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Data processed

e period 1961-2003

® monthly series (+seasonal and annual sums)

e 589 stations

— 566 series with measurements longer than 30 years

— 23 series created by combining neighbouring stations
— 457 stations has 40 years of measurement

e mean minimum distance: 7.5 km
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Data Processin Monthly, Seasonaland
: Annual Averages
Quality Control - Outliers

Interquartile Range Comparing to Neighbours

Combining Near Stations
Homogeneity Testing
Alexandersson test Bivariate Test Mann-Whitney-Pettit

Reference Series
Several
from Correlations from Distances

Adjusting Data
Filling Miss. Values

lterations




Data Quality: Control
Finding Outliers

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000




Data Quality: Control
Finding Outliers

e 1. Limits derived from interquartile range

— series of ratios (logarithms) of tested and reference series

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

— limits: coefficient (multiple) = 3.0

e 2. comparing values to values of neighbouring
stations
— comparing to 5 nearest stations
— series of standardized ratios (logarithms of ratios)
— number of cases exceeding 95% confidence limits



Example:

Comparing tested series to neighbouring series

ID ST _BASE[REMARK |[ST 1 ST 2 ST 3 ST 4 ST 5 |Ratl STND Rat2_STND Rat3_STND Rat4_STND Rat5_STND
BIBLATO1 211.0|Altitudes,lif 225.0 280.0 176.0 190.0 240.0

BIHLUKO1 st 1, distafl 6.8

BIVELVO01 st 2, distaf 8.9

BISTRZ01 st 3, distar

BIBZENO1 st 4, distar

BIRADEO] st 5, distaf
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
BI1BLATO1
B1BLATO1
BI1BLATO1
B1BLATO1
BI1BLATO1
BI1BLATO1
BI1BLATO1
BIBLATO1
BI1BLATO1
BI1BLATO1
BIBLATO1
BIBLATO1
BIBLATO1
BIBLATO1
BIBLATO1
BIBLATO1
BIBLATO1
BIBLATO1
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Combining measurements, oi
neighbouring stations




Combining measurements, oi
neighbouring stations

e Selecting neighbours till 5 km
e gap between two series: maximum 4 years
e resulting series: at least 30 years long

—p FUrther 23 combined series added to
566 original ones



Example:

Combining series of neighbouring stations

ID

B1POZLO1

Merging series

Suggestions

BEGIN

1961
List of neighbours>
1.>B1HLHOO1 1961
2.>B1LUHAO1 1961
Correlations of Overlap>
1.>B1HLHOO1 1961
2.>B1LUHAO1 1961
Reconstruction>
B1LUHAO1 1994
B1POZL01 1961
Better to reconstr.>
>B1LUHAO1
Exist before &after>
>BIHLHOO1
>BILUHAO1

END LENGTH REMARK

1993

2000
2000

1993
1993

2000
1993

33

40
40

33
33

49.16;17.80
49.11;17.77

1961-2000 (40)

0

40/ 33 years

DISTANCE ALT 1 ALT 2 ALL MONTHS

1.33




Creating Reference Series

e calculated as weighted average
— from the most correlated stations (5), limit 0.7
— from the nearest stations (5) , limit 30 km

e ratios tested /reference series
— testing ratios
— testing logarithms of ratios



Example:

Proposed list of stations used for creating reference series

ID 1 END LENC(REMARK CORREL DISTANCE ALT 1 ALT 2
Selection
BIBLATO1 2000 40 5st. (1:0.88 211 according to
BI1HLUKO1 2000 40 y. comm.p 211 correlations

B1VELVO1 2000 40 y. comm.p 211
B1STRZO01 2000 40 y. comm.p 211
B1UHBRO1 2000 40 y. comm.p 211
B1RADEO1 2000 40 y. comm.p 211

B1BOJKO1 2000 5st. (1:0.89 302
B1STRNO1 2000 40 y. comm.p 302
B1STHRO1 2000 40 y. comm.p 302
B1LUHAO1 2000 40 y. comm.p 302
B1VIZOO1 2000 40 y. comm.p 302
B1UHBRO1 2000 40 y. comm.p 302

B1BRBYO01 1994 5st. (1:0.87 350
B1BOJKO1 2000 34 y. comm.p 350
O3ZDECO01 2000 34 y. comm.p 350
O3HUSLO1 2000 34 y. comm.p 350
B1HLHOO1 2000 34 y. comm.p 350
B1STHRO1 2000 34 y. comm.p 350

B1BUCHO1 2000 5st. (1:0.86 280
B1STMEO1 2000 40 y. comm.p 280
B2KYJOO1 2000 40 y. comm.p 280
B2KORCO01 2000 40 y. comm.p 280
B1BZENO1 2000 40 y. comm.p 280
BINAPAO1 2000 40 y. comm.p 280




Creating reference series:

Statistics for selection of the nearest stations

Boxplots:
- Median
- Upper and lower quartiles

(for 589 testes series)

Distances /km

5.0

1 2 3 4 5 all

Orderofselected stations



Creating reference series:

Statistics for selection of the mostly correlated stations

Boxplots:
- Median
- Upper and lower quartiles

(for 589 testes series)
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Correlations between tested and reference series

(reference series calculation based on correlations)
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Boxplots:
- Median
- Upper and lower quartiles

(for 589 testes series)



Homogeneity testing

e Change in shift detection, p=0.05




Relative homogeneity testing

e Used tests:
— Alexandersson SNHT
— Bivariate test of Maronna and Yohali
— Mann — Whitney — Pettit test
— {-test



Tests results

Differences among individual reference series

CW = = = =Incw — - =Indw
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Tests results

Differences among individual tests

SNHT = = = -Bivtest =—— = =t-test
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Homogeneity assessment

e Various outputs created for better
Inhomogeneities assessment

e Combining results with information from
metadata

e Decision about ,undoubted” inhomogeneities



Example I:

Homogeneity assessment

D REFERENCE  ELENTESTBEGINEND CO I 1 1 XI XI  Win Spr Sum Aut
BIBOJKOI BI1BOJKOI 1_dw 1961 2000 1973 x 1985 X

B1BOJKO1 1988%< 1988%<

BIBOJKO!I B1BOJKO1 1 dw 1961 2000 1994 1985 x  x

B1BOJKO1 1971%< 1992%<

BIBOJKO!I BI1BOJKO1 1 dw
B1BOJKO1

BIBOJKO!I B1BOJKOI 1 dw
B1BOJKO1

BIBOJKO!I B1BOJKO1 1 dw
BIBOJKO!l B1BOJKO1 1 dw
BIBOJKO!I BI1BOJKO1 1 dw
BIBOJKOl BI1BOJKOI 1 dw
BIBOJKOI BIBOJKOI 1 _cw
B1BOJKO1

BIBOJKOl BIBOJKOI 1 cw
B1BOJKO1

BIBOJKO! BIBOJKOI 1 cw
B1BOJKO1

BIBOJKOl BIBOJKOI 1 cw
B1BOJKO1

BIBOJKO!I BIBOJKOI 1 cw
BIBOJKOl1 BIBOJKOI 1 cw
BIBOJKOl BIBOJKOI 1 cw
BIBOJKOl BIBOJKOI 1 cw

1961 2000 1973 x 1985 X X
1988*< 1988*<
1961 2000 1997 1985 x X
1966* 1992*<
1961 2000 1973 1997 1985
1961 2000 1994 1985
1961 2000 1973 x 1985
1961 2000 1985
1961 2000 1973 x 1985 2000 1966 x X X
1988*< 1988*<
1961 2000 1994 1985 x
197141981*%
1961 2000 X X X X X X
1988*< 1982* 1985*%<
1961 2000 1994 1985 x
1971%
1961 2000 1973 1997 1985 1998 x 1992 1966 x 1999
1961 2000 1994 1985 x
1961 2000 1973 x 1985
1961 2000 1988 1985 x

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X




Example II:

Homogeneity assessment

ID BEGIN END LENGTH YEAR_INHOM YEAR_COUNT Y_PORTION Y_POSSIBL

B1KROMO1 1961 2000 40 104
B1KROMO1 1977 18
B1KROMO1 1978 13
B1KROMO1 1975 11
B1KROMO1 1974 10
B1KROMO1 1983
B1KROMO1 1987
B1KROMO1 1989
B1KROMO1 1988
B1KROMO1 1971
B1KROMO1 1962
B1KROMO1 1982
B1KROMO1 1972
B1KROMO1 1964
B1KROMO1 1973
B1KROMO1 1986
B1KROMO1 1963
B1KROMO1 1984
B1KROMO1 1965
B1KROMO1 1995
B1KROMO1
B1KROMO1
B1KROMO1
B1KROMO1
B1KROMO1
B1IKROMO1
B1KROMO1
B1KROMO1
B1KROMO1

_— = = NN W W W W R 0 00

W N N — W W
A= 0NN PO ®

36.24
6.27
4.53
3.83
3.48
2.79
2.79
2.44
1.74
1.39
1.05
1.05
1.05
1.05
0.70
0.70
0.35
0.35
0.35
0.35
2.79

10.45

10.80
4.18
7.67
2.79

21.25

11.85
0.35

36.11
6.25
4.51
3.82
3.47
2.78
2.78
2.43
1.74
1.39
1.04
1.04
1.04
1.04
0.69
0.69
0.35
0.35
0.35
0.35
2.78

10.42

10.76
4.17
7.64
2.78

21.18

11.81
0.35

Summed numbers of
detections for
individual years



Homogeneity assessment

e Deciding which years to adjust for inhomogeneities
(using metadata, plots, ...)

[ [D_____[E1YEAR BEGITEND [y Couty rossmL
I T - I I TV 2]

[ [BiBOIKOL |x 11985 | | ai[ 1424 | o[ 23.3.1954]31.12.00%9]
---—--——

B N N S . R

I T RS VX5

R T - O 3 4 Y s

 [BrHOLEOI [ [1976] | 33 ide] | [

B 50 1

x BIRADEOl x | 1994 15.28 1.1.1994 31.12.9999 # # Rchange
BIRADEOl x & 1994 15.28 1.1.1994 31.12.9999 # # obs JB

x BIRYCHOl x | 1973 . 1.5.1973  28.2.1991 # # \change
BIRYCHOI x | 1973 g . 1.9.1972  28.2.1991 # # obs

xx? BISTRZ0O1 x 1987 53 18.40
BISTRZ01 |x | 1988 30 10.42

| [BrumBRoL | i iog6] | | is2.195a] 311.1999]7]7] | | [(ohange
31 ' 2195 i

B1VELIO1 x | 1978 31 10.76
? BI1VELIO1 X 1977 1978 44 15.28
koo f [ T [ m ol [ [T ]
[ [BIVYSKOT [x 71999 | | 32 L0 | | T4.1998[31.12.59%9]
" [BIvvsKol | 11099 | | o[ irai] 1| | r14.1998]31.12.9999]
-I--_--__l

B2BRUM01 X 1989 1.2.1989 31.3.1994 # # Echange
B2BRUMO1 x | 1989 5 . 1.2.1989 31.3.1994 # #




Adjusting data

e using reference series based on correlations
e adjustment: from ratios 20 years before and after
a change, monhtly

e smoothing monthly adjustments (low-pass filter for adjacent
values)

1 I Jii§ |\ vl VI VI KX X Xl XI




Several iterations

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

e guestion of homogeneity of reference series is thus
solved:

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

— if this is not true: in next iteration neighbours should be
already homogenized




Filling missing values

e linear regression (tested and reference series), monthly
e 10 years before and after filled value



Homogeneity testing results

e A4tests, 4 reference series, 12 months + 4 seasons and year
e Number of detected inhomogeneities (significant)
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Amount of change (ratios — standardized to be >1.0)

(reference series calculation based on correlations)

Boxplots:
- Median
- Upper and lower quartiles

(for 589 testes series)

Amountofchange (standardized)
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Final remarks

e problem: detection of inhomogeneites
near ends of series ...

e open question: impact of automatization
... (introduced only few years ago)



Software used for data processing

e 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, ...

e AnClim software for homogeneity testing

N’

http://www.klimahom.com/software



AnClim software
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INLNELY % Flotz of Filtered o_prumcR. fxt (¥ea)
|waeighli
I

& PS5 - MESA: a_pramch. fixt

Powe: Spectium - MESA

noz2e . 01

[aFEn
nisq2 BOD T
03332
03339
1305

] J
Al .00
00224

-1E00 +

2400 1

“winfiSp 1343 1858 1938 1508

1556

[Frequencias + Yalues + Pernc 2] M =30

Q000o: EA4.3299 < IJ Ezlitnalas ralsted la

D042 TIE3273<; X
BIS.SM < 1:
B0 4949 < A
BIN.Z349<. &
IWOEEHE 4 ;
2ER 007 ;4L ™ MNomaize FS [~ % Variance

204 7ap8

1814865 | 3 =
1E65M2 [ % [ Greph | ™ Pl

a3 T P Corfidenca Limk S5

5353 ;2 _
P0ATE < - 1 [ Save | 5ave Al Saried

H73.4554 ¢ ; : :
812353 . I Savewilh Conf. Limits

1
1§
3/ATA |1, o
| _1" J1 Do=e |

Wi g S ﬁSum I-'i.'m Aeaf

[ serics comtroler R i 1

Achyve File Selechiar {ee falme X

|D.'"n...".unurn".n_|:|rumEH.tnl d

Pralod: 1849 - 2000 1 Mizzmi Values
Semes | Anakzing
" Single seiies 32| & Simple seies Bz
= Menged Saties of ane Fil | Driffereroes [T emperabine

™ Menged Saies of b HEva"'-g; € Retiot {Frecipilation] - &4

[ Openalzaizz of thelle W Uze Searanal 2nd dnaneal dyeages

Hiswher of Sevied: 5

[+ PS5 -MES&: a_prumCRba

D-ADabkumentyhdizeA3wpz]_homhanomta_pumCA L |5 [z




ProcDData software

& Processing window (profile: diserta)

Get info ] Output l Transf Calculate ]Recgns l Anomalies | Reference ] Ref? ] Homog ] Adjust ] Fill Miss ]

izalculates some characteristics for all the stations given in Info File

Calculstes monthly correlstions as well as their average between all the stations given in InfoFile

Action; Source files; Destination files: |

O i e Crata file 52 WSE_FM_SEASONS DEF  COrrelations | poawv-orRELE DEF

| 7 Marmal Distribution Crata Info file 22 OPR32_%YB_00-99 DBF
" Basic Statistics
" Distances

[~ First Differences Output:
MYOUIIE Bl e2te Stations processed:

20 ¢_CBud_o

W Bun KES test 1. c_CHud_o, 2 c_Casl_o
T c_CBud_o, 3:c_Klat_o
I Exclude 0-0 cases 1:¢_CBud_o, 4: ¢_Klem_o

Filter far 101 T.c_CBud o 8 c_Mala_o

’— 1'r A n R r Sne7

[ within Region Only

Run
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