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[Data Quality: Control
Finding Outliers

e Comparing values to values of neighbouring stations

comparing to min. 3 to 10 best correlated (nearest) stations
calculating Se€ries of standardized differences (logarithms of ratios)
number of cases exceeding 95% confidence limits is counted

Standardization of neighbours to base station values (AVG,
STD, Altitude),




Data Quality: Control
Neighbours values Standardization

e Characteristics calculated from the standardized values:

e coefficient of Interquartile range (ranges are estimated from
standardized neighbours values)

e difference of base station and median
from neighbours values (probability):

CDF for ( (base station — median_from_standardized neighbors values)/STD base station )

® ,,Expected“ value (as weighted mean with weights 1/distance or
correlations, arbitrary power; possibility of using trimmed mean) and
comparison with original value
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Example of outputs for outliers assessment

Suspicious values

Expected value

Neighbour stations Values

ﬂ'ﬂ _ _ _ _ ~
0 B2BTUROL T _03:30 241,00 A titude 235,00 670,00 203,00 210,00 745,00
0 B2BZABOL T 03:30 st 1,di 11,58
0 BIPROTOL T 0330 | 1 st 2, di 36,85
0 O3IPRERDL T _03:30 st 3, di 59,12
0 020LOMOL T 0330 st 4, di 62,88
0 OLCER¥OL T 0330 st 3, di 91,95
0 |B2BTUR0L T 03:30 2006 6 25 27,30 17,28 17,30 16,10 15,50 15,80 16,10
5 B2BTUROL T 0345 241,00 A ltitude 235,00 670,00 203,00 210,00 745,00
5 PB2IBZAB0L T 0345 st 1,di 11,58
5 BIPROTOL T 0345 st 2, di 36,85
5 |O3FPRERQL T 0345 st 3, di 59,12
5 O20LOMOL T 0345 st 4, di 62,28
5 OICERVOl T 0345 st 3, di 91,95
5 |B2BTURDL T 03:45 2006 6 25 26,50 17,26 17,30 16,30 15,80 15,60 16,20
0 B2BTUROL T 0400 241,00 & ltitude 235,00 670,00 203,00 210,00 745,00
0 B2BZABOL T 0400 st 1,di 11,58
0 BIPROTOL T 04100 st 2, di 36,85
0 (OIPREROL T 0400 st 3, di 59,12
0 O20LOMOL T 0400 st 4, di 62,88
0 OLCERYOL T 04100 st 3, di 91,95
0 |B2BTUR0L T 04:00 2006 6 25 26,30 17,41 17,30 16,50 16,50 15,90 16,20
0 B2BTUROL T 0500 241,00 Altitude 235,00 670,00 203,00 210,00 745,00
0 B2BZABOL T 0500 st 1,di 11,58
0 BIPROTOL T 0500 st 2, di 36,85
0 O3IPRER0L T 0500 st 3, di 59,12
0 O20LOMOL T 0500 st 4, di 62,28
0 OLCERVOL T 0500 st 3, di 91,95

M AXRTITROT T 0500 | 1111 fi 15 24T 1752 1730 172 1730 Ta_30 172



Quality control

Run for period 1961-2007, daily data (measured values
In observation hours)

All stations (200 climatological stations, 800 precipitation
stations)

All meteorological elements (T, TMA, TMI, TPM, SRA,
SCE, SNO, E, RV, H, F) — parameters set individually

Historical records will follow now




Ailr temperature, number of outliers 1961-2007,
from: 3.43/1.000) station-days

T — air temperature at obs. hour, TMA — daily maximum temp., TMI — daily min. temp., TPM —
daily ground minimum temp.

l.1..1

T_07:00 T_14:00 T_21:00 T_AVG




Ailr temperature, number of outliers 1961-2007,
from: 3.43/1.000) station-days

Air temperature at obs. hour, AVG — daily average temp.

Temperature

007:00 @14:00 O21:00 OAVG




Ailr temperature, number of outliers 1961-2007,

Number of outliers per one station (all observation hours, AVG)

O temperature
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Water VAapor Pressurc, number of outliers 1961-2007,
from: 3.43/1.000) station-days

Water vapor pressure at obs. hour, AVG — daily average

water vapour pressure

@ 07:00 m14:00 O021:00 OAVG




PI‘Oblemath d@teCthl’lS = heavy ramifall

| iis YEAR MONTH DAY ST BASE EXPECT VAL REMARK ST 1 ST 2 ST 3 ST 4 ST 5 L
B2BTUROL SRAZH 1600 241,00 Altitude 235,00 670,00 203,00 210,00 748,00
B2BZAB01 SRASH 1600 st 1,di 11,58
BIFROTO1 SRAZH 1600 st 2, di 36,25
OIPRERO1 SEASH 1600 st 3, di 59,12
020LOM01_SEAZH 1600 st 4, di 62,28
OLCERY0] SRAZH 1600 st 3, di 91,95

BZBTURODL SREATH 16:00 2005
B2ZBTUROD] SREAFH 16:00 2006

] 10,00 147 1,50 0,00 0,20 0,00 0,30
14 8,70 0,32 0,30 0,50 0,20 0,00
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BZBTUR0]L SRAJH 16:00 | 2006 0,10 0,70 0,00 0,00 0,00
BZBTUR0]L SRA3H 16:00 | 2007 0,70 3,00 4,70 0,10
B2BTUR0D]L SRASH 16:00 | 2007 11 i 0,04 0,00 0,60 0,00 0,00 1,40
BZBTUROL SEA3H 19:00 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
B2ZBZAB01 SRASH 19:00 st 1, di 11,58

BIPROTO1 SEASH 19400 st 2 di 36,25

O3PRER0!_SFA3H_19:00 st 3, di 59,12

O20LOMO1_SRASH 15:00 st 4, di 62 88

O1CERV0] SRA3H 19400 st 5, di 01,95
BZBTURD]L SRAH 19:00 | 2005 5 23 2,00 0,03 0,00 0,20 0,00 0,00 0,00
BZBTURO1 SRA3H 19:00 2005 7 23 7,00 1,73 1,80 1,00 0,00 0,00 0,00
BZBTURD]L SRAH 19:00 | 2006 5 13 4,40 0,02 0,00 0,00 0,00 0,00 0,10
B2BTUR0D]L SRA3H 19:00 | 2006 T 8 13,70 -0,04 0,00 0,00 0,00 0,00 0,00
BZBTURDL SRA3H 19:00 2006 g 7 5,90 0,25 0,20 0,90 0,90 0,00 0,00
BZBTUR0DL SRAH 19:00 | 2007 1 1 3,40 0,69 0,70 0,60 0,30 0,00 1,10
BZBTURO1 SRA3H 19:00 2007 6 14 9,00 0,03 0,00 0,00 0,30 0,00 0,00
BZBTUROL SRASH 22:00 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
B2BZAB01 SRASH 22:00 st 1, di 11,58

BIFROTO1 SRA3H 22400 st 2, di 36,25

(O3PRER0DL_SFA3H 2200 st 3, di 59,12

O20LOMOL_SE&3H 22:00 st 4 di 62,83

OLCERYOL SRATH 22400 st 5, di 01,95
BZBTUR0D]L SRASH 22:00 | 2005 4 25 1,90 0,39 0,40 0,10 0,20 0,00 0,10

DADTITONT O 4 TTIT 9900 anns L as 1 N T RD T TN o n D En o



PI‘OblematIC thGCthHS (heavy Iamfall) Radal imformation:

i 8 1813

ML_”

CZRAD - 2@ MAX - 21, OE 2007 14:25 UT




Precipitation, number of outliers 1961-2007,

Number of outliers per one station
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Presented method can be further applied for

e Filling missing values (the “expected” value)

e Calculation of technical series (e.g. for grid points -
to be used for RCM validations or correction, ceepmoe

CECILIA), "




Remarks for QC

e Only combination of several methods for outliers

detection leads to satisfying results (“real” outliers
detection, supressing fault detection

)

Parameters (settings) has to be found individually

for each meteorological element, maybe also region
(terrain complexity) and part of a year (noticeable annual cycle
In number of outliers)

It Is Important to use measured value (e.g. from

observation hours) - outliers are masked in daily average
(and even more in monthly or annual ones)

Errors found in all elements and investigated countries (AT, CZ, SK, HU)




Homogenization

e Change of measuring conditions

— Inhomogeneities




How: to increase number of test results

(way to automatize - objectify inhomogeneities detection phase)

Quality Control - Qutliers

Interquartile Range Comparing to Neighbours

Combining Near Stations

Homogeneity Testing

Alexandersson test

Bivariate Test

Mann-Whitney-Pettit

Reference Series

Several

| Iterations

from Correlations from Distances

Hom. Assessment

Adjusting Data

Filling Miss. Values

Probability

Days, Months,
seasons, year




Creating Relference Series

for monthly, daily data (each month individually)
weighted/unweighted mean from neighbouring stations

criterions used for stations selection (or combination of it):
— best correlated / nearest neighbours Settings

(correlations — from the first differenced series) W Create Info File anly

— limit correlation, limit distance Mumber of Stations
— limit difference in altitudes

neighbouring stations series should be e
Standard|zed tO teSt SerIeS Fefer bhegin / Years per part
AVG and /or STD

Refer end ¥ Owerlap - years
(temperature - elevation, precipitation - variance)
- missing data are not so big problem then IV Common period
Canfidence limit

Carrelations calumn

[T Diffs of transfVals (precip)




Relative homogeneity testing

e Avalilable tests:
— Alexandersson SNHT
— Bivariate test of Maronna and Yohai
— Mann — Whitney — Pettit test
— t-test
— Easterling and Peterson test
— Vincent method

20 year parts of the da|Iy series (40 for monthly series with 10 years overlap),

in SNHT splitting into subperiods in position of detected significant changepoint

(30-40 years per one inhomogeneity)




Homogeneity assessment

e Various outputs created for better
Inhomogeneities assessment

e Combining results with information from
metadata whenever possible

e Decision about ,undoubted” inhomogeneities
(without metadata) — coincidence of test results




Homogeneity assessment

Output example: Station Caslav, 3rd segment, 1911-1950, n=40

SIS CACA A A A A A e P R e e
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Homogeneity assessment, output it example:

Summed numbers of
detections for
individual years




Homogeneity assessment

e combining several outputs (sums of detections in individual years,
metadata, graphs of differences/ratios, ...)

1D

EL YEAR BEGIN

YEAR_COUN

Y_POSSIBL

X_BEGIN T

X_END_DA]

EREMAREC

B1BOJKO1

1985

41

14.24

23.3.1984

31.3.2003

Echange _|

B1BOJKO1

1985

41

14.24

23.3.1984

31.12.9999

obs V

B1BYSHO1

1978

37

12.85

B1BYSHO1

1979

33

11.46

B1BYSHO1

1980

43

14.93

B1HLHOO1

1965

31

10.76
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33
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31

10.76
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1994
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obs
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10.42
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Vchange |
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Inhomogeneities detection and
correction

e Detection — for months, seasons, year
e Correction — dally, for each months separately




Ad]llStlIlg dally Values tor inhomogeneitics.

.delta“ method

e interpolation of monthly factors
— MASH
— Vincent et al (2002)

e Is it natural that station changes has the
same effect upon low and high extremes ...?




AdJUStlng dally Values for inhomogeneities,

Variable correction

e E.q.
— Higher Order Moments (HOM), by Della Marta and
Wanner (2006)
— Two phase non-linear regression by Mestre
(SPLIDHOM)
— our own percentile approach (similar to Dequé




Variable correction,
The higher-order moments method

DELLA-MARTA AND WANNER,
JOURNAL OF CLIMATE 19
(2006) 4179-4197




Variable correction

B. C. TREWIN AND A. C. F TREVITT
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[terative homogeneity: testing

e several iteration of testing and results
evaluation

— several iterations of homogeneity testing and
series adjusting (3iterations should be sufficient)

— question of homogeneity of reference series is
thus solved:

« possible inhomogeneities should be eliminated by
using averages of several neighbouring stations

e If this is not true: in next iteration neighbours should
be already homogenized




Filling missing values

e Before homogenization: influence on right inhomogeneity

detection
e After homogenization: more precise - data are not influenced by

possible shifts in the series

Dependence of tested
series on reference
series




Homogenization
oi the series 1 the Czech Republic




Number of mhomogeneities
explamed by metadata

O metada O no metada

T — air temperature, TMA — maximum temperature, TMI — minimum temperature,
SRA - precipitation, SSV — sunshine duration, E — water vapour pressure, F —wind
speed




Number of mhomogeneities
explamed by metadata, T AVG




B no metadata

O metadata

B no metadata
O metadata

10

9,

8,




Homogeneity testing resulis
Alr temperature

e Number of detected inhomogeneities (significant, 0.05)

450 450 T

400 - _ 400 —

350 - — - 350 |

300 - — 300 | ] —

250 =1 |7 — 250 -

200 | 1 200 | -

150 | — 150 -

100 - 100 -
50 - 50 | -

0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec Year DJF MAM JJA SON




Correlations between tested and reference series,

daily values

Air temperature
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Boxplots:
- Median, average
- Upper and lower quartiles

- minimum and maximum value

(for 115 stations)




Adjustments, monthly averages of abs. values

Air temperature
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Boxplots:
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Homogeneity testing resulis

Precipitation

e Number of detected inhomogeneities (significant, 0.05)
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Correlations between tested and reference series,
daily values

Precipitation
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Adjustments, monthly averages of quotines < 1

o o o
Precipitation
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[nhomogeneities
[N SUMmer versus in winter.,
Air temperature

e Change of measuring conditions at the station
(relocation etc.) is manifested in the series
mainly in summer

e In winter: active surface role is diminished,
prevailing circulation factors, in summer: active
surface role increases, prevailing radiation
factors




[nhomogeneities
[N SUmMmer Versus 1 winter,
Precipitation

Change of measuring conditions at the station
(relocation etc.) is manifested in the series
mainly in winter

In winter: errors of measurement (solid precipitation
- wind, ...)




Homogenization

Conlusions

e -  Ensemble” approach to homogenization (combining
iInformation from different statistical tests, time frames,
overlapping periods, reference series, meteorological
elements, ...)

- more information for inhomogeneities assessment — higher
guality of homogenization in case metadata are incomplete

e annual cycle of iInhomogeneities, adjustments, ...




Software used for data processing

e LoadData - application for downloading data from
central database (e.g. Oracle)

e ProClimDB software for processing whole

dataset (finding outliers, combining series, creating

reference series, preparing data for homogeneity testing,
extreme value analysis, RCM outputs validation, correction,

)
e AnClim software for homogeneity testing

http://www.climahom.eu




AnClim software

anclim (439
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ProClimIDB software

@-Pru[limDB ¥7.61 {(MONTHLY data)

Opkions  Edit

Get info Tools

=101

Transt Calculske Calc2  Neighbors  Anomalies Reference  Homog  Adjust  Fill Miss  Window  Help

e EEgR|iezaca(t ] [FefdR(S2ER

‘Processing window {profile: slovensko)

Menu : Reference

Calcuistes reforence sarias for each station pivan In Info Fiie

hem : From Correlations

Selects piven Number of stations with average correlation higher than a Limit and creates reference serlies

| 2 Change PROFILE |

Source files:

Fight click far cantext meny

Destination files: :
Haht click for context meny

Crata file

_et_hurv_mes_newy_teconstr2.dbf

Refer. SEMES  |gataver_seties dit

(Data Info filed | dataidsta_into.dbf

Ref Info file

datatref_ser_info ok

Correlations

datalcorrel diof

Dpen File

ave as ... (Copy)
Save as DBF IV

Settings

Process info:

¥iew / Edit Table ...

¥ Create Infa File anly
Murmber of Stations

Lirnit - carrelation
02100

haximum altitude diff.
-100

W \Weighted average

YRArS pEr one part

Owerlap - years

[T Allow lenght +i averlay
Carrelations column
k13

Mumber of stations: 5 Cpen in Excel ...
Difference in measuring periods (base and s¢
taken into account!

Meighbours selected according to; correlatior Unda
hased an K13 calumn

- additional condition: limit distance: maximu

Load Template

Caoy Aiama fa Ciphoard
Faste Mame from Clipboard

Meighbours can differ in altitude at least: 100 m -
Base station has to have a lenght at least 20 vears.

Meighbours have to have a lenght at least: 20 vears.

Minimum length of period in commaon: 10 years (selecting 5 stations out

of &3,

Selected stations from the same region only!l (Column 'Region’ in the
Info_file).

Stations processed:
1.B1BRBYO01_ThiA_21

Eun MMJ Q_uit

Feady for action

e




hittp://www.climahom.eu




