T - NA
Preservation |eAfforesiration of 8,860 km? with annval rate of 443 km¥year - o NA:
Water sEstablishment of Water Esvironment Management Ceater NA..
Environment _ - :
Management JeEstablishment of integrated incoitoring systemn . .| na
sInstitutional Strategy T % NA

"- Organizational strenglhening lhrough nmplementauon of the current Te- orgamzauon
Institution - Strengthening groundwater management :

- Eahancement in the enforcement of énvironmental regulations

- Legal arrangement for the control of soil, sand and stone taking in river areas

- Cost recovery or water environnment

-Promouon of residents pamc:pauon through mformauon pubhcauon

Total F R e fa"'-fe_-é'.'l"'s's
OConstru-.non of I3 H)dropower Stanon {Tolal lnslallcd capac:iy, 3, 095 MW) ' 3;13l
. Groand Total - S S E 6.§36

Note: Price levels in August 1994 is appl:ed for cosl estimation with exchange rate | US$ = 0 8% R$

122
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CHAPTER 3 APPROACHES TO THE STRATEGY FOR WATFR
E NV!RONMENT MANAGEMENT

3.1 - Water Environmental Issues in Parané State

The water environmental issues in Parana State are classified into urban bascd and rural
based ones. Shortage of domestic and industrial water supply, deterioration of surface water

‘and groundwater resources due to increase of domestic sewage and industrial waste water

and waste disposal, impact on aqua-ecology due to pollution loads and reduction of green
covcrage variation of heat and evapotranspiration mechanism, icrease of flood cunoff,

variation of base flow and groundwater recharge, deterioration of riverain tandscape, and

occupancy of illegal residents in the flood prohe arcas are common presem and future
problems in 1he growing mumclpahlms in Parané State.

These urban issues are lmpacts due to concentration of population and growing economic

“activities. Expansion of urban arcas and increase of population density are consequence of

migration from rural areas to urban arcas rather than raise of birth rate in case of Parand
State. Enhancement of land use, increase of factories, and modemlzallon of life slylc are

product of conccmmtmn and growth of cconomy in urban areas.

Impact on aqua ecology due to increase of sediment, pesnc;de and fertilizer loads from
agricultural land development, and change of food cycle in ecosystem due to deforestation

‘and construction of hydropower dams are major environmental issues in the rural areas.
Problems and needs relating to rural domestic water supply, industrial and agricultural water

demand, and inland navigation are rather minor. Variation of temperature and weather due
o change of evapotransplrauon mechanism, and variation of runoff mechanism due to
deforestation are not clear. These rural issues are impacts due to mainly development of

: agncultural land and water resources. Deforestation is consequence of mainly agricultural
land development

Thc relallonshlp between the menltoncd issues and management units of the multifarious
water uses and improvement projects is defined in Figure-3.1. These progressive problems

are predicted to cause significant deterioration of living environment and quality of life in
~both the urban and rural areas in Parand state in future, while public interests in Parand
demand both creation of high quality of living environment and preservation of ccology.

“In this_circumstances, integrated view of water environment management will be urgent

necessily for preservatioh and/or- restoration of natural and living environment, i.e.,
symbiosis with natural cnwronmenl

'3.2 - Deﬁmtion of Water Environment Management

In order to draw an idcal porirail of managing theé waler environment, the Study defines the
framework of the water cnvironment formed by two (2) fold of interactive systems;
1) hydrologicat cycle - river basin system, and 2) human activity - ecology system related to
water,  The former system is an integéaled surface and sub-surface system with basic
dime'nslon_s, of quantity, quality, time and space. The tater oncs is an interactive biosphere
betwéen human activity and ecosystém relating to waler.
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The Study, also, defines a "Water Environment Management” as management of water
resources consisting of surface and sub-surface water and excess water including flood and
urban storm water, and environmental conservation and improvement of ecosystem, soil
crosion, and water quality as illustrated as Figure-3.2:

ENVIROGNMENTAL
CONSERVATION &
IMPROVEMENT

MANAGEMENT

Figure-32 Frame\.\;ork of Water Environment Management

- Waler use nmmgement and water excess management (flood control) are major componems
aiming to achieve people's social well being in the sphere of water environment. The water

~ use management consists of surface and sub-surface water supply and use, hydropower
- generation, inland nawgauon and fish. culture,  Environmental conservation and

_ improvement management aims at symbmsns ‘of human activities and natural environment
such as waste Wwater treatment, Soil erosion control, and afforestation. ~Water excess
management consists of flood plain and urban storm water control. The fringes of these
" management have a tendency to expand respondmg to developmem of region's economic as
lndlcated in Flgure -3.2.

| 3.3 : _Conc_cpt of Integrated Management of Water Environmen(

In order to esla‘blish a S{'r'ategy and Méster Plan covering the aforesaid water environmeat,
the Study applies the concept of an integrated management as illustrated in quurc 3.3,
which is formed by the folIowmg components

l)' Giobal hydrologlcal cyclc models,

2) Standards, guidelines, and models for ptanning and management,

3)  Project mzinagement for multifarious water use and enviconmental conservation
. and improvement

4) Inlegratcd msuluuonal framcwork and _
5) Operation and monitoring of surface and subsurface water resources.
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Mcnitoring System for,

» Groundwater Basin Inter-Basin Water Use
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« Soil Erosion and Sediment : s B ;Vo:]ﬂérz:;nmcm
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Walcr System
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| Multifarious Water Use and Water|
Bxeess - o
. +|Groundwater Supply

Figure-3.3 Conceptual Diagram for ntegrated Managentent of Water Environment
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These components are not only in cycle management process but also mutually interactive.
In order 1o realize the integrated management system, institutional system have paramount
importance for functioning the respective system effectively.  Also, Figure-3.3 indicates
significant role of monitoring in water environment management which provides data and
information related to waler eavironment to the management systems.’

3.4  Framework of Strategy for Water Environment Management

The Strategy of the water environment management aims to provide a set of medium-term
and long-term principles and broad action programs in order to support goals and key

~ policics for- protection, improvement, development and management of the water

environment as a guideline as illustrated in Figure-3.4.  As indicated in the figure, water
environment management targets creation of healthy water environment and the Strategy
comprises the sub-components of policy and implementation Strategy.

The policy is composed of core objectives and three (3) policy kits; principles, improvement
of implementation measures and improvement of institutional arrangement. Objectives are to
be established for achieving an ideal pottrait of heallthy water environment. Identification of
problems and nceds at present and in the future (2015) and image of fulure direction of
creating healthy water environment beconies basis of objective formulation.

The principfcs definc broad framework and basis for detailed guidelines, standards and
practices. Designation of specific model areas will be rcqmred for actual implementation of
improvement measures for problem areas. -

The implemenl'a(ion measures are composed of three (3) sets of programs and an

implementation schedule. These are project programs for model arcas, improvement
programs for organization and law, improvement programs for financing and cost recovery
arrangement, and implementation schedule for these programs. Project programs are
composed of water use programs and environmental conservation and improvement
programs. Sector programs are formulated for identified specific model areas as described
in the succeeding Chapters, based on the goal of water environment management, which
aims to; 1) maintain sustainable development of reliable and safe water resources to achicve
people’s social well being, and symbiosis of human beings and natural environment;

- 2) minimize risk of encroachment of human life and ecosystem library due to human

influence; 3) improve and/or reproduce the damaged water environnment; and 4) coordinate

~ smooth 1mplcmenta!10n and opération of mulllfﬂrlous watcr use and improvenient projects

among institutions,
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CHAPTER 4 NATURAL AND SOCIO ECONOMIC BACKGROUND

4,1 To pography

The state of Parand is located in southern Brazil, between latitude 22° 31" to 26° 43’ South
and longitude 48° 05’ to 54° 37" East. The total land area is 199,554 km? with length of 647
km from east to west and 486 km from north to south. The state borders on the states of
$30 Paulo in the north, Mato Grosso do Sul in the north-west and Santa Catarina in the
- south, the countries of Paraguay and Argentina in the west and the Atlantic Ocean in the east.
© The north and west borders of the state are formed by the Paranapanema river and the Parana
river. Although only 98 km length, the Adlantic Ocean coasiline in the east of Parand state
forms one of the most imporatant bays in Brazit, Parané bay, of area 300 km? where the
ports of Paranagua and Antonina are located.

The topographlc features of Paran4 State are generally characterized by the followmg four
- areas from east to northwest (l“lgure-4 1): '

 —  the Coastal Range .
- the First Platean
_  the Second Plateau
~  the Third Plateau

‘The Coastal Range and the others are divided by the Coastal Mountains (named with “Seira
Do Mar™) composed of high mountains in altitude from 1,000 to 2,000 meters. The Coastal
Range is classified into the mountain areas and the Coastal planes. The Coastal planes
consist of the Coastal terraces and fans ranging in altitede from 0 to 25 meters. In the
mountain areas, the rivers and fributaries have steep gradients and flow into the Atlantic
Ocean.

The First Plateau consists of the uptand planes such as Curitiba City and hills with gentle
gradients, and it is restricted to the Coastal Mountains in the east and the cuesta mountains in
the west and/or northwest. The upland planes are ranging in altitude from 800 to 1,000
meters and the cuesta mountains show the inclination of the geological formations trending’
to the west and/or the northwest. Some of the rivers and tributaries are flowing into the
Parané River and some of them are flowing into the Atlantic Ocean,

The Second Plateau _conSists of the planes and hills with gemle gradients ranging in altitude
from 600 to 1,000 meters. Tt is restricted to two cuesta moumains in the east and the west,
In this Plaleau the rivers and tributaries are flowing into the Parané River in final.

‘The Third Plateau consists of the planes and hills ranging in altitude from 300 to 800 meters.
It is restricted to the cuesta mountains in the east and the Paran4 River in the west. The hills
~in this Plateaun are generally steeper than the hills of the other plateaus. '

~ There are 9 major river basins within Parani state. They are the Itarare, Cinzas, Tibagi,
Pirap'o, Ivai, Piquiri, Iguacy, Ribeira and Litoranea rivers. - Among them, the tarare,
Cinzas, Tibagi and Pirapo rivers flow into the Paranapanema river which is the state
boundary with S#o Paulo and Mato Grosso do Sul stales and successively flow into the
Parané river. And the Ivai, Piquiri and Iguagu rivers flow into the Parand river which is the
state boundary with Mato Grosso do Sul and the national boundary with Paraguay and

- Argentina. The Ribeira and Litoranea rivers flow into the Atlantic Ocean.

4.1
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4.2  Mcteorology
4.2.1 General Mcteorological Conditions

The climate and meteorological conditions of a region are mainly determitied 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 bqsic atmospheric
actions; (Source : Sugai et al, 1993)

—~  the Subtropical anucyc!one of the South Atlantic
—~  the Migratory Polar Anticyclone
~— the Chaco Ceunter of Low Pressure

~  the Amazon Tropical High Pressure

~  the Pacific Anticyclone
Along the year, these centers of atmospheric action change position and vary their
intensitics, and they cause the so called air mass. These air masses have almost uniform
physical propertics at the same level, such as temperature ,humidity, air pressure and wind,

and can be classificd as tropical and polar and subclassified as continental and maritime, The
influence of air masses in Parand state is characterized as follows;

<From Octlober 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 Atlantic Polar 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 arc 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 long
duration rains, it is called frontal rains.

4.2.2 Selected Mecteological Stations

In the Study Area, thete are 51 main meteorological stations and 844 rain-gauge stations (as
of March, 1995). The Team setected 33 meteorological stations with additional three rainfall
stations (See Figure-4.2). And considering the accuracy and availability of observed data,
simulation period was adapted for the last 20 years (1974-1993).
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12 | 02450011 | Telemzco Rorba | Tibagl 768
{13) | 02451051 |Candido Abreu Ival 600
13 | 02451052 |Candldo Abrew | Ival 645
14 1 02452050 |Nova Canta Pigulri 540
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* { ) :only rainfall gauging stations
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Figure-4.2 Selected Meteorological Stations
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4.2.3 Rainfall

The rainfall data in Parand has been measured with different agencies and different
observation periods by stations. At present, about 900 rain gauge stations are registered.

(1) Monthly Rainfall Distribution

Seasonal variations of monlhly totals are similar in different parts of the Parana, I‘luctuanon
of monthly rainfall by regions are summarized as fo]!ows

Two, different ﬂucluatlon pattern exists betwe_en thoranca and Northern region, and

Southem region. Litoranea and Northern region rainfall pattem only fluctuates once a year

~ on December or January, but at the Southern region has two tinies a year on both May and
October.

) Annual Rainfall Dis'trib'ulion

‘Using the tast 20 years annual r_nean.rainfall data, an Iso-hyetal map was developed as
shown in Figur¢-4'.3. In Parand, the following rain characleristics can be observed;

a} Litoranea at the eastern side of the coast mountain range has the highest annual
rainfall volume. '

b) Theregion including Curitiba at the westem side of the coast mountain range
has the lowest annual rainfall. -

¢) . The south-weslern region has second highest annual rainfall volume because
of high altitude between 1100 m and 1200 m, and rainfall volume decrease
toward the eastern side.

4.2.4 Temperature

The observation of lemperature is nonna]ly made by lhrce times a day (9:00, 15:00 and
2100 hr). Annual mean temperature in Parand has generally ranged 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 arca were recorded respectively during the recent 20 years. Figure-4.4
shows Iso-thermal map of annual mean temperature.
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4.2.5 Evaporatien and Evapotranspiration
(1) Penman's Evaporation

COPEL, AP and other refated agencies are commonly computed an evaporalion rate by
using Penman’s ¢quation.  The Team deterntined the relation between evaporation pan data
after converling by using a mean of pan cocfficient 0.7 (- Evpan) and evaporation data by
-Penman’s equation (: Bvp) at several stations. Using both annual evaporation dala, the ratio
of Bvpan/ Evp ranges from 0.7 to 0.9, with a mean of 0.8. -'The mean value of 0.8 will be
-employed (o estimate the evaporation value for planned dam reservoirs in surface water
development study. : : '

- (2) Potential Evapotranspiration

Evapolranspiralioh is the evaporation fro_m all water, soil, vegetative, and other surfaces,
plus transpiration. COPEL computed the value of potential evapolranspiration by. using
Penman’s cquation {by Frere, £979) which is commonly used in Brazil. '

The calculated results was plotted as an Iso-potential evapotranspiration map (Figure-4.5).

o
o




4.3 Hydrology
4.3.1 Hydrological Data
(l)(:eneral

There are 217 hydrologml stations. (as of March, 1995) operated. by malnly DNAEE,
. COPEL, 1AP, of which 69 stations ar¢ provided with automatic level recorder, The actnal
field works such as discharge measurement, water quality sampling and sediment sampling
by each hydrological station are carried out by 11 observation teams of IAP. The frequency
- of field measurements is either once a month or once in two months, and at times when the
floods occur, '

(2) Discharge Reference Point

To clarify the flow charactensllcs of cach river ba%m 31 hydrologlcal stations were sclccicd '
as discharge reference points by considering the data availability, balance of catchment area
and accuracy of existing data (refer to Figure-4.6).

(3} Hydrological Daiabase

At present, the following three database systems are used by the different public agencws in
Parané; :

1Y MSDHD (DNAEE}
2) SISTEMA DAD  (COPEL)
3) CADASTRO-PLU-FLU  (IAP)

The database system developed in this Sludy are composed of the followmg componcnts
The database prcpared by JICA Study Team covers all l'bngtﬁfed shnons excepl for the
closed stations in Paran State. , :

1) Filling System
- H-Q Table by Station
- Crass Scction Data by Station
- Flow Measurement Data by Station
- Daily River Watér l.cvcl

- 2) Analyzi ng System : _
- Discharge Raling Curve by usmg Mannmg s Forruta
- Discharge Ralmg Curve by using Least Squarc Meihod
- Daily Discharge :
- Monthly Discharge
- Correlation Analysis betweea Stations
- Flow Regime Table and Graph







No| Basin | River St. No. St Name Al
[ 1 [Rarsre | Jageariatva | 84 -242 -000] Tamandua 1,622
2 [Cinzas . | Cinzas 84 -360 -000] Tomarina 2015
[37] : 64370 -000} Andira 5,622
4 JTibagl [ Tibagi 54 -444 -000} Uvana : 4,450
[57] . 64 -455 000 Tibagl £,948
b8 54431 -000| Barea Bib, Das Antas | 15,600
[ 7] __ : 84 -507 0111 Jatakeinhe (Extendido) | 21,959
8 |Pirspo | Pirape 64 -550 -000] yila Siva lardim | _4.627
EX ITval Tvat 64 -625 -000 ina 3572
(10 | 64 -645 -000) Porto Espanhol 8,600
11 64675 -0021 Porle Baranelras 24,2
412] 64 685 -000] Porte Paraiso do_Noxte] 2842
13 64 -693-000] Novo Porte Tageara | 34,432
14 | Piquirl [ Piquirl 64 -771-500| Porta Guaraal 4223
0E] £4-795 -000} Ponte do Piquls] 11,33 |
Londrk 16 ] §4 -820 -000} Porte_Formosa 17,
e 17 . 61 -830 -000[ Baisa_do Sanla Marly | 20982
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E} Choplim 65950 -000] Aguas do Yers 16,696
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4.3.2 Runoff Analysis

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

The flow regime shows the annual cohditibn using the calculaled daily discharge at a certain
hydrologicat station and shall be indicated by the daily discharge and number of exceeded
~days. The annual flow rcg:me of each selected stations in the Study area shows as follows;

-~ High Discharge (95!!1 daily d:scharge from the greatcst)

~  Normal Discharge (185th daily discharge from the greatest)
~  Low Discharge (275th daily discharge from the greatest)

—~  Drought Discharge (355th daity discharge from the greatest)

The flow regime is commonly used in Japan to find the fluctuation in the daily discharge,
and utilized for determining the potential water characteristics.

- - 'The flow regime computed by statlon was adapted for 20 ycars 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
sunimarized in Table-4.1.

Table- 4.1 Flow Regime (mean values for the last 20 years period (1974 - 1993))

Basla [ miver No. 5. Ne. H Name ] Area : Daily Oischarge {m3/sec)

i {km2) 95 day 185 day | 275 day } 355 day |

itarare Jaguarialva 1| 64-242-000|Tamandua 1,622 33.86 23.56 18.13 - 13.04
Cinzas . [Cinzas TR eARh 0 Tomazing T T 2,095) © 3819 _12.20
: 3] 64-370-000[Andira 5622 85.28 22.32

Tibagl Tibagl 4] 64-444-0001Uvala ¢ - 0 -1 . 4,450F 11602 __24.83
: _6] 64-465-000Tibagl____ |- 8.948) _ 222.39) _ _..51.45

__6] 64-491-000]/Batra Rib.das. Antas .. 1.__15,6800] _ 381.86 ... .95.24

) 7] 64.507-¢13{Jataizinho (Extendida) 1,955 502.08 128,704

IPirapo Firapo : 8] 64-550-0001Vila_Silva Jardim 4 627 7254 3. 74
va Tval ~ 8] 84-625-000]Vereza Crlstina 3,572 80.26 10.88
10] 84:845.000{Porio Espanhol _ ....8,6000 _220.04|. .. 37.24
_11] €4-675-002 Porto Bananelras | 24,200 £61.65 __520.841

_12{ 64-865-000|Porto Paralse do Norle | 28,4271 650.69| 3819 .. 173,59

13] 64-693-000]|Novo Pordo Taquara 34,432 77778 24634

Plquid™ TPiquidi FACEAFTI-500 Porlo Guaranl | ¢ 42230 120831 © 60380 - 3368]  16.81
’ 15] 64-785-000|Ponta_do_Pigulrh 11,203 345.65 186.73 . 8520

_18] €4.820-000|Poslo Formaosa _.|-_17.,5Q00}F __498.851  _315.78] _ 5 - 14329

: 17§ 64-830-000]8alsa do Santa Madia_ 20,982 551.77 3608.49 262.97 172.29

Iguacy  [liguace .18} 85-010-000|Fazendinha . . |_.__1o6p 33| _ 1a86] . 1.28] _  0.85
19} 65-025-000(Guajuyira T |7 72,304F T " 58.26) 3578 T #203] T §2.53

201 65-035-000[Porlp Amazonas | . _3,662] = a4.9s8)  49.48] 30 73 k% 1)

21| 65-060-000iSag Maleus do Sul | .80 R 30.30

22| 65-310-000}uUnlao da Vitoria 4,2 131.34

.| 23| &5-895-002iSalto Gsorio_____ _ ____{ . .45 262.87

. 24| 65-993-000}Sa'to Cataratas . 436.78¢

Nagro 28] 65:175-000|0ivisa __ ___ 49.50

Timbo 26| B85-260-008|Foz do Cachoelra _ 4.52

-pJordao 27| 65-825-00015anla Clara __ | _ 28.19

Chopim 28| 65-960-000]{Aguas do Vera 40.14

Ribaira . [Ribelra U B1-250-000[Capeta do Ribelra 72.80
Litoranea [Nhundlaquara | 30| 82-170-000{Morreles o 285
) Marumbl 31] 82-195-002]|Morretes 0.77



4.3.3 Runoff Ratio

Using the annual rainfall depth and annual surface runoff over the same catchmcm area,
- surface runoff volume and surface runoff ratio by stations were summarized in Table-4.2.
The simulation period was applied for the last 20 years(1974-1993), and Figurc-4.7 shows
rclauon between catchment area and noff laho

Based on lhc rcsults, runofl ratio at all basms except t‘or thoranea basin ranges from 30 to
50 % with a mean of 41 %, and Litoranea basin ranges from 69 1o 80 % because the
riverbed profile has a steep slope. Especially, runoff ratio at some reference points in
Tibagi, Cinzas and Pirapo basins shows at the ranges from 30 to 40 %, bccause high -
¢vapotranspiration condilion as compared with other basms
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4. Frere. (1979). FAO, A Method for the pracilcal appllcauon of the estimated of potcnuai
evaporation from a frec water surface, p 26




Table-4.2 Summary of Mean Annuat Surface Runoff Ratio.
(Simulation Period : 1974 - 1993, 20 Years)

Ba.s!n River

No. St No. SiNare Area Rainfall | Runoff | Balante | Runoff

- (k) {mmlyean) (mmfypan](mmiyear)] Ratio
itarare Jaguarialva 1] 64-242-000| Tamandua 1622 13354 £532.4 7030 0.47
Cirsas  [Cinzes 2| 64360000 Tomazina | __2015f | 14913]  ses8l ozs4l " 0.38
‘ 3! €4-370-000| Andita ; s62a 14403 4805 9508 0.33]
Toag  [Tbog 4| Tstasaoolivata T T T e S0l T vs60.2| T 407|919l 04
o ' S| eass000|Tbagr | T agel T tsesq| T esod  wasgl  o.al]
6] €4-491-000|Barra Rib das Anlas 15,6001 - 1569.7 622.3] 9474] - 040
. 7] 64-507-013|Jataizinho {Extendido} 21,955] i587.6 604.5] 982 8 038
Pirapo_ |Pirapo 8] 64-550-000|Vila Sitva Jardien 4,627 15152 42.7) 1224 0.31
Ival Ivat 9] 64-625-000|Tereza Crigtina 357 18945 7158 971881 042
‘ 50] 64-645-000]Porlo Espanhol | a0 1659.9] 7297 9% 0.44|
11| T64675002(Porto Bananehas | 242000 16651| 6489 "10162|  0.39
12{_ €4-685-000{Poco Paraiso do Norle 28,427 1657.6] 646_-._9‘__ 104011 039
: - 13] 64-693-000{Novo Pordo Taquara 34,432 16422 £45.1 6971 0.39
Piquiri Pigquiri 14] - 64-7171-500]Podo Guarani 4.223] 1928.9 8556] 107137 0.44
15| €4-795-000,Ponte do Piquir 11,303 19359 926.2] 10108 0 48
16} - §4-820-000Porlo Formosa - 17,5000 - 1865.9] - 8237 10414] 044
17} 64-830-000[Balsa do Santa Maria 20,9824 1843.0 163.6] 10184 0.41
Iguacy  |lguacy 18] 65-010-000;Fazendinha Lo vo o 15573) T412 8160] 048
. 19] €5-025.000{Glajivira _3.304 14165 6348 7818 . 045
20|  65-035-000;Porto Amazonas 3,652 14459 5918 854.00 - 041
@ . N 21| _65-060-000|Sao Mateus do Sul 6,085 1483.6 5748 903 8] 0.39)
22| 65-310-000|Uniao da Vitoria 1. 24210 15842] 6638 = 9204| = 042
23] 65805002 Satto Osaria 45,824 17256] 7653 $60.3] .44
: 24] 65-591-000{Salto Cataralas 81,317 1302.@[ 7247 10783 0.40)
Negro 25| "5 175000 Bivisa. T | 7orf ists9l _siss|  eseof 0.4
Timbo 26] "65:260-000|Foz do Cachoeira_ e 17387 seas| 8537|059
Jordao 27| 65-825-000[5anta Clara o 3,913 1893.4 89538 997.6] 0.47
Chopirn 28] 659600001 Aguas do Vere 6,696 20032 9588]  1044.4| 0.48|
Ribeira  |Ribeira 28] 81-200-000[Capela do Ribeua 7,252 1378.1 545 8| 832.3] 04D
Litoranea [Nhuadiaquara | 30| 82-170-000 Morreles L 217§ 25377 17455 922 Q.65
Marumbl 3] 82-155-002[Motietes 539 330040] 26469 6531 0.80)
[Mean Alt Basins 17239 7879 836.0] 46%

) 100% 46% 54%

Basins except for Litoranea Area 16415 690.8! 9503 42%

: : 100% 42%| 58% )

Nole 1 *) : It was determined by using an existing Iso-hyetal Map (COPEL)

Runoff Ratio - Catchmient Area
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65 f00 150 20 25 30 I 4 85
| Catchment Area {x 1000 km2)

Figure-4.7 Relations between Catchment Area and Runoff Ratio
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4.4 Geology and Ilydrogeologjr
4.4.1 Geology

The area of Parand State is undertain chiefly by Precambrian (composed of Archean and
Prote'ro'mic)'metanlolphic rocks intruded by granitic intrusive rocks ranging Precambrian -
Paleozoic age, and sedimentary rocks of Paleozoic to Cenozoic w:lh Mesozoic volcamcs
(Table-4.3, Figure-4.8). -

Precambrian occupies the First Plateau and the Coastal Range in Parand State. It seems to
form the geological core of Plateau in Parand State. Paleozoic occupies the Second Plateau
and Mesozoic occupies the Third Plateau. ‘The younger formations are overlying to the core.
of Precambrian in order of age from Paleozoic to Mesozoic, The shape of overlying shows
a arc toward north and/or west side in the order of age (Gcologlcal proﬁle in Figure-4.8).

The all geological units are cut by faults and/or dikes. Tl1e axis of arc is |rcndmg to NW-SE
in direction and it is called “Ponta Grossa Arc”.

The stratigraphy of Parand State is composed of the groups and fonnauons in ordc; of oldcr
age as descnbed in Table 4.3 .

4.4.2 lly(lrogcology

In Parana State, there are various kinds of at’;uif_eis such as cave in carbonate rocks, fractures
,in basall and crystalline rocks, porous in sandstone and/or sand, elc.

Such characteristics of aquifers are based on the rock formation, so that the aquifers are . able
to be classified as set out below in order of older age. The aqucr dlstnblulon is shown in
Figure-4.9.

(1) the "Karst; - Composed of carbonate trocks and intercalated with schists and
sedimentary rocks of Prccambrian

{2 Crysmllmc rocks ; - Composed of granitic rocks and mctamorphrc rocks in the age from
Precambrian to Cambnan

{3) Lower to Middle Paleozoic ; - Composed of Castro Group and Paran4 Group.
{(4) Middleto Uppcr Paleo7oic ; - Composed of Itarare Grbub and Guala Gr(')up'
{3) Late Palecozoic, Composcd of Passa Dois Group with parl:al porous media.

(6) Mesozolc

1) Botucatu Formation ; - Overlain by Serra Geral F‘onnahon w:lhm the Third
Platcau. : :

2) Serra Geral Formation; - Rcsewoirs coniposed of basalt lavas intercalated
with sandstone lenses, '

3) Caiua Formation : - Rescwmrs composed of mainly sandstone intetcalated
. with arghrous layers.

(7) Cenozoic - Guabirotuba Fomaanon - Restncted {o Curiliba Metropohlan An,a
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Table-4.3 General Stratigraphy

ERA SYMBOL PERIOD - GROUP | FORMATION | LITHOLOGY (MAIN FOSSILS)
, []) L : aitovium.
CE‘:\‘?:' ' Qm QUATERNARY ] inconsolidated marine sediments.
o Qg <18 my. GUARIROTURMN | clays, arkoses, foams, sands and gravels.
Kba ADAMANTINA thin  sandsiones,  silistones  and  brownish
Taminites.
Kbsa CRETACEQUS | BAURU SANTO ANAS- sandsioncs and Jaminites.
Q. TACLO
6 E Kbt 140 10 65 m.y, CATUA violel sandstones [Theropoda)
N2
(= e K doteritic 4ikes and sills, syeaite plutoas,
gg % . : phonotite and carbonatites,
= ¢ Jksg SERRRA GERAL | basalt davas and sills, with andesite lavas.
JURASSIC . : .
Jiph | TRIASSIC SLO BENTQ [ FIRANMBOIN | sandstanes and sittstones with fow
140 10 230 m.y. AND BOTUCATU | conglomerates (Collutousaria and Therapsida)
[ 1) gabbeo intrusions with alkaline dilterentiations
) . green o ted siltstoacs, snadostones and
rper 5 110 DO RASTO calearcnite {Endothiodon, Leinzia, Tervalopsis,
& Phyloteca and Calamites)
Fpt = TERELINA sillstoncs and calcarious rocks (Pinzonelia
PASSA acotropica)
[HEI] SERRAALTA lamtinites and shales (Maackia, Tholonotus,
Ppsat £ Acantholeaia)
“ EZ [HENN mudiones, shalcs and pyrobitumenous shalcs
= ﬁ =1 (M4esosaurus brasiticasis)
5 ° & PALERMO | gray siitstoncs (Cardiccarpus and Dadoxylon)
‘&! o GUATA sandsicnes, siltstones, shales, fimestone and
g a O BONITO and coal beds (Plicoplasia sp; Sanguinolilcs
C brasilicnsis, Glossopleis and Ganpgamopicris)
T geay shales and silislones, sandstones and dyn-
oA ﬁ RIG DO SUL mictites {Chonetes sp; Langelfa imblruveasis,
g E Pi 1 Warthia sp; Heleropectem catharing)
O ﬁ g 1ITARARE MAFRA sandstones, siltstones and {aminites (Elonicthys
[ -] CAMPO gondwanusy
"é 4 DO TENENTE coarse sandstones, silistones, dyamictites.
a Dppg DEYONIAN PONTA GROSSA | gray shales and silistones {Austalocoelia
PARANA touricleti and Metacryphacus avstralis)
el 3452295 my, FURNAS SBndsioncs and silSEones (Rounaltsa jurnai)
[ ORDOYICIAN | CASTRO silistones, saadstones, ackose, conglomerates,
0010435 ma rhyolite, fhyelitic pyroclastics; few andesites,
g ’ GUARATURI. chyolites, andesites, silistones, sandstenes and
INEIA conglomerales.
Ce CAMBRIAN CAMARINIIA siltstones, mudston, conglomerates and
arkose.
Cya 570 60 500 m.y. : alkalinc pramics, syeniles and alaskites.
Cym GRANO- gray horoblend and hornblend + biolite
TOIDS granodioriles, monzonites and granites
Cre creamy and reddish gocissose granites, with
mepacnysials of K Fefdspars.
PSygn gacissose granites of analexile.
PSnaa ANTINHA melaritmites, meiasandstones and
3] SEQUENCE melatiniestones. fow metacenglomerales.
o wmiclasiltsiones, metariimilcs, golomitic
PSal 3 S ITAIACOCA marbles, dolomites, metasandstone, quartziles
& B and micaschists.
g [ metagiltstones,  melamadslones,  graphitic
PSa¢ - & & ACUNGUL CAPIRV phyllites, dolominie marbles, dolomits, mela-
0 [ § sandstones.
8 ) 5 - : metasilislonss, melemudstones, mielantaios,
™ : ) ISav & YOTUVERAVA slates, melarenites and micaschisls, limestones
8 S L ~ 2ad dolomites.
m e PSm bande $ migmatites, micaschists and quartzites.
16 g Fliac o AGUA CLARA calcareous  schisls, marbles,  micaschists,
& A S metabasile. manganese roeks,
[ g P gacnet-siltimanite  schisls,  actinelite-bivtite
Piste @ & SETUVA TURVO-CAJATI | schisy, cale-silicatz schists, dolomitic marbles
[ § and cale-silicate rocks.
Bl g = PERAU calcarcous-schists, micaschists, melabasites,
Plsp e = amphiboliles and gariziles. metavoleanics.
Pipsm ﬁ § 1 banded migmatites, gneisses on strips, occlar
: CR PRESETUYA gneisses, quartzite 10 magnetite.
Plpss 3 COMPLEX smphibolites, mielabasites, serpentines and
: : . faleschisls.
ARCHFAN. SERRANEGRA charnechites, granolites, magnesian schists,
1,500 .y, Asa COMFLEX amphibolites, micaschists and Quar(zilcs.
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4.5 Landuse

IAP conducted the satellite imagery analysis in 1990 with the interpretation of Landsat T™™
data of 1989 and 1990, and reviewed the same data in 1994. Based on the result of the
satellite imagery analysis by IAP and GIS computation by SANEPAR, the landuse of each
river basin was: summarized in Table-4.4 and Figure-4.10. Secondary vegetation in the
legend means where lhe'natural bush grows after some use, such as stash and burn farming.

One of the nnportam characteristics of landuse i is that in Liloranea river basin more than 70
% of its arca is covered by forest and agriculwre is limited to 10.2 % of the area. In contrast
to Litoranea river basm, agnculture is dominat landuse in other river basins.

Tablc 4.4 Landu»e of 11 Rner Basins in Parané '

Land Use (%)
Total Area : : s .

: (km ] Swamp | Sand Bank Ferest 2ad Veg Refocest. Pasture _ {Cropland | Oihers |

State’ 197882.0 0.1 0.2 ~ 9D 260] £V IR EN] 316 08| -
Cinzas 92907 . (1) I8 [LR] 28 133 N ¥4 -212 551 02
lguacu 553180 <00 0.0 L 14 Il | ] B i76] - 319 LS
- Jtarare 519717 - 00 ) C 00 1.2 200 ik : 17.5 39.4 . LA |
ﬁ Ivai 35878.9 0.0 Q.O - 5.0 Mo 18] 88 330 Q.4
a Ji itoranea sieeof - 3E| 70 639 48 s sal - agl 15
¢ JPurana 131563 0.0 0.0 7.5 - 243 -~ 255 421 05
# Patznapnema 9191.9 0.0 0.0 49 O1RS -0 3290 44.5 0.1
Pigquiri 17079 ool 00 21 203 02 34 ©oare 0.4
Pirapo S00S.¢ 0.0 ool - 25 252 00| - 380 1340 03
Ribeira 91293 0.9 - 09 5.7 518 5.3 _, 11,5 254 03

Tibagi 246347 0.0] 0.0 3.8 215 9.4|

18.1 40.1 1.0
Ind Yeg : Second Vegetation, Reforest.: Reforgstation . -
Scurce: SANEPAR Gi8 computation based on IAP satellite i lmagery analysis

Allhoﬁgh ‘the satellite imagery analysis is based on the data of 1989 and 1990 it was
assumed that the current landuse does not vary from one m 1990 throughout the study.

During revicwing the satellite imagery ahalysis in 1994 é'n expert of JICA Study Team was
dispatchied from the middle of June to the begmmng of Augusl 1994, 1o assmt and gundc the
work.
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4.6 Socio-LEconomy

4.6.1 Administrative Units

Presently, according to the Constitution of .the Federative Republic of Brazil and the
Constitution of the State of Paran, the State’s central government is divided into two types
of Organs: thc organs of the direct administration and those of the indirccl administration.

The State of Parané was composcd of 371 mummpahhcs in 1993, These mummpalmcs have
their City Hall and City Council and a certain degree of autonomy and - competence (o
~ administrate within the timits of each municipality. Each municipality is divided into urban
~area and rural aréa in accordance with wrban perimeter determined by the municipality.
" IPARDES made preliminary estimation for these 371 municipalities with their names,
estimated population and populational density in 1993 and area of each mumicipality,
. forniulated into 24 Homogencous Micro-Regions (mentioned in Section-4.6.4). In terms of
- population, the largest municipality is Curitiba, with a population of 1,337,890 people and
" the smallest one is Nova Ahan(;a do Ivai, with a populatlon of 1,220 people in 1993,

4.6. 2 Populatmn of the State of anan{\

Accordmg to the census of 1970, 1980 and 1991, the total population of the State of Parand
was of 6,929,868 , 7,629,392 and 8,448,713 , respectively. The annual growth rate of
0.95% in the State during the period of 1970 to 1991 was very low if compared to the
annual growth rate of Brazil as a whole (2.12%) and of the South Region of Brazil (1.35%).

Parand’s reiarkable characteristics are not only the low population growth rate, but also the
concentration of population i in urban areas. In other words, the migration of rural population
to urban centers, In temis of percentage, the average annual population growth indicates

(4. 41 %) in urban areas and (-3.17%) in rural areas during the same period mentioned above.

Population of Brazil, South Region and Parané State is shown in Table-4.5.
| _ Table-4.5 Population of Brazil, South Region and Parané State

South

Region

. . Pasand Siate ) Brazil

Year " Zone Fopulation T - Population (1) Poputation ")
1970 Urban . 2504378 36.14 7434196 44,56 52,904,744 5598
Rural 4,425,420 6386 9,249,155 55.44 41,603,839 4402
: : Total 6,929 858 100,00 16,681,551 100,00 94,508,583 100.00
980 Urban - 4,472,561 58.62 12,153971 2.1 82,013,325 61.70
o Rural o 3,156,831 41.38 1,226,155 37.29 39,137,198 32.30
. Total 2,629,192 100.00 - 19,380,126 100.00 121,150,573 100.00
1991 Urban 4,197953 .. 73.36 16,392,710 74.12 110875826 1347
R Rural 2,250,760 84 | 5724016 2588 16,041,633 24,53
Total 8448713 100,00 22,117,0%6 10000 | 146,917,459 100,00

Source :- IBGE and IPARDES
. Rem_ark " *{1) Percontage is distribution for erban area and rura! area.

- %{2) Population of Parana State in 1991 is final result of the Census of 1991, bt the populauoo of South
} Regmn {Pasan4 State, Santa Cafarina S!a!e and Rlo Grande do Sul State} and Brazil LS a pretiminary

) resull
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4.6.3 Gross Domestic Product (GDP) - PARANA

According to information provided by IPARDES, the GDP-PARANA has increased. in
proportion to the GDP-BRAZIL in the recent ten ycars, and accounts for 5.96% of the GDP-
BRAZIL in 1991. The GDP per Capila has increased 3.7%/year and reached almost current
US$ 3,000 in 1991 (refer to Table-4.6). ' : ' S

Table-4.6 GDP - Brazil and Parans, GDP per Capita - Brazil and Paran4/ 1980 - 1991

“GDP (Million US$) o . GDP per Capita (US$)

Year - - Brazit % 1) Parand | & (1) Brazit - % (1) Parand - | % 4D

1980 - 228,519 : 15,288 S 192643 . Coo20039)) -

1931 239,399 476 6025 - 547 197985 277|.  209u18 450
1982 255,957 6.92 1552 ¢i26y] 2016730 0 489 o 204877] (219
1983 - ' 256,504 C028 16,793 548 204158 {-1.69) 244004 - 451
1934 - 280,167 923 8573 10.69 2,181.61 Y A L - 234623 958
1985 310,876 10.96 20,238 896 © 238133 387 253323 197
1986 342748 10351 . 20334 047 257566 A 1 T 252189 (-0.45)
{987 366,342 - 688 . 23,442 1528 2,700.73 4861 2_'.880.31 1424
1988 . 372,090 S| ooasasi| sas| 2344 125 308231 7.6
1989 405,744 7.5 25619 - 105 281877 528 309110 0.12
1990 0345 | {(-0.57) 24,286 (-5.20) . 280792 {-2.46) 2,503.29 | (-6.08)
19N 423,239 491 25,225 3871 . 28900 292 S 208804 292
Average Annval . ’ ) . ) .
Growth Rate 1980-1991 5.76 . 4.66 N 36F i 370
Source : Pesempenho Macroccondmice do Parand - maio9d (Parand Macroeconomical Performance May/94)

IPARDES '

Remark : *{1) Percentage of Annual Growth Rate

The estimated share of GDP-PARANA by primary,. secondary or lertiary sector,
approximately 15%, 31% and 54%, respectively, in 1991, .indicates: that the economic
stnicture of Parand has reached those of industrialized countries. - The information regarding
the GDP and GDP by the three sectors is shown in Table-4.7, The annual growth rate
during the period of 1980 to 1991 of primary, secondary and tertiary sector was of 2.22%,
5.50% and 5.00%, respectively, while the annual growth in GDP-PARANA was of 4.66%.

Table-4.7 GDP - Parand by Sector/1980 - 1991 o :
: Unit:  Current Mitlion US$

Primary Sector Secondary Sector © Tedtiary Sector GDP - Parand
Year Million US$ % Miltion US$ % Mittion USS % MillionUss | %
1950 S 29704] 1943 42045 ) 2881 ) 79131 5176 | - 15,2880 | - - {00.00
198t 33024] 2048 Coasma ] 956 79915 956 161250 10000
1982 1129|1705 35184 239 - 86844 sas6| 159210 10000
1983 o oas2| 08 43349 2891 89439] 5326 . 16,7930 10000
1984 36793 - 19381 19924 2688 99013 53.31 185730 | - 100.00
1985 42055 2078 50384 | 2539 10,594.1 5383 202330 | 100:00
1986 16764 1808 50303 | 253 11,5003 | . seev]| - 2030 f 10000
1987 19182 1680 s8] 2479 136925 5841 2,420 | 100.00
1988 o 3es3| 1426 . 6806|2706 Conagm 58.68 253530 10000
1939 - 5790 1397 671403 | 2611 15,299.7 se7r| 2561007 10000
1990 ©oaa080] 1403 ) 73160 | 3012 13,5620 55.85 “242860 | 10000
1991 37840| 1500 _19360] 138 _13sxs0] saes|  252150] 10000
Source : Desempenho Macroecondmico do Parand - Maio/94(Parand Macrocconomical Performance May/94)/ -
IPARDES ' ’ '

Anilise Conjuntusal - 113, N.4, P.6, Abril 1991 (Conjecture’ Analysis - Apri 1931 VIPARDES, Fundo &
Participagio dos Municipios - {ndices Provisérios’d5 (Municipalities’ Participation Tund - Preliminary
Indexesi95) . _ '
Rematk: The share by Scctor in 1990 and 1991 was estimated by JICA Team
Primary Sector: Agricullure, Livestock ¢ic., Sccondary Sector: Indusiry, Teniary Sector: Commerce and _
Scrvices ’ :
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4.6.4 Regional Unit

For the analysns of the past tendency, and for planning and strategic purposes regarding the
socio-ccoriomy of the State of Paran, the State, composed of 371 municipalities, is divided
into 24 Homogeneous Micro-Regions (Micromregides Homogéneas - MRH) composed of
municipatities located in the same area and with similar characteristics, regarding production
and pOtennal for industrial and/or agricultural development and others. In the socio-
economic study of “Strategy for Parana State”, these 24 Homogencous Micto-Regions are
used as reglonal units. This dmsuon is shown in Figure-4.11, with the division of the river
basin. - :

4.6.5 Population pcr Region

Based on the ceiisus of 1970, 1980 and 1991, population and its distribution in urban and
rural areas per MRH show two remarkable points regarding the movement of the population,
as summarized below ‘

1) Urban populataon has mcreased in all MRH, although total populauon has
decreased in some MRH, for example MRH 284 - N. N. Apucarana, MRH 285 -

N.N. Umuarama

2) Five regions wiih large population, such as MRH 268 - Curitiba, MRH 273 - C,
de Ponta Grossa, MRH 281 - N .N. Londrina, MRH 282 - N. N. Maringd and
MRH 288 - Ext. Oeste Paranfense (Cascavel), occupied approximately 58% of
'lhe total urban population in 1970 and their share increased to 65% in 1991.

From lhesc facts, it can be con51dered that the m:gratlon process in the Parani State has two
directions, as follows:

1) towards b:g urban centers, such as Cunuba Metropolitan Area and local urban
centers, for example, Londrina, Maringa, etc.

2) towards small urban centers located adjacent to rural areas.
4.6.6 Gross Regional Domestic Production (GRDP) per MRI

Based on the recent situation of the estimatcd GRDP of the 24 MR, from 1980 to 1991, it
- can be observed that the GRDP of the five big regions (MRH 268/Curitiba, MRH

273/Campos de Ponta Grossa, MRH 281/N.N. Londrina, MRH 282/N.N. Maringd and
MRH 288/Extr. Qesté Paraniense) has increased in larger rates than the increase of the urban
population. Urban population increased 43% and GRDP increased 84% during the period

B -mentioned above. While the GRDP of the six medium MRH and the other 13 small MRH

has increased in a slightly lower rate than the one of urban poputation, each urban population
increased 29% and 36% and each GRDP increased 29% and 30%, respectively, during the
- same years. This means that the gap of economic aclivity, namely “wealth”, between the
five big MRH and the six medium MRH, and belween 1he six medlum MRH and the other
13 small MRH, has wideried in the last 10 ycars :



W
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4.6.7 Present Socio-Economic Framework

“The present socio-economic framework can be estimated by classifying the MRH in four
categories, as shown in Table-4.8, and it can be observed that MRH 268/Curitiba occupied
the share of about 30% and 37%; and the five big MRH mentioned above had the share of
65% and 73% in terms of population and GRDP of Parang State in 1991, respectively.
However, it should be noted that the GRDP of some of ithe MRH in 1991 was estimated
including the contribution to the Value Added of Hydroclectric Power Stations, Four MRH
were considerably influcnced by this contribution: MRH 288, MRH 289, MRH 290 and

MRH 291.
Table-4.8 Classification of MRH in terms of Urban Population and GRDP per MRH in 1980 and 1991
Urbad Population Gross Regional Domestic Froduct-GRDP
Category 15480 1954 1940 19
’ No/Name of MRH Population % Population % (REP % CRLP %
- niltion LS4 million LIS
Ist 1 MR# 268 Curitiba 1,325,215 | 29.63 1,877,232 30.23 5,041.2 33.01 9,263.3 35,72
6. MRH MTUC. Penta 5.39
Grosaa 249,833 218,235 5.46 9885 6.34 1,538.2 6.10
ILMRH 2SN N, 11.80
’ Londrina 527,638 713,508 11.5) 1,378.2 10.32 2,182.4 1.55
15, MRH 282N, K. 5.53
Maringd 247,364 383,102 6.18 661.3 4.37 L2101 4.50
1. MRH 283 Ewr, 10.83
Qeste Puranfonse 484,504 728,448 11.25 1,7100.8 .14 4,153.6 16.46
ind Sub-Total ) 1,509,313 8 33.13 2,163,250 F 1490 40178 iz.17 9.084.3 ] 16.0]
17, MRH 219N, V. .
) Jacarezinho 169,589 3.9 246,130 3.49 518.4 178 611.3 2.69
17 MRH 284N, N. )
Apucaring 159,910 3.80 210,412 139 4i2.3 2.1} 5.2 .03
KR, MRH 285N Novis. )
Umuoarema 207,169 4.6} 256,354 4.14 563.5 369 510.14 2.26
19. MRH 286/Campo '
tourdo 169,558 3.79 233,673 .7 694.7 4.36 441.4 1.34
2. MRH 28%Sudocsle : ) )
Peraniense 165,906 LA K] 225,656 3.64 562.2 168 7949 315
23 MRH 19 C. de
Guarapuava 138,931 3.t 176,012 2.84 450.5 3.00 8244 327
3id Sub-Total 1,022,083 2233 1,318,307 21.37 3,223.7 21.42 4,21%.3 16.73
qth Other 13 MRH 615,864 13.11 839,134 §3.54 2,04%.3 13.40 2,658.1 10.54
S Tota) Parerd State 4,472,561 | 100.00 6,197,953 | 100.00 15,283.0 ¢ 100,00 25,235.0 | 100.00
Sowit 2 Censys 1950 a0d 199146GE and IPARDES - Populwtion, Estatlstice Econdmico Financein (Finance Economical Stalistics} T4/85, 8687, EARD / SEFA -

GRDP, and And¥ise Confuntunal (Conjeciure Analysis) U3, N, 4, P6, Abvil 199 1/IPARDES -GRDP, Fundo de Participagdo dos Musiclpios - indices Provisdrios -
95 (Municipalitics® Padicipetion Fund - Prchiminary Indexes - §5) / SEFA
Remark @ Porcentage of GRDP in 1951 was estimated ty IPARDES snd value of GRDP was estimated by NCA TFeam
T GRDP in 1990 includes estimated canlribution 12 the Valee Added of Hydrackowic Power Stations -
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