)

L R4 4%
1 9N

i

1

5







FEDERATIVE REPUBLIC OF BRAZIL

THE STUDY

| ON
THE DISASTER PREVENTION AND RESTORATION PROJECT

IN
SERRA DO MAR, CUBATAO REGION, STATE OF SAQ PAULO

FINAL REPORT
SUPPORTING

- JIEN Lisrary

B

1o8siesia)l

.2)/067.

JANUARY 1991

JAPAN INTERNATIONAL COOPERATION AGENCY




f@%mwﬁﬁg*

2067



ANNEX

ANNEX
ANNEX

ANNEX
ANNEX
ANNEX
ANNEX
ANNEX
ARNNEX
ANNEX
ANNEX

“ANNEX

ANNEX

LIST OF ANNEXES

S0CIO-ECONOMY

.SEDIMENT-RUN-OFF AND FLOOD DISASTER DAMAGE SURVEY

EXISTING DISASTER PREVENTION MEASURES
TOPOGRAPHIC SURVEY

GEOLOGYCAL INVESTIGATION

HYDROLOGY

SEDIMENT STUDY

SEDIMENT RUN-OFF DISASTER PREVENTION STUDY
FLOOD DISASTER PREVENTION STUDY

* VEGETATION AND SOIL

ENVIRONMENT
PRELIMINARY DESIGN
CONSTRUCTION PLAN AND GOST ESTIMATE



 ANNEX A

'SOCIO - ECONOMY



TABLE OF GONTENTS

Page

INTRODUCTION = e ot s oy e o e st 0 11 e 0 st 0 o o e e 3 e e o b A. 1
PROJECT BACKGROUND mcccmmammm et s vt e e e m e A. 1
2.1 Adminidstration - -rocommen e A. 1
2.1.1 Administrative organization ------cmmecmcnancoan o A. 1
2.1.2 Administrative division ~---—rocmcnumu e A. 2
2.1.3 Authorities concerned w-ceeaccummnere o oo e e A, 2

2.2 Soclal Profile ~--cemommm e A, &
2.2.1 Population =—-mrsmmce e et A. &
2.2.2 Labor fOrce --emmmmmmmome e nnte o A. 5

2.3 Economic PerfOrmance -w-eeomememe oo oo ecdco it m s A, 7
2.3.1 Gross domestic produCt ~re—---mcmcmmom e A. 7
2.3.2 Gross regional domestic product --------mcoecrncmaaoa- A, B
2.3.3 Economic performance in study area ----cecemcwmo—oa-o A, 9
2.3.4 Price8 eco—cr-m—mmchectme e mm e e mm e e A. 9

2.4 Land Use in Study Area cevesvemmmccacccmacccrcccnn b e A.10
2.4.1 Present land USE cemceemcmmmo e — A.10
2.46.2 Urbanization ceeucmmmmmmm o e A.11
2.4.3 Industrialization -—eecmmmcm o A.12

2.5 InfrastruCture -—=—-e—-cmmmmoomem o e nmn e —————— A.13
2.5.1 Economic infrastructure =eeeemmecmcrrmovrormmeeen o= A.13
2.5.2 Social infrastruCture wwe-emc oo o e A.14
PROJECTION OF FUTURE DEVELOPMENT FRAMEWORK =vcwc-o-mmmcmcunonan A.14
3.1 Target of Projection weew-mwcswomeommo o A.Ll4

3.2

Development PLAN =remcmeoc oo e e A.15



3.3 Socio-economic Projeétion e A.16
3.3.1 Po.pulation and labor force -wwemmcomuo oo A.l6
3.3.2 ECONOMIC Growth =wmmemumce oo e etecicccc A.16

3.4 Land Use PIan «remmme oo cm oo i e e s mmm et AL LT




LIST OF TABLES

GENERAL OUTLINE OF STUDY AREA

TABLE A. 1
TABLE A, 2 POPULATION GROWIH AND LABOR FORCE

TABLE A, 3 LABOR FORGE BY INDUSTRIAL GROUP IN BRAZIL

TABLE A. 4 LABOR FORCE BY INDUSTRIAL GROUP IN STATE OF SAO PAULO

TABLE A. 5 GROSS DOMESTIC PRODUCT

TABLE A. 6 GROSS DOMESTIC PRODUGT BY INDUSTRIAL ORIGIN AT GURRENT PRICES
TABLE A. 7 GROSS REGIONAL DOMESTIC PRODUCT IN STATE OF SAO PAULO

PABLE A. 8 GROSS REGIONAL DOMESTIC PRODUCT IN STATE OF SAO PAULO BY

~ INDUSTRIAL ORIGIN AT CURRENT PRICES
TABLE A. 9 VOLUME OF PRODUCTION BY MAJOR INDUSTRIAL ESTABLISHMENTS
' _ IN CUBATAO
TABLE A.10 VALUE OF PRODUCTION BY MAJOR INDUSTRIAL ESTABLISHMENTS IN
CUBATAQ '
TABLE A.11 NUMBER OF MANUFACTURING ESTABLISHMENTS AND PRODUCTION VALUE
IN SAO PAULO AND CUBATAO
TABLE A.12 CHANGE OF RESIDENCES, INDUSTRIAL, COMMERCIAL AND SERVICES
) ESTABLISHMENTS IN CUBATAC
TABLE A.13 INVENTORY OF COMMERCIAL AND SERVICES ESTABLISHMENTS
. IN CUBATAO
TABLE A.l4 CHANGE OF PRICE INDEX AND FOREIGN EXCHANGE RATE
TABLE A.15 PRESENT LAND USE IN STUDY AREA : 1990
TABLE A.16 TRAFFIC VOLUME OF MAJOR STATE HIGHWAYS
TABLE A.17 INVENTORY OF SOCTAL INFRASTRUCTURE IN CUBATAQ
TABLE A.18 PROJECTION OF POPULATION AND LABOR FORCE
TABLE A.19 PROJECTED GDP AND GRDP AT 1989 CONSTANT PRICES

LIST OF FIGURES

FIG.A. 1 ADMINISTRATIVE DIVISION IN STUDY AREA

FIG.A. 2 LOCATION MAP OF MAJOR INDUSTRIAL ESTABLISHMENTS IN CUBATAO
FIG.A. 3 PRESENT LAND USE MAP IN STUDY AREA : 1990

FIG.A. 4 FUTURE LARD USE PLAN







1. INTRODUCTION

The socio-economic study has the following three main objectives:
(1) clarification of the historical background and present conditions-
concerning the soclo-economic features, characteristics and structure in
the sﬁudy area under  the national and state level framework, (2)
projection of the future soclo-economic trend in the study area in order
to identify the project planning conditions and to contribute
fundaméntal information for project evaluation, and (3).supply of basic
information to assess the socic-economic impacts which would be
influenced by the implementation of the proposed project in the study

area.

The socio-economic study was basically made on the basis of .
socio-ecoﬁomic_ data and materials collected and presented from the
agenciles concerned, and through census reporﬁé. The socio-economic data,
which are indispensable and.relevant to the study but are not available,
are ektrapolated: from data available, with due consideraﬁion and

assumptions in and around the study area.

This annex, which fundamentally provides socio-economy related
information -to formulate Feasibility Study (F/S) in depth, following
Msster Plan, is composed of three sections. Section two details the
present social and economic conditions including administration, social
profile, economic performance, land use and infrastructures. Section
~three deals with the socio-economic development framework in the future,
~ which are projected on the basis of the several due assumptions set out

by the agencies concerned.

2. PROJECT BACKGROUND -
2.1 Administration
2.1.1 Administrative organization

Brazil, officially called Fedsrative Republic of_Brazil, has been
administer by a civilian government through 1980s, With presidential
election held in early March 1990, a new package of comprehensive

policies called the "Collor Plan® was inaugurated on March 16. In this
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plan, the administrative organization of the federal government was

drastically reduced in size to 12 ministries from former 23 ministries.

The organization of the state government of Sao Paulo has been
unchanged - so far, with seven (7) ministries even under the severe
administrative reform policies in federal govefnment. Meanwhile, Cubatdo
city is being ‘orgsnized with six(6) departments, with assistance from

advisory organ.
2.1.2. Adwministrative division

Brazil has a national territory of 8,511,996 km2,
administratively consisting of 24 states, two federal territories and
the federal district of Brasilia. It is divided into five Grand Regions;
Norte'(North):with five states.ahd two federal territories, Nordeste
(Northeast) with nine states, Sudeste (Southeast) with four states, Sul
{South) with thfee'stétes, and Centro-oceste {(Central West) with three
states and the federal district of Brasilia.

The state of Sao Paulo is included in Sudeste Grand Region,
having & state area of 248,256 km2., Administratively, the state consists
of 12 regions; Metropolitan region (Greater Saoc Paulo) and other 11
regions, comprising totally:572 municipalities, 922 districts, 97 sub-

districts, and 227 counties.

The study area is located in the southeast of.the state of Sao
Paulo and on the costal zone of the Atlantic Ocean. Its area covers 252
km2, lying across the two regions; Metropolitan and Santos regions. The
study area is laid across four administrative muhicipalities; Cubatﬁo
(99.7 ¥m2) in the centrai part, Sao Vicente (36,3km2) to the southwest,
Sao Bernardo do Campo (103.5kmZ)to the West, and Santo Andiré (12.5
kmZ)to the north. Among four municipalities, Sao Bernardo do Campo and
Santo André_belong to the Metropolitan region, wheresas Cubatﬁo and Sao
Vicente are included in Santos region, The general outline and the.
administrative division of the study is presented in Table A.1 and on
Fig. A.1, respectiveiy.

2.1.3 Authorities concerned

In the former federal governmental organization, the implementing
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agency in charge of disaster prevention was previously Departmento
Nacional de Obras e Saneamento. However, with an innauguration of the
new government, the implementing agency in the federal level has been
uncertain because of unsettled responsibilities of each ministry. A
responsible executing agency will be nominated to perform disaster

prevention works from the national viewpoint, in the near future,

With‘regard to the disaster prevention iIn the state level, the
Secretaria do Meio Ambiente (SMA), the Secretaria do Energia e
Saneamento (Energy and Sanitaticn). and tﬁe Secretaria do Ciencia e
Technologia.(Science and Technology) are the responsible organs. In
particular, the state 'government has established disaster prevention
plané'orgéniZEG'by state authorities concerned for such areas with high
pdtehtiﬁl of disaster. These plans aim at prompt information
distribution for respective agencies and implementation of urgent
countermeasures. So far, the state has formulated comprehensive disaster
prevéntion plans.for such municipalities as Sac Sebastiao, Ilha Bela,
Caraguatatuba and Ubatuba, which have been under high probable risks of

disasters.

As for the region of the Serra do Mar, the state government
established a Special Commission in June 1985 under the decree No.
23,457 (June 11, 1985) immediately after the destructive disaster ' in
February 1985. The main objectives of the Commission is to restore the
Serra do Mar in order to protect industrial establishments and local
residents in Cubatdo municipality. The Commission is organized by 17
authorities including state  administrations and municipal counsels.
‘Among Ehe authorities concerned, Companhia de Technologia de Saneamento
Ambienﬁal {(CETESB), Departmento de Aguas'e'Energia Electrica (DAEE),
Instituto de Pesquisas Technologicas do Estado de Sao Paulo S.A. (IPT)
and Instituto de Botanica (IBt) have been the significant institutions

under the auspice of SMA.

Moreover, the Cubatﬁb Municipal Civil Defense Commission (COMDEC)
was lnaugurated in Cubatio cityhall in November 1988. The primary
‘purpose of COMDEG is to implement disaster preventi0n countermeasures as
well as civil defense plan under the cooperation with CETESB, DAEE, IPT
and Prefeitura Municipal de Cubatao (PMC). o
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2.2 Social Profile
2.2.1 Population

_.According to the 1980 census, Brazil had a population of 119
‘million. This popﬁlation is estimated to reach 150 million in 1990 with
population density of 17.6 persons/lun2, as shown in Table A.2.

The nation's population in 1990 doubles in the last 30 years from
70 miilion in 1960. The annual growth rate has gradually slowed down to
2,37 persons/km2 in 1980s from 2.89 persons/kmZ in 60s and 2.48
pérsonslkmz in 70s. The urban.population_inc;eased 3.6 times_to 113
million from 351 milllon in 1960r'witﬁ average annusl growth rate of
5,22% in 60s, 4.44% in 70s and 3.43Z in 80s. Meanwhile, the rural
po?ulation has stayed at around 37-39 million level except 41 million in
1970. The negative average énﬁual:growth rate was recorded at minus(-)

0.637 in 70s and minus(-) 0.25% in 80s.

_ “The population in Sao Paulo was recorded at 25 million in 1980,
accounting for 21.0Z of the national population. This population is
estimated to be approximately 31 million in 1987 with the average annual
population growth of 3.16% in 80s, somevhat greatér than that of the
nation. The state population density is_ardund-lzs.é persons/km? in
1987. The urban popdlation iS'projecﬁed'at 28 million in 1987;_which
accounts for 90.6% of the state total population. That population
increased by 20 million in 30 years, between 1960 and 1987, whereas the
rural population decreased by 1.9 million in the same pe:idd.'

The population in Cubatzo municipaliﬁy,was_esiimated at 79,162 in
1980, which is assumed to represent the total population in the study
area since the rest of the area except in CubatEo in the study area has
been covered with dense forest, shrub and bushes with almost ho
inhabitants. The municipal population is estimated at 105,547 in 1900,
The average annual growth rate has been greater than that of the stété
as well as the nation; 4.492 in 70s and 2.922 in 1980s. In particular,
owing to rapid industrialization during 1960s, the population of 25,166
in 1960 almost doubled to 51,009 in 1970, recording the average annuﬁl
growth rate of 7.321.

The population in the study area is estimated at 97,543 in 1990,
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distributing as follows: 97,039 in Cubatzo, 504 in Sao Bernardo do
Cempo, and no inhabitants in both Sao Vicente and Santo Andre.

The population density of Cubatao in 1980 was 345.6 persons/
km2 and 713.1 persons/kmZ in 1990. The urban population occupied 73.02
in 1970, and that population has accounted for the whole municipal
population since 1980. The population density in the study area is
estimated at about 387 persons/kmZ on average. The density in the urban
area, is 2,813 persons/kmZ, and the density in the rural area is 387
persons/kmZ, In Cubatao, the population density in urban area is 2,813
persons [kmZ, and the average density is 973 persons/kmZ,

2.2.2 Laboxr force

The. economlcally active pnpulation in Brazil (defined as persons
aged 10 years and over) increased 1.8 times to 87.7 million in 1980 from
48.7 million in 1960, with an average annual growth rate of 3.03% in 60s
and 2.93% in 70s. This population Is projected te have reached 104.3
miliion in 1987 'as shown in Table A.2. The proportion of the
economically - active population to the total population has gradusally
increésed from 69,97 in 1960, 70.5% in 1970 and 73.7% in 1980,

respectively. :

Oﬁ the other hand, Brazil's labor force grew from 22.8 million in
1960 to 59.5 million in 1987. Labor force participation rate, defined as
the rate of the lahor force to the economieally active population had
‘stayed at less than 50% level till 1980, It registered at 57.1% in 1987,

. As far as the lgbor force by industrial group is concerned, the
agricultural seétor sbsorbed 12.4 million or 54.5% of the total labor
force in 1960, fcllowed by services sector; 33.1%I, and industrial
sector, 12.4%Z. With rapid cconomic expansion and industrialization, the
structure of the labor force in Brazil has drastically changed into that
of the developed economics. The labor force in the agricultural -sector
inched up by 1.7 million to 14.1 million in 1987, whereas the percentage
distribution sharply dropped to 23.7% in the same year, as shown in
Table A.3.

The industrial sector employed 2.8 million or 12,42 of the labor

force in 1960. This sector has increased to absorb a large share of the
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labotr force; 5.3 million in 1970 and 10.8 millicn'in 1980, with an
average annual growth rate of 6.54% in 60s and 7.36% in 70s. In 1987,
this sector registered at 13.7 million, almost equivalent to the

- agricultural sector.’

" The services sector, which has been the largest single emclcyer
of the labor force, absorbed 7.5 million in 1960, 11.0 million in 1970,
18.8 million in ‘1980 and 29.6 million in 1987. The percentage
distribution of this sector -increased to around 50%Z in 1987 from 33.1%
in 1960. The average annual growth recorded at 3.81% in 605, 5.57%7 in
70s and 6.687 between 1980 and 1987. ' B

In S&o Paulc, the eccnomlcally active population recorded at 9.3
millioa in 1960, which has increased 2. 6 times to 24.4 million in 1987.
The proportion of the economically active populaticn‘to the state total
registered at 72,27 in 1960, 75,07 in 1970, 77.2% in 1980 and 77.9% in
1987, somewhat larger than that of the nation.

The state labor force in 1960 recorded at 4.5 million with labor
participation rate of 48.5%. This labor force has increased to 6.4
million in 1970, 10.4 million in 1980 and 14.2 million in 1987. The
average annual growth rate recorded 3.50Z in 60s, 5.037 in 70s and 4.58%
between 1980 and 1987, more than 1% higher than the federal figures, The
labor participation rate in Sao Paulo has been arcund 2% higher than the
nation; 48.57 in 1960, 47.8% in 1990, 53.9Z in 1980 and 58.82 in 1987.

With regard to the labor force by industrial group, the structure
of the state is markedly different from that of the nation. The
agricultural sector registered at 1.4 million in 1960, or 31.8% of the
labor force. An absolute labor force in this sector decreased to 1.2
million in 1987, with sharp decline to the share of 8.5% in the - same

year, as shown in Table A.4.

The ‘industrial sector absorbed 1.0 milliori, or 23.37 in 1960. The
labor force in this sector increased 2.0 million in 1970, 4.0 million in
1980 and 4.9 million in 1987, This sector, in 1987. cccﬁpied around one-
thirds of the state labor force and approximately the same percentage
share (35.5%) of the nation's labor force engaged in the industrial

sector.
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- The services sector, which has been ﬁhe largest. employer of the
labor force in the state, registering 2.0 million (44.0%) in 1960, 3.1
million ¢48.1%) in 1970, 5.1 million (48.6%) and 7.5 millipn (52.9%2) in
1987, In 1987, the labor force in this sector approximately accounted

for one-fourth (25.5%) of the same sector in Brazil.

The demographic structure in Cubatao has been almost similar to
that of the nation. The proportion of the economically active population
to the municipal total posted at 69.8% in 1970, 74.87 in 1980 and 72.1%2
in 1987. The labor force doubled to 31,576 in 1980 from 15,822 in 1970,
with labor participation rate of 44.5% and 53.4%, respectively. However,

this labor force has not been revealed in recent years.
2.3 Economic Performance
2.3.1 Gross domestic product

Gross Domestic Product (GDP) in 1988 was Cr$ 91,952 million (US$
279.5 billion), as shown in Table A.5. GDP in 1989 would be
approximately estimated at. Cr$ 1,366 billion (US§ 303.5 billion). With
chronic inflation in the economy, GDP at current prices increased
astronomically in the last two decades. In real terms, GDP grew rapidly
in 1970s, Cr$ 5,419 million in 1970, Cr$ 8,756 million in 1975, and Cr$
12,402 million in 1980 at 1980 constant prices. In particular, _the
annual growth rate in early 1970s recorded more than 10Z as a result of
rapid industrialization; 11.3Z in 1971, 11.9% in 1972, 14.0Z in 1973.

During the recession in 1981-83 when the national economy was
afflicted by a foreipn debt criéis, the GDP growth rate was minus({-)
4.47 in 1981, 0.7% in 1982, and minus(-) 3.4% in 1983, respectively.
Afterwards, in the last half of 1980s, the economy has recovered from
the recession excépt in 1988 in which no real growth was recorde& in

real terms.

Per capita GDP would be provisionally Cr$ 9,270, equivalent to
US$ 2,059 in 1989. In real terms, it grew at 1.5% over the previous year
in which the "real per capita GDP was recorded at minus{-} 2.0Z. Per
capita GDP has aimOSt kept pace with GDP growth, some 2% less than the
growth rate of GDP.
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With regard to GDP by iﬁdustrialZOrigin;_the agricultural sector
accounted for only 11.62 in 1970, which'gradually decreased to 10.27 in
1080 and 7.6 in 1986, as shown in Table A.6. The industrial sector.
expanded to 40% share in 1975 from 35.87 in 1970 owiﬁg to rapid
‘industrialization. This sectoral share diminished slightly to. 38.7% in
1985 and continued in the same level of 37.97 in 1988. The services
sector “has contributed significéntly .to the national -economy as the
backbone before industrialization era .in 1970s. This sector has
accounted £or more than 502 of GDP in every period except for 48.87 in
1975 and 49.2Z in 1980 since rapid expansion in the industrial sector

caused to decrease its relative share.
2.3.2 Gross regional domestic product

' Gross Regional Domestic Product (GRDPS in the state of Sdo Paulo
was Cr$ 5,280 thousand in 1980, Cr§ 574 million.in 1985 and Cr$ 42.2
billion in 1988, respectively, as shown in Table A.7. in real termé.
GRDP was Cr$'5?28d thousand, ©Cr$ 5,629 thousand and cr$ 6,268 thousand
at 1980 constant prices, respéctivély. The real growth rate was 7.0% in
the last half of 1970s supported by active regional economy, and 2.2%
between 1980 and 1988.

Regarding GRDP by industrial origim, the agricultural sector has
been quite Low; 5.7¢ in 1870, 5.0 in 1975, and 3.8 in 1980 as shown in
Table A.8. On the other hand, the industrial sector and the services
sector has significantly contributed to the regional'economy. The share
of the industrial sector rose up to 48.2%7 in 1980 from 43,92 in 1970,
with an average annual growth rate of 10.032.in 1970-75 and 9.03% in
1975-80. The share of the services sector declined slightly to 48.02 in
1980 from 50.4% in 1970. The average annual growth rate was high similar
to that of the industry; 10.19% in 1970-75 and 6.03% in 1975-80.

Per capita GRDP was Cr$§ 0.179 in 1975, Cr3 0.207 in 1980 and Crs
0.198 in 1988 at 1980 constant prices. Thus, comparing with the national
per capita, the regional per capita has been remarkably high; 2.21 times
of the per capita GDP in 1975, 2.03 times in 1980 and 1.96 times in
1988. Meanwhile, GRDP has accounted for more than approximately 40X of
GDP; 42.92 in 1975, 42.6Z in 1980 and 45.9Z7 in 1988.
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2.5%.3 Economic performance in study area

The nation’s largest industrial complex, which has been
eétablished mostly éince 1950. is located in the north along arterial
roads in Cubatso municipélityi as depicted in Fig. A.2. Its main
prodﬁcts are petroléum and petrochemical products, iron steel, chemical

and mived fetilizers, cement and so on.

Volums and value of.production by msjor industrial establishments
since 1971 are enuﬁerated'in Table A.9 and A.10, respectively. Volume of
production almost quadrupled to 17.9 million tons in 1988 from 4.5
million in 1971. Value of production, which amounted to Cr$ 2,883 in
1971, increased to Cr$ 700 million in 1988. In comparing with the state,
production value from 131 maﬁﬁfacturing establishments in Cubatdo stood
at Cr$.15,625 ih-1975. which accounted for 3.6% of the state total
production value, as shown in Table A.9. Its share climbed to 5.92 in
1980, wvaluing at Cr$ 298 thousand.. By industrial sector, production
~value in chemistry produced around two-thirds of the total in Cubatao,
65.17 in 1975 and 64.27 in 1980. Its contribution of chemical sub-sector
¢o the state output posted 15.6Z% in 1975 and 21.1% in 1980,

respectively.

With regard to type of establishment, industrial establishments
totalled 152, commercial .and sefvices. 1,473; and others, 201 in 1688,
respectiﬁely, as shown in Table A.12, According to the municipal
information, there were 752 commercial establishments, distributed in 50
retail and 702 wholesale, and 520 services establishments in 1986, as
shown in Table A.13. On the other hand, residential housing has been
growing steadily in parallel with population growth. In 1988, housing

units numbered 17,476.
2.3.4 Prices

“The wliole country has been suffering from rampant inflation over
the last decades, as shown in Table A.14. The annual inflation rate has
been accelerating since 1980 except in 1986, when the so-called "Cruzado
Plan® was introduced in February 1986 to eliminate internal inflationary
pressure, posting 77.2% over the previous year. Recent inflation has
been a serious aspect of the national economy, recording 395Z in 1987,

and 9347 in 1988.
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_Iﬁ Januéry 1989, &New-Cruzado“ was denominated as a new currency

 in hoping for 'staving off ‘chronic hyper=inflation. Even with new
monetary measures, the Consumer Price Index jumped 17652 in 1989. This

phenomenon continued until promulgation of new stringent economic

measdres named "Cdilor Plan" announced in March 1990. With this new

economic package, the country's currency was denominated as:“Gruzeiré"

on a one-to-one basls with the old currency. Since then the inflatibn

seems to have been moderated under the severe price control on foodstuff

in particular; 84.37 in March, 44.82-in April, 7.9% in ‘May, 9.6% in

June, and 12,62 in July. ' '

~In the state of Sao Paulo, the Consumer Price has risen by 3802
in 1987;-9222 in 1988 and 1,785% in'iQQQ.'It continued to. grow at. 74.5%
in January, 70.22 ih_February,'79.iz3in March, 20,27 in April this year.
- This gain in Consumer Price Index seems to be -tapered off afterward,
posting 8.97 in May, 11.7% in June and:11.3% in July.

_Tab;é A.14 Blso shows GDP implicit deflator, index of real GDP
eand foreign exchange rate betﬁeen local currency and US dollar since
1%70. GDP implicit deflator has jumped around 90,310 times by the end of
1989 over the last 10 years slnce 1980, in parallel with hyperinflation
nationwide. Real GDP, however, has climed 22.1¢ with an average annual
growth rate of 2.027 in the same period, although real GDP between 1981
and 84 was deteriorated below 1980 level.

The foreign exchange rate of Gr$. 0.000064 to US dollar in 1980
wag drastically devaluated around 176,600 times standing at Cr$ 11,302
at the end of 1989. This rate again jumped from Cr$ 17.643 in January to
Cr$ 60.735 in June 1990 at thé official rate basis. Since January 1989,
a dual exchange rate was introduced in the monetary market: one being
the official rate and the other called the tourist rate which ‘is -
applicable only to tourists,

2.4 Land Use in Study Area
2.4.1 Present land use

No land use maps for any of the municipalities in the study area.

Therefore, in this study, a land use map of the study area was compiled
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on the basis of topographic maps (1 : 5,000), and aerial and infrared
photographs taken by the study tesm in 1989, which are shown in-¥ig. 3.

The land use is primarily classified into four categories: (1)
Built-up area of urban activities, {(2) Industrial area, (3) Grassland,
and (4) Forest and bush.

From the above classification, the total land of 252 sq.km in the
study area is currently éategorized as follows: (1) 34.5 sq.km (13.72)
of the total land is used for built-up area, (2) 22.9 sq.km (9.12) is
for industrial area, (3) 18.3 sq.km (7.2%) is for grassland; and (4)
176.3 sq.km (70.02) is for forest and bush. By municipality, the total
area of 99.7 sq.km in Cubatao is used as follows: 34.5 sq.km .(34.62) is
built-up area, (2) 22.9 sq.km (23,0%Z) is industrial area, (3) 11.8 sq.km
(11.8X) is grassland, and (4) 30.5 sq.km (30.62%) ig forest and bush. In
Sgo Vicente, the whole area of 36.3 sq.km is classified into forest and
" bush. On the other hand, the total lands in Sdo Bernardo do Campo and
Santo André are used only for grassland, and forest and bush: 5.0 sq.km
(4.8%) for grassland, and 98.5 sq.km (95.2%Z) for forest and bush in Sao
Bernardo dc Campo; and 1.5 sq.km (12.0) for grassland, and 11.0 sg.km
{12.0%) for forest and bush in Santo André.

2.4.2 Urbanization

The population in Cubatao municipality grew to 51,009 in 1970
from 25,166 in 1960 with an average annual rate of 7.32Z, more than
twice as much as the state average of 3.33% in the same period. A large
number of people seeme to have settled in rural areas in 1960s, although
no detailed records have -dlstinguished the wurban and rural

clasgification.

“ According to the municipal information, the -urban and rural
population was 37,255 (73.00) and 13,754 (27.0Z) in 1970, respectively,
as shown in Table A.2. The population‘in the municipality increased from
28,153 to 79,162 in 1980. On the other hand, urban population jumped
41,314 to 78,569, almost 1.5 times of the population increase.. This
means that the increase in pdpulation had been completely absorbed in
the urban areas and that a large part of the rural population had
migrated into the urban areas, as obsgerved. This is confirmed partly by

the fact that most of the rural residents who have settled illegally on
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steep hillside have been resettled in new residential areas provided by
the municipality. In 1990;7municipal data shows that all the population
inhabits the urban areas, although some rural squatters still reside on

mountain sides subject to landslide risks.
2.4.3 Industrialization

1 Brazil’s industrializaéion, which started in the 19th century,
accelerated in the 1920s and 30s and continued in the following decades.
In the 19508, various manufacturing establisments began operation in
rapid- succession, ?hey varied production from duréble consumer goods,
capital gndds-to intermediate products such as steél,_petro—chemical

products, ‘rubler, paper and so forth.

In accordance with rapid-industrialization nationwide, industrial
development'in Santos region began in two stages since the 1940s. In the
first stage, fOOﬁ‘processing industries aiming at consumption only in
Santos arose, followed by intermediate product producihg industries such
as . paper, grass, and fertilizer for other regidns; During this era,
arterial transportation system linking Santos and other major cities, in

particular, Sao Paulo was developed.

The second stage started in the early 1950s, when intermediste
products came into full prodﬁction for consumer industries as well as
public facilities such as transportation and power stations. Supported
by the - federal " policy aiming at sélf-sufficiency .in domestic oil
consumption, large scale petroleum refinery plants were constructed in
Cubatao in the close vicinity of Santos which had large port facilities.
In addition to the above reason, such key facilitles as power stations,
roads and railroads for industrial operation are already fully developed
in Cubat@o. Furthermore, Cubatac is topographically located at a
strategic point as a center of industrial evolution between Sao Paulo as
a consumption market, and Santos for import and export of materials,
commodities and products. For these reasons, major heavy manufaéturing
industries which produce petroleum, petreo-chemical products, steel,
fertilizers etc. have been set up since the middle of the 1950s. Thus an
- agglomeration of manufacturing establishments consﬁituting an industrial

complex has been created.
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2.5 Infrastructure
2.5.1 Economic infrastructure

In the study area, there are four arterial highways maintained by
the state government, SP-150 or Anchieta rumns through the west of the
center in Cubatao, interconnecting Sao Paulo to the North via Sao
Bernardo do Campo and Santos to the South. SP-160 or Imigrantes, which
is located in the west in almost parallel with the Anchieta, also runs
North and South, connectihg SAo Paulo and Sao Vicente to the South. SP-
140 or Plagaguera runs East and West, connecting with the Anchiéta_at an
interchange in the North of the municipal center. SP-148 or Caminho do

Mar runs north and south connecting Sao Paulo and Cubatgro.

The traffic volume via Anchieta was. recorded at 4.3 million in
1972, divided into 3.3 million of passenger cars, 1.0 million of trucks
and buses. In'198§, it decreased to approximately 3.8 million due to
opening of Imigrantes highway in 1674; 2.9 million or 76% for passenger

cars and 0.9 million or 24% for trucks and buses.

The traffic volume through Imigrantes was recorded at 2.3 million
in 1974, distributed 1.9 million of passenger cars and 0.4 million of
trucks and buses. In 1989, the volume increased to 6.1 million as
distributiﬁg: 5.2 million of passenger cars and 0.9 million of trucks
and buses. The traffic volume through Piacaguera was recorded at 4.2
million in 1972; 2.5 million of passenger cars and 1.7 million of trucks
and buses..  In 1989, the volume was 6.8 million, distributing as
follows: 3.6 million of passenger cars and 3.2 million of trucks and

buses.

The total road length in Cubatao municipality was around 83 km in
1988, including municipal roads of 24.6 km and industrial use. Of the
municipal roads, 6,950 m.or 28.3% are covered with asphalt paving, 6,500
m or 26.47 are mixed roads paved with cobblestones or flagstones, and

11,150 m or 45.3Z gtill remains unpaved.

Other infrastructures in CubétEQ are provided and maintszined by
their respective agencies. All residences are supplied with municipal
water by SABESP, whereas the sewerage system covers only 1I of the

total, In 1988, around 75Z of the residences are covered by the electric
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supply by ELETROPAULO. Meanwhile, only 157 of the residences subscribed

to a telephone system in 1986.
2.5.2 Social infrastructure -

" According to the municipal’ information, there are 78 educational
facilities' iIin Cubatso, distributed 'as ~follows: 11 nursery
schools/kindergartens, 20 first and secondary  grade schools, 3
universities/colleges, and 44 miscellaneous schools. Regarding medical
facilities, 3 hospitals and 11 clinics are situated. Cubatdo
municipality has 82 churches and 64 public-facilities iﬂcluding'a citf
hall and an assembly hall. These facilities are enumerated in Table
A17. . .

No social infrastructures exist in thé other three municipalities
in the study area: S@ao Vicente, Sao Bernardo do Campo and: Santo Andre
since these three municipalities are covered with desp forest, bush and

grassland. .

3. PROJECTION OF FUTURE DEVELOPMENT FRAMEWORK
3.1 Target of Projection

‘The primary objective of the study is to formulate Feaéibility
Study up to the middle of 1990s for the priority project selected among
the Master Plan, in which disaster'prevention measures for the study
area will be materialized in line with the viable regional framework.
The direct tangible benefits from the project will be considered to be
economic effects being accrued from the reduction of the disaster

damages in the study area.

The study area, in particular, Cubatio municipality, has been
still developing rapidly in recent years, and will be more urbéﬁized and
industrialized in yeérs to come than in the past. This economic groﬁth
in the municipality, which will contribute to the regional economy more
significantly, will enhance an increase of various economic ‘and
industrial assets as well as social welfare. At:the same time, this
enchancement will also increase the damageable assets which are subject
to the future possible disasters.
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With due consideration of the above in this study, the project
benefits are estimated under the socio-economic projection in the future
regional framework, based on the present conditions explained in the
previous section. The future regional.development framework is assumed
from three components: (1) current development plan, (2) socilo-economic
p:ojection.'and {3) land use plan in the study area. Of the above, the
future socio-economic framework is projected up to the year 2020 and
assumed to be constant for the period ovar the year 2020 owing to data

availability and uncertainty in the far future.

3.2 Development Plan

"The nation®s eéonomic development has been led by the so-called
"New Cruzado Plan", promulgated in June 1987, directed by the former
government. - This plan aimed at staving off rampant hyperinflation
nationwide as well as enhancing economic growth of around 7% per  annum
in early 1990s. However, with initial failure in undertaking this plan,
the national economy was'depressed with no real growth in 1988 and

provisional 3.6 Z in 1989,

The new government innaugurated in the middle of March 1990
introduced the new economic plan called the "Collor Plan". This Plan
primarily focuses on eradicating inflation by introducing shrinkage in
financial accounts, a wage and price freeze and new taxes. It also aims
at reshaping domestic économy by privatization of the country's state
enterprises and undertaking administrative reforms. However, a definite

development plan under the new administration has not worked out yet,

In the state level, the state government has not established a
concrete ‘development plan in the territory of the state., In the study
area,_GubBtEo'municipaiity has envisege future zoning plans which intend
to lead to desirable municipal land use. These plans are mainly based on
the present land use and will show the future direction of urbanization
and-indﬁstrialization.'HoWever, the implementation schedule and shemes,
which may include resettlement of some inhabitants in planed zones, have

not set out so far.
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3.3 Socio-economic Projection
3.3.1 Population and labor force

_ Brazil’s future population is projected by IBGE up to the year
2000 by state as shown1in Table A.18. The country's population beyond
the year 2000 is estimated with the annual growth rate of_l.sz.between
2000 and 2010, and 1,22 between 2010 and 2020.‘$imila£1y. the population
in.thé state-of Sao Paulo is projected with.the annual growth of 1.7%
during 2000-2010, and 1.52 during 2010-2020. The municipal population in
Cubatao is estimated at 135,100 in 2000, 164,700 in 2010, and 194,900 in
2020, based on the population of 103, 547 in 1990,

The .econoiically. active population in’ Brazil 4is assumed to
account for 751 of the total population beyond the year 2000, from the
percentage share of 74.7X in 1990. Meanwhile, the economically'active
population in Sdo Paulo is projected in proportion of 80Z to the state
populatidn based on the share of 80.72 in 1987. This population in the
municipality of Cubatao is similarly assumed at 75% over the projected
period up to the year 2020,

The labor force participation is assumed at 62.52 in year 2000,
65.0% in 2010, and 67.5% in 2020 for Brazil, the state of S&o Paulo and
Cubatdo municipality.

3.3.2 Economic growth

With the onset of the new economic plan introduéed in March 1990,
it is hard to project the prospective future economic growth.of the
country. However, the stringent economic policies imposed by this plan
are expected to undermine the economic growth at least in the short rum.
According to the projection by CNPq,-the country's economic growth in
real terms 1s estimated at 2I for 1990-92, 5% for 1993-2000, and 7% for
2000-2010, In this study, however, the real-economic_growth of GDP is
conservatively projected at 3.0% over the period between 1990 and 2000,
and 2.0% beyond the year 2000. With this assumption, the future GDP is
estimated at Cr$ 1,877 billion in 2000, Cr$ 2,288 billion in 2010, and
Cr$§ 2,789 billion in 2010, as shown In Table A.19, based on the 1989

constant prices.
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The GRDP of the state of SAo Paulo is projected to account for
42.0% of the nation's GDP at 1989 constant prices, based on the
percentage share of 42,67 in 1980. The GRDP is estimated as follows: Cr$
573.9 billion in 1989, Cr$ 788.2 billion in 2000, Cr$ 960.9 billion in
2010, and Cr$ 1,171.3 billion in 2020,

3.4 Land Use Plan

Population and regional economy in the study area is expected to
increase at comparatively high speed as explained in section 3.3,
although its pace is assumed to be lower in the future than in the past.
To cope with ihe population increase and spacial constraint, in
perticular the residential area, the municipality envisages a future

land use plan dividing each area for specific purposes.

Regarding the built-up area in the Cubatao municipality, Vila
Natal to the West of the municipal center and Casqueiro to the South
albﬁg the Anchieta highway are planned to be used for exclusively
residential use. The municipality is also planning to use the mangrove
area lying to the South along the coastal line as a resettlement
residential zone for those specifically who are residing in dangerous

mountain area and Vila Nova area.

Along the resettlement program in Vila Nova area where urban

squatters are settling today, the municipally is planning this area for

industrial use, in particular for maintenance and services for

industrial establishments. The municipality is also projecting a low
elevation zone lying in the opposite side of COSIPA for the metal

processing industry.

These future land use plan envisaged by the municipality an shown
in Table A.4. The municipality, in general, is planning the North and
East areas for industrial use, the South for exclusively residential
use, and the central zone for business, commerce and services, as well

as for administrative use as today.
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LIST OF REVERENCES ARD DATA COLLECTED

A04

ADS

AQS

AGT

A08
A0S
Al0

Al

Al2
Al3
Al4

Alb

Al6
A1T

Al8

BSTATISTICAS HISTORICAS DO BRASTL

ANUARIO RSTATISTICO DO BRASIL
BRASIL PROGRAMA ECONOMICO

ROLETTM MENSAL
RELATORIO

CENSO INDUSTRIAL — BRASIL
CENSO TNDUSTRIAL — BRASIL

- CENSO INDUSTRIAL - BRASIL

CENSO DEMOGRAFICO - BRASIL
CRNSO DEMOGRAFICO - BRASIL
JENSO DEMOGRAFICO - BRASIE
CENSOS DOS SERVICDS - DBRASIL
CENSOS DOS SERVICOS - BRASIHL
CENSOS D0OS SERVICOS - BRASIL
JONJUNTURA

ANUARIO ESTATISTICO DO BRASIL
ANUARIO ESTATISTICO DO ESTADD DB
SX0 PAULO

PRSRUISA NACIONAL POR AMOSTRA
DE DOMICIL108

PESQUISA NACIONAL POR AMOSTRA
DE DOMICLLIOS

PESQUISA NACIONAL, POR AMOSTRA

D DOMICILIOS

CENSO INDUSTRIAL - SAC PAULO
CENSO INDUSTRIAL - SAO PAULO
CENSO TNDUSTRIAL - SXO PAULO

CENSOS ECONOMICOS - CENSO INDUSTRIAL

$X0 PAULO

CENSO DEMOGRAFICO - SKO PAULO
CENSO DEMOGRAFICO - SAO PAULO
CENSO DEMOGRAFICO - SKO PAULO

1550-1988
1989
1990

ABRIL/90
1949

1960
1970
1980
1960
1970
1980
1960
1970

1980

1989
1988

1940
1985
1987
1960
1870
1980
1975
1960

1970
1980

TBGE

IBGE
Ranco
Central
do Braail
Banco
Central
do Brasil
Banco
Central
do Bragil
1BGE

1RGE

1RGE

1 BGE

IRGE

IBGE

T1BGE

IBGE

IBGE

FGV

TBGE
SEADE

1 BGE
TBGE
THGE
1BGE
1hGE
TBGE
1 RGE
1BGE

1BGE
TBGE

{to be continued)
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A28 CENSO DOS SERVIGOS ~ SAO PAULO 1960 1BGE

A29  CENSO DOS SERVICOS - SRO PAULO 1970 TRGE

A30  CENSO DOS SERVIGOS - SKO PAULO 1980 IBGE

A31  CENSO COMERCIAL - SXO PAULO - 1960 1BGE

A32  CENSO COMERCIAL - SXD PAULO 1970 TBGE

A33  CENSU COMERCIAL - $X0 PAULO 1980 IBGE

A34  INDICADORES DO DESEMPRNHO RCONOM1CO 1987 SINERG
DAS REGIOES DE GOVERNO E DOS MUNICIPIOS

A35  INDICADORES DA EVOLUGXO SOCIO ECONOMICO 1985 SINERG
DO ESTADG DE SXO PAULO

A36  SAO PAULO 1990 SEADE
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PABLE A.1 GENERAL OUTLINE OF STUDY AREA

Municipality

Item Sao Bernardo Total
Cubatao San Vicente  do Campo Santo Andre
1. Administrative Area{tg.km)
- Urban Area 34.5 - - - 3.5
~ Rural Area . §5.2 36.3 103,5 12.5 217.5
Total o 99.7 36.3 103.5 12.5 252.0
2. Population {1980) *1 :
- Urban Population 72,237 - n.a - 72,237
- Rural Population 545 B " - - 545
Total 72,782 - " _ - 72,782
3. Population (1990}

- Urban Population 97,039 - - - 97,039
. - Rural Population - - 504 - 504
i% Total 97,039 - 504 - 97,543

4. population Growth Rate (%)

- Urban Population 3.0 - - - 3.00
- Rural Population ' - - - - -0.79

5. Population Density (1990) *2

{persons/sq.km)

- Urban Area 2,812.7 : - - - 2,812.7
-~ Rural Area - - 4.9 - 2.3
Total 973.3 - 4.9 - 387.1

6. Humber of Establishments *3
- Agriculture - - _ 55 - 55
"= Industry 152 - 20 - 172
-~ Commerce $ Services 1,473 - 30 - 1,503
- Others a0 - 20 - 221

- Total : 1,826 - 125 - 1,951

Source ¢ Bo!et_im Informativo,1988:: PNC
goletim Informativo,1989: PHC

Remarks : *1 Estimated on the basis of the annual growth ‘rate and municipal population.
*2 population density is estimated on the basis of the built-up area.
*3 Representing total establishments in the Cubatao in 1988 and estimated on
the basts of aerial photos in Sao Bernardo do Campo.
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TABLE A.12 CHANGE OF RESIDENCES, TNDUSTRIAL, COMMERCIAL AND SERVICES

3

ESTABI.ISHMENTS IN CUBATZAO

Commercial &

Year Residence Industry Services Othéfs Total
1982 12,545 147 1,309 129 14,130
1983 13,424 135 1,312 139 ' 15,015
1984 13,699  138 1,424 171 15,432
1885 14,465 144 1,445 199 16,253
1986 15,381 142 1,446 | '209 17,177
1987 16,146 162 1,458 202 17,968
1988 o 17,476 152 1,473 201 19,303
Source: Boletiﬁ Informativo, 1988: PHC
Boletim Informativo, 1989: PHC
Remarks: Numbers from ELETROPAULO.

TABLE A.13 INVENTORY OF COMMERCIAL AND SERVICES ESTABLISHMENTS
"IN CUBATAO

Number of

Sector
Establishments
Commerce _ 752
- Retail 50
- Whplesale 702
Services o 520
- Hotel & Catering 387
- Maintenance & Fixing 61
- Personal Care 32
- Others 40
Total 1,272

Source

Remérks_

: Boletim Informativo, 1988: PMC

: % Data in 1986



TABLE A.14 CHANGE OF PRICE INDEX AND FOREIGN EXCHANGE RATE

----------------------------------------------------------------------------------------------------------------------

...................................... mo———— 0P Index of Foreign Exchange Rate (Cr$/Us$)

_ Consumer Price Index Annial Rate (%) Implicit Real GDP  wo-mr-wemmmmmommeSesadem
Year/Honth ~euusiedmmmmurasneenasrrnens  —on —m e Deflator  (1980=100)  Official Tourist
Brazil Sao Paulo Brazil Sao Paulo ' Rate Rate
1570 . 3.8 1.9 - - 3.6 43.7 0.00000480 -
1971 © 4.6 4.7 10,9 15.9 4.3 48.7 0,00000564 -
1972 . b4 5.5  17.5 17.0 5.1 54.5 _0.00000619 .
1973 6.1 W 13,8 12.5 6.6 62.1  0.00000620 S
1974 8.1 8.2 3.4 331 8.0 67,1 0.06000737 -
1975 10.5 10.8 20.7 1.3 - 12.0 70:6 . - 0.00000899 e
1976 15,1 15.8 43.6 46.2 '16:9  -77.9 ¢ 0.00001215 -
1977 21.4 22.4 41,5 . ALS 24,6 81.7  0.00001585 -
1978 30.6 32.6 430 45.1 34,0 - 85.8 0,00002055 -
1979 51.2 - 52.9 67.1 62.8 52.5 91.6 0,00003959 -
1980 100.0 100.0 95.3 £9.2 100.0 - 100.0 ¢.00006404 -
1981 191.2 192.3 91.2 92.3 207.9 . 95.6 0.00012504 -
1982 1378.3 383.8 97.9 99.6 427.2  96.3 0.00024481 -
1983 1,056.2 1,044.8 179.2  172.2 1,031.1 . 93,0 0.00004614 -
1984 3,203.3 3,155.7 203.3  202.0 3,248.8 §7.7 0.00300855 .
1985 10,508.1 - 10,3561 - 223.0  228,2 -.  10,781.3 1057  .0.00091200 -
1985 18,625.6 19,305.9 77.2 86.4 76,302.6  113.7 _0.01455000 -
1087 92,133.3 92,676.1 394.7  380.0 81,452.9 117.8 0.06748000 -
1988 952,290.0 947,056.7 933.6  921.9 £29,399.6 117.8 0.67103000 -
1089 17,758,971.2 17,846,904.7  1,764.9 1,784.5  9,030,940.3  122.1  11.30200000 3.5
1990 : '
January 27,723,530.7 31,148,202.8 56.1 74.5 - - 17.643 35.20
February 47,900,716.2 53,001,781.9 72.8 70,2 - - T 30,438 59.10
March  88,290,599.7 94,931,491.5 84.3 79.1 . - 41.933 44,50
April  127,844,787.8 114,098,159.7 14.8 20.2 - - 50,845 65.80
May 137,906,172.3 123,830,732.7 7.9 8.5 . - 54,975 . B0.50
June  151,076,212.1 138,318,928.5 9.6 1.7 - - 60.735 83,00
July  170,595,258.0 163,962,799.3 12.9 11.3 - : -

Source + Estatisticas Historicas do Brasii, 19903 IBGE
Anuario Estatistico do Brasil, 1989:1BGE

Remarks : *1 Quoted at the end of the Year.or Month {Base: December 1980-100), - :
*2  Consumer Price Index is guoted from INPC up to 1987 and from IPC since 1988,
*3 Consumor Price Index in Sao Paulo is measured in Greater Sao Paulo.



TABLE A.15 PRESENT LAND USE IN STUDY AREA : 1990
(Unit: sq.km)

Hunicipality
Item Sao Bernardo Total
Cubatao Sao Vicente de Campo Sante Andre

1. Build-up Area '34.5 {34.6) - : - s - ' 34.5 (13.7)
- Residencial 20,6 {24.7) - - - 24.6 (9.8)
- Others 9.9 (9.9) - . - 9.9 (3.9)
2. Industrial Area  22.9 (23.0) - - . - 22.9 (9.1)
3. Grassland 11.8 (11.9) - 5.0 (4.8) 1.5 (12.0). 18.3 (7.2)
4, Forest & Bush 30.5 (30.6) 36.3 (100.0) 98.5 (95“.2),_ 11.0 {83.0) 176.3 (70.0)
Total ) 99.7 (100.0) 36.3 {iOD.O) 103.5 (100.0) 12.5 (IBQ.O) * 252.0(100.0)

Remarks: * Each area is measured on the basis of both topographic map and aerial infrared photographs.

TABLE A.16 TRAFFIC VOLUME OF MAJOR STATE HIGHWAYS

Anchieta(5p-160) Imigrantes{SP-160} . Pagaguera(SP-140)
B T i L L ET LI LT s rdm mdemmamaeae -— e
Autemobila Truck Buss Total Aatomobile  Truck Buss Total Autarobile  Truek Buss Total
1,972 3,274,895 954,165 108,733 4,347,704 - - - - 2,483,676 1,384,212 356,484 4,224,372

1,973 3,493,232 1,112,087 116,007 4,726,326 - - - - 2,271,760 1,455,255 325,215 4,052,230
1,874 2,551,272 1,054,328 84,720 3,690,320, . 1,931,958. 268,103 - 25,626 2,275,693 2,464,195 1,322,395 333,975 4,117,565
1,995 2,044,370 1,004,670 67,885 3,116,925 2,175,956 179,397 85,184 2,440,537 2,892,990 1,465,110 511,365 4,869,465
1,976 2,789,353 1,050,373 92,626 3,932,352 = 2,474,791 156,850 96,900 2,723,550 2,700,714 1,724,956 675,270 5,100,942
1,977 2,742,097  §34,560 91,054 3,818,111 2,724,519 253,470 106,695 3,084,693 3,130,970 1,680,825 706,640 5,518,435
1,978 2,760,610 919,543 91,657 3,771,805 3,109,825 370,962 121,771 3,602,558 3,343,765 2,202,930 065,835 6,322,530
1,979 2,832,054  BI0,572 94,043 3,736,669 3,641,666 547,288 142,570 4,331,524 3,622,260 2,107,145 736,935 6,466,340
1,980 2,594,788 816,951 86,140 3,497,879 3,415,610 647,384 133,718 4,196,712 3,829,092 2,532,720 959,286 7,321,052
1,891 2,485,185 695,500 82,554 3,264,239 3,504,939 595,552 137,203 4,738,604 3,440,855 1,743,605 080,025 6,164,485
1,582 2,422,738 604,191 80,430 3,107,359 3,682,022 555,725 144,157 4,381,914 2,827,655 1,925,375 884,030 5,537,060
1,983 2,272,974 607,522 75,451 2,955,540  ©3,740,652 596,711 145,418 4,483,781 3,086,085 1,774,630 766,500 6,428,015
1,584 2,248,755 684,308 74,704 3,008,367 3,156,067 660,841 547,066 4,563,974 3,245,580 1,939,245 806,440 6,081,265
1,585 2,419,833 688,027 80,301 3,188,097 3,909,561 644,641 153,051 4,707,253 3,449,141 1,979,030 £61,857 6,290,028
1,586 2,711,888 712,741 90,25 3,514,885 4,640,477 713,760 181,663 5,535,900  3,652,701. 2,008,815 965,151 6,636,667
1,987 2,601,837 756,255 86,785 - 3,454,877 4,812,524 786,663 188,389 5,767,576 3,837,031 2,224,602 849,538 6,961,171
1,968 2,508,010 817,416 33,448 3,409,874 4,644,658 739,906 181,826 5,566,392 3,775,144 2,160,425 824,964 6,760,533
1,989 2,851,554 821,709 86,407 3,770,070 . 5,180,212 743,07t 195,475 6,119,758 3,551,085 2,417,030 871,620 6,839,735




TABLE A.17 TNVENTORY OF SOCIAL INFRASTRUCTURE IN CUBATAO -

Item . Numbers -
1. Education Racility 78
-VNursery'School / Kindergarten _ 11
- First & Secondary Grade School 20
~ Miscellaneous School 44
- Univergity / College 3
2. Medical Facility 14
- Hospital 3
- Clinic 11
3. Religious Facility
- Church 82
4. Public Facility 64
- City Hall 1
- Assembly Hall 1
- Welfare Facilities 12
- Residential Asscciation 12
- Chamber of Commerce 5
- Others 2
Source : Doletim Informative, 1988: PMC
Remarks ¢ Data in 1986

gga
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ANNEX B

SEDiMENT RUN OFF AND F’LQOD
D!SASTER DAMAGE SURVEY .
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1. INTRODUCTION

Frequent disasters have occurred in the study area, caused by
heavy rain.during rainy seasons between October and March. In
particular, Cubatao municipality lying downstream of the Serra do Mar
has suffered two types of disasters; flood disaster and sediment run-off
disaster. Flood disasters have happened in the residential area in the
municipal center lying in the Cubatao river basin and an industrial area
in Vila Parisi lying in the iji'river basin, respectively. Besides,
industrial establishments. which are siﬁuated at the very foot of the

‘Serra do Mar to the North of the municipality, have been attacked by

sediment run-off disasters. The most serious disasters that have
happened were the flood disaster which innundated most of the
residential area in 1971, and the sediment run-off disaster which
atfacked the industrial establishments in January 1985.

Disaster damage surveys aim to collect the actual information on

past disasters as well as to clarity the magnitude of the respective

disasters in order tb estimate accurate disaster damages. These survey

-activities were made by collecting actual damage records through

organizations concerned and by means of interview survey to old local

inhabitéuts and so forth.

- Regarding the flood disaster in Cubatao river basin, 1971 f£lood
which was mostly examined hydrologically, is particularly used for
inundation analysis. On the other hand, flood in Moji river basin is

chiefly analysed by the interview survey conducted by the study team.

'A§ far as the sediment run-off disaster 1is concerned, damage
survey for the industrial establishments is based on questionnaire made
by the special commission in 1986 and by SMA at the request from the
study team.

.In this ANNEX-B, probable damages incurred by the flood -and
sediment run-off disasters are elaborated through collected data and
various information pertaining to the past disasters occurred in the

study area.
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Z. PAST LARGE SCALE DISASTERS
2.1 Flood Disasters
2.1.1 Actual flood damage

From the data and- information collected during the survey, and
precipitation records - obsetved ma jor past floods ocurred in February
1971, January 1973, January 1976, November-1979. January 1983, January
lQSS,-aﬁd’Décembe: 1988. Among them, the flood.ih January 1971 would be
considered the largest flood in Cubatao river basin;'Meanwhile. in Moji
river basin,  Vila: .Phrisi area situated between Indio and Piacaguera
‘rivers has been habltually inundated due to overflow from MOJi river and

its tributaries.

With respect ﬁo damage recdrds. no exhaustive sur#éy for the'past
flood has been made except for the flood in 1971, which was investigated-
thoruughly in 1973 as the works for the’ Cubatao River Use and Control by
the state government. This investigataon indicated a peak discharge of
nearly 860 cu.mfs with zb-year return_ﬁeriod and - discharge volume of
approximately 19.4 million cu.m with B»year'retdrn'peribd. The . flood
damage incurred from this flood was estimated tézhave been 'Cr$ 18.5
million.at price level in October 1973, comprising Cr$ 13.2 million in
Cubatd@o river basin and Cr$ 5.3 million in Moji river basin,

respectively.
2.1.2 Area-depth-duration sur#ey

The characterlstics of 1971 flood are explained in such a way
that the flood seemed to have ocurred when the sea water intruding into
low marsh area lylng in the South of Cubatao center was rising, causing
to prevent overflowed water from mitigating into the Qdean. According to
the said study repért. inundation of flooding lasted 3 to 4 hoﬁrs in
mest of the urban area and a couple of days in low elevation area such
as Vila Nova in the South of the' center. The maximum inundation height
was reported to be approximatly 3.5m. The inundation area extended over

about 340ha of the city corresponding to this maximum inundation’ height;
Damagé survey to the old inhabitants made by the study team also
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reveals the similar results regarding'inuhdation height, duration and
direction of the flood water. Accofding to this interview survey, most
of the municipality areas were inundated for several hours and only

retarded water in low land remained 2 or 3 days.,

As'far.as the inundation in Moji river basin is concerned, flood
situation in Moji - would be more habitual, In particular, Vila Parisi
area, the elevation of which afe between 3.2 m and 3.7 m at sea levei,
has been inundated almost every 2 or 3 years, even though inundation
height would be as low as around 10 to 30 cm. This area is said to have
been inundated around 2 te 3 meters over 4 to 5 days in 1972 and 1976

floods.
2.2 Sediment Run-off Disasters
2.2.1 Sediment run-off damage

A large number of small scale landslides.on the steep slope of
the Serra do Mar have occurred almost every 5 to 10 years in rainy
seasons during the past 30 years. six'past'm&jOr sediment run-off are
reported. since 1960 as fellows: 1962, February 1971, January 1976,
February 1980, January 1985 and December  1988. Among the above, 1985
sediment run;off disaster was the largest in sediment yield and the most

serious to the industrial establishments,

The industrial cbmplex comprising mostly petrochemical
establishmeﬁts suffered serious damages by the massive sediment run-off
on its properties in January 1985. The damage extended over destruction
of'machine.'equipment, installation and faéilities, damages to products
and materials and even temporary suspension of production line,
According to the questionnaire survey to affected establishments, total
direét damage and losses due to this disaster was reported to amount to

approximately Cz$ 17.2 billien.

2.2.2 Sédiment yield survey

. Sediment ‘yields for the past major sediment run-off disasters

were surveyed on the basis of data and reports collected from agencies
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concerned;_Total sedimen£ volume for respective pasﬁ,disasters in the
whole basins are estimated as .follows: 7,600 m3 in 1962, 70,600 m3 in
February 1971, 94,400 m3 in January 1976, 58,600 m3=in February 1980,
194,300 m3 in January 1985 and 103,400 m3 in December 1988.

Of the above, a sediment ruhnoff disaster in January 1976 damaged
some . installation and production facllities of COPEBRAS, ome of the
largest petrochemiCal.establishments in Cubatgo. According to the
interview_éurfey with the factory personnel concerned, the establishment
was forced to remove a massive volume of sediﬁent totalling -some 100,000
m3., On the  other hand, the sediment run-off and__debris_’flow which
occurred in January 1985 almost reached the storage tanks. of
petfééhemical materials located at the very foot of the Serra do Mar
belonging to PETROBRAS, which is one of the nation’s largest

petrochemical establishments,

_ This disaster caused serious damage to the factory properties and
assets of PETROBRAS. The 1985 sediment run-off motivated several
establishments to take possible preventive measures such as constructing
a geries of 9 gabion check dams upstream on the Pedras river.

3. ESTIMATION OF PROBABLE DAMAGE

3.1 Procedure of Estimation for Probable Disaster Damage

.This section sets ort the procedure to estimate the probable

disaster damages which will be brought about by sediment run-off and

flood disasters. The probable disaster damages are considered to be
basic figures to estimate benefits acruing from the disaster prevention
works under the present conditions. The benefits from the works is
conceptually defined as the surplus in monetary terms between disaster

damage with and without the prevention works.

The socio-economic damages due to. disaster are primarily
classified into two main components as illustrated in Table B.1l: (1)
Losses of damages to social capital, and (2) Expenses of emergency

activities. The first component 4is further divided into two sub-

components: (i) economic activity losses which are composed. of (&)
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damage and losses to accumulated properties such as buildings, machines,
equipment, installatidn and office supplies, (b) damage to inventory of
stocks and products éuch as raw materials, semi-products, manufactured
produts and merchandise, and (c) opportunity losses which consists of
losses of expected profits Ithrough damageable stocks, products and
merchandise, and suspension of husiness or production activities due to
damaged properties and infrastructures. The second sub-component, social

activity losses, comprises (a) damages to residencial houses including

‘household effects, and (b) damages to infrastructures which are further

divided into social infraestructures such as - education facilities,
medical facilities and other public entities, and economic
infraestructures_such as transportation facilities, water supply,

electric supply and telephone services.

On the other hand, the second component, or expenses of emergency
activities, is comﬁoséd of (a) restoration_activities such as removal of
sediment, mud and trash, (b) evacuation of victims, (c) relief
acfivities'of food and medical services, and (d) restoration of public

hygiene, and so forth.

Taking this damage structufe into consideration, the disaster

damages are itemized for convinience for benefit estimation as follows:
(1) Direct damages comprising three main categories.

1) Losses of economic values for damageable properties which are,
furthermore, divided.into two categories; (i) depreciable assets
such as residence, building, shops, machines, equipment,
inétalldtion, office gupply, furniture and vehicle, and (ii)

inventory of stocks and products.

Thié-category is classified by economic and industry-wise

activities for convinience for benefit estimation as follows:

Vf(a) Residence consisting of houszing qnit and the household

effects.

" (b) Industrial establishment congisting of depreciable ‘assets
.such as building, machine, equipment, installation, office
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‘supply ‘and vehicle, and- inventory of stock and products
‘includiﬁg expected profits through damageable inventory of

stocks.

(¢) Commercinl gnd gservices ‘establishment cOnsisting of
' depﬁeciable assets such as shop, ‘maéhihe, equipment,
:ihstﬁllation, furniture and yéhiCle; and inventory of stock
and products inéluding éxbected profit  through damageable

inventory of stocks.

2) Infréétructure damages to Social and ecohomic;infraestructures,
assumed to be zero to 252 of the damageable properties dépending

upon the importance and vulnerability subject to disaster.

3) Restoration activitigs such as removal of sediment, mud, trashes
-and other substances washed away or flowed out by the sediment

run-off or flood.

(2) Indirect damages comprising {a) opportunitj losses of expected
profits through damageable inventory and of business or production
activities, and (b).expénses of emergency activities as stated before.
Indirect losses incurred “in industrial and commercial . sectors are
estimated based on affected establishments. The amount of indirect
damages is assumed to be 10 of the direct damages in case of the flood
disaster and varies from zero to 100Z in case of the sediment run-off
disaster since this disaster will bring about uncountable and tremendous
economic démages and losses, and social catastrophe to the entire

municipality.

No damages in agricultural sector are incurred from the disasters
in the study area, since there is no economic activities involved in

this sector,

In case of residences, small and medium scale manufacturing
establishs, and commercial and serviées'éstﬁblishménts, the number of
damageable properties was basically couﬁted from the latest topographic
map with a scale of 1 : 5,000 taken by the study team.

On the other hand, regarding the major industrial establishments
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which  are moétly vulnerable to sediment run-off ‘disaster damageable
pfoperties are estimated from census data by updating latest survey for
respective establishment. This is the reason that since the major
industrial establishments in Cubatdo are enormous in scale and value of
production, estimating damageable propérties'of these establishments by
averaged data in Sao Paulo or Cubatao will be likely to lead to

incorrect underestimation of the whole properties as they should be.
3;2 Flood ﬁamage
3.2.1 Area-depth-duration analysis
Area—aepth~duration analysis is carried out by using the
following probable flood peak discharge flowing into the Cubataoc and

Moji river basins, as shown in Table B.l and B.Z respectively, under the

present river conditions.

Probable Flood Peak Discharge

(unit:cu.mfs)

River Basin _ _ Return  Period

2 5 10 25 50 100
Cubatao ' - 916 1301 1,555 1,876 2,121 © 2,366
Moji 243 367 " 453 568 652 714

Note: Probable discharges at river mouth.

Run-off simulation model using non-uniform flow calculation
method is applied to ¢onverting these flood peak discharge to water
level, with due consideration of topography, hydrograph, river and

connel conditions.

Based on this simulation anaiysis against the above probable
flood discharges, flood protéction area Iin the study area is determined;
approximately 12.0 sq.km'in Cubatac river basin and 8.0 sqg.km in Moji
river basin, réspéctively, as illustrated in Fig. B.2. '

According to'this_analysis, the maximum inundation depth for 50-
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year return period, which is equivalent to the design scale of
provisionai-f1¢od control plan, is simulated approximately at z.ﬁ'm';n
Cubat@o river basiﬁ_ and 1.9 m in Moji river basin, respectively.
Meanwhile, flood duration with 50-year return period is . also simulated
at around 3-~4 hours in Cubatdo river basin and 2-4 hours to reach peak
inundation, lasting 2 days in Moji river basin., Inundation map due to
So-yeaf probable flood is illustrated in Fig. B.3 for Cubatdo  river

basin and in B.4 for Moji river basin.

With river improvement works designed for 10-year return period
on the.Moji'mainstream.'probable inundation is also simulated as shown
in Table B.4. According to this analfsis,.flood situation was imprbﬁed
in rather upstream séétion-of the Mojii river: no inundation was
simulated over- the mesh number 20 below the 10-year return period,
except. for Neo.24. Maximum inundation depth with IO»year-réturn period

was estimated at 0.7 m.

3.2.2 Identification of damageable properties

Damageable properties are identified thrdugh the topographic

information, aerial photographs, and field survey in order to clarify
and acquire more precise indigenous information in some local areas,

which will not be identified by static data.

Most of the municipal offices, & large number of commercial and
services establishments, and public facilities are situated in the
central zone of Cubatao municipality. Meanwhile, densely populated
residential areas are located in the South and East of the municipal
center. Moreover, 1in the circunference of the center, large scale
industrial establishments are in operation. In particular, -huge
petrochemical complex is located on the North of Cubatao river, just
oppesite side of thé municipal center. Other major petrochemical
establishments are also located at. the left bank of Cubatgo river

downstream the confluence with its tributary Pereque river.

Regarding the Moji river basin, -large scale Industrial
estabilishments are in production as well. Particularly a series of
petrochemical establishments are situated in the vicinity of Indio and

Piagcaguera rivers, which are both large tributaries of Moji river.
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Furthermore, Brazil’'s largest steel works are lying on the left bank and

bending portion of Moji river.

With respect to the type of construction of residences and
buildings, - two-story buildings are common in the central zone of
Cubatho. Most of the residential houses in the South and East of the
municipal éenter are of single-story construction. Meanwhile, Vila
Parisi area, the only residentisl area in Moji river basin, is occupied

with slum houses by urban squatter of low income.

3.2.3 Inventory of damageable properties

Through the above procedure, damageable properties in both flood
protection areas are estimated, as detailed in Table B.3. In Cubatao
river basin, the numbers are as follows:_a,ﬁoo residences, 90 medium.and
small manufacturing establishments. 420 commercial and services
establishments,.and 6 major manufacturing establishments. In Moji river
basin, these numbers are 250 residences, 10 small scale commerce and

services shops, and 9 mdjor manufacturing establishments.

_ In both flood protectlon areas, no damageable properties in
primarity sector or agricultural sector are counted since there is no

economic activities and no population engaged in this sector.
3.2.4 Estimation of unit value of damageable properties
{1) Residence

Most of the residences in the South and East of the GCubatao
municipalitf are:rathér old, although new houses have been constructed
in the surrounding areas. There are various types of houses in the flood
protection area, varing from 2-story housing unit in center and l-story

house flat apartment to slum house in Vila Parisi area.

_  According to the state statistical information on population and
residence in Cubatdo, an average floor size is approximately 75 sq.m, 35
sq.m smaller than the state averge of 110 sq.m. Through the information

from the municipality and real state, a standard unit construction cost
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for a new house is‘arouﬁd Cr$ 15,000 per sq.m. Hence, a complete new
house with installed wutilities comes to Cr$ 1,125 .X 103, Household
effect is then assumed at arrouhd 252 of the value of a residence.
Therefore, a welleurnished new house is estimated at Cr$ 1,406 X 103,
consisting of cr$ 1.125 X 103 for. a housing unit and Cr$ 281 X 103 for

household éffeéts.

Taking the above results into cdnsideration and actual situation
from site survey, an average salvage value of a housing unit is asstmed
between 10Z to 40% and 35 for household effects. In municipal center, 8
present average value of an existing house is estimated at Cr$ 400,000
comprising Cr$ 300,000 for a residence and Cr§ 100,000 for a household
effects. Then the above average value is converted from place to_pléCe.
considering housing quality and locality ‘as follows: 80% in Vila Nova
area, two-thirds or 652 in the East area of the center and 25¢ in Vila

Parisi, where all the houses are made of destructed slum building.
(2) Industrial establishment

Properties of industrial establishment largely consist of fixed

asgets and inventory of stocks. - The fixed assets are furthermore

classified into (1) land and building such as office and factory, (2)
equipment and machine, (3) installation for production, (4) utencil and
furniture, (5) vehicle, and (6) intangible assets such as stock and
bonds. Properties from item (2) to (5) and bﬁildiﬁg in item (1), which
are termed as depreciable assets, and (6) inventory stocks constitute

damageable properties subject to flood disaster.

Asset holdings of the industrial éstablishments are estimated
from the industrial census report in 1980, as shown in Table B.S. Based
on the scale of production in the past and industry—wﬁse asset holdings
in the report, properties of the.major establishments were estimated by
establishment because of data availability, as shown in Table B.6.

The damageable values of industrial establishments are converted
from that in 1980 to 1990, by pr;ce index of approximately 1.38 million
over the unit rate in 1980,

Damageable properties for other small  manufacturing
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establishments in Cubatao is assumed at Cr$ 3 million for depreciable

assets and Cr§ 2 million for ihventory stocks.,
{3) Services establishment

Damageable propefties of commercial and services establishments
are classified in the same manner as in the industrial establishment.
Damageable properties are, hence, composed of (1) building, (2) office
equipment and'machine. (3) utencil and furniture, (4) vehicle, and (5)

inventory stocks.

Asset holdings of the commercial and services establishment were
egtimated. from the census report in 1980 as shown in Table B.7, as an
average values in the whole state. The fixed tangible assets were
estimataed at Cr$ 873,200 at 1980 current priées. Inventory stocks,
meanwhile, is estimated at Cr$ 678,000. Hence, damageable properties

amount te Cr$§ 1,551,200,

The fixed tangible assets of commércial and services
establishments in 1990 are conﬁerted from that in 1980 by price index,
as in the same process for industrial establishments. The estimated
tangible assets are estimated at Cr$ 1.09 million, and Cr$ 0.85 miliion
as the state average at the price level in May 1990. Finally, damageable
properties for commercial and services establishments located in Cubatao
are estimated varying 20-50Z of the state average for both depreciable

assets and inventory stock.

3.2.5 Flood damage rate

The standard flood damage rate for buildings and other properties
is not available in Brazil. Therefore, based on the assumption that
flood in study area would be similar to that in Japan in its

characteristics and nature, the damage rates are assumed as follows:

(1) The damage rates elaborated by the Ministry of  Construction
in Japan is applied for estimation of flood damage in the
study. Table B.8 indicates the flood damage rates by type of

building and by inundation level.
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{2) Damage rate to infrastructure is assumed to 252 of damageablé
. properties for flood in CubatEo river basin, and 157 in Mo ji

river basin, respectively.

(3) Damage rate of iﬁdirect damage to direct.damage_is assumed to
be 10X of the direct damage which  comprises damageable

properties and damage to infrastructure.
3.2.6 Probable flood damage

Baged on the result from the flood run-off simulation, valuation
analyais. on damageable properties and. damage rate, probable flood
damages are estimated for Cubatdo and Moji river basins, as summarized
below. This result is shown in Table B.9.

Probable Flood Damage
(Unit;Cr$ million)

Return Period

Basin 2 5 0 . 25 50 . 100
Cubatao 70.5 116.7 166.7 287.7 442.1 520.4
Mo ji 57.6 92.0 138.9 = 157.9 183.9 206.7
Moji (*) 64.0 101.3 130.9 140.8 157.4 168.9

Remarks: Moji (*) indicates probable flood damages with river

improvement designed for 10-year return period.
3.3 Sediment Run-off Damage
3.3.1 Sediment run-off discharge analysis
.Sediment run-off discharge analysis was made for design scale of

1/5, 1/25, 1/50 and 1/100 for 12 Sabo sub-basins} Results are shown in

Table B.11l and summarized as below:
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Design Sediment Run-off Discharge
(Unit: cu.m)

Return Period

Sabo
Sub-~basin : 5 25 . - 50 _ 100
1 0 0 0 0
2 77,600 124,200 142,900 159,400
3 56,400 87,100 99,000 109,400
4 72,900 119,800 139,900 158,700
5. 19,100 30,200 34,600 38,700
6 38,400 62,100 71,600 80,100
7 83,000 130,500 149,800 188,600
8 7,500 11,800 13,600 ' 15,200
9 13,700 21,800 24,900 27,700
10 18,700 29,400 133,700 37,700
11 13,000 20,400 23,400 26,100
12 24,500 37,300 42,500 46,800

Fig.B.5 illustrates the general layout of the location of Sabo

structures by Sabo Sub-basin.
3.3.2 Identification of damsgeable properties

Most of the target properties which would be wvulnerable to
sediment run-off disaster are industrial establishments locating in the
very foot of the Serra do Mar as indicated in Table B.1l. In particular,
large scale petro-chemical refinery establishments are the most serious
targets as follows: ULTRAFERTIL in sub-basin 1, COPEBRAS in sub-basin 2
and 3, and PETROBRAS in sub-basin 7 and 8.

On the other hand, sub-station facilities of ELETROPAULO, which
is providing electricity for Cubatao as well as Sao Paulo are the target
properties in sub-basin 10 and 11.

 The state highway SP-150 (Anchieta) is at the risk of sediment
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run-off disaster in sub-basin 12. Residences are ‘the target properties
only in sub-basin ¢ and 12.

3.3.3 Inventory of damageable properties

~Inventory of damsgeable properties for sub-basin 1, 2, 3, 7 and 8
are single petro-chemical refinery.plant. Stockyard facilities of
materials for petro-chemical products are the damageable properties in
subibasin 6, The sub-station of ELETROPAULO. is alsb single properties
against the risk of sediment run-off in sub-basin 10 and 11.

' Cdi;ective housing is estimated at 9 units and 20 units with 25-
year and'loouyear probable sediment run-of f, respectively, in sub-basin
9. Resldential houses in sub-basin 12 are estimated at 75 and 200 for
25-year and 100-year return period, respectively, through the
topographic map of 1 : 35,000 and the study result concerning the

probable sediment discharge.

Traffic volume of the Anchieta highw&y as of the end of 1989 wﬁs
recorded at annual 3.77 million through traffic survey conducted ~by
DERSA. This traffic volume is equivalent of 10,330 daily, composed of
7,840 passenger cars, 2,250 trucks and 240 buses.

3.3.4 Estimation of damageable properties
{1) Residences

In the same procedure stated in the estimation of the unit value
for flood damﬁge, the. present value of a furnished new house is
estimated at Cr§ 1,406,000 comprising Cr$ 1,125,000 for house and Crd
281,000 for household effects. Salvage value is also assumed to be
between 102 and 40%Z for housing unit and 35Z for household effects.
Then, a present average value of an existing house is estimated at Cr$
400,000, which consists of Cr§ 300,000 for a residence and Cr$ 100,000

for a household effects.
Taking the above results into consideration, the above value is
converted into Cr$ 225,000 for a house and Cr$§ 93,000 for a houséhold

effects in and around the targét area where houses are likely to be
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subject to sediment run-off damage in sub-basin 12.

(2) Industrial establishments

Asset holdings of the industrial establishments are estimated by
establishment, based on the census report in 1980 by converting into
the price in 1990 by price index as explained in the flood damage, which

is shown in Table B.6.

Damageable properties of respective establishments are éstim&ted
as follows: Cr$ 1,592 million for ULTRAFERTIL, Cr$ 3,430 million for
COPEBRAS, Cr§ 1,820 million for UNION CARBiDE. Cr$ 14,485 million for
PETROBRAS, and Cr$ 1,067 million for ELETROPAULO.

3.3.5 Damage rate of probable sediment run-off damage

' The damage rate due to sediment run-off disaster is quite
difficult to estimate. Hence, the estimation of damage rate was based on
the experience of the sediment run-off damages in Japan, under the

following assumption.

(1) The damage rate for building, equipment and installation is
assumed to be 0.5 and 0.8 for other damageable properties

such as utencil, wvehicle and inventory stock conservatively.

(2) Damage rate to infrastructure 1s assumed to be from zero to

107 depending on the situation in each sub-basin.

(3) Damage rate of indirect damage to direct damage is assumed to
vary 102 to 100Z, depending on the possible impact to the

gociety.
3,3.6 Probable sediment run-off damage

Based on the sediﬁent run-off discharge analysis, estimation of
damageable properties of industrial establishments and  damage rate
above, probable sediment run-off damages are estimated for 12 Sabo sub-

basins. Results of the estimation 1s indicated in Table B.12, and

summarized below:
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Probable Sediment Run-off Damages

(Unit:Cr$ million)

Return . Period

Sabo _

Sub-basin 5 25 ' 50 100
i - - - _ . -
2 82.8 398.9 . 466.1 513.6
3 21,2 303.3 . 411.0 538.8
4 27.3 45,0 52.5 _ 59.6
5 7.2 o 11.4 13.1 14.6
6 14.4 23.3 . 26,9 . 75.5
7 127.2 240.9 309.0 420.9
8 31.2 38.3 ig.e 39,5
9 10.3 55.3 72.1 114.8
10 9.4 . 37.4 91.0 123.8
11 96.6 145.2 ) 180.7 204.4
12 65.8 200.1 572.9 758.4

4. PROJECTION OF PROBABLE FUTURE DAMAGE
4,1 Procedure and Preconditions of Projection

The structure and type of damageablg properties are assumed to be
the same as stated in section 3.1, even in fhe future. However, economic
values of damageable ﬁroperties might be considered to be different from
the present ones. Distribution of damageable properties vulnerable to
flood andfor sediment run-off disasters is likely to be different from
the current location as well. These changes are assumed to proceed in
accordance with the following process, taken into account the projection

of future socio-economic conditions.
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(1) The number of demageable residences in the future is assumed
to be the same as under the present condition, in a

conservative way.

(2. The average damageable values of both residence and its
household effects are assumed to increase in proportion to

GRDP per capita, as estimated in Table A.19.

{3) The total values of bhoth depreciable assets and inventory
stock in industrial sector, and commercial and services
sector are also assumed to grow in proportion to the growth
of GRDP.

4.2 Flood Damage
4.2.1 Change of damageable properties

The present distribution of damageable properties in the flood
protection areas 1s enumerated in Table B.4. This distribution is
basically assumed unchanged in Cubatao municipality because of the
spacial limitation and overpopulation. Residential distribution of Vila
Périsi area in Mojl river basin is also assumed to be constant since
this area is projected in the future to be used for the sites of
services establiéhments-although the implementation schedule and

program has not yet formulated.
4.2.2 Probable future flood damage

The total value of damageable properties is estimated as =&
product of the number of wunits and the wunit value of damageable
properties which consist of hdusing unit and household effects in case
of residence, and depreciable assets and inventory stocks in case of
ihdﬁstriél, and commércial and services establishments. Unit values of
damageable properties are estimated under the assumptions mentioned in

the previuos section.
It is projected that'flood damage potential will increase owing
to development of economic activities, population growth and

urbanization in the flood protection area. Project benefit, therefore,
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is considered to also increase in accordance with the economic growth of

the " proJect area.

Probable flood damage in the future is simulated up to the year
2020, taken into account the change and increase of unit values of
daﬁageable properties. Table B.13 shows the probable flood damage for
the period_from 1990 to 2020 under the assumptions set out previously
and without river improvement works. Table B.14, on the bther hand,
exhibits the probable flood damage with river improvement in the Moji
river basin. The following table summarized the flood damage to be
mitigated by implementation of the respective flood control plans.

Probable Flood Damage in Future
(Unit:Cr$ million)

Return | Period
Year ' Basin _
0 . 25 _ . 50
1990 Cubatio 166.7 287.8 442.1
Moji 138.9 157.9 183.9
Moji (%) 130.9 140.8 157.4
2000 Cubatao _ 212.6 365.9 562.5
Moii 185.8 211.2 246.0
Moji (*) ' 175.7 188.9 211.1
2010 Cubatao 255.6 439.5 675.7
Moji 226.2 257.2 299.5
Mojl (¥) 214.0 230.2 257.2
2020 ~ Gubatao 285.7 487.9 7514
Moji 275.2 312.9 364.4

Mojil (%) o 260.7 - 280.4 - 313.3

Remarks: Moji (*) indicates probable flood damage with river improvement
designed for 10-year return period.

4.3 Sediment Run-off Damage
4.3.1 Change of damageable properties

The present asset holdings of the major industrial estabiishments
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