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Motivation – São Paulo

12 Million inhabitant – 1500 km2

Cantareira system

31 m3/s

Dry lake - Drought 09/2014

Questions

- Was it possible to foresee the drought ?

- Is it possible to preview the future base 
flow discharge ?

- What are the control parameters ?

Hypothesis

Qb =  f (P)
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• Qb – base flow
• Qs – runoff 

• Qb = f(PTr)

• Tr  – base flow

Nathan and McMahon (1990) filter
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Wavelet

Time series analysis

Correlation and
spectral analysis

Discharge (Qt, Qb, Qs)

Response time

Precipitation
Correlation analysis

Memory effect

Aquifer regulation time

Response time

𝐶𝑥𝑦  𝑘 =
1

𝑛
×   𝑥𝑡 − 𝑥  ∗  𝑦𝑡+𝑘 − 𝑦  

𝑛−𝑘

𝑡=1

 

𝑅𝑥𝑦  𝑘 =
𝐶𝑥𝑦 (𝑘)

𝜎𝑥𝜎𝑦
 

Autocorrelation

Precipitation (P)

Autocorrelation

Base flow(Qb)

Cross-correlation

Precipitation (P) x Base flow (Qb)

Dilatation

Wavelet convolution

Translation

Response time
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Response time

Runoff (m³/s)

Response time – Cross wavelet
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Empirical
model

• Qb – base flow
• Qs – runoff 

• Tr  – base flow  = 24 months
• tr2 – subsurf.     =  2 months

Empirical model Empirical model

Empirical model – 65 km2 Nested basin

3519 km²

1867 km²

65 km²



5

Empirical model – 1867 km2 Empirical model

Matlab tool

- Annual cycle of precipitation was identified

- Aquifer response time was estimated

- Hypothesis seems to work

- Future work: Determine response time based 
on aquifer parameters

Conclusions

Thank you

- Questions ?

- Suggestions ?

ew@sc.usp.br
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