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Climatological studies

e Measuring and collecting data
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Climatological studies

e Measuring data
e Homogenization
e Data Analysis




Processing before any data analysis
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Daily Values ——
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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 et 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)




Example:

Proposed list of stations used for creating reference series

ID_1 B END LENCREMARK CORREL DISTANCE ALT 1 ALT 2

Selection
according to
correlations,
distances

B1BLATO1 2000 40 5st. (:0.88 211
B1HLUKO1 2000 40y. comm.p 0931 678 211 225
B1VELVO1 2000 40y. comm.p 0921 894 211 280
B1STRZO1 2000 40y. comm.p 0910 1039 211 176 :
B1UHBRO1 2000 40 y. comm.p 0901 1741 211 222 [ECEELIE
B1RADEO1 2000 40 y. comm.p 0.884 1332 211 240

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
B1VIZO01 2000 40 y. comm.p 302
B1UHBRO1 2000 40 y. comm.p 302

B1BRBY01 1994 5st. (1:0.87 350
B1BOJKO1 2000 34 y. comm.p 350
0O3ZDECO01 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
B2KYJOO01 2000 40 y. comm.p 280
B2KORCO01 2000 40 y. comm.p 280
B1BZENO1 2000 40 y. comm.p 280
B1NAPAO1 2000 40 y. comm.p 280




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)

| ] [} v v vi vl vl KX X XX




Example:

Adjusting values - evaluation

D1

IIBEGIN EMND

YEAR MONTH REMARK] CUKI

K2 K3

k4

kKe KB KPP KB KB

K10

K11

K12

B1RYCHO1
B1RYCHOM
B1RYCHO
B1RYCHO1
B1RYCHO1
B1RYCHO
B1RYCHOM
B1RYCHOM
B1RYCHOM
B1RYCHO
B1RYCHO1
B1RYCHO1
B1RYCHO
B1RYCHOM
B1RYCHOM
B1RYCHO1
B1RYCHO
B1RYCHO1

E 1961 1982 1973 A ADJust
DIFF1
DIFF2

Cofrr

1.135
0.905
1.027
0.964

1.197
0.875
1.045
0.930

1.155
0.912
1.053
0.963

1.333
0.813
1.054
0.915

1.149
0.906
1.041
0.585

1.070
0.956
1.024
0.5870

1.088
0.896
0.975
0.666

1.354
0.786
1.064
0.927

1.145
0.912
1.045
0.961

1.116
0.956
1.067
0.952

1.136
0.908
1.032
0.956

1.265
0.855
1.081
0.875

carr+

0.007

0.017

0.006

0.026

0.014

0.006

0.008

-0.001

-0.002

0.o$17

0.010

0.053

t
t crit
otd 1
otd 2
t2
t2 crit
Mo 1
Mo 2
b1 1
b1 2
5 ADJ _sm
carr

= 2n:0.479,0.233 1973

1.5904
2.042
0.171
0.178
1.943
1.960
12

20
-0.015
-0.007
1.180
0.964
0.007

2144
2.045
0.154
0.235
2,252
1.961
12

18
-0.016
-0.024
1.178
0.930
0.016

2443
2.045
0.108
0.181
2730
1.960

12
19

0.002
-0.002
1.206
0.963
0.003

3.997
2.045
0.216
0.169
3.505
1.961

12

139

1.957
2.045
0.206
0.175
1.084
1.961
12

19
0.026
-0.005
1.172
0.oa5
0.014

0. 93k6
2.045
0. 165
0.209
0.935
1.960

12

139
0.002
0.015
1.107
0.g70
0.006

U.g/4
2.042
0.274
0.232
0.937
1.961
12

20
-0.035
-0.022
1.149
0.oEb
0.005

d.424
2.042
0.146
0.256
3.904
1.960

12

20
0.002

-0.002

1.229
0927
0.010

1.937
2.042
0.241
0.146
1.7148
1.961
12

20
0.035
-0.007
1.185
0.961
-0.005

1.807
2.042
0.245
0.164
1.351
1.961
12
20
0.040
-0.016
1.138
0,952
0.01%

2252
2.042
0139
0157
2.325
1.960
12
20
0.015
-0.014
1.162
0.956
0.005

3415
2.045
0.15%
0.185
3.565
1.960
11

20
-0.012
-0.024
1.199
0.875
0.030




[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




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/




Quality control on example of series in the
Czech Republic




Data Quality: Control
FFinding Outliers

Two main approaches:
e Using limits derived from interquartile

ranges (time series)




Example:

Comparing base station to 1ts neighbours

ID YEAR MON|ST_BASE|[REMARK |ST 1 ST 2 ST 3 ST 4 ST 5 |Rat!_STND Rat2_STND Rat3_STND Rat4_STND Rat5_STND|CDF_MAX| No_sign.
B1BLATO1 211.0]Altitudes,lif 225.0 280.0 176.0 190.0 240.0

B1HLUKO1 st_1, distay 6.8

B1VELVO1 st_2, distar 8.9

B1STRZ01 st_3, distar

B1BZENO1 st_4, distar

B1RADEOQ1 st 5, distal
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1
B1BLATO1

-
NN =20 00N WN =

O OWONO D WN

—_—




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
iIn 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

@ 07:00 m14:00 O021:00 OAVG

A e

Sep Oct




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

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

Max, min temperature, ground minimum ‘ITMA B TMI ITPM\




Ailr temperature, number of outliers 1961-2007,

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

O temperature

LR LARTAA] |

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




Spatial distribution of precipitation stations

0 Median = 447

[]25%-75% = (310,567) *
T nowoutiers = (150, 951) ¢
1400 A
0 outliers "
¥ extreme §
0
1200 9
8
1000
800
0 il 100 Kilormeters
| — ® precipitation
600

e period 1961-2007 0 :
e 0600 stations " l
e mean minimum distance: 7.5 km

0




PI‘Oblemath d@teCthl’lS (heavy rainfall)

| 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

-1 S |2 -
Il |
%u
= =
[ ]

[—U ]

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




Pf@CipitatiOn, number of outliers 1961-2007, from
13.724.000 station-days

M precipitation

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




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




Homogenization
oi the series 1 the Czech Republic




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

| Il [ v \Y \ viE Ml X X Xl Xl




[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 1/2

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 2/2

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




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
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ProClimIDB software

@-Pru[limDB ¥7.61 {(MONTHLY data)
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Download data from Quality control Homogenization
database (e.g. Oracle) (ProClimDB) (ProClimDB/AnClim)
(LoadData)
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, 1echnical“ series and grid points calculation
(ProClimDB)




Statistical analysis Validation of RCM
Sp) outputs

Correction of RCM
outputs

Further tools:
(connection ProClimDB - R)




