Crise Hidrica
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O Sistema Cantareira abastece, em condicdes normais, quase a
metade da populacao da Regiao Metropolitana de Sao Paulo
(21 milhoes)
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Garantia do abastecimento — Capta¢ao da Reserva Técnica do Cantareira
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Garantia do abastecimento — Captacao da Reserva Técnica do Cantareira
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Estratégia para
enfrentamento
da crise hidrica

E a gestao dos recursos hidricos?



AcoOes executadas reduziram em 58% a utilizacao de agua do Cantareira em abril de 2015
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Redugdo na Producéo de Agua na RMSP por Sistema (em m?/s)

SISTEMA FEV/14 ABR/15 | DIF

Cantareira 31,77 13,48 -18,29
Guarapiranga 13,77 15,05 +1,28
Alto Tieté 14,97 12,25 -2,72
Rio Grande 4,94 5,09 +0,15
Rio Claro 3,83 3,87 +0,04
Alto Cotia 1,16 0,76 -0,40
Baixo Cotia 0,88 1,01 +0,13
Ribeirao Estiva 0,096 0,086 -0,010
TOTAL RMSP 71,42 51,60 -19,82
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Figura 1: Representacao esquematica da hidrografia da area objeto dos
estudos
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Interligagcao entre reservatdrios Jaguari (Paraiba do Sul) e Atibainha (PCJ)
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Interligacao entre reservatorios Jaguari (Paraiba do Sul) e Atibainha (PCJ)

sentido Atibainha-Jaguari

* vazdo madxima: 12,2 m3/s

terreno cota max. =930a1.130 m

NA_max.:787m,  ___----~
\j ————— /
desnivel: 7 m

ATIBAINHA

sentido Jaguari-Atibainha
e vazdo média: 5,13 m3/s

* vazdo mdxima: 8,5 m3/s

| ESTRUTURA DE

TRANSICAO
cota: 794 m

desnivel max: 188 m

ADUTORA

EM VALA N A _min: 606 m (*)
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Cubic metres per capita
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August through May precipitation anomaly
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Cumulative Precipitation Anomaly (mm)

E— . |
=-500 -250 0 250 =500

Fonte: http://earthobservatory.nasa.gov/IOTD/view.php?id=88308&src=eoa-iotd
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JUL-AUG-SEP 2015 value of 1.5 qualifies
Oceanic Nifio Index this El Nifio as a "Strong Event"
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Entre 1999-2001 tivemos La Nifa forte e crise hidrica. O periodo 2007 a 2014 foi
de predominio de La Nifia, com cheias em parte da Amazénia e secas no Centro
Oeste e Sudeste. Se o padrdo continuar, é provavel que uma crise hidrica

considerdvel comece no final de 2016.

Mensagem particular do Prof. Paulo Cesar Colonna Rosman, Ph.D.
Universidade Federal do Rio de Janeiro
17/01/2016
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E possivel fazer prognésticos sobre o futuro observando o passado?

Todos sabem que as vazoes afluen-
tes as usinas hidroelétricas que foram
observadas no passado ndo ocorrerdo
de forma idéntica no futuro. Mas, se o
processo estocastico ”utilizado” pela
Natureza for estaciondrio, as estatisticas
— por exemplo, as médias — do futuro
serao proximas as do passado. A hipé-
tese de estacionariedade é o nilar orin-

sive nas regides onde haverad aumento
da precipitacao, devido ao aumento da
evapotranspiragdo, por sua vez causa-
da pelo aumento da temperatura. Se-
gundo o estudo, a vazdo média para o
periodo de 2011 a 2040, quando com-
parada ao periodo de 1961 a 1990, di-
minuira cerca de 20% na bacia do rio
Parana e de 30% na bacia do rio Sao

cdo das curvas cota x area x volume e
cota x m3/s x MW dos principais re-
servatorios e usinas do SIN.

Segundo, ndo basta considerar as
previsdes de mudanca climética nos ce-
narios futuros de afluéncia as usinas. E
preciso considerar também os efeitos
da mudanca de uso do solo (nao inclu-
ida no estudo da FRDS). aue de acor-

Usina

1931-1992

1993-2012 A

Itaipu

9789 m3/s

11817 m3/s

+ 20%

Sobradinho

2814 m3/s

2161 m3/s

-23%

Brasil Energia 408, novembro de 2014




(limate change: a challenge to
decision-makers in managing
Brazilian hydro systems

A Livino, Harvard University, Brazil
J. Briscoe, E. Lee and P. Mooraroft, Harvard University, USA
J. Kelman, Federal University of Rio de Janeiro, Brazil

The study described here aims to contribute to the investigation of impacts of dimate and land-use changes on the fydralegical cyde in
Brazil. It eplores how the climata and vegetation models can ba used credibly in conjunction with hydrological modals i investigate the
impacts of dimata change on the fydrological cycle. The paper describes work dane in the Parand river basin, and angoing wark inthe
Tapajds river basin.

razilian electric power genemtion is dominated

by hydmpower, which accounts for more than

80 per cent of production. Altogether, Brazil is
building or planning more than 33 GW of new
hydropower capacity in the next 10 years, most of it
{around 75 per cent) in the Amazon. An important his-
torical challenge to the opemtional planning of the
Brazilian imerconnectad electrical system has beenthe
stabilization of encrgy supply, as a result of the sca-
somal and annual uncertainty of hydm resounces.

The present study, investigating the impacts of cli-
mate and land-use changes on the hydmlogical cycle,
will provide new insights for two measons. First, the
hydrological model uses more realistic runotfs. precip-
itation and evapotranspimtion, which are generated
frmom a biosphere model coupled with a regional cli-
mate model, thus incorpomting land-use change and
climate change inin the assessment of future water
resources for hydmpower planning in Brazil. Second.,
the work prmmaotes cutting-edge meseanch and interac-
tion among scientists, engineers, and also decision-
makers who are participating from the beginning of
this shady, and may influence the presentation of the
results and the most sensitive variables to be analysed.

The Parand basin was chosen primarily to address the
walid concems of practitioners that few, if any, of the
plethom of climate models are credible, because they
make no effort to explain important features of
Brazilian hydrology. In this case, the test was to sce
whether the results of the models would be able to
explain ‘the Pamand paradox’, namely a large secular
increase in flows of the Parand river in recent decades.

The Tapajos basin was chosen because there are major
plans for development of this cumrently undeveloped
lhasin in the coming decades. Plans include hydropower,
but ako navigation, which is vital for a cheaper and
mre environmentally friendly export of grains.

1. Background
Climate change studics and assessment of changes in
land use are often used as the hasis for generating sce-
marios, which can assist in decision making in various
sectors. However, practitioners show justified scepti-
cism sbout these swdies, since the results vary =o
widely and there are seldom efforts to show that the
models can reproduce known hydmlogical features.
Many studies have been conducted to estimate and

Hydropower & Dams  Issue Fowr, 2014

analyse the hydmlogical impacts of climate change
and the changes in land use. There i great interest in
this type of study in Brazil becanse:

= mare than 8 per cent of the electric epergy is pro-
duced by hydmelectric plants;

= hydmpower will retain a dominant mle in the fore-
soeable future, despite the fact that most new plants
will be built in the Amaron; and,

= most of the new plants will not have regulating
reservoirs as aresult of environmental constrints and
the flatess of the terrain, which means that the energy
output will be maore dependent on the flow of the river,
which in tum is directly linked to rainfall and soil char-
acteristics and vegetation of the watershed® .

Studies of climate change and its influence on the
hydmlogical cycle suffer from a mismatch betaeen
the spatial scales characteristic of each model type.
Global climate models (GCM) usnally work in the
rangeof 1 = 1 (approximately 120 = 120 km) and seck
to represent the processes and relationships betaeen
the atmosphere, the vegetation and the =oil. On the
other hand, hy drological models are traditionally used
to represent and simulate the processes of mmoft gen-
eration and their propagation in the drinage netwaork
in the catchment arca. Most of these models consider
only the processes af the land phase of the hydmlogi-
cal cyck, wsing rainfall as input data. They usually
work on scales of 5 5 km_An advantage in the use of
a regional climate model (RCM ., suwch as BRAMS —
Brazilian Regional Atmospheric Model) is that the
cument resolution {a scale of a few mther than hun-
dreds of kilometres) enables them to capture the het-
erogeneity of the processes that influence the genera-
tiom of the flow in the river hasin scale without the
nead for dizaggregation (downscaling ). Both types of
maodel, climate and hydmlogical, epresent. with dif-
ferent levels of accumcy, the interaction soil = climate
* vegetation. To use them jointly, it is necessary to
desl with the redundant representations. In this con-
text, this study sought to investigate the best hydmlog-
ical models to contribute to the assessment of impacts
in river flows, using as input the results of atmospher-
ic models and vegetation.

*lm oher wonds, the funee powesplines will fend o be s of-dhe siver,
the s me 25 e smce el el or being buadk on the Madein river (fira
amdd Sam o Amarisio), Xing siver ( Bebo Monte), 1nd Teles Pires river (Teles
Pires and Colider).

Mudanca climatica?

Aumento da temperatura devido
a mudanca de clima incrementa a
evapotranspiracao e a retencao
de vapor de agua na atmosfera.

Aumento simultaneo do efeito
estufa e do albedo.

Os efeitos da mudanca de uso do
solo podem ser mais relevantes
do que os decorrentes da
mudanca climatica.



300,000
250,000
200,000

150,000

m? year

100,000
50,000

0

250,000

200,000

150,000

mm [/ year

100,000

50,000

Natural Flow at Itaipu
T T T T T T T T

T
|

......... L 10.5% increase ... 1999~2008

T

T T
]

T
|

1970 1975 1980 1985 1990 1995 2000 2005

Annual rainfall (Sheffield et al. meteorology)
T T T T T T T T

T
|

. 1eeg~1978 1999~2008

6.9% decrease

T
1

T
|

1970 1975 1980 1985 1990 1995 2000 2005
Year

Model:
8.5% increase




Histdorico de vazoes anuais da UHE Sobradinho
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Como o pedido de outorga é percebido...

.\ SISTEMA CANTAREIRA
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Nao se trata de atender a Sabesp e sim a populacao da RMSP.
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Municipios Completamente inseridos nas Bacias PCJ

[ uGRHI-PCY

Municipios

B Municipios completamente inseridos nas Bacias PCJ
] Municipios fora das Bacias PCJ
[ Municipios parcialmente inseridos nas Bacias PCJ

B Municipios atendidos pela Sabesp 20 0 20 Kilometers

Nem todas cidades do PCJ dependem das vazdes descarregadas do Sistema Cantareira
e algumas das cidades da Bacia do PCJ sao operadas pela SABESP.
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Vazoes retiradas para RMSP

Operacao do Sistema Cantareira- Periodo ago/2004 dez/2014
Retiradas para a RMSP no Tunel 5

X1 - CAR- Limite de retirada RMSP (m3/s)

Q1 - Vazdo de retirada RMSP efetiva no TS (m3/s)
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A vazdo média retirada pelo Tunel 5 foi de 26,1 m3%s e os valores ficaram, na
maior parte do tempo, dentro do estabelecido pela curva de aversao ao risco

CAR, e quando foi necessario retirar além do limite da CAR, utilizada a reserva do
Banco de Aguas.
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Vazoes retiradas para Bacias PCJ

Operacdo do Sistema Cantareira- Periodo ago/2004 dez/2014
Retiradas do PCJ
s X7 - CAR Limite de retirada PIRA {m3/s)

Q2 - Vazdo de retirada PIRA (m3/s)
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A operacao do Sistema Cantareira pelo PCJ também obedeceu a regra da outorga de 2004.
A vazdo média retirada pelo PCJ foi de 4,2 m%s e sempre que os valores extrapolavam o
valor definido pela curva de avers3o ao risco CAR, o Banco de Aguas supriu os déficits.

Até 2013, supunha-se que a Unica contribuicao relevante das quatro represas para a
populacao do PCJ seria o controle de cheias. Porém a seca de 2014-2015 revelou que se os
reservatorios nao existissem teria ocorrido drastico racionamento na regido de Campinas.
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Vazé6es observadas em Valinhos e
Vazoes Incrementais em Valinhos (m?/s)
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Rios que alimentam o
Sistema Equivalente

Sistema
Equivalente

]
Torneira da

PCJ

| |
Torneira da

RMSP

(tdnel 5)
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