- The Sludy ont Water Resources Develop.ruem in the State of Sergipe, Brazil

'INTRODUC TION OU.’ILINE OF THE STUDY

E Background fo the Study

With the macro- economy in Brazil having established some kind of stability, the correction
of regional and social dlsparmcs is_an important issue for the achievement of steady
macrocconomic growth. For example, looking at the per capita national income, that in the
- north of the country is equivalent to just one-third or less of that in the south. As a measure
to help resolve this situation, administrative and fiscal 'ullhorrty rclatmg to regional
developmcnt has largely been transferred from the federal government to state governments
and as a result the role played by slate govemments in the promotlon of regromi
' development has become more and more lmportant '

- Sergipe Stat'e (area: 22,050 km , population: 1,600,000), the target of the Study, is located -
in the northeast of Brazil. As in other northeastern states, the main issue currently facing
Sergipe State concerns mcreasmg statewrde socio- eeononuc levels in accordance with an
effective development program. With a view o overcoming poverly and the so-called
~ “struggle for survival” in the said state; the development of basic lnfrastructure and
_ promotion of industrial growth based on this have become priority policies. In particular,

: d_wrth respect to infrastructure development the comprehensrve development of water

- resources is an isstic that requrres urgent altention. However, a master plan has yet to be
. compiled for water resources development based on a compretiensive and long—term
_vrewpomt and there thus is an urgent need to draw up and lmplement such a plan BT

S ) Serglpe State, since agrlculture is unable to absorb the natural increase in the rural
~ population, a movement of populauon from rural to urban areas is taking place. In
 particular, in the semi-arid belt in the northeast of the state, agncultural production is

struggling to grow becaUSe of dlfﬁculttes n expandlng 1rr1gatlon facilities, and a large

 -exodus of the population is occurring. As for the urban arcas, the incoming populatron is
. bemg absorbed and secondary and tertiary mdustnes are expandmg As a result, the water

- demand has increased so much that infrastructure development has been unable to keep up,
: ;and there are shonages of domestlc water and 1ndustr1ai water :

Ramfall varies accordmg to dlstrlct from 1 400 mm in coastal areas to 500 mm in the

o _northwest and the climate in the coastal belt is relatively damp, whereas that in inland

areas is semi-arid. Six rivers flow through Sergipe State, but water use is most advanced on
. 'Sao Francisco Rlver {basin arca: 640,000 km?, length: 2,000 km) whlch possesses good

- {quahty water and an abundant flow (annual average flow: 2,600 m s, minimum flow: 600

m’/s). Since flow in the other rivers dries up during the dry season and high chlorine

- concentratlon can be seen in some, it is, not possnble to expect large—scale ‘Wwater resources
development here. Groundwater is used in districts where river water is scarce; however

- because the chlonne concenfration of such groundwater is high espectally in the semi-arid -
_bclt 1t cannot bc drrectly used as drmkmg water and water qualtty needs to be lmproved :

al “.-;'It is agamst the background descrlbed above that the Government of Bra711 made a request
0 to the Govemment of Japan for the provision of tecnmeal cooperation with respect to the
“ - Study on Water Resources Development in the State of Sergipe in the Federative Republic
of Brazil (the Study) In response to this request, the Government of Japan consrgned the
S Japan !ntematronal Cooperatton Agency (JICA), the 1mplementmg agency of the Study, to E
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dtspatch the prclrmmary study team to Brazrl in November 1997, and the scope of work
(S/W) was signed and exchanged on December 5, 1997. In accordance with the S/W, it was
decided that JlCA would drspateh the btudy Team to Braal in order to conduct the Study

2 Objectrvcs oftheStudy

l" he objectrves of the Study, targetmg the whole of the St'tte of Scrglpe are as grven below

- l) To complle a master plan havmg the year of 2020 as rts target year, for watcr
resources development in cach river basin; '
-2} "To conduct a feasibility study on priority pro_]ects selected wrthm the master pl'm in
© . order to ascertain the suitability of each project; and’ o
. 3) Atthe same ttme to carry out the transfer of technology o the counterparts in Scrgtpe )
' State durmg the course of the Study tmplcmentatron

30 Study Area w

T he State of Sergrpe the Study area, is located m the northeast of Brazrl and 1s one ot‘ the' :
- nme northeastern states. It has an area of 22 050 km? and is the smallest of all states in

- Brazil. The eastern part of the stalc faces on to the Atlantic Ocean, and the state is srtuated o

between Lat. 9°30 49” to ll°34 05” S and Long 36°23’40” to 38°15 00” W

' Clrmate in Sergrpe State is dmdcd mto three (3) dlSllnCl belts accordmg to temperature and :
~ rainfall as shown in Table-1; that is to say 1) the high temperature and high humidity beit -
(Subumido), 2) the intermediate belt (Agreste), and 3) the semi-arid belt (Semi-Arido).
. Sergipe State can be drvrded mto six river systems and Table 1 grves the parttculars of each

. basin. - . A . R . ; .

| _'li"able_-:lrr Clrmatrc Drvrsron and Condltlons in Serglpe State o

Y Clifnatic Division © Subumido Belt © | 1 Agreste Belt = | ¢ Semr-Ando Belt
: CArea | Atantic coast part | Intermediate part Mainly northwestern part
Annual rainfall 1,000 - 1,400 mm | . 700-900mm - | ... 400-700mm ..
Rainyseason = . | - April - August . April-August |- -
cocen e T oosi | December-January | o October-March | - July-November
- . Dryseason . - .. RO I ST LT R
ST e © (1-3ménths) - |- ¥ (d-6months) <* | - (4-6 months)" .
~ Annual average temperature © | . T T 9800 <
Annual average refative humidity | - - T M%)

Table-2 Rtver Condrtions m Serglpe State

 River Sa°§'.32§'s°°_ ’,5’?,'33"3 | sersipe River Ya?ii?mj _'R';a},‘{*}.!)fft 'iéé""!?ier-f
Basin Arca | 640,000km?| . 1,840km?| "35310kn1’ C 15,900k --fr":r‘r'sokm2 "—?' 4"4'60ka
nestate | 7,184k 1340km1 3270krn 2150km’ 4150l(m 2500km
BasinArea | .’;_._’('33'%) %) f, Lasmy| o e 19%) C(11%)
Rivér Length | - "2,700k_m ]?4km L 210km ’ln’-state)l$_2k_m lSOkrn 140Kk
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:.'4 : Scope an(l Contents efthe Study SN

The Study shall be lmplemented over two (2) phases — the Master Plan Study and the
' I‘easublhty Study for priority projects. Figurre-1 gives the ﬂowchart of the Study, and the
main work 1tems in each study phase are shown as follows:

I Phase l: Master Plan Study

< 1 Frrst Work Perrod in Brawl > 1998/June - 19981December :

Based on analysrs of basic data and plans pertment to water resources, the water resources
potential and water demand were clarified. Problems and issues eoncernmg water resources
management and operation werc evaluated Based on the clarification and cvaluation, the

. design and plannmg critcria for water resources development were set and the strategy of
' thc development plan was establlshed Main work contents are as foilows

(1-1) - Meetmg on’ Inecptlon Report
* (1-2) - Collection of Existing Data -
© (1-3) - 'Review of Related Plans -~ .-« ¢
C(i-4) Interpretatlon of Satellite Imagery Lol
, (1-5) Field Reconnaissance - = e e Co 8
- (1-6) - Field Surveys on Hydrology, Water Quahty, Water Use and Groundwater
- Potential - 5 o
. (1-7) - Water Resources Potentlal Study R O T -
“(1-8) ' Study on Water Use&Development Issues e P
- (1-9) - Socio- economlcFramework R T
© (1-10) -~ Water Demand Projection - SR
-7 (1-11) - Water Balance in Water Resources Development SO
~ (1-12) - Design and Planmng Criteria _ R
- (1-13) - Strategy of Water Resources Development
' (1-14) '__Preparatlon of Progress Report [l] .

', < 2 Prrst Work Perlod in Japan > | ._ 1999/January 1999[March

Based on the strategy of water resources development establlshed in the ﬁrst work perlod
- in Brazit, the Master Plan mcludmg a rough facility plan and water resources management
o plan were compiled. Also, priority project was selected for targetmg the Feasibility Study

in Phase 2. Main work contents are as follows ' ‘ :

- (2 D - Preparatlon of l*acrltty Plan R
(2-2)  Institutional Plan . : :
L (2-3) - Operatlon and Maintenance Plan o
(2-4) ~ Water Resources Management Plan
- (2-5) . Cost Estimate of Master Plan
T (2-6) -~ Initial Envrronmental anmmatlon
- (2-7) - Evaluation of the Master Plan . -
C(2-8) . Phasing Program for Implementatlon of Master Plan
. (2-9) . Selection of Priority Pro_|eets L
“ .+ (2-10) - Preparation of Interim Report .~ .
Q@A) Preparatlon for Frrst Techmcal Seminar -

3 =_ R TR : Main Report
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Phase 2: Feas:b:lrt; Study for Prlorlty Prolects

<3 Second Work Penod m Brarr||> ) 1999/May l999lOctober o

With respect to the prrorlty pIOJCCl selected additional data collectron and supplementary

ficld surveys was carried out and deSIgn and planmng crrtcrla was exammed Mam work

contents are as follows:

The desrgn and plannmg crlterra for the pnorlty pro_|ect w1ll be conﬁrmed and evaluated '

(3-1)  Meeting on Interim Report :
(3-2) ~ 1" Technical Seminar - =
(3-3)  Additional Data Collection =~
~(3-4) ° Supplementary Ineld Surveys
- (3-5) " Design Criteria =~
" (3-6) " Environmental Impact Assessment
a 37 'Prepalatlon of Progress Report [2]
<4 Second Work Perlod in Japan> B 1999/0ctober 1999/December

Draﬂ Final Report will be prepared Main work contents are as follows S

Introduction-4 -

- (4-1)  Facility Design and Construction Plan
. (4-2) - Operation and Maintenance Plan -,
" (4-3)  Cost Estimate of the Project
(4-4)  Evaluation of the Project
(4-5)  Implementation Program .. .
(4-6)  Preparation of Draft Final Report .
(4-7) - Preparation for Second Technical Semmar P R LB Y TR
(4—8) Prehmmary bvaluatlon on Transfer of Technology,f PP
<5, Thlrd Work Period in Brazrl> ; 2000/January e Ve
The Draft Final Report wrll be explamed and dlscussed Maln work contents are as
follows: : > .
(5-1) Meeimg on Draft Fmal Report - S
. (5-2) - 2" Technical Seminar .. L e e
. (5-3) General Evaluatron on Transfer of Technology B I T E N SR

* . Main Report ~ AP
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The Study on Water Resources Development in the State of Sergipe, Brazil

PARTI  MASTER PLAN STUDY
- CHAPTERI STUDY AREA

1.1 Socm economy

l.rl 1 Admmlstratne Umts

Prcbcntly, "lCCOl‘dlllg to the Constltutlon of the Federative chubl:c of Brazil and the
Constitution of the State of Sergipe, the state’s central government is divided into two
types of organs: the organs of the direct administration and of the indirect administration.

) I Organs of the Dlrect Admmlstratlon : : : o
' The responsible of the state admlmstratlon is the Govcrnor The statc has 17
o secretarlats with their atiribution under his control, for example: Secretariat of
. Finance, Secretanat of Planning, Scncnce and Technology. In addition to these
- secretariats, the state has some assistant organs for Governor such as Cabmct of
Governor, VICC Governor & his Cabinet and Cabinet of Statc Pollce -

2)  Organs of the Indirect Administration :

. The state has 8 autarchies, 10 public enterprises and compames and3foundanons
under the admmlstratlon of the secretariats, for cxample: State Administration of
Environment (ADEMA), Sanitation Company (DESO), State Company of

- Housing and Public Works (CEHOP), and Company of Water Resources
'- Deveiopment and Irrigation (COHIDRO). L

lhe State of Sergipe is composed of 75 mumcnpalltles presently Each mumc1pahly has thc
‘ admlmstratlon organ under the control of the Mayor and has the city hall and city councnl

' 71.{1.'2_ " Census Populatlon

: Populatlon distribution is one of the most fundamental mformatlon to formulate a waler

resources development plan. Although the latest population census was worked out in 1991,
. the provlslonal population census was made by IBGE in 1996. Thus, the population
dlslnbutton was prln(:lpally bascd on thc 1996 census in this study :

' Accordmg to the 1996 census by IBGE Brazﬂ has a populatton of 157 mllllon This
population increased by 10 million as compared to the 1991 census. " During the 1990s,
the average growth rate was 1.36% per annum, It slowed down from 1.93% per annum

* during 1980s.  In Sergipe State, the 1996 census population was 1.62 million or 1.03% of

the national population. - The average growth rate durmg the 19903 was l 7[% per annum

o Thls growth rate was larger than that of the country. -

e The populatlon in thc urban area of Serglpe State was 1. 14 mllhon in the 1996 census or
~ shared 70% of the state popuiatlon still less concentrated compared with that of Brazil

‘which shared 78% in the census. = The average growth rate during the 1990s was 2. 62%
oper annuny, which, though slowed down from 4.42% per annum during the prcwous
. decades, showed more accelerated rate than that of Brazil, 2.09% per annum. Meanwhile,

e the populatlon in the rural area of the state in the 1996 ccnsus has moved do“nward
o contmuously to 0. 48 mllhon or shared only 30% in the state '

ol Main Report
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" The Study on Water Resources Develoﬁmem in the State of Sergipe, Brazil

Among the 75 municipalities in the state, Aracaju City, the capital of the state, has the
largest population and a function of not only politics but also economic center of the state.
Its census populallon was 428 194 or 26% of the state populatlon in 1996

. Accordmg to the 1991 census, a populahon dens;ty of the state was 68 persons/km Thc
density of the respective micro- reglons were ranged from the largcst one of 617
persons/km’ in Aracaju Micro- reglon to the smallest of 21 pcrsonsfkm in Serglpana do
Sertao do Sao Francisco Micro-region. - An averagc famlly sue was 423 in thc statc
accordmg to the ]991 ccnsus - : — R

Table-l 1 Census Populatron and Annual Growth e
) : ) Unil-: l,OOO Eérsons

Nationor . | - 1970 - 1980 s e 199 e 1996
. State Population | Population { Growth (36){ Population Growlh (%) Population | Growth (%5)
Brazil .~ | 93,139.0 |119,002.7 -.248 1146,825.5 193 1570796 | - 1.36
Sergipe -~ |- 9016 | 1,140.1 237 | 14919 f o 2247 | -1,6242 ] - LI
| Urban . - | - 4200 6230 | - 4021 1,0024 | . 442 C1L,1406 | - 2,62
“Rural - | 4816 | . s17a | o 071 | 4895 | o .050 | - 4836 024
River basin T T
Sao Francisco 168.1 -1 1934 | - 141 | 2173 | - 106 | 2242 |0 063
Japaratuba - | - 6547} 716 | 095 ] 845 | U152 ] o 908 1.44
Sergipe o) 0 3337 | 4183 | U367 | 6173 | 32| 15027 23
VazaBarris | .- 995 | 1040 | 043 |15 284 |0 1652 w315
Piaui . 7] - 166.1 .. 2087 =231 2676 ".’\-’229 2135 | - 0.44
Real . 689 | 841 | - 200 71037 [t 092 o 01l3 | 143

Source “Censo Demogarfico-1970, 1980 and 1991 - IRGE”, and “Contagem da Populacao IBGE” -
" Note: " As thée is no statistical information regardmg river basm populalion in lhe s!ale, Thc Sludy Team conducted
lhc dlslnbuhon ol‘populahon b) each mer basin, - - ; . i St

' : l 13 Labor Force -

In 1991 the labor force in Serglpe State rcglslered 530 700 Of thls number 513 100 or
© 96.7% were employed. . Thus, an unemployment rafe was only 3. 3% in lhe state T_hls
rate was qomewhat larger than that in the 1980 census year BRI "

B lhe past the agrlcultural sector S0 called as the prlmary sector, used to absorb the ) :
greatest portion of manpower resources in the state. - In:the 1991 census thls sector -

accounted for only 149,200 or 29.7% of the total tabor.force. - It recorded a drastic

decrease to 149,700 or 42.3% in the 1930 census from 161,000 or 60. 9% in the previous

_ census 1970. - The secondary sector employed lhe smallest share of the labor force among
~ the three |11a_|or economic sectors. - Its share was 17.4% in the state in.1991,- On the other

hand, the number of workers in the temary sector expanded al an annual rate of 6. 5% in thc
statc durmg 19803 - : o S L SR

' 114 Gross chlonal Domestlc Product

. Gross domcstlc product (GDP) in Bra21l was R$658 bllhon at market pnces in 1995 Per e

' caprla GDP was R$4,246 as shown in Table-1. A, Gross regronal domest:c product

f (GRDP) of Serglpe State in 1995 was R$3 60 bl]llon accountmg for 0.55% of GDP. Per »

N caplta GRI)P in 1995 was R$2 256, whlch was only 53% of the natlonal per capnta GDP

Main Report =~ .~
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“Tor six years, GDP increased from R$600 billion to R$660 billion in real terms, i.c.,

average growth rate of 1.3% per annum. - GRDP in Sergipe State grew at a rate of 1.0%
per annum on avcragc for the same pcrlod wlnch was smaller than the growth rate of the
* country Then ‘the share of the state in the country dmnmshed for this pcnod

Tablc-l 2 GDP & GRDP at 1995 Constant Prlces E
Unit: RS billion

Economic Sector .~ - - - - 19%0 1991 1992 1993 1994 1995
Gross Domestic Product in Braz:l S R , _ S AR
L7 Agriculture -~ - o 55.5 51.0 60.] 59.5 65.0 683
2. Industry . .. I 1738 | 17000 1629 | 173.7 185.7 189.0

. -Manufacturing . S s | 1089 | 1045 | 1129 | 1217 | 1238
3. Services T 3332 § 3302 | 3275 | 3319 | 3381 | 3438

L Commerce oy 31.8 318 310 .33 35.1 | 380
4. Subtotal - hse2s | 5573 | 5504 | s65.1 | 5888 | 601.1
5. GDPat Factor Cost™ ~ '~ ° 1 5115 | s104 | s0s7 | 52147 | 5463 | 5618
6. GDP at Markeét Price ~~ - | 601.8 5848 5743 5970 | 638.8 6581
Gross Regional Domesti¢ Product in Sergipe - | - PR I U I
1. Agriculture R S - 085 062 051 031 - 041 - 042
2. Industty . : 1.01 091] . 095] - 098} - 098 1.00
3. Services oo i 160F 167 -166| -L72] - 180" 1.90
4, GRDPatFactorCosl e e 306 320 32| 31| . 319 331
5. GRDP at Market Price ~ 337] 340) 33 320 347 360

“Source: Anuario Estalistico do Brasil 1996, 1997 IBGE- S L
: .. Agrégados Economicos Regionais, Nordeste do Brasil,. 1965 95 1996, MPO SUDFNE ' P
Notc : Valuc added of the rcspectne scctors was. catculatcd applymg the economtc mdtces in the uferenccs abow

The real growth rates of the main economlc sectors on averagc per annum durmg ]990 fo
1995 were shown in Table—l 3 -

Table 1 3 Real Growth of G(R)DP by Economlc Sector o
RS S Unit: %

Economlc Sector L I99l o 1992 1993 1994 : 1995 ) ‘9()-‘95
Brazil oo oo oo [ o S I PRI B L
l CAgriculture | 28 C54 .10 _' 93 s 42
_ Industry ; a2l 43 | 67 .| 69 : 1.8 . 17
-Manufacturmg o240 41 8 28 o T LT o2
Services o |, 09 |08 | 14 | e o a7 06
. -Commerce o0 25 | 66 60 | 85 .30
“Total ™ oo 0.9 12 27 |42 21 |13
Sergipebtate T P R A R o e
1. Agriculture SRR I3 1o 182 | -390 306 223 0| 54
2. Industry -100 46 | S30 ] 03 22 | 020
3. Services © - . - 47 06 | 33 ‘.' 50 - ] 52 .35
' Total - - 14|25 |36 59"'. "'40¢ 10

' _Sobrcg:  Andario Bstatistico do Brasil, 1996, 1997,1BGE .
e Agregados Economtcm Reglonals Nordeste do Brasd ]965 95 1996 MPO SUDENE _

:- As shown. in Table-l 4 m terms of aVeragc annual growth betWeen 1990 and 1995 both
© per ¢apita GDP and per caplta 'GRDP of the state were calculated as of 0.4% and -0.5%,

" respectively. - Thcse figures nnply that both economic conditions have kept almost the

same levcl for the past six years although the economy has ﬂuctuated for the pcnod
* These in 1991 and 1992 weie résulted in serious negative growth in pamcular In t995
f: these barely recovered to the 1990 levcl in conséquence of the recent real growth o
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“Table-1.4  Real Growth of G(R)DP per Capita

G(R)DP per Caplta al 1995 Const Pnccs (R$) 1990 | 1991 1992 1993 | 1994 | 1995
Brazil - | 4,168 | 3,980 | 3,857 | 3,956 { 4,177 | 4,246
CSergipe oo o 2,312} 2282 12184 | 2073 | 2210 | 225

Annual Growth Rate (°/) o 1991 1992 1 1993 | 1994 | 1995 | “90-‘95
Brasil C s A4S o3 26 | CS6 17 0.4

. Sergipe . . a ] 13 A3 | 51| 66 1 21 | 05

Source: Anuario Estatistico do Brasrl 1996 1997,13GE : R
Agregados Eeonomtcos Regmnals Nordeste do Drasil, I965 95, 1996 MPO SUDFNI: S

115 . Fconomre SectorProf‘ le

‘(1') o Agrlcultural Sector .

’Vaiue added (VA) of agrlcullure sector accounted for 13 8% of GRDP on average durmg 6
years from 1990 to 1995, which ﬂuctuated between 9.7% in 1993 and 18.2% in 1991,
The real growth of agrrculture scctor during the same period was a declme of 5.4% per o

annum, which was far greater than 024% deelme per annum of the rural populatronr E . S

' 'Vbetween 1991 and 1996 census
? :Productron tendency changed s0 much dunng thls decade The crop area of cotton _' _'

sugarcane and maize declined between 1985 ‘and 1996 as ‘shown in Table-1,5.

~ Particularly, the area of cotton dechned dramatrcally Adversely, the productron of coco -

~and orange 1ncreased remarkably Orange product:on in partlcular incteased more than = =

- 40% during the same perrod and shared substantlal portlon m the agrlculture sector of the_j
'state ‘ S D '

As to the lwestoek prg and poultry populatlon 1ncreased sllghtly but cattle populatlon and
the production of milk and eges decreased remarkably between 1990 and 1995

Table 1 3 Mam Agneulture Products j

o ]tem - Production (1,000 fon) - - Cro Area(l 000 ha)

i : 1985 - “1996 . Changes K 1985 <1996 Changes
Cotton = . . 13.5 08 -] 999%| 338 | 19 i ]| -944%
Sugarcane - . | 1,6059 © [1,341.8 . -  -164%| . 265 | 224 - if'f-ts.s%
Cassava ~ | 46L1 1 5970 | - 205%| 352 .| 398 - |.-130%
Maize = - o ess 1 on42 | 1_15.9% 2985 | 816 U -170%
Coco (1000 fruits) - 309 954 17.9% 426 |- _502 0 RS V& 273 I
Orange(IO(}Oﬁ'urts) 29206 4010 | o a28%| 283 | 414 ‘_46.3%

g Souree Mumcrpal Agneulture Producllon, I98| 1996 (IBG}-) ancl PMDAGRO for modlf eatton

(2) Mmmg and Industrral Sector

VA of mrnmg and 1ndustnal sector accounted for 28 3% of GRDP on average dunng 6 L
~ years from 1990 to 1995. The real growth of the sector during the same period declined * ]
- 0.2% per annum. Lrght 1ndustnes such as textrles and food, mdustnes accounted for Pl o
~ dominant shares in the state. On the other hand, mmmg sector especraliy crude orl S

: extractron 1ndustry, surged to 44% from almost nothmg

Number of estabhshments and drstnbutlon of gross productlon value Were concentrated m' _' T
large cities such as Aracaju, Estancra, Itabarana and Laranjerras that shared respectrvely A

53.2%in 1991/92 and 73 5% in 1985

R (l-4) i .
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[‘able~1 0 Mmmg and Industl ial Aspect

 item

-~ Number of Establishments

Dlsmbunon of Gross Production Value (%)

- 1980 1985 1991/92 1980 1985 1991/92
Sergipe * - 1,918 1,982 1,458 100.0 100.0 - 100.0
Mining oM 35 o 4 03 03 44.4
Manufacluring - 1,875 © 1954 | 1454 99.7 99.7 55.6
Aracaju . 383 ~409 627 507 7358 .
Estancia . 66 56 57 13.8 14.0 -
ltabaiana = 126 132 86 - 20 - 14 -
Laranjeiras 14 38 6 - 4.2 22.3 -

* Source: Censo Economico de 1985, Industria, Comercio e Service, Yolume 2, IBGE
Cadastro Induslnal Serglpe 1991192 SEICT CODISE and SEBRAF

o '(3)--';?:_ Servrees Sector

* VA of services sector aecounted for 50 9% of GRDP on average durmg 6 years from 1990

to 1995." The real growth of the sector increased 0.9% per annum, in spite of decline in -

- other sectors.- Araca_lu Crty also took a predommant posmon of the sector m the sane
oyears. : : = : :

SRS sector

1994 till 1996,

" Table-1. 7 Aspect ofSerVIces Sector N
o ltern SR - Number ofeslabhshments S Contnbutron ofSales Amount (%)
ST - 1980 ¢ - 1985 1980 1985 -
Scrglpe S . 5609 o F 7439 - 1000 - S 1000 -
Wholesale & reta:l e 3,805 o 4,766 T899 907 ¢
Others = ' ‘ 1,804 S 2673 100 .93
Aracaju 2,424 L2919 663 59.8

Source Censo l-conomlco de I985 lnduslna, ComcrcroeSemco, Volume2 IBGE - = ..

j 116 | Inflatlon
o [he consumer prlce mdex of Brazrl moved moderately downwards durmg these years as
shown in Table-1.8. In Sergipe, the index declined also moderately 1ill 1997 but upward
movcment has taken place in 1998 though moderate. Accordlng to SUPES survey, the
pnce advances in 1998 were concentrated largely in the durable goods and food /beverage

The rest of rtems are showmg moderately 2 to 5%
Table—l 8 Consumer Pnce Index DR T
: o T : Unit: %
2 Year- 1994 . 1995 Lt 19_96 1997 ). 1998% - |
Brazil @ 12330 o 259 - 113 --_7_7.2 AU B - I
Sergtpem "; 9955 139 | 92 . 56. | 68

o Soun.e (l)l—‘reeos a0 Conaumldor, Brasil Total, FGV, Conjunura Economica, 1998 October e
" (2) Indice de Vida - Aracaju SEPLANTI:.CISUPES 1998 September o e
T *As ol'September : : : : S

1 . State Fmances o
(I) Fmancral Composmon

. Ihe slate govemment recorded a deﬁcrt balance for three consecutrve ﬁscal years from _
. In fiscal year of 1997, ‘the huge amount of surplus was realized due to - -
prwatlzatron of a state owned electnc enterpnse, ENERGIPE _{n ﬁscal 1998, the
govemment estrmatedabalanecd budget L AT REEETL

PR o Main Report B
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As shown in Table-1.9, some 40 to 50% of total revenue was derived from transfers from
- Federal Government, some 30 to 35% from taxes mainly | ICMS (akind of value added tax)
and the rest from loans, ‘The major item among expendltnres was pcrsonnel expenditure.
. Investment, including financial investment, in tofal expendltures was 18% on average
: 'durmg the 5 ycars, ﬂuctuatmg from 8. 9% in 1995 to 26 5 in 1994

Table-l._9 Fmancnal Composmon ot‘Sernge State '

. Year : ' 1994 l995 1996 ‘ |99’I ' 1998 -

Revenues .~ - L - 4293 - 7339 | o 9341 1,5759 | 893.6 _

1. Cutrent I 3262 | 6437 - 7298 | 8619 .- 8026
DTFax ~ - 0" “ 1396 C.2622 333 - 3725 | . 3300

2} Transfers from Federal Gov. | - 1662 .+ 3556 3969 | 4417 | 4527
2. Capital* <1031 20802 | . 2043 4.0 2| 9107
l)CredttOperatlons s . 838 F - 486 118t | 1693 | 85
Expenditures =~ 4533 7704 - 938.0 12530 - 8936
L.Curtent " - % . 0 03120 | 0 7004 | - 7192 8438 . 6873

1) Pérsonnel - 7] FL 1852 - - 456.1 . 443.5 2 469.8 | - 368.8

_2) Financial - oo 273 - 348 2407 437 - 351
2. Capital .- - - 413 700 2188 - 409.2 e 2063

D Investment - - .0 ] 0 1197 - 60.8 136.2 - S 2368 .. - 1856

D Repayment - - {1460 90 | 824 1724 20.5
Deficit/Surplus -240 ' : -365 - -39 - 3229 - 0.0 e
{% of Revenues) ° b -5.6% S 50%] -0.4% 20.5% - 0.0% o

: Sourcé: Balanco Geral, Gmemo de Serglpe, 1994,1995,1996 and 1997 = . .
© oo Orcamento-Programa, Governo de Sergipe, 1998 (Original Budget) - o L
- * The amount of 1997 was mostl) derived from the pnvatlzatlon ofFNERG]PE formerly owned by the state

?) Dethrtuatlon : o

- The state government ﬁnances were sustamed by loans around 1 1% on average durmg the =
~ years from 1994 to 1998. ' Although the debt ratio has been declining obviously as shown
in Table—l 10 the state has stlll owed loans equrvalent to one year s net current revenue

The debt payment w]nch means a total amount of repayment of loan and 1nterest pa}'ment
is compared with net curfent revenue fo measure ifs payment affordablhty (Debt Service

Unil: RSmr!Ilon o

Coverage Ratio), as shown in Table-1.10. " In general 25% of the ratio is considered a B

financial upper_llmtt__ The Sergrpe state government has mamtamed constantly lower -
~ level of the ratio, except in 1997. It means that the state govemment ﬁnanetal eondmon is
. currently healthy in terms of debt servrce coverage ratro L :

Table-l 10 | Debt to-Net Current Revenue Ratro and Debt Servrce Coverage Ratm :

: : L UnitR$ 000(1990 1992), RS mrllton(l993 1993)
Year | 1990 | 1991 | 1992 | 1993 1 1994-]1 1995 | 1996 | 1997 | 1998 -
Debt-to-Net Current Revenue Ratio . : e
A. Net Current Revenues 11.0] - 481 502] ll 8 291.2 576,1 | 646.1| 7622 | 7165
B.Debts " © o 207 122,11 1613.1] 44.7| 383.8] 569.0) 6842 | 746.4| 737.8
C.Ratio (B/A) - ' 188% 1 254% | 321%| 380%| 132%] 99% 1 106%| 98%i 103%
Debt Service Coverage Ralio e e T e
A.Net Current Revenues |  11.0 | -48.1| 502.1.| - 11.8] 2912 ‘\;5’_]6‘.4! 646.1 | 7622 7165
B. Debt Paymem 20 34 235 14] 41.9| 435| 123.1] 216.1| ~ 55.5
C.Ratio(B/A) . -~ ' | 182%] 6.4%|  4.7%] 11.9%] :14.4% 'f-7.6% 19.1% -‘28.4% "-'7.7%
’ Source BatancoGeral Govemode Sergipe, 1994,1995,1996 and 1997, . ETRIE SRR A S SEE SR
_ Orcamento-Progrania, Governo de Serglpe, 1998 (Original Budget)

' Nole " Debls in 1998 is as of September Net Current Revcnue means total current revenue exc]udmganamounl .

: transfened to mumerpahtres
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- The Study on Water Reso:lfces Developménl in the State of Sergt’pe, Brazil

1.2 'Iopography, Geology an(l Land use

- Very old rocks of Precambnan age form geologlcal ﬂame of Serglpe State. = Shicld with
flat geomorphic surface covers the state.  Larth movements ﬁmshed in Mesozoic age, then
' Serglpe State became geologlcally stable : :

' 1 21 lopography

Geomorphologlcal map is shown in l'lgure 1.1 'Classiﬁc"ation of l_andfonn in Sergipe
State is outlined as shown m'lable 1. ll S

. Table-l 11 Classnﬁcatlon of Landform

Classification - = . |- o . .o o Note

c | Marine depbsit C Dlstnbutes along the coast of the study area.
Piain along coast

S Marine and fluvial deposn Distributes near river mouth,

! e _
oo -0 | Flood plam 7l | Distributes down stream of rivers. _
near river mouth T T I — — T T
e Terrace - . _ | Distributes in border between coastal plain and plateau.

S Plateau spreading in P ‘Plateau surface is flat, rainfall carves and divide platéau
‘ Flatpla[éau' "+ | Cretaceous and ‘Terliary - | into many small hills. Elevation is less than 150m. -
spreading infand | pateau spreadmg in oo Inselbergs and pediments form this landscape. The
S Precambnan . -0 o2 | ground surface isundulatmg Elevation 13150-300m ;
Monntain rising Mounlaln - ) Hard rock remams from erosmn as mountam
- from plateau . . .t Elevation is 300-600m. ‘

' Serglpe State is dwnded mto 6 main’ river basms Fvery basin has the same
- geomorphological component from upstrean to downstream, namely mountain area - flat -
. plateau area - coastal plain. However each geomorphological unit has dlfferent welght by
_basin.  Basins in the northern part of Sergipe State have less mountain area, but basins in
- southern part-have more mountain arca. ~ This fact is closely related to size of basin.  Sao,

* Francisco River Basin has less méuntain area and more flat plateau. It results in milder
slope than the other basins.  On the other hand, Piaui River Basin and Real River Basin,

~ have more mountam area. The other basins, Japaratuba, Sergipe, Vaza Barris River Basin,

- have intermediate characteristics ‘between the formers. ~In these basins, however,
O Itabalana Dome IS notable wnth steep mountam dwndmg Serglpe Basm and Vaza B'll'l‘lS

B Basm

. _1 22 Geology  " ,' S '.

,Table-l 12 ancl Flgure-l 2 show gcology of Serglpe Slate As shown in the l'lgu.res g

metamorphlc ok of. Precambrian distributes in 2/3 of inland arca. Mesozoic system
B distributes in the other 1/3 area near the coast covermg Precambnan rocks, and Tertiary
e 'system dlstnbutes coverlng Mesozonc system Quatemary system dlstnbutes along lhe

o 'coast

Each river basm has dlf’ferent geologlcal umt Repfesent'ati_'\?e 'ge'olo.gical umt by river
E ﬂ_basmlsshowanable l 13 : B A O ST PR I
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. The Study on Water Resources Develoﬁment in the State of Sergipe, Brazil

lab!c-l 12 Strangraphy and Rock Faces of lhe Study Arca o

T Age Siraugraphy Rock Faces :
E::‘nozoic Quatemars' Diluvium,t\lluvium Ciay, sill,'éahd,' gréi.'el
Terttary | Barreiras Fprﬁialion B Clayslone,_sihstone,'sandstdﬁ'e, conglomerate
M_c;_bzoic Cretaccous { Tucano Basin Limestone, sandétqne, sihalg o
Paleoz‘oic Siluri:m Sergipe Basin l,ilne$tonc. sandstoﬁe,’sha_le_j

Late Proterozoic

* |Caninde Dojnain R

Gabbro, amphibolits, knetz_av-olc‘én_ic rock, ultramafic rock

Poco Redondo Domain

Granites, migmatite, gneiss .

Maranco Domain

Granités,'metaaiconglomé_féte, phyllite

Macurure Domain -

Micaschist, quarizite, ga-b.l')'r(-) L

Middle_: Proterozoic - -

late Proterozoic

Vaza-Barris Domain

. [ Carbonate, phyllite, argiltaceous rock . <

., |Estancia Domain "

: Sandstone arglllaceous rock conglomerale

Archaean —early

Proterozoic

- | Sao Francisco Craton -

ltabaiana Dome -Craiq;l

Gnelss mlgmame granodlonte

Migmallte

Tab!e-l 13

%G"’O_l.OIgY Uf_Basin__"é,-ﬁ_':_;,

River Basin

Upper stream .

| Middlestream

.. Lowerstream - |

Sao Francisco

i Caninde Domain (3%)

Mara’nc’o DOmain (3%) il

Poco Redondo Domam (6%)

Macui‘t{ré;Dd-i‘{-iéin..(dO%).

Quﬁteﬁiary (S%I)It- NI :

l?‘vari'fe"iljas_Fﬁfh}éii_bh (1 l%)

Japéraiuba

1

Barreiras-Fonﬁétioh (4_8__%) L

Macurure Do:naiﬁ(ﬁS%) o

Sergipe Basin (12%)

[ Quatemary (12%)

Sergipe

Mac_uﬁm_a Domain (26%)

Véza-l_?érﬁs Dd_inain (24%)

ltabaiana Dome (7%)

' Qualemary (1!%)
Barre;ras Fonnatmn (16%)_ g

Serglpe Basm (i l%)

Vaza Barris .

Vaza Barris Domain (51%)

liabaiana Dome (11%) ':: -

Baﬁelras Formatlon(l'i%j e

Piavi

- |Bstancia Domain (20%) |

Bangirés Edﬁﬁétiéh(39_%),

ao Franc1sc0 Craton (25%)

Real

' Estancia D-:_miai_n (59%) .

Barrelras Formatmn (9%)

Note:

‘s _ oo L . e - Sao FranmscoCraton (18%)
(%) Aseaof cach geotogucal umlrcpresented by%agamst total basm area_ S ;

N R
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The Study on Water Resources Development in the State of Sergipe, Brazil

1.3 Climate
131  General Climatic Conditions

~The climate in Sergipe State is divided into three distinct regions according to temperature
and rainfall, namely: 1) the lroplcal humid region with the high temperature and high
'_ lnumd;ly along the coast (Leste), 2) the tropical sub-humid region or the intermediate drier
- Tegion (Agrestc), and 3) the semi-arid region of thc interior (Semi-Arido). These three
climatic regions are the basis of the meso- region division of the state, namely 1) the =
coaslal Leste, 2) the mtermedmte Agreste, and 3) the interior Sertao reglons Although
Sergipe is the smallest state in Brazil with an area of just 22, 050 kat?, its climate varies
 considerably from the Atlantic coast to the inland Sertao area. In the 20-40 km wide
" Leste belt along the coast, annual rainfall is abundant at about 1200-1600 mm/ycar angd the
_ average temperamre is 25°C + 5°C throughoul thc year. - In comparison, the Semi-Arido
. belt covering approximately onc thlrd of the state has much less rainfall, around 500-800
- mm/year, and slightly higher temperalures with a wider daily range The intermediate
" Agreste region has around 800-1200 mm/year ralnfall and sumlar annual average .
| tcmpcraturc of around 25°C ' AR

1. 3 2 Meteorologlcal Observatmn Network

. lhc prlnclpal agcncy responsnblc for the colleotlon and analy31s of mcteorologlcal da{a in
: Braztl is INMET, the National Institute of Meteorology In Sergipe State, INMET
- opérates 3 meteorologlcal stations with the full range of lnsttuments necessary for -
- climatological momtormg Thesc arc Iocated at Proprla Araca_]u and Itabalamnha and :
i have records of dally data smce 1972 : :

Wnthm Serglpe State, EMDAGRO opcratcs a meteorologlcal statlon at its experlmental :
- research facility at Boqulm and there is also a station at Aracaju alrport .COHIDRO has -
: meteorologlcal stations at each of 1ts four irrigation pro;ects at California, Jacarecwa Piaui
“and Jabiberi and there is also a new station at Neopolis operated by ASCONDIR. -
CODEVASF operates two meteorologlcal stations at its 1rr1gauon projects at Cotinguiba
 and Betume i in the Sao Francisco river basin. - The location of these stations is illustrated
in Flgure-l 3. Avallablllty of data for each of the stahons is shown in Table-l 14

Table-l 14 A\'allal:nht)r of Meteoro]oglcal Data

Slai:on Name B T Operator — : Data Penod .
: _ o From -~ . . , - To
’ DailyData T T R S
-| Boquim(Exp.Stn) = - |-~ EMDAGRO -- | - Jan-75 : o Jul98
- Aracaju Airport .- - AERONAUT. | = Jan85 "~ . Dec-97
Califomia . .~ . |+ " COHIDRO -~ .|~ * Jan89 | - - Oct97
Jabibéri - i o " "COHIDRO | - ' Jan-89 L Dee97
Jacarecica .| - COHIDRO - . | ~. - Apr-89 - © 7 Dec97 -
o Piaui .- o . .| .. COHIDRO : "} " Jun-89 L Jam9s
Monthly Data = -0 w5 et e S
. Colinguiba Pindoba .= .. CODEVASF - - + Jan-90 - Jun-96 -
CBetume . .| " CODEVASF | - Oct93 1 Peb96
CAfacaju 0 | . INMET* - © Jan-93 . | Dec-97
ltabaianinha - | - INMET* - . Jan-93 : Dec-97
Propria o0 oo |0 T INMEBTY L . Jan-93 S 7 hun9?

S * 1t was not possnb]e to obtam lhc daﬂy d‘ala buf monlhly dala for e las! ﬁ\e years. - '
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 The Study on Water Resources Development in the State of Sergr‘pe; Brazil

1.3.3 M'eteorologieal Characteristics

_Dally data was obtamed for the followmg parameters - maximum & minimum temperature,
_rainfall, evaporation, relative humidity, wind speed and solar radiation (in the form of

number of sunshine hours). Monthly variation for Boquim in the Leste regron Piaui in
" the Agreste region and California in the Semi-Arid region are compared in Frgure—l 4,
The climatological charactensttcs of the thrcc reglons are deserrbed below

(l) . LesteRegron Boqunn Statron (EMDAGRO)

~As illuslrated by the data for Boqurm, the Leste region is characterized by comparatrvely '

. high rainfall (average annual total =1,355 mmVyear) and high relatrve humidity (annual

average of 80%) ‘Rainfall is clearly divided into a rainy winter season from April to July
and a dry summer season from October to January Pan_evaporation is somewhat lower
_ than the interior regions of the state at just over 1,000 mm/year, with higher evaporation in
- the summer than in the winter. . Average mean temperature is around 25°C, ranging from

-~ just over 26°C in the summer months of December to March to less than 23°C in the winter

months of June to September Darly temperature range is approxrmately + S°C with an
- annual average minimum temperature of around 20°C and an average maxlmum of just
~ over 29°C. - - Wind speed is higher than in the mland areas, but winds are still moderate
- __throughout the year varying between 2 and 3 m/s. Average sunshine hours are fairly -
“constant through the year at between 4 and 5 hours/day. ~ In comparison, the average wind |
speed at the coast is consnierably higher, as tndlcated by the data for Aracaju airport where

average wind. speeds vary between 6 and 8 m/s.’ Average sunshine hours at Aracaju - -
: (INMFT) vary between 6.4 hours/day in the wmter and over 9 hours/day m the summer . -

' wrth an armual average of 7 7 hourslday o

(2;). Agreste Regron Plaul Statlon (COHIDRO)

- The I’lau1 Irngatlon pr0]eet station shows typrcal eondrtlons in the Agreste reglon although_ ‘

- data is very similar for the other COHIDRO stations at Jacarccica and Jabiberi. Rainfall |
_is somewhat lower than in the Leste reglon at around 1,000 mm/ycar and the monthly
- distribution is srmtlar Temperatures are also similar with an annual average of 25°C,

oy average minimum temperature of around 20°C and an average maximum of over 29°C. In

* comparison, however, evaporation is considerably higher at almost 2,000 mm/year
~ Average humidity is lower at about 70% and wind speeds are also less at between only 1
~‘and 2 m/s; The number of sunshme hours varies between 5 hrs/day in the wmter and over

8 hours/day m the summer wrth an annual average of 6. 8 hours/day R

e (3) :_'f Semr-Ando (Sertao) Regron Cahfornla Statlon (COH[DR())

e The Semr-Arldo reglon of the rntenor of Sergipe State is consrderably drier than the eoastal o
regron and thls fact is 1lIustrated by the data for the California Irrigation pl’OjGGt near to

-~ Xingo, dam, Annual average rainfall is less than 700 mm/year with average menthly
* ¢ rainfall in the summer ‘months of less than 30 mm.- - Temperatures are also higher with an -

annual average of- 26°C, average minimum temperature of around 20°C and an average ~
- maximum of 32°C. Lvaporatlon is again high at over 2,100 fam/year and relative ‘
- humidity is lower than the othér regions at an-average of 65%. -+ Wind speeds aré fight at

between 1.5 and 2.2 mfs and the number of sunshme hours is hlgh at an average value of - _
- over’l hours/day SR : R i

N R " Main Report
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Figure-1.4 Monthly Variation of Meteorological Data — Boquim, Piaui and California
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