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Goals 

• To develop an error/inhomogeneity 
detec1on algorithm for meteorological 
data. 

• To implement the proposed methods in 
the free open‐source (GNU) language R. 
• To apply the methods to the CLARIS LPB 
databases. 



The monitoring sta1ons 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Temperature (maximum) data 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Error detec1on problem 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The temperature series 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Joint temperature values 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The setup 

Temperature Data 

Monitoring Sta1on 

Observa1on Day 

Determinis1c Component 
(Smoothing/FiVng/Filtering) 

Innova1on Term 
(Error) 

Assumed as Independent ? 



Smoothing/FiVng/ 
Filtering 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Smoothing/FiVng/Filtering Choices 

•  Running mean 
•  Running median 

•  LOWESS 

•  Deseasonaliza1on. 
•  ARIMA/GATCH fiVng. 

•  Fast Fourier Transform (FFT) 

•  Filtering. 



Historical 
Correla1on 
Matrix of 
Residuals 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Influence Set of a Target Sta1on 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So, for each Influence Set we have: 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What is an Outlying Mul1variate 
Observa1on? 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The Need for Robustness 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Local Time Span Selec1on 

•  A local 1me span determina1on is needed to 
compute the T2 sta1s1c. This value controls 
the number of days used to compute the 
covariance matrix and the loca1on vector. 

•  If the span is too long then the “local (1me) 
effect” could be lost. 

•  If the span is too short then the method yields 
unstable es1ma1ons (# obs >> # var). 



Is There a Unique Sta1on/Variable 
Responsible for the Large T2? 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MYT Decomposi1on 

Suspect sta1on 



The Distance Contribu1on 



Choosing p decomposii1ons 
(between p! dis1nct decomposi1ons) 



Error Detec1on 

•  If in a certain day the following condi1ons happen 

–  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error 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Robust Loca1on‐Scaoer Es1mators 

• Minimum Covariance Determinant (MCD). 
• Minimum Volume Elipsoid (MVE). 

•  Stahel‐Donoho Es1mator. 

•  Orthogonalized Gnanadesikan/Keoenring 
(OGK). 

•  Fixed Correla1on Scaoer Es1mator 



The Current Implementa1on 

•  MCD 

•  OGK 

•  Fixed 
Correla1on 
Scaoer 
Es1mate 

•  Slow 

•  Fast 

•  Superfast 



The MCD Es1mator 

Given a p dimensional data set X={x1, …, xn}, 
the MCD estimator (Rousseeuw, 1984) is defined as 
the subset of h observations out of n whose classical  
covariance matrix has the smallest determinant. 
The MCD location estimator T is defined as the mean 

of that subset the MCD scatter estimator. 



The OGK Es1mator 

•  The Orthogonalized Gnanadesikan/Kettenring 
estimator (Maronna and Zammar 2002), is a 
relatively fast scatter estimator based on the robust 
pairwise estimation of bivariate variances.  



The Fixed Correla1on Scaoer Es1mator 

•  This es1mator relies on the fact that the 
correla1on between monitoring sta1ons do 
not change over 1me. 

σij(t) =ρij σi(t) σj(t) 

•  Thus, to es1mate the covariance, only robust 
es1ma1ons of univariate variances are needed. 



The Method at Work 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Error Detec1on method 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How to Summarize the 
Outlyingness Evidence from 
Different Influence Sets ? 



A Toy Example (8 sta1ons) 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An Error Occurs in Si 

The three Influence sets 
are dis1nct 

Three different distances 
are relevant here 



An Error Occurs in So 

Both Influence Sets are  
iden1cal 

Two iden1cal distances 
are relevant here 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The Algorithms Implementa1on 

•  Algorithms Programmed in R. 
• WEB Interface Implemented in PHP. 

• Methods Available from the Internet. 

•  Accesible Wordlwide (Authorized Users). 

Authorized User 

Internet/Intranet 

Web Server 

APACH 



Uploading a database 

Selected database 



Execu1ng a Quality Control Process 

Selected database 



QCP: Parameters determina1on 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Selec1ng the sta1ons 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Execu1ng a Quality Control Process 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List of poten1al 
errors 

Suspect date 

Maximum 
Contribu1on 

Mahalanobis Distance (T2) 

# of sta1ons 

Ordering 
buoons 



Is this an error ? 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The Graphical Output in detail 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Some Examples 



Univariate Outlier (3 Sta1ons) 



Huge Univariate Outlier 

Salta aero (TMIN) 



Changing the Correla1on 

Salta Aero 
TMAX, Cor = 0.8 

Salta Aero  
TMAX, Cor = 0.3 



Poten1al Delay in Temperature Change 

INTA Bella Vista 
(TMIN, Cor=0.8) 



Huge Univariate Outlier 

INTA Bella Vista 
(TMAX, Cor=0.8) 



Mul1variate Outlier: Odd Vs. Wrong 

Mercedes Aero 
(TMIN, Cor=0.8) 



Zero Instead of Missing Value 

Pilar Observatorio 
(TMAX, Cor=0.8) 



What is an Inhomogeneity 
Upward shiz in the 
temperature distribu1on 

Downward shiz in the 
temperature distribu1on 

Median 

5th Percen1le 

95th Percen1le 

75th Percen1le 

25th Percen1le 



Inhomogene1es Detec1on Method 

•  S1ll under development 
•  Capable of: 
– Working with mul1ple sta1ons simultaneausly 
– Iden1fying the culprit sta1on/s 
– Detec1ng more than one change/inhomogeneity per 
sta1on 

– Iden1fying the kind of change/inhomogeneity (mean, 
variance, etc.) 

– Evalua1ng the significance of the change/
inhomogeneity 



Case study with metadata : Salta Aero (87047, Tmin) 

Sta1on 
reloca1on 
In 1949 

Sta1on 
reloca1on 
In 1958 

Metadata 

Sta1on 
reloca1on 
In 1931 



Growing the 1me par11on tree 

Sta1on 
reloca1on 
in 1949 

Sta1on 
reloca1on 
In 1958 

Sta1on 
reloca1on 
In 1931 



Significant breakpoints detec1on 

Most significant 
inhomogenei1es 

Sta1on 
reloca1on 
in 1949 

Sta1on 
reloca1on 
In 1958 

Sta1on 
reloca1on 
In 1931 



Determining the kind of inhomogeneity 

Change in 
mean in 1931 



Determining the kind of inhomogeneity 

Change in 
mean in 1949 



Determining the kind of inhomogeneity 

Change in 
mean in 1958 

Change in 
skewness in 1958 



Iden1fica1on of culprit sta1on and 
kind of inhomogeneity 

Variable 1 (sta1on 87047) 
responsible for a change in 
mean and skewness in 1958 

Variable 1 (sta1on 87047) responsible 
for a change in mean in 1949 

Variable 1 (sta1on 87047) 
responsible for a change 
in mean in 1931 



Showing the distribu1onal changes 

Upward shiz in the 
temperature distribu1on 

Sta1on 
reloca1on 
in 1949 

Downward shiz in the 
temperature distribu1on 

Sta1on 
reloca1on 
in 1958 

Sta1on 
reloca1on 
In 1931 


