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e Measuring and collecting data
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Processing before any data analysis

Daily Values . .
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Comparing fo Meighbours ‘ inferquartile Ranges
| |
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Daily, Monthly,
Seasonal and ‘ Homogeneity Testing
Annual Yalues

Afexandersson Test ‘ Bivariafe Test
|

Several
‘ Reference Series lterations

From Correlations From Distances
| |

Homogeneity Assessment Probability

Daily Values ——
Adjusting Data Software
AnClim,

Filling Missing Values ProClimDB




Data Quality: Control
FFinding Outliers

Two main approaches:
e Using limits derived from interquartile

ranges (time series)




Homogenization

e Change of measuring conditions

— Inhomogeneities




Inhomogeneity Detection

e Absolute Homogeneity Testing
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Inhomogeneity Detection

e Absolute Homogeneity Testing
e Relative Homogeneity Testing

(differences with reference series)
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Relative Homogeneity Testing

e Creating reference Series
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Relative Homogeneity Testing

e Creating reference Series
e Tests of homogeneity
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Relative Homogeneity Testing

e Creating reference Series
e Tests of homogeneity
e Assessing homogeneity

- Metadata - PhySICa”y jUStlflEd

- “undoubted” inhomogeneity




Relative Homogeneity Testing

e Creating reference Series
e Tests of homogeneity
e Assessing homogeneity

- Metadata - PhySICa”y jUStlflEd

- “undoubted” inhomogeneity

e Adjusting Series




Inhomogeneity: Detecting
by SNHT (p=0:.05, 950 series)
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Assessing Homogeneity — Problems:

e most of metadata incomplete

— we depend upon statistical tests results




Assessing Homogeneity — Problems:

e most of metadata incomplete

— we depend upon statistical tests results

e uncertainty In test results
- right inhomogeneity
detection is problematic

(for smaller amount of change)




Propoesed solution

e To get as many test results for each candidate series
as possible

—> Ensemble” approach - processing of big amount of test

results for each individual series




Adventages of the ,,Ensemble™
approach

e we know relevance (probability) of each
Inhomogeneity

® We can easily assess quality of measurements
for series as a whole




How: to increase number of test results

Quality Control - Qutliers

Interquartile Range Comparing to Neighbours

Combining Near Stations

Homogeneity Testing

Alexandersson test

Bivariate Test

t-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 MNurnber of Stations
— limit difference in altitudes

neighbouring stations series should be e ekt A
Standardlzed 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 Avallable statistical 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 Tests

Alexandersson’s SNHT
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Homogeneity Tests

Bivariate Test of
Maronna and Yohai

1911 1914 1917 1920 1923 1926 1929 1932 1935 1938 1941 1944 1947




Homogeneity Tests

Two-phase linear regression
(Vincent Technique,
Easterling and Peterson test)
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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
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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, ...)

ID

EL'YEAR BEGIM YEAR_COUN

Y_POSSIBL

X BEGIN [

X END DA]

EREMARE C

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

B1BYSHO01

1979

11.46

B1BYSHO1

1980

43

14.93

B1HLHOO01

1965

31

10.76

B1HOLEO1

1976

33

11.46

B1KROMO1

31

10.76

B1RADEO1
B1RADEO1

1994
1994

44
44

15.28
15.28

1.1.1994
1.1.1994

31.12.9999 # #
31.12.9999 # #

Fchange
obs

B1RYCHO1
B1RYCHO1

1973
1973

49
49

17.01
17.01

1.5.1973
1.9.1972

28.2.1991 # #
28.2.1991 # #

Vchange
obs

xx? B1ISTRZ01
B1STRZ01

1987

53
30

18.40
10.42

B1UHBRO1

31

10.76

18.2.1984

31.1.1999

Lchange

B1UHBRO1

B1VELIO1

XXX XX XX X[X|[|X|[X|X|X|X]|x]|X

31

1977 1978

18.2.1984

12.5.1993

obs
change
obs

B1VKLOO1

B1VYSKO1

1.4.1998

31.12.9999

\change

B1VYSKO1

1.4.1998

31.12.9999

obs

B2BOSKO1_|

B2BRECO1

B2BRUMO1
B2BRUMO1

1.2.1989
1.2.1989

31.3.1994 # #
31.3.1994 # #

Echange
obs
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Adjusting monthly: data

using reference series based on correlations

adjustment: from differences/ratios 20 years before and after a
change, monhtly

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

* 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




Example: CZ, air temperature (200 stations, 1848-2000)

Number of significant inhomogeneities before and after
homogenization (p=0.05)

Il Before m After

W Before W After

(1111

Aut Year




Amount of adjustments for homogenised series
(absolute values) - median

Vi vl Vil X X

Correlation coefficients between candidate and reference series
before and after homogenization (median




Example: CZ, precipitation sosuos weam

e 4tests, 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),

precipitation

(reference series calculation based on correlations)

1.300

1.250

1.200 | 0 I | Boxplots:

T L - Median
1.150 ] - Upper and lower quartiles

1.100

(for 589 testes series)

1.050

Amount of change (standardized)

1.000

Correlation improvement

Correlation increase
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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,
prevailng circulation factors, in summer: active
surface role increases, prevailing radiation
factors




[nhomogeneities
[N SUmMmer Versus 1 winter,
Precipitation

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

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




Homogenization
Final remarks, recommendations 1/3

data quality control before homogenization is of very
Importance f it is not part of it)

Using series of observation hours complementarily to daily
AvG) IS highly recommended (different manifestation of
breaks)

be aware of annual cycle of inhomogeneities,

adjustments, ...

to know behavior of spatial correlations (of element being processed) t0 D€ able to create
reference series of sufficient quality ...




Homogenization
Final remarks, recommendations 2/3

Because of NoIse In the time series it makes sense:

- ,Ensemble® approach to homogenization (combining
Information 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




Homogenization of daily values,

remarks 3/3

Correlation coefficients (tested versus reference series) are slightly
lower (compared to monthly data), but still hlgh enough (around 0.9 even
In case precipitation)

Advantage: reliable inhomogeneities detection near the
ends of series

Complementary information to monthly and seasonal
values detections (but problems with distribution,
autocorrelations, ...)

Correction of daily data:

— “delta” method, if applied, it should be discriminated with
regard to other parameters like cloudiness, ...

— Variable correction (such as HOM) seems to be a good
choice ... (preserving CDF)




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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Examples of Data formats — AnClim, monthly data

Edit precip_bohemia.txt

19.0 780 76.0 420 69.0 550 600 9.0 160 39.0 500 6320 a
b6.0 76.0 46.0 .0 50,0 43.0 100.0 62.0 53.0 240 320 410 6130
48.0 19.0 820 .0 680 490 690 880 460 490 370 30.0 6370
29.0 52.0 33.0 .0 700 1140 860 780 400 36.0 63.0 290 679.0
320 220 340 114.0 820 930 1170 530 3850 A0 980 819.0
13.0 20,0 72.0 .0 88.0 930 790 980 70 520 180 24.0 6620
140 250 230 .0 840 870 1390 109.0 840 520 850 730 830.0
31.0 19.0 330 .0 33.0 1230 1100 50,0 660 360 240 590 602.0
440 12.0 40.0 .0 320 121.0 84.0 600 36.0 1040 36.0 61.0 657.0
11.0 16.0 48.0 .0 510 360 760 650 890 480 550 51.0 5600
350 12.0 520 .0 53.0 1470 930 51.0 420 420 31.0 8§30 7000
100 18.0 56.0 117.0 39.0 450 740 340 150 600 440 541.0
3.0 47.0 80.0 28.0 1040 950 123.0 670 650 320 150 750.0
200 B2.0 41.0 68.0 71.0 103.0 530 800 820 180 200 6770
65.0 7.0 230 74.0 1050 920 1450 111.0 460 850 6.0 §50.0
419.0 12.0 44.0 .0 500 950 1360 720 390 160 41.0 640 6650
h2.0 47.0 34.0 h20 970 1.0 270 650 620 12.0 38.0 6250
48.0 53.0 39.0 710 470 800 410 520 560 500 18.0 5570
7.0 47.0 B63.0 990 84.0 950 820 730 1130 150 300 7750
8.0 32.0 540 .0 850 800 840 790 31.0 51.0 460 78.0 7380
340 14.0 56.0 6.0 103.0 920 980 750 250 29.0 240 704.0
380 480 67.0 125.0 50.0 1820 101.0 740 26.0 26.0 27.0 803.0
42.0 450 46.0 80.0 63.0 61.0 51.0 430 61.0 29.0 36.0 6300
0.0 18.0 150 .0 1360 620 1020 650 1270 220 280 550 753.0
91.0 81.0 81.0 .0 520 950 990 400 3.0 640 550 G64.0 §04.0
340 380 560 .0 530 740 1050 740 370 670 460 51.0 702.0
370 350 49.0 .0 740 820 920 750 640 500 39.0 44.0 6830
310 340 170 .0 490 61.0 1150 930 520 670 89.0 200 691.0
21.0 570 31.0 .0 610 390 230 160 540 660 740 350 5450
46.0 40.0 49.0 .0 61.0 50.0 86.0 1050 53.0 630 560 320 7000
450 29.0 700 .0 850 770 1.0 61.0 1290 31.0 33.0 450 699.0
59.0 27.0 52.0 .0 48.0 638.0 1370 620 370 31.0 270 670 6740
320 560 280 .0 650 660 690 B840 490 1.0 300 12.0 5430
320 76.0 28.0 .0 50,0 100.0 138.0 450 58.0 240 520 1.0 732.0
340 280 220 .0 860 121.0 930 950 1050 270 1040 40.0 799.0
310 51.0 350 740 320 280 350 530 290 36.0 64.0 5050 LI

Yy
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Data of BIBYSHO1_T_07_00_3.txt

4 5

B 7

Examples of Data formats — AnClim, daily data
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-6
-7 B -6
-5.8 2.4
-132 0.8
5.8 34
-104 B8
-116 38
-2.h 2.2
-1.6 2.2
0.0 34
-1.2 1.0
-2.8 -2.8
=70 -2.8
-116  -1.8
-01 -1.6
0.4 -1.2
0.6 3.0
-1.0 0.0
missing -1.0
missing 3.8
missing 4.6
-3.2 4.0
-1.0 7.0
-1.8 10.0
-2.6 6.3

20 9z

8.4 1.2
10.0 11.0
4.0 12.4
46 14.2
B.2 15.8
3.z 138
3z 12.2
0.0 21.0
0.4 19.0
3.0 12.4
2.4 6.5

0.1 11.4
14 157
2.2 17.4
1.6 138
h.2 11.0
5.0 18.6
48 210
11.4 20.0
missing 23.6
36 9.4

12.6 7.

8.4 9.4

5.1 11.6

16.2 160
17.0 138
17.8 14.4
17.6 18.0
15.4 18.0
18.6 21.4
19.2 19.4
21.8 16.4
224 20.0
25.0 21.0
26.0 17.0
25.0 14.2
16.2 14.8
126 16.2
1.2 17.0
20.0 17.8
20.0 19.0
17.2 17.2
220 230
23.4 20.6
missing 24.0
123 12.2
9.8 11.8
9.5 15.0
7.0 13.4

9.0

8.6

7.3

11.4

17.3

14.6 B.4
18.0 43
15.0 81
9.3 RE
6.6 6.6
a4 7R
7.4 4.1
77 2.8
8.8 6.1
14.8 11.8
1.2 146
10.2 42
missing 7.8
13.2 8.3
13.4 7.0
11.8 41
10.8 R4

0.2
1.0
0.5

-0.8

0.2
4.4
4.6
5.8
1.8
1.0
65
7.8
1.4

-2.4

5.8
8.4
BB

-2.5
0.0 _|
-2.0
-2.0
2.0
-1.2
-0.5
-0.6
-3.8
-4.0
-10.8
3.2
-4.6
-5.4
-6.0
-5.0
=71
-2
-2.4
-2.0

missing -5.0

6.0
4.4
4.4
B3

-2.8
36
-6.0
0.0




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 EegRiezalca(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  |gatawer_seties dit

(Data Info filed | dgataidsta_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 column

- additional condition: limit distance: maximu

Load Template

Caoy Aiama fa Ciphoard
Faste Mame fram 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! (Column 'Region’ in the
Info_file).

Stations processed:
1.B1BRBYO1_ThiA_21

Eun MMJ Q_uit

Feady for action

e




hittp://www.climahom.eu




ACTION COST-ES0601: Advances in
homogenisation methods of climate series:
an integrated approach (HOMIE)

03/05/2007 - End date: 02/05/2011, Year: 3

Inventory of existing detection and correction methods

Compilation of a benchmark dataset with (un)known
Inhomogeneities

Selection, comparison and evaluation of existing detection and
correction (including those not traditionally used in climatology)

Objective analysis of advantages and/or disadvantages of
existing methods (benchmark)

Investigation in further improvements of methods

Documentation of practical recommendations
Presentation and release of a new common method

http://www.homogenisation.org/




