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Context  

 

u From different presentations at different GNSS4SWEC workshops, it 
turned out that different groups were showing results from time series 

analyses, sometimes based on the same datasets.  

 

u They were dealing/struggling with the homogenization of their datasets.  

 

u A need for a common activity? Č send an EoI (22 responses) + Inquiry 

(17 participants).  
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Objectives  

1. To work  on  one  or  two  long - term  reference  datasets .  
 

ü We start with the IGS repro 1 troposphere products screened and converted to IWV  by 
O. Bock.  

 

2. To work  with  different  homogenization  methods/  algorithms :   
 

ü To inter -compare  their  results,  advantages,  drawbacks é 

ü To build  a list  of  commonly  identified  inhomogeneities  (instrumental  change,  break  
points,  auxiliary  data  jumps é) . 

 

3. To come  up  with  an  homogenized  version  of  the  reference  
dataset  that  can  be re -used  to  study  climate  trends  and  time  
variability  by  the  community . 
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  5 
IGS Repro 1: 120 stations  with data from 1995 -2010 

From A. Klos 



  

Important note  

 

u ERA-interim is used to screen 

the ZTD IGS repro 1 data  

u To convert ZTD to IWV, ERA-

interim is used  

u Surface pressure of ERA -

interim  

u Weighted mean temperature 

calculated from pressure 

levels 
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Good correlation between IGS Repro 1 and ERA -interim  

From O. Bock  



 
Č b reakpoint  identification  
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Good correlation between IGS Repro 1 and ERA -interim  

daily  monthly  

From O. Bock  



Dedicated Workshop in Brussels  8 

10 Participants from our Action (not all could come) + 1 External Expert (E. Aguilar)  



Dedicated Workshop in Brussels  9 

 

Ning Bock et al. Y¢¦  ό¢ŀƴƤǊ YŀȅƤƪœƤπ½ŜƴƎƛƴ YŀȊŀƴŎƤύ

monthly monthly daily monthly daily daily daily manual

albh 15/10/2002 15/10/2002 2/05/1998 18/05/2002

albh 15/03/2000 9/07/1998

albh 15/02/2006 2/07/2000

albh 12/03/2001

albh 18/01/2005

algo 7/02/2008 17/05/1997 12/10/2007 1

alic 20/04/2006 15/04/2006 15/04/2006 21/08/1999 26/10/2008 31/07/1999 1

alic 15/08/1999 15/08/1999 20/04/2006 15/06/2003 1

alic 6/05/2010 1

alic 11/10/1999 3

ankr 15/09/2000 15/10/2001 15/10/2001 15/10/2001 15/10/2001 3/01/2001 18/05/2005 7/02/1996 1

ankr 15/08/2000 15/09/2000 11/05/2008 23/07/1996 1

ankr 15/09/2008 15/09/2008 24/07/1997 1

ankr 16/09/1998 1

ankr 4/07/2000 1

ankr 24/11/2000 1

ankr 6/05/2008 1

ankr 4/06/1999 3

ankr 16/09/2000 3

ankr 26/11/2007 3

Elias Van Malderen et al. Klos et al. 



Dedicated workshop in Brussels  

u breakpoints detected in metadata & visual inspection, but not by any 
of the groups?  

u breakpoints detected by a number (all) tools, but no metadata 

information?  

u time window! When are breakpoints coincident?  

 

æBased on the expertise of E. Aguilar, we decided to focus first on the 

generation of a synthetic dataset in which known offsets are 

inserted (Anna Klos) and to collect as much as possible (òtrustableó) 

meta -data , before trying to homogenize our reference IGS repro 1 

dataset.  
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Dedicated Workshop in Warsaw  12 

12 participants from our Action  + 2 òHOMEó experts (B. Chimani  + J. Guijarro ) 

MUT, 23-25 January 2017  

scope:  

analysis of the 

results of different 
tools on the 

synthetic datasets  



Summary of the different tools  13 

Climatol  
J. Guijarro  

HOMOP  
B. Chimani  

PMTred 
T. Ning 

Non -parametric 
tests 

R. Van Malderen   

2-sample t -
statistic  

M. Elias 

Pettitt  test  

S. Zengin  Kazancĕ, E. 
Tanir Kayikçi , V. 

Tornatore  

14 participants Č 6 different homogenization tools  



Summary of the different tools  14 

Climatol  
J. Guijarro  

Non -parametric 
tests 

R. Van Malderen   

u Neighbor -based, based on orthogonal regression between standardized 
anomalies (x -ȋx)/Ȓx and (y - ȋy)/Ȓy. 

u Missing data are filled in, outliers removed.  

u Varying amplitude of the corrected offsets (by including e.g. Ȓx in the 
standardization, you might include seasonality in the amplitudes).  

u The Standard Normal Homogeneity Test (SNHT) to find shifts in the mean is 
applied to the anomaly series in two stages.  

u Detection of multiple change points by applying the test to the remaining 
segments.  

u Runs on daily values, but might be also applied for monthly data.  

u Non -parametric distributional tests that utilize ranks: the Mann -Whitney -
Wilcoxon test and the Pettitt -Mann -Whitney test.  

u The CUSUM test (based on the sum of the deviations from the mean) is 
also used an additional reference.  

u Iterative procedure: if 2 out of those 3 tests identify a statistical significant 
breakpoint, the time series is corrected and the tests are applied again 
on the complete corrected time series.  

u Runs on monthly and daily values.  

 



Homogenization Methods and 

Contributions Available  

Method 1  Method 2  Method 3  Method 4  Method 5  Method 6  Method 7  

Operator  M. Elias R. Van 

Malderen  

R. Van 

Malderen  

J. Guijarro  T. Ning S. Zengin B. Chimani  

Method / SW  PMTred 2 of 3  PMW CLIMATOL PMTred Pettitt  HOMOP  

Daily/Monthly  D+M  D+M  D+M  D+M  D+M  D X 

Easy/Less/Full E+L+F E+L+F E+L+F L+F E+L+F E+L+F E+F 
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u in the pipeline: P. Stepanek , O. Bock, M. Gruszczynska, manual detection?  

u We welcome other contributions (e.g. SSA at GFZ Ą talk by Fadwa  Alshawaf ) 

u a lso possible: try running existing homogenization tools (e.g. HOMER) 



Assessment of the performance of the 

tools  é 
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u é on the identification of the epochs  of the inserted breakpoints (+ 

sensitivity analysis) in the synthetic datasets.  

 Ą work done by Eric Pottiaux , Anna Klos & Janusz Bogusz, next talk by Eric.  

 

u é on the estimation of the trends  that were or were not imposed to the 3 

sets of synthetic IWV differences.  

 Ą work done by Anna Klos & Janusz Bogusz, presented by me.  

 



Deriving Error Metrics for the Homogenization 
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Eric Pottiaux , Royal Observatory of Belgium (ROB) ð Solar-Terrestrial Centre of Excellence (STCE)  

Anna Klos , Military University of Technology (MUT)  

Roeland Van Malderen , Royal Meteorological Institute of Belgium (RMI ) ð Solar-Terrestrial Centre of Excellence (STCE ) 

Janusz Bogusz, Military University of Technology, Warsaw, Poland  

Elias Michal , Geodetic Observatory Pecny  (GOP)  

Jose A. Guijarro , Spanish Meteorological Agency  

Tong Ning , Lantmateriett , Sweden  

Barbara Chimani , ZAMG 

Selma Zengin Kazanci , Karadeniz  Technical University, Trabzon  

Royal Observatory  

of Belgium  

Solar-Terrestrial Centre  

of Excellence  



Deriving Error Metrics for the 

Homogenization of IWV Time Series 
METHODOLOGY AND CONTRIBUTIONS 
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Global Methodology for Performance 

Assessment 
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BLIND  
òData Homogenizationó 

ôóEASYó ôóLESSó ôóFULLYó 

Increasing Complexity  

Daily Values  

Monthly Values  

Homogenization Method 1  

Homogenization Method 2  

Homogenization Method 3  

Homogenization Method N  

é
 

IGS repro 1 Characteristics  

ERA-Interim Characteristics  

òTruthó 

Result Set 1 

Result Set 2 

Result Set 3 

Result Set N 

é
 

Feedback & Enhancement Loop  

Synthetic datasets  

ôTrueõ datasets 



Summary of Results Contributions  20 

Results from Barbara Chimani  not yet handled (technical reason)  
Three more contributors expected (Olivier Bock, Petr Stepanek , Yingbo  Li) ð More are welcome !  
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EASY LESS FULL

Submission Info. w.r.t. Synthetic Dataset Type  

Nb of result datasets used Nb. Of Contributors Included Nb. of Methods Used



Deriving Error Metrics for the 

Homogenization of IWV Time Series  
METRICS FOR SENSITIVITY AND PERFORMANCE ASSESSMENT 
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