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ObjectivesObjectives

Investigate the relationship between 
prices and precipitation in the SE region 
of Brazil.

Create a forecasting model based on 
precipitation data.
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The dataThe data
Monthly precipitation data on 28 measuring
stations throughout the SE region of Brazil for 
the period between January 1995 and October 
2001.

Data Sources: Aneel (the regulatory agency for 
the electric sector in Brazil), Inmet (government 
sponsored climate institute) and Furnas (energy 
generator owned by the federal government).

Stations were chosen with 2 major concerns:
Proximity to large reservoirs
Availability – whenever possible, public data 
sources were chosen (Aneel and Inmet)
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Location of Measuring StationsLocation of Measuring Stations
E s ta ç ã o  L a t i tu d e L o n g itu d e  F o r n e c e d o r  N ú m e r o  

B o a  E s p e ra n ç a  2 1 :0 8 S  4 5 :5 7 W  F u rn a s  1  
C a rm o  2 0 :9 5 S  4 6 :1 5 W  F u rn a s  2  
G u a p é  2 0 :7 5 S  4 5 :9 2 W  F u rn a s  3  
U s in a  d e  F u rn a s  2 0 :6 8 S  4 6 :2 8 W  F u rn a s  4  
U s in a  d e  M a r im b o n d o  2 0 :2 8 S  4 9 :1 8 W  F u rn a s  5  
C o n c e iç ã o  d a s  A la g o a s  1 9 :9 0 S  4 8 :3 9 W  F u rn a s  6  
F a z e n d a  B e la  V is ta  2 0 :9 0 S  4 8 :0 3 W  F u rn a s  7  
U s in a  P o r to  C o lô m b ia  2 0 :1 2 S  4 8 :5 7 W  F u rn a s  8  
F ru ta l  2 0 :0 2 S  4 8 :5 6 W  In m e t  9  
L a v ra s  2 1 :1 4 S  4 5 :0 0 W  In m e t  1 0  
M a c h a d o  2 1 :4 0 S  4 5 :5 5 W  In m e t  1 1  
U b e ra b a  1 9 :4 5 S  4 7 :5 6 W  In m e t  1 2  
T rê s  L a g o a s  2 0 :4 7 S  5 1 :3 8 W  In m e t  1 3  
R o c in h a  1 8 :3 7 S  4 6 :9 2 W  H id ro w e b  1 4  
L a g a m a r  1 8 :1 8 S  4 6 :8 0 W  H id ro w e b  1 5  
M o n te  C a rm e lo  1 8 :7 2 S  4 7 :5 2 W  H id ro w e b  1 6  
E s tre la  d o  S u l  1 8 :7 3 S  4 7 :6 9 W  H id ro w e b  1 7  
A b a d ia  d o s  D o u r a d o s  1 8 :4 9 S  4 7 :4 0 W  H id ro w e b  1 8  
C a s c a lh o  R ic o  1 8 :5 8 S  4 7 :8 7 W  H id ro w e b  1 9  
C o ro m a n d e l  1 8 :4 7 S  4 7 :1 9 W  H id ro w e b  2 0  
Ir a i  d e  M in a s  1 8 :9 8 S  4 7 :4 6 W  H id ro w e b  2 1  
F a z e n d a  C a c h o e ir a  1 8 :7 0 S  4 8 :7 8 W  H id ro w e b  2 2  
T u p a c ig u a r a  1 8 :6 0 S  4 8 :6 9 W  H id ro w e b  2 3  
X a p e tu b a  1 8 :8 6 S  4 8 :5 8 W  H id ro w e b  2 4  
I tu iu ta b a  1 8 :9 4 S  4 9 :4 6 W  H id ro w e b  2 5  
Ip ia c u  1 8 :6 9 S  4 9 :9 4 W  H id ro w e b  2 6  
A v a n t ig u a ra  1 8 :7 7 S  4 9 :0 7 W  H id ro w e b  2 7  
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Location of Measuring StationsLocation of Measuring Stations
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Correlations Correlations –– LogLog((Price) and Price) and 
rainfallrainfall

L O G  C M O  S O U T H E A S T
L O G  C M O  S O U T H E A S T 1 0 0 . 0 0 %
Z c :  B E s p e r a n ç a - 0 . 0 2 %
Z c :  C a r m o - 1 . 6 4 %
Z c :  G u a p é - 6 . 3 9 %
Z c :  U s .  F u r n a s - 7 . 8 3 %
Z c :  C o n c .  d a s  A l a g o a s - 4 . 4 1 %
Z c :  F z .  B e l a  V i s t a - 6 . 3 8 %
Z c :  U s .  M a r i m b o n d o 1 . 0 0 %
Z c :  U s i n a  P o r t o  C o l o m b i a - 6 . 8 3 %
Z c :  F r u t a l - 1 2 . 7 9 %
Z c :  L a v r a s - 1 . 7 8 %
Z c :  M a c h a d o - 4 . 6 0 %
Z c :  U b e r a b a 0 . 1 0 %
Z c :  T L a g o a s - 4 . 7 9 %
Z c :  R o c i n h a - 8 . 2 6 %
Z c :  L a g a m a r - 5 . 5 2 %
Z c :  M o n t e  C a r m e l o 6 . 6 6 %
Z c :  E s t r e l a  d o  S u l 4 . 1 0 %
Z c :  A b a d i a  d o s  D o u r a d o s - 3 . 6 3 %
Z c :  C a s c a l h o  R i c o 2 . 1 8 %
Z c :  C o r o m a n d e l - 7 . 5 8 %
Z c :  I r a í  d e  M i n a s 4 . 6 4 %
Z c :  F a z e n d a  C a c h o e i r a - 4 . 1 1 %
Z c :  T u p a c i g u a r a - 4 . 9 6 %
Z c :  X a p e t u b a - 8 . 7 6 %
Z c :  I t u i u t a b a - 3 . 3 5 %
Z c :  I p i a c u - 2 . 9 9 %
Z c :  A v a n t i g u a r a - 3 . 4 7 %
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Model ConsiderationsModel Considerations

Let t denote the current time period, so that t –1 
and t –2 refer to the previous month and two 
months ago

We´ll fit a model with the following structure:
Dependent Variable: log(Price(t))
Explanatory Variables

Log(Price(t-1)) 
Standardized Precipitation at different measuring points 
at times t, t –1 and t -2
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Model ConsiderationsModel Considerations

Why use standardized rainfall?
To keep all variables on “equal footing”;
What should really matter is whether or not it 
rained a lot, but not the actual amount of rain;
Thus, we standardize all precipitation values 
(to have mean zero and std. deviation one) 
before using them in any model.
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Model 1Model 1

Structure and Coefficients
Constant 0.8233
Log Price (t-1) 0.7852
Xapetuba (t-2) 0.5265
Uberaba (t-1) -0.5613

R2 = 67%
MAPE = 21.2%
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Model 1 Fit (in sampleModel 1 Fit (in sample))
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Why include these measuring Why include these measuring 
stationsstations??

Some dramatic rainfalls! 
On the next graph we present the
standardized rainfalls for Xapetuba and 
Uberaba stations – note some values
above 3 standard deviations during the
wet season (December to March). 
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Standardized RainfallsStandardized Rainfalls

CMO, Uberaba and Xapetuba - Standardized Variables
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ConclusionsConclusions

Can precipitation provide information about spot 
electricity prices in Southeast Brazil? YES!

The proposed model has a very simple structure 
and can be used in forecasting BUT... Most of its 
the explanatory power comes from the AR 
component (previous month price). 
However, the proposed model can serve as a first 
guess when trying to forecast next month’s spot 
price, since currently electricity prices in Brazil 
are generated by a complex optimization model, 
that requires several hours to run in a top quality 
PC.
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Further StepsFurther Steps

Cluster similar measuring stations, to try 
to combine their informations.

The question that remains is: will the 
clusters have better predictive ability than 
individual stations?
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