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HOMPRA Europe 2 - An update of a gridded precipitation
data set from European monthly homogenized time series
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® Homogenized January trend [mm/yr] *

Elke Rustemeier, Peter Finger, Udo Schneider, Markus Ziese, and Stephanie Hansel

Global Precipitation Climatology Centre, Deutscher Wetterdienst, Offenbach am Main, Germany

Trend in mm/year
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Global preciptation Climatology Centre

GPCC Precipitation Normals (Version 2022)
number of stations per 1.0 degree grid
for YEAR
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11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Outline

=> Data base

= Actual homogenization
> Networks of similar time series
> Detection of break-points
> Correction of breaks

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Carefully chosen subset

Monthly time series E‘

Quality controlled data - g

Time periode 1951 — 2015 R

Not more than 20% of O'_

missing data —

7916 time series - R S
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Causes of inhomogeneity

The wind-induced error,
which can be on average 2%-
10% for rain and 10%-50%
for snow, is the most
Important of systematic error.
(Sevruk, 1985)
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Figure: Computed trajectories of water
drops (Nespor and Sevruk, 1999)

jointly organized with the 14th EUMETNET Data Management Workshop

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
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Causes of inhomogeneity

Table: Effect of modifications on different climate variables (Beaulieu, 2009)

Type of change Tmean Tminmax Prectot Pres Hum Vdir Viorce
Instrumentation - + + - ++ - ++
Instrument height + + + +++ + + ++
Exposition + ++ ++ - + ++ ++
Observation time -+ + - - + - +
Calculation method — - - - + - +
Relocation ++ +++ +++ - + ++ +4++
Environment + + + - + + +
Observer - - - - - - +

- no major problems Tmean Average temperature Pres Air pressure
+ some inhomogeneities Tmax Minimum temperature Hum Humidity

++ important breaks T min Maximum temperature Vir Wind direction
——+ very important breaks Preceot Precipitation Vforce Wind force

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Causes of inhomogeneity

Table: Effect of modifications on different climate variables (Beaulieu, 2009)

Type of change Tmean Tminmax Prectot Pres Hum Vdir Viorce
Instrumentation - + + - ++ - ++
Instrument height + + + +++ + + ++
Exposition + ++ ++ - + ++ ++
Observation time -+ + - - + - +
Calculation method — - - - + - +
|Relocation | 4+ 4+ +++ - + ++ +4+
Environment + + + - + + +
Observer - - - - - - +

- no major problems Tmean Average temperature Pres Air pressure
+ some inhomogeneities Tmax Minimum temperature Hum Humidity

++ important breaks T min Maximum temperature Vir Wind direction
——+ very important breaks Preceot Precipitation Vforce Wind force

jointly organized with the 14th EUMETNET Data Management Workshop

% 11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
AT
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Networks of similar time series

Cluster
Inhomogenous Cluster --
Da? a%" Continents % -- % Partial %
Distance Correlation

> Calculate partial correlation between the series
> (Minimal least squares)

* Consecutive differences

* Removal of the annual cycle

 Calculation of the ranks
> WARD CLUSTER

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Networks of similar time series

Cluster
Inhomogenous Cluster --
Dag OUS Continents - — Partial +H
DlEiEsE Correlation

> Calculate partial correlation between the series
> (Minimal least squares)

* Consecutive differences

* Removal of the annual cycle

 Calculation of the ranks
> WARD CLUSTER

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Homogenization course

p

Removal of climate signal

Neighbor series

Target series 1
Reference series

N7

Difference series

o

Detection of break points

Investigation of
difference series

Correction of breaks

Correction of _ _ _ _ _ A
\ original series
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11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Homogenization course: Break-point detection
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Difference time-series
> Transformed time series —
transformed reference time-series

Log-likelihood
> Best break-point position for each
number of breaks

Penalty term
> Number of breaks

See Caussinus and Mestre, 2004

¥

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Homogenization course: Correction

> Box-Cox Transformation
(Software requires normal distribution)

Y k
> - ((Y)-1)/k for k # 0.000
t

—An(Y ) for k = 0.000

t -
> Reference series
— High correlated time series

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Homogenization course: Break correction

A T P ] 1) Binary coding of the series
I ROt R ;m"} 5 | 2) Multiple linear regression
5 — = , over homogeneous segments
. e ke | 3) Regression coefficients
q] T e T PR S e T indicate break amplitude
- " See Mestre (2003)
32 K B o i &"’“f«: sl x:&x 2
"’ ; :’se« IR WP s kA | | @ x Power transformed
: x ® monthly time-series
g R ‘”J‘x w3 e s || @ | Detected breaks
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11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Homogenization course: Break correction

3 1) Binary coding of the series
K 2) Multiple linear regression
‘*: over homogeneous segments

g 3) Regression coefficients
3 indicate break amplitude

i See Mestre (2003)
- ® _ Monthly
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11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Example of a homogenized time-series

1957 1969 1974

3
\
A
\
3

I
e

|

|
gt
%

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Inh :
-

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Difference between raw and homogenized

__January trends
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1 January DIFF
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Trend in mm/year



Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘

MAM JJA & Original trend

% . 0O HOMPRA Europe trend
g - 7
/] %
g 2 ol
7 7|/
g 7% Z10¢
il o ZI|'
i 7 g
88 - 2% jf’
a //// //
g .
:go o mmwmma{ Wﬂn ST _h% / A m-—f—-
8
v
—
;- i 7
)
g ) 7”/7
= % oA
AN ga
8 7 N
A a %215
. | : ﬁF'/_l/u/:/. mr? | I Tmm ///./ /|7|}n.._ |
4 2 0 2 4 2 0 2 4

Trend in mm!y_r

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Reporting back to quality control

> Correlation between series too high
— Duplicate stations
> High correction factor
— May be factor 10 error
> Too many zeros compared to neighbor series

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Number of breaks in %
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Verification

> Especially important due to automation

Verification of the method
> Usually testing on independent data
— Artificial data
> Comparison with digitized meta data (Germany only)

Verification of the results
> Suspicious series are controlled manually
> Sensitivity study

— Variation of reference series

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Todo list before publication of HOMPRA Europe 2

Suspicious series are controlled manually

Output for every time series

> CRADDOCK test on original and homogenized data
> Including neighbor series and detected breaks

> Annual cycle (including neighbor series)

> Absolute raw and corrected series

> Relative raw and corrected series

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Todo list before publication of HOMPRA Europe 2

Blacklisting before interpolation
> Manually blacklisted series if necessary

— High correction factor
— Series without high correlated neighbors
— Strong differences in the annual cycle between target and neighbor time

series

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Interpolation

> Modified SPHEREMAP
> (Becker et al., 2013 and Schamm et al.,2014)
— Distance and angle weighted, weighted average method

— Applied on anomalies
— One of the interpolation schemes that run operationally at the GPCC

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Summary and outlook

v

Development of an automatic algorithm

> Allows homogenization of large data sets

> Homogenization of ~8000 monthly time series
> Sensitivity study for the used neighbor series

> Comparison to HOMPRA Europe
Publish HOMPRA Europe 2 (gpcc.dwd.de)
Probably end of July

v

v

11th Seminar for Homogenization and Quality Control in Climatological Databases and 6th Interpolation Conference
jointly organized with the 14th EUMETNET Data Management Workshop
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Thank you
for your
attention!

'--------------------‘

Sort into networks

Meta data

Sort stations to continents

eta data

Ward cluster on
Great circle distance

Monthly totals

Ward cluster on
Partial correlation (parallel)

T T T T T T T T YT

Homogenization Start homogenization
on networks

Network 1 Network ...
Monthly totals

Missing values
Box-Cox transformation
(parallel)

® Target series and high correlated series
® Dummy codification
® Multiple linear regression

Annual totals

Detection of breakpoints
Logarithmic transformation
(parallel)
® Difference of target series and reference
series
® Penalized log-likelihood
® Caussinus-Mestre criterion

Monthly totals
Correction of breaks

Box-Cox transformation
(parallel)

® Target series and high correlated series

11th Sem

jointly org
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® Dummy codification
® Multiple linear regression
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