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[Data Quality: Control
FFinding Outliers

Two main approaches:

e Using limits derived from interquartile
ranges (time series)




[Data Quality Control
FFinding Outliers

e 1. Using limits derived from interquartile range

— relatively, series of diffs./ratios (logarithms) of tested and reference
series

reference series created as an average of 5 mostly correlated stations, max. distance 35 km
(precipitation)

 limits: coefficient (multiple) = 3.0
— absolutely, in the past when only one station is available

* in cases when less than three neighbours have been found
* limits: coefficient (multiple) = 5.0




Creating Reference 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 Infa File only
— |limit correlation, limit distance MNurnber of Stations

_ limit difference in altitudes

neighbouring stations series should be
Standardlzed tO teSt SerIeS Fefer begin f Years per part
AVG and /or STD

(temperature - elevation, precipitation - variance)

- missing data are not so big problem then I# Comman period

Refer end ¥ Ovetlap - years

[T Diffs of transfvals (precip)



Example:

Proposed list of stations used for creating reference series

ID_1 B BEGIN END LENCREMARK CORREL DISTANCE ALT 1 ALT 2
Selection
B1BLATO1 1961 2000 40 5st. (1:0.88 211 T,
B1HLUKO1 1961 2000 40y. comm.p 0931 678 211 225 |RSSNNAEN
B1VELVO1 1961 2000 40 y. comm.p 0921 894 211 230 |ENSENEN
B1STRZ01 1961 2000 40y. comm.p 0910 1039 211 176 :
B1UHBRO1 1961 2000 40 y. comm.p 0.901 1741 211 222 [EECEELIE

B1RADEO1 1961 2000 40 y. comm.p 0.884 13.32 211 240

B1BOJKO1 1961 2000 5st. (1:0.89 302
B1STRNO1 1961 2000 40 y. comm.p 302
B1STHRO1 1961 2000 40 y. comm.p 302
B1LUHAO1 1961 2000 40 y. comm.p 302
B1VIZO01 1961 2000 40 y. comm.p 302
B1UHBRO1 1961 2000 40 y. comm.p 302

B1BRBY01 1961 1994 5st. (1:0.87 350
B1BOJKO1 1961 2000 34 y. comm.p 350
0O3ZDECO01 1961 2000 34 y. comm.p 350
O3HUSLO1 1961 2000 34 y. comm.p 350
B1HLHOO1 1961 2000 34 y. comm.p 350
B1STHRO1 1961 2000 34 y. comm.p 350

B1BUCHO1 1961 2000 5st. (1:0.86 280
B1STMEO1 1961 2000 40 y. comm.p 280
B2KYJOO01 1961 2000 40 y. comm.p 280
B2KORCO1 1961 2000 40 y. comm.p 280
B1BZENO1 1961 2000 40 y. comm.p 280
B1NAPAO1 1961 2000 40 y. comm.p 280




[Data Quality Control
FFinding Outliers

e 2. comparing values to values of neighbouring
stations

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



Example:

Comparing base station to 1ts neighbours

ID

YEAR MON

ST_BASE

REMARK

ST1 ST2 ST 3 ST4 ST 5

Rat1_STND Rat2_STND Rat3 STND Rat4_STND Rat5_STND

CDF_MAX

B1BLATO1

211.0

Altitudes,li

225.0 280.0 176.0 190.0 240.0

B1HLUKO1
B1VELVO01
B1STRZ01
B1BZENO1
B1RADEO1

st_1, distaf
st_2, distaf
st_3, distaf
st_4, distar
st 5, distar

6.8
8.9

B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1

- a a
A NN-_200C0O0~NOOOOaPWN-=-

O OO0 ~NO O WN
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[Data Quality Control
FFinding Outliers

e 2. comparing values to values of neighbouring
stations

— comparing to min. 3 to 10 best correlated (nearest) stations
~ calculating S€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),

— calcualting various characterestics from these values

— Comparison with ,,expected” value — (calculated as weighted mean
from standardized neighbours values) < - interpolation method




[Data Quality: Control
Neighbours values Standardization

e Standardizing to average and/or standard deviation of base
station
(for each month individually)
e To altitude of the base station
e Linear regression calculated for each month individually
e For each row (particular month or day) individually (GIS)



[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)




Settings
QC, Settlngs 1n the SOftware v Add differences columns
processing the whole database

|, Finding neighbours: 2. Calculation:

Settings

v Create Info File anly

Humber of Stations

Lirmit- carrelation {; dist)

Maximum altitude diff,

L |

without suspicious
ndardization

ver for weights

WV Trimmed mean
[T Only for missing values

W Blank missing va




Example of outputs for outliers assessment

Suspicious values

Expected value

Neighbour stations Values

0 BIBTURDL T _03:30 241,00 A ltitnde 235,00 670,00 203,00 210,00 745,00
0 BIBZABOL T 03:30 st 1, di 11,58

0 BIPROTOL T 03:30 [ 1 st 2, di 36,85

0 O3FRER0L T 03:30 st 3, di 59,12

0 020LOMO1_T_03:30 st 4, di 62,82

0 OICER¥Ol T 03:30 st 5, di 91,95
0 B2BTURDL T 03:30 2006 6 25 27,30 17,28 17,30 16,10 15,50 15,80 16,10
5 B2ZBTURDL T 0345 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
5 BIBZABOL T 0345 st 1,di 11,58

5 BIPROTOL T 03:45 st 2, di 36,25

5 (OIFRER0L T 03:45 st 3, di 50,12

5 O20LOMOL T 03:45 st 4, di 62,28

5 OICERVOL T 0345 st 5, di 91,95
3 |B2BTURDL T 03:45 2006 6 25 26,50 17,26 17,30 16,30 15,30 15,60 16,20
0 BIBTURDL T 0400 241,00 i titnde 235,00 670,00 203,00 210,00 745,00
0 BIBZABOL T 0400 st 1,di 11,58

0 BIPROTOL T 04:00 st 2, di 36,85

0 O3FRER0L T 04:00 st 3, di 59,12

0 020LOMOL_T 0400 st 4, di 62,88

0 OICER¥OL T 04:00 st 5, di 91,95
0 |B2BTURDL T 04:00 2006 6 25 26,30 17,41 17,30 16,50 16,50 15,90 16,20
0 B2ZBTURDL T 0500 241,00 Altitnde 235,00 670,00 203,00 210,00 749,00
0 B2ZBZABOL T 0500 st 1,di 11,58

0 BIPROTOL T 0500 st 2, di 36,85

0 O3FRER0L T 0500 st 3, di 59,12

0 020LOMO1 T 0500 st 4, di 62,22

0 OICER¥OI T 0500 st 5, di 91,95

M BIRTITENT T ns-N0n 11T fr g 4. TN 1T 82 1730 17 20 17 30 130 17 2N



Quality control

e Run for period 1961-2007, dialy data (measured values
iIn observation hours)

e All stations (200 climatological stations, 800 precipitation
stations)

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

e Historical records will follow now



Spatial distribution of climatological stations

0 Median = 395

[125%-75% =(280, 540) *
1400 | T norvoutiiers = (150, 900) ¥
© outliers $
¥ extreme
0
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0
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e mean minimum distance: 12 km

ALTITUDE



Settings m the software

, Spatial correlations, max. temperatune
Alr temperature

Settings Annual values ...

[+] &dd differences columns
[ ] Diffs of transf¥als {precip
[ ]Exclude 0-0 cases

[ ] only Time_Info cases
Canfidence limit
[+] Add standardized vals cals
[ ] Transfarmation of vals {precip.)
[ ] 5tats without suspicious
[ Ay sekakdization
1 5TD standardization
Standardize to ALTitude
Regr. far indiv. cases
™~ ation - SepebrTrionhly AWVG+STON

IR

Regression correction B > 0.975
IZI Il <0975
Dutliers check Bl <095
m B <0925
CoETwalue Bl <09
[¥] Add Expected value / % : g’gf
Power far weights O < Oj825
B <08
[«] Ttimmed mean P <0,775
\ 0.2:0.8 B <075

[ ]only far missing walues
Blank missing values




Spatial correlations,

January

WUREERTD

max. temperature

WDREREITTY

095
Bl <095
B < 0,925
[ 1<09
Bl <0875
B <085



Ailr temperature, number of outliers 1961-2007,
from 3.431.000 station-days

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

T_07:00 T_14:00 T_21:00 T_AVG




Ailr temperature, number of outliers 1961-2007,
from 3.431.000 station-days

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

Temperature

0 07:00 m14:00 O021:00 OAVG

A e

Oct




Ailr temperature, number of outliers 1961-2007,
from 3.431.000 station-days

TMA — daily maximum temp., TMI — daily min. temp., TPM — daily ground minimum temp.

Max, min temperature, ground minimum B TVA B TMI B TPM




Air temperature, number of outliers 1961-2007,

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

O temperature

0T LARTAAR] |

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006




Settings m the software

Spatial correlations, water vapor pressure
Water vapor pressure

Settings

[v] Add differences columns 1 1
[ Diffs af transfals (precip) Annual values ...

[ ]Exclude 0-0 cases

[]only Time_Info cases
Confidence lirmit
[#] Add standardized vals cols
[1Transformation of vals {precip.)
[]5tats without suspicious
[]AwiE standardization
TD standardizatio
Standardize to ALTitude
[v] Reqr. for indiv. cazes
1 station - appl
Fegression carrection

[T )

nhly AV G+STON

[¥] Qutliers check

[«] Add |QF coef value
Add Expected wa
Fower for weights

Il >08
Hl <038

[ ] Trimmed mean

Blank missing values




Spatial correlations, water vapor pressure

January July

GORERNET)

DOREE R

-07
<07
[ ]<086
<05



Water VAapor Pressurc, number of outliers 1961-2007,
from 3.431.000 station-days

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

water vapour pressure

@07:00 m14:00 O021:00 OAVG




Spatial distribution of precipitation stations

0 Median = 447
[25%75% = (310, 561)
T non-outliers = (150, 951)

:
L o outliers L
¥ extreme é
[
1200 9
8
1000
800
0 50 100 Kilometers
P — = precipitation

600

e period 1961-2007 i :
e 0600 stations . l
e mean minimum distance: 7.5 km

0




Settings m the software
Precipitation

Settings

[v] Add differences columns
[+] Diffs of transf¥als (precip)
[ Exclude 0-0 cases

] Only Time_Info cases
Confidence limit
[¥] Add standardized vals cols
[#] Transformation of vals
[[] Stats without suspicious
[]avG standardization

1
Regr. for indiv. cas
:
Regieesion
Culliers check
[¥] Add IGR coef. value
d Expected vam
Poweer for weights

[ 1 Trimrmed mean

Blank missing values

Spatial correlations, precipitation

Annual values ...




Spatial correlations, precipitation

January July

1]
=
5]
(]
=
=
=
N




PI‘Oblemath detGCtIOnS (heavy rainfall)

o
BIZETURDI SR&3H 1600
B2BZAEO1 SEATH 1600
BIPROTO! SRA3H 1600
OIPRERDL SRA&3H 16:00
020LOMO1 SRATH_16:00
OICERVOL SRA3H 1600
B2BTURDL SRA3H 16:00
B2BTUR0L SRA3H 16:00
B2BTURDL SRA3H 16:00
B2BTUR0L SRA3H 16:00
B2BTUR0L SRA3H 16:00
B2BTURDL SEAZH 1900
BIBZAB0I SR&3H 19:00
BIPROTO1 SRA3H 1900
(OIPRERDL SEA3H 1900
O20LOMOL_SEAZH_19:00
OLCERVOL SRA3H 19400
B2BTUR0L SRA3H 19:00
B2BTUR01 SRA3H 19:00
B2BTUR0L SRA3H 19:00
B2BTUR01 SRA3H_19:00
B2BTURD]L _SRA3ZH_19:00
B2BTUR0L SRA3H_19:00
B2BTURD]L SRA3ZH 19:00
BIETURDI SR&3H 2200
BIBZABO] SRA3H 2200
BIPROTO! SR&3H 22:00
OIPRERNL SRA43H 2200
020LOMO1_SRAIH 2200
OICERVO1 SRA3H 2200
B2BTURDL SRA3H 22:00

DODTTIONnI DALY 29300

YEAR NWONTH DAY 5T BASE  EXPECT VAL FEMMARK 5T 1

2005
2006
2006
2007
2007

2005
2005
2006
2006
2006
2007
2007

2005

ann=

s BE—LNE - R Y

- RN - BT LRI Y|

241,00
6 10,00 147
14 8,70 0,32
13 i 0,13
2 » 0,66
11 = 0,04
241,00
23 8,00 0,03
23 7,00 173
13 4,40 0,02
g 13,70 0,04
7 5,90 0,25
1 3,40 0,69
14 9,00 0,03
241,00
2 1,90 0,39

e T

- nn - D

& ltitude
st 1,1
st 2, di
st 3, di
st 4
st 5, di

& ltitade
st 1,di
st 2, di
st 3, di
st 4, di
st 5di

& ltitude
st 1,di
st A
st 3, di
st 4 di
st 5, di

235,00
11,52

1,50
0,30
0,10
0,70
0,00

235,00

11,58

0,00
1,80
0,00
0,00
0,20
0,70
0,00
235,00
11,58

0,40

- -y

ST 2

670,00

36,25

0,00
0,50
0,70

0,60
670,00

6,25

0,20
1,00
0,00
0,00
0,90
0,60
0,00
670,00

36,25

0,10

ST 3

203,00

59,12

0,20
0,20
0,00
3,00
0,00

203,00

L

0,00
0,00
0,00
0,00
0,90
0,30
0,30
203,00

59,12

0,20

o N

ST 4

210,00

62,28

0,00
0,00
0,00
4,70
0,00

210,00

62,28

0,00
0,00
0,00
0,00
0,00
0,00
0,00
210,00

62,5

oD En

ST 5

749,00

51,95
0,30

0,00
0,10
1,40

749,00

91,95
0,00
0,00
0,10
0,00
0,00
1,10
0,00

745,00

51,95
0,10

o nn

L



PI’OblematIC detGCtIOIlS (heavy rainfall), Radar information

i M wv' *‘ Jli !

-I-I. mn \‘HL

CZRAD - 2: MAX - 21.06.2007 14:25 LIT




PI’GCipitﬂtiOH, number of outliers 1961-2007, from
113.724.000 station-days

M precipitation




Precipitation, number of outliers 1961-2007,

Number of outliers per one station

0.450

O precipitation

0.400 -

0.350 -

0.300 -

0.250 -

0.200 -

0.150 -

0.100 -

0.050 -

0.000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006




Detecting 15 mimute data (automated weather
stations)

e for Temperature — it works well

e Precipitation — big problems — spatial variability
needs to be combined with further information

(e.g. meteorological elements observed at
station)



Presented method can be further applied fox

¢ Filling missing values (the “expected” value — from
interpolation)

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

project CECILIA), ...



Conclusions

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)

Similar to homogenization of time series, It IS important to use
measured value (e.g. from observation hours) -

outliers are masked in dally average (and even more in monthly or
annual ones)

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



Outlook

e Improving methods by applying kriging (co-kriging)

¢ Including (combining) further information
(meteorological phenomenon to precipitation, wind
direction to wind speed, ...)

e Connecting with R-software and utilization of other
already programmed functions



Soitware 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



ProClimIDB' software

@-Pru[limDB ¥7.61 {(MONTHLY data)

Options  Edit

Get info Tools

=101 ]

Transt Calculate CalcZ  Meighbors  Anomalies  Reference Homog  Adjusk  Fill Miss  window  Help

e EegRfealst ]  [FeEfER| t2HER

Menu : Reference

= processing window {profile: slovensko)

Calclistes refarahce sorias for each station pivan In info File

hem : From Correlations

H= Change PROFILE |

Sefects given Number of stations with avergge carvelation higher than g Limit and creates reference series

Source files:

Faht click for cantext meny

Destination files: .
right elick for cantext meny

Data file

_et_hury_mes_new_teconstr2 dif

Refer. SEres  |datswet_seties dif

(Data Info filed | dataldata_info.cdbf

Fef Info file

dataret_ser_info dkd

Correlations

datalcorrel dibf

Dpen File

Save as ... [Copy)
Sawve as DEF IV

Settings

Process info: ¥iew / Edit Table ..

¥ Create Info File anly
Murmber of Stations

Lirnit - correlation
02400

Maximum altitude diff.
-100

W Weighted average
‘Years per one part

Cwetlap - years

[ Allow lenght +i- overlay
Correlations column
k13

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

Meighbours selected according to; correlatior Unida
haszed an K13 calumn

- additional condition: limit distance: maximu

Load Template

Caoy fama fa Ciphoard

Faste Mame from Clipboard

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

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

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

of 53,

Selected stations from the same region onlyl (Column 'Region’ in the
Info_filed.

Stations processed:
1.B1BRBY01_ThiA_21

Eu n MMJ guit

Feady for action

T e




ProClimDB software

etinfo Took Transf Calclste Calz Weighbors Angmaies Refersnce Homog  Agiust Fillpliss  Window  Help

EEE R e ER|SEE T
®='Processing window (profile: slovensko)

gAref info t.dbf - Show_DEF.exe ¥1.2.4 Ol =|

Menu: Reference == ” . . i §
Ca/culalesreferenceserresforeac.hs!auongﬂvemrﬂ/e File Edit Editz Records Fields Options  Help

et o oo ’ &R Editing D dokumenty'.progr'proc data"DATA' zprac_CR'¥se_od61%ref info E.dbf (1230 =12] x|
) ID_1 ID_2 REGION [BEGIM END LERGTH |[REMARK CORREL [DISTAMCE [azimMuTH[al +
- S| ) R . . (I
B1BREY01_T_07:00|B1BREY01_T_07:00_1_d|T_07:00[1.1.1980 |[31.121828] 10@55|0st. 0.00 0.0k0
e . B1BREY01_T_07:00|B1BRBY01_T _07:00_2 d|T_07:00[31.121964[31 121984 10957|ast. (:29.3 ozaol  12z8k0
Fommerorieon, | [Gectmen 8 B1LUHADT T _07:00 T _07:00(31.12.1960][31.12.2007 10957 y. com 1825  176.4k0
B1YIZ001_T_07:00 T_07:.00[31.12.196031.12.2007 10957 v, com 1871  134.4f0
T L | . O3HUSLO1_T_07:00 T_07:00]31.12.1960(31.12.2007 10857 . com 23.66 70.350
T e e OFSETO1_T_07:00 T 07:00(31.12.1960([31.12.2007 10857 y. com 26.76 931 k0
sy 1 ot b amarognon ot B1ZLIND1_T_07:00 T 07:00(31.12.1960][31.12.1996 10857 y. com 2a30]  1s50.2F0
Overlap- years Info_fle)
- e Fiaht click For cantext '
Cimamtngites woter | | 2ooii, o [B1BREYO1 T 14:00[B1BREYO1_T 14:00 1 d [T_14; 90 SlckTOr CONLEXL MENU .1 4 anznln-. 0.00 0.0fa
[ZE) Run Lastoutput| i i e
: B1BREYI1 T _14:00 |B1BREY01 T _14:00 2 d|T_14; otk data according to this column 3 8280 1228h0
I 51 LUHAD1 T 1 4[”:' T 1 4: Sark data accnrding ko n‘:\" EEIlLIITII'IS CTRL+O com 1 825 1 ?'54 SD
B1YIZO01_T_14:00 T_14 S creies | tom 1871  134.4F0
O2HUSLOT T 14:00 T 14 Find next =7 ltom 23 BB 70,360
O3YSETO1_T_14:00 T 14 Replace strings CTRL+L  lcom 26,76 83150
B1ZLIND1_T_14:00 T_14: cam 2a30l  1s50.2k0
Ligf cazas of B column CIRE+T
B1BREYI_T_21:00 |B1BREYO_T_21:00_1_d |T_21. I el 0.00 0.0F0
B1BREY01_T_21:00 [B1BREY01_T_21:00_2_d |T_21: Aiter out into new Applcation 3 92.80| 122.8f0
B1LUHADT_T_21:00 T_21  Blank the cal CTRL4E | com 1825  176.4F0
B1YIZO01_T_21:00 T 21 Insert raw CTRL4T | com 1871  134.4F0
D3HUSLOT_T_21:00 T_21 MarkfUnmark record For deleting  CTRL+D cam 23.66 70.3p0
O3YSETO1_T_21:00 T2 Deleke rest (mark) CTRL+A  Ltom 26,76 8310
B1ZLIND1_T_21:00 T2 pocallrest funmark) CTRL4R  LEOM 2a30l  1s50.2F0
B1BREYDT_T_AWG |B1BREYON_T_AWG_1_d |T_ayve  Coowronisto Cinbosrd CTRLHI 0.00 0.0f0
B1BREYDI_T_AVG |BIBREYO1_T_&wG_2 d [T _swve  Paste rowls) from Cliphoard CTRLAE 3 gz280| 122.8F0
B1LUHADT _T_AVG T_AVU  pipiay DEF e cam 1825  176.4F0
B1VIZOO0T_T_AYG T_Au — cam 1871  134.4F0
O3HUSLO_T_AYG T g it viEwer CTRLAQ o m 2366]  703F0
O3VEETO1_T AW T_AvG |2112.1960([31.12.2007 10857 y. com 26.76 83150
B1ZLIMNDT_T_AVG T_AWG |2112.1960(21.12.1996 10857 y. com 2a20]  1s80.2k0

| KN |

ﬂnl Bottarm | Sort | Delete Insert Mo St Command Exceal
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