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Availability of records

• records are usually uknown, being not stored in the archives of the 
Czech Hydrometeorological Institute

2.1 Selected problems of early 
meteorological observations

Czech Hydrometeorological Institute

• they can be found randomly during the archive research

• hand-written records, difficult for reading (manuscripts often written in 
„cursive“)

• usually not clearly indicated in general archives catalogues and  
sometimes they are collected in funds having no relation to meteorology

• old printed materials with limited access in libraries

• newspapers



Exact place of observations

• exact specification of place of observations in the settlement is usually 
not indicated

• most often in the home or working place of the observer 

• thermometers at the window (northern wall of buildings)

Instruments used and their location

• without information about types of instruments or needed data missing (e.g. 
impossibility to convert air pressure data to 0ºC) 

• missing description of their exact position

• raw errors in measurements identified directly from the course of hourly, 
daily or monthly values or from comparsion with other stations



Observing terms and calculations of daily means
• sometimes missing term readings, only daily means (not known how they 
were calculated)
• permanent changes in observing terms different from recent standard 
terms 7:00, 14:00, 21:00 h local mean time – LMT [the most extreme case: 
observations in the time of sunrise 
(morning) and sunset (evening)]

Pressure

Differences in daily means calculated 
from (7:00, 14:00, 21:00) and (8:00, 
15:00, 22:00) – Brno-Tu�any, 1982-
1998

Temperature

Relative humidity



Errors of measurements and completing of 
missing data

• difficult identification of errors (outliers)

Brno 1820 - pressure (inch) term readings published in Brünner Zeitung
(an error of the observer? newspaper?)

• missing data due to other activities of observers (illness, travelling, etc.)

• difficult to complete missing data due to small number of contemporary 
stations (after homogenisation?)



Qualitative visual observations (e.g. fog, 
thunderstorm, cloud)

• undervalued frequency of observed meteorological phenomena

• changes in definition or understanding of meteorological phenomena

Mean monthly frequency of wind strength based on three daily 
observing times at Jihlava (1817-1840): 1 – calm, 2 – weak wind, 3 –
medium wind, 4 – strong wind





Homogenization procedure



Reliability of DetectingReliability of Detecting Inhomogeneities Inhomogeneities 
by statistical testsby statistical tests(case study)(case study)

• generated series of random numbers (properties of air 
temperature series for year, summer and winter, CZ)

• introduced steps with various amount of change in 
level

• various position of the steps• various position of the steps
• various lengths of the series
•• 950 series, p=0.05950 series, p=0.05



InhomogeneitInhomogeneityy Detecting Detecting 
by SNHT by SNHT (p=0.05, 950 series)(p=0.05, 950 series)
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• most of metadata incomplete

we depend upon statistical tests results

Assessing Homogeneity –
Problems:



• most of metadata incomplete

we depend upon statistical tests results

• uncertainty in test results -

Assessing Homogeneity –
Problems:

• uncertainty in test results -
right inhomogeneity 
detection is problematic 
(for smaller amount of change)



Proposed solution

„Ensemble“ approach - test 

• 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

� we know relevance (probability) of each 
inhomogeneity
� we can easily assess quality of measurements 
for  series as a whole



 Data Processing

Interquartile Range Comparing to Neighbours

Alexandersson test Bivariate Test t-test Mann-Whitney-Pettit

Homogeneity Testing

Combining Near Stations

Quality Control - Outliers

Monthly, Seasonal and 
Annual Averages

How to increase number of test 
results

Alexandersson test Bivariate Test t-test Mann-Whitney-Pettit

from Correlations from Distances

Filling Miss. Values

Adjusting Data

Hom. Assessment

Reference Series
Several 

Iterations

Probability

Days, Months, 
seasons, year





Homogenization:
Used stations and periods – air temperature

NAME LATITUDE LONGITUDE ALTITUDE BEGIN END
Byst� ice pod Hostýnem 17.67 49.40 315 1866 2005
Holešov 17.57 49.32 224 1896 2005Holešov 17.57 49.32 224 1896 2005
Brno Kv� tná 16.57 49.19 223 1923 1970
Brno Pisárky 16.57 49.20 203 1848 1961
Brno Tu�any 16.70 49.16 241 1958 2005
Jihlava 15.54 49.39 560 1874 1934
Viden - Hohe Warte 16.35 48.23 199 1872 2005
� eský T� šín 18.62 49.74 282 1885 1918
Olomouc 17.26 49.61 215 1876 1960
P�erov 17.41 49.42 203 1875 1979
Praha 14.42 50.09 191 1775 2005



Used stations and periods – air pressure

NAME LATITUDE LONGITUDE ALTITUDE BEGIN END
Brno Kv� tná 16.57 49.19 223 1923 1962
Brno Pisárky 16.57 49.20 203 1848 1937
Brno Tu�any 16.70 49.16 241 1958 2005
Viden - Hohe Warte 16.35 48.23 199 1872 2005
Praha 14.42 50.09 191 1782 2001



Geographical distribution of used stations



Correlation coefficients, daily data
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Correlation coefficients, monthly AVG
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Correlation coefficients, monthly AVG
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• 1.  Limits derived from interquartile range
– 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

Data Quality Control 
Finding Outliers (automated procedure)

– limits: coefficient (multiple) = 5.0

� 2.  comparing values to values of neighbouring 
stations 
– comparing to min. 3 to 5 best correlated stations 
– series of standardized  differences (logarithms of ratios)

– number of cases exceeding 95% confidence limits



Finding Outliers - Comparing tested series to neighbouring 
series



Combination with other (decision 
support) information

• Meteorological phenomenon (for given day, hour)
• Other meteorological elements (SSV, D, F)
• radar …



Reference series for 
homogeniety testing

• two ways: monthly, daily data
• from the best correlated series (using the first 

differenced series)

• neighbouring stations series standardized 
to test series AVG and STD 

• 40 years parts of series, overlap 10 years



Example:
Proposed list of stations used for creating reference series



Relative homogeneity testing

• Available tests:
– Alexandersson SNHT
– Bivariate test of Maronna and Yohai
– Mann – Whitney – Pettit test
– t-test
– Easterling and Peterson test
– Vincent method (only model for a step)



Homogeneity assessment

• Various outputs created for better inhomogeneities 
assessment

• Combining results with information from metadata 
whenever possiblewhenever possible

• Decision about „undoubted“ inhomogeneities 
(without metadata)



Example I:

Homogeneity assessment

ID REFERENCE ELEMTESTBEGINEND CO I II III IV V VI VII VIII IX X XI XII Win Spr Sum Aut Year
B1BOJK01 B1BOJK01_1_dw x A 1961 2000 1973 <x 1985 <2000 <x x x x x x x x
B1BOJK01 x A 1988*< 1988*<
B1BOJK01 B1BOJK01_1_dw x As 1961 2000 1994 <1985 <x x 1994 <
B1BOJK01 x As 1971*< 1992*<
B1BOJK01 B1BOJK01_1_dw x B 1961 2000 1973 <x 1985 <2000 <x x x x x x x x
B1BOJK01 x B 1988*< 1988*<
B1BOJK01 B1BOJK01_1_dw x Bs 1961 2000 1997 <1985 <x x x
B1BOJK01 x Bs 1966*< 1992*<
B1BOJK01 B1BOJK01_1_dw x t_F 1961 2000 1973 <1997 <1985 <1998 <1985 <1968 <1966 <1963 <x x x 1996 <
B1BOJK01 B1BOJK01_1_dw x t_Fs 1961 2000 1994 <1985 <x x 1994 <

Example 

B1BOJK01 B1BOJK01_1_dw x Uk 1961 2000 1973 <x 1985 <x x x x x x x x x
B1BOJK01 B1BOJK01_1_dw x Uks 1961 2000 x 1985 <x x 1985 <
B1BOJK01 B1BOJK01_1_cw x A 1961 2000 1973 <x 1985 <x x 2000 <1966 <x x x x x
B1BOJK01 x A 1988*< 1988*<
B1BOJK01 B1BOJK01_1_cw x As 1961 2000 1994 <1985 <x x x
B1BOJK01 x As 1971*<1981*< 1981*<
B1BOJK01 B1BOJK01_1_cw x B 1961 2000 x x 1985 <x x x x x x x x x
B1BOJK01 x B 1988*< 1982*< 1985*<
B1BOJK01 B1BOJK01_1_cw x Bs 1961 2000 1994 <1985 <x x x
B1BOJK01 x Bs 1971*< 1981*<
B1BOJK01 B1BOJK01_1_cw x t_F 1961 2000 1973 <1997 <1985 <1998 <x 1992 <1966 <x 1999 <x x 1993 <
B1BOJK01 B1BOJK01_1_cw x t_Fs 1961 2000 1994 <1985 <x x 1985 <
B1BOJK01 B1BOJK01_1_cw x Uk 1961 2000 1973 <x 1985 <x x x x x x x x x
B1BOJK01 B1BOJK01_1_cw x Uks 1961 2000 1988 <1985 <x x 1985 <



Example II:

Homogeneity assessment
ID BEGIN END LENGTH YEAR_INHOM YEAR_COUNT Y_PORTION Y_POSS IBL

B1KROM01 1961 2000 40 104 36.24 36.11
B1KROM01 1977 18 6.27 6.25
B1KROM01 1978 13 4.53 4.51
B1KROM01 1975 11 3.83 3.82
B1KROM01 1974 10 3.48 3.47
B1KROM01 1983 8 2.79 2.78
B1KROM01 1987 8 2.79 2.78
B1KROM01 1989 7 2.44 2.43
B1KROM01 1988 5 1.74 1.74
B1KROM01 1971 4 1.39 1.39
B1KROM01 1962 3 1.05 1.04
B1KROM01 1982 3 1.05 1.04

Summed numbers of 
detections for 
individual years

Example 

B1KROM01 1982 3 1.05 1.04
B1KROM01 1972 3 1.05 1.04
B1KROM01 1964 3 1.05 1.04
B1KROM01 1973 2 0.70 0.69
B1KROM01 1986 2 0.70 0.69
B1KROM01 1963 1 0.35 0.35
B1KROM01 1984 1 0.35 0.35
B1KROM01 1965 1 0.35 0.35
B1KROM01 1995 1 0.35 0.35
B1KROM01 1962 1965 4 8 2.79 2.78
B1KROM01 1971 1975 5 30 10.45 10.42
B1KROM01 1977 1978 2 31 10.80 10.76
B1KROM01 1982 1984 3 12 4.18 4.17
B1KROM01 1986 1989 4 22 7.67 7.64
B1KROM01 1961 1970 10 8 2.79 2.78
B1KROM01 1971 1980 10 61 21.25 21.18
B1KROM01 1981 1990 10 34 11.85 11.81
B1KROM01 1991 2000 10 1 0.35 0.35



Homogeneity assessmentHomogeneity assessment

ID ELEMYEAR_INHOMBEGINEND YEAR_COUNTY_POSSIBL YEAR_ENDMISSVALSX_BEGIN_DAX_END_DATEX_BEGINX_ENDLATITUDELONGITUDEALTITUDEB_FULLNAMEREMARKC_OBSERVERC_ID
x B1BOJK01 x 1985 41 14.24 12 23.3.1984 31.3.2003 # # Bojkovicechange

B1BOJK01 x 1985 41 14.24 12 23.3.1984 31.12.9999 # # obs Vladim�r Maz lekB1BOJK01
B1BYSH01 x 1978 37 12.85

? B1BYSH01 x 1979 33 11.46
? B1BYSH01 x 1980 43 14.93
? B1HLHO01 x 1965 31 10.76 4 1

B1HOLE01 x 1976 33 11.46

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

B1HOLE01 x 1976 33 11.46
B1KROM01 x 1977 1978 31 10.76

x B1RADE01 x 1994 44 15.28 2 1.1.1994 31.12.9999 # # Radýjovchange
B1RADE01 x 1994 44 15.28 2 1.1.1994 31.12.9999 # # obs Josef P�§aB1RADE01

x B1RYCH01 x 1973 49 17.01 1.5.1973 28.2.1991 # # VyÜkov, Rychtß°ov, change
B1RYCH01 x 1973 49 17.01 1.9.1972 28.2.1991 # # obs Marie Hor kov B1RYCH01

xx? B1STRZ01 x 1987 53 18.40
B1STRZ01 x 1988 30 10.42
B1UHBR01 x 1983 31 10.76 18.2.1984 31.1.1999 # # Uherskchange
B1UHBR01 x 1983 31 10.76 18.2.1984 12.5.1993 # # obs Josef KudelaB1UHBR01

x B1UHBR01 x 1984 77 26.74 18.2.1984 31.1.1999 # # Uherskchange
B1UHBR01 x 1984 77 26.74 18.2.1984 12.5.1993 # # obs Josef KudelaB1UHBR01
B1VELI01 x 1978 31 10.76

? B1VELI01 x 1977 1978 44 15.28
? B1VKLO01 x 1984 29 10.07
x B1VYSK01 x 1999 32 11.11 -1 1.4.1998 31.12.9999 # # VyÜkov, Dukelskß 12change

B1VYSK01 x 1999 32 11.11 -1 1.4.1998 31.12.9999 # # obs VojtB1VYSK01
B2BOSK01_rx 1968 33 11.46
B2BREC01 x 1968 35 12.15
B2BRUM01 x 1989 51 17.71 1.2.1989 31.3.1994 # # Brumovchange
B2BRUM01 x 1989 51 17.71 1.2.1989 31.3.1994 # # obs Marta Paý�zkov B2BRUM01
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Several iterations

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

• question of homogeneity of reference series is thus 
solved: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



Adjusting monthly data

• using reference series based on correlations

• smoothed with Gaussian low pass filter for 2 
values   (annual cycle 3 times to solve margin values)

• monthly adjustments are then evenly distributed 
among individual days 

I II III IV V VI VII VIII IX X XI XII



Adjusting daily values for 

inhomogeneities, 
from monthly versus daily

adjustments
(„delta“ method)(„delta“ method)



Adjusting daily data

• monthly adjustments smoothed with Gaussian low pass filter 
(weights approximately 1:2:1)

• smoothed monthly adjustments are then evenly distributed 
among individual days 

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.
1.

1.
2.

1.
3.

1.
4.

1.
5.

1.
6.

1.
7.

1.
8.

1.
9.

1.
10

.

1.
11

.

1.
12

.

°C

UnSmoothed

B2BPIS01_T_21:00

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.
1.

1.
2.

1.
3.

1.
4.

1.
5.

1.
6.

1.
7.

1.
8.

1.
9.

1.
10

.

1.
11

.

1.
12

.

°C

ADJ_ORIG ADJ_C_INC

B2BPIS01_T_21:00



Adjusting straight from daily data

• Adjustment estimated for each individual day (series of 1st Jan, 2nd

Jan etc.)

• Daily adjustments smoothed with Gaussian low pass filter 
for 90 days (annual cycle 3 times to solve margin values)
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Adjustments (Delta method)

 1.0

• The same final adjustments may be obtained from eit her 
monthly averages or through direct use of daily dat a

(for the daily-values-based approach, it seems reas onable to smooth with a low-pass filter for 60 
days. The same results may be derived using a low-p ass filter for two months (weights 
approximately 1:2:1) and subsequently distributing the smoothed monthly adjustments into daily 

values)

 

-1.5

-1.0

-0.5

0.0

0.5

1.0

01
-J

an

01
-F

eb

01
-M

ar

01
-A

pr

01
-M

ay

01
-J

un

01
-J

ul

01
-A

ug

01
-S

ep

01
-O

ct

01
-N

ov

01
-D

ec

°C

UnSmoothed
ADJ_C_INC
ADJ_ORIG

   1
   3
   2 

a)  

-1.5

-1.0

-0.5

0.0

0.5

1.0

01
-J

an

01
-F

eb

01
-M

ar

01
-A

pr

01
-M

ay

01
-J

un

01
-J

ul

01
-A

ug

01
-S

ep

01
-O

ct

01
-N

ov

01
-D

ec

°C

ADJ_ORIG
ADJ_SMOOTH30
ADJ_SMOOTH60
ADJ_SMOOTH90

   4
   5
   6
   7 

b)

(1 – raw adjustments, 2 – smoothed adjustments, 3 – smoothed adjustments distributed into 
individual days), b) daily-based approach (4 – individual calendar day adjustments, 5 – daily 
adjustments smoothed by low-pass filter for 30 days, 6 – for 60 days, 7 – for 90 days)
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Adjustmens for individual 
observation hours differ!
be careful  when appliying straight to daily AVG



Variable correction 

• f(C(d)|R), function build with the reference dataset R, 
d – daily data

• cdf, and thus the pdf of the adjusted • cdf, and thus the pdf of the adjusted 
candidate series C*(d) is exactly the same 
as the cdf or pdf of the original candidate 
series C(d) 



Variable correction

1996



Variable correction, q-q function

Michel Déqué, Global and 
Planetary Change 57 
(2007) 16–26



Variable correction, 
The higher-order moments method

DELLA-MARTA AND WANNER , 

JOURNAL OF CLIMATE 19 
(2006) 4179-4197



Variable correction
- multi-element approach?



Adjustment straight from daily data

• smoothed with Gaussian low pass filter for 90 
days (annual cycle 3 times to solve margin values)

ID_1 REMARK DAY_ADJK1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12
B2BPIS01_P_07:00 ADJust 1 -3.207 -3.167 -3.380 -3.200 -3.013 -2.393 -2.853 -3.275 -3.050 -2.667 -3.307 -3.138
B2BPIS01_P_07:00 DIFF1 1 -3.207 -3.167 -3.380 -3.200 -3.013 -2.393 -2.853 -3.275 -3.050 -2.667 -3.307 -3.138
B2BPIS01_P_07:00 DIFF2 1
B2BPIS01_P_07:00 corr 1 0.996 0.996 0.999 0.993 0.989 0.9320.987 0.937 0.997 0.980 0.994 0.998
B2BPIS01_P_07:00 corr+ 1
B2BPIS01_P_07:00 t 1
B2BPIS01_P_07:00 t_crit 1
B2BPIS01_P_07:00 Std_1 1 0.562 1.018 0.576 0.732 0.837 2.179 0.486 2.497 0.281 1.373 0.610 0.562
B2BPIS01_P_07:00 Std_2 1
B2BPIS01_P_07:00 t2 1
B2BPIS01_P_07:00 t2_crit 1
B2BPIS01_P_07:00 No_1 1 15.000 15.000 15.000 15.000 15.00015.000 15.000 16.000 16.000 15.000 15.000 16.000
B2BPIS01_P_07:00 No_2 1
B2BPIS01_P_07:00 b1_1 1 0.130 0.170 0.141 0.140 0.085 0.0360.112 0.120 0.079 0.083 0.090 0.139
B2BPIS01_P_07:00 b1_2 1
B2BPIS01_P_07:00 ADJust 2 -4.353 -3.353 -3.247 -2.907 -4.467 -2.980 -2.880 -3.556 -3.025 -2.960 -3.013 -3.194
B2BPIS01_P_07:00 DIFF1 2 -4.353 -3.353 -3.247 -2.907 -4.467 -2.980 -2.880 -3.556 -3.025 -2.960 -3.013 -3.194B2BPIS01_P_07:00 DIFF1 2 -4.353 -3.353 -3.247 -2.907 -4.467 -2.980 -2.880 -3.556 -3.025 -2.960 -3.013 -3.194
B2BPIS01_P_07:00 DIFF2 2
B2BPIS01_P_07:00 corr 2 0.924 0.996 0.999 0.994 0.810 0.9750.991 0.897 0.993 0.995 0.997 0.996
B2BPIS01_P_07:00 corr+ 2
B2BPIS01_P_07:00 t 2
B2BPIS01_P_07:00 t_crit 2
B2BPIS01_P_07:00 Std_1 2 10.980 1.080 0.460 0.993 12.916 0.670 0.376 2.436 0.358 0.372 0.364 0.899
B2BPIS01_P_07:00 Std_2 2
B2BPIS01_P_07:00 t2 2
B2BPIS01_P_07:00 t2_crit 2
B2BPIS01_P_07:00 No_1 2 15.000 15.000 15.000 15.000 15.00015.000 15.000 16.000 16.000 15.000 15.000 16.000
B2BPIS01_P_07:00 No_2 2
B2BPIS01_P_07:00 b1_1 2 -0.068 0.160 0.118 0.111 0.249 0.130 0.119 0.213 0.112 0.111 0.068 0.149
B2BPIS01_P_07:00 b1_2 2
B2BPIS01_P_07:00 ADJust 3 -3.067 -2.720 -3.207 -3.060 -2.940 -3.147 -2.947 -2.906 -2.825 -2.807 -3.900 -3.350
B2BPIS01_P_07:00 DIFF1 3 -3.067 -2.720 -3.207 -3.060 -2.940 -3.147 -2.947 -2.906 -2.825 -2.807 -3.900 -3.350
B2BPIS01_P_07:00 DIFF2 3
B2BPIS01_P_07:00 corr 3 0.992 0.988 0.998 0.994 0.986 0.9700.992 0.992 0.989 0.997 0.916 0.998



Example:

Adjusting values - evaluation

Example 



Objectives: is it possible to more clearly describe 
differences of two sites according to some covariate?

• Differences between quantiles of B1STRZ01 and 
B1STME01 stations, for individual months
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Using weather types for correction of 
inhomogeneites in daily data

• approach tested on 69 stations from SE of the 
Czech Republic, period 1990 – 2008

• question: does discriminating of days according 
to a certain weather types lead to better 
description of neighbours differences (e.g. for air 
temperature)
description of neighbours differences (e.g. for air 
temperature)

• results for
– cloudiness, three categories
– cyclone or anticyclone situations from catalogue of 

CHMI (about 30 types, subjective)
– CKMEANSC09



Neighbours comparison, 
discriminating into categories according to 

covariate

• For each station its neighbour was found and for each 
such pair (candidate – neighbour station) comparison 
was made

• Distances of stations differed from 7 to 25 km, with 

maximum difference in altitude of 500 mmaximum difference in altitude of 500 m



Neighbours comparison, 
discriminating into categories according to 

cloudiness
• Three categories:   C: cloudy <8/10, 10/10>, P: partially cloudy 

(2/10, 8/10), S: clear sky<0/10, 2/10> 

• For each station individually
• Cloudy conditions prevailed in 41% of all days (from all the stations), 

partially cloudy in 46%  and clear sky days occurred in 13% of all cases.partially cloudy in 46%  and clear sky days occurred in 13% of all cases.

• only dicriminating temperatures according to days with cloudy condititons 
lead to higher correlations between candidate and neighbour stations and 
lower RMSE

• Conclusion: it does not make much sense to divide air temperature into 

days according to cloudiness



Neighbours comparison, 
discriminating into categories according to 

cloudiness
• Spearman rank correlation coefficient, median for 69 pairs of 

candidate and neighbour stations. Category: all – all days, C 
selection for cloudy days, P – partially cloudy, S – clear sky

 Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 0.982 0.984 0.986 0.989 0.985 0.978 0.970 0.978 0.988 0.990 0.990 0.986 0.984 0.984 0.986 0.975 0.990
C 0.983 0.985 0.988 0.990 0.989 0.978 0.969 0.985 0.988 0.9930.992 0.986 0.987 0.985 0.989 0.977 0.991
P 0.979 0.981 0.986 0.989 0.984 0.974 0.966 0.975 0.987 0.9870.989 0.983 0.982 0.981 0.986 0.972 0.988

• RMSE, median for 69 pairs of candidate and neighbour stations. 
Category: all – all days, C selection for cloudy days, P – partially 
cloudy, S – clear sky

S 0.967 0.983 0.987 0.984 0.977 0.969 0.943 0.967 0.985 0.9800.988 0.967 0.976 0.973 0.983 0.962 0.984

 Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 1.006 1.004 1.003 1.017 0.994 1.013 1.002 0.979 0.994 0.888 0.878 0.931 0.976 0.988 1.003 1.002 0.893
C 0.839 0.824 0.789 0.764 0.766 0.766 0.743 0.724 0.705 0.6990.766 0.802 0.766 0.824 0.766 0.740 0.722
P 1.145 1.143 1.050 1.058 1.049 1.047 1.041 1.031 1.040 1.0200.985 1.098 1.058 1.124 1.050 1.041 1.016
S 1.496 1.391 1.331 1.221 1.221 1.241 1.268 1.282 1.280 1.2391.290 1.443 1.312 1.443 1.273 1.251 1.279



Neighbours comparison, 
discriminating into categories according to 

weather types, C and A categories

• Classification of CHMI (CZ), about 30 types 
• Two groups: cyclone or anticyclone situations (69%, 

31% resp.)
• one common classification for all the stations
• only discriminating temperatures according to days with cyclone • only discriminating temperatures according to days with cyclone 

situations lead to higher correlations between candidate and 
neighbour stations and lower RMSE



Neighbours comparison, 
discriminating into categories according to 

weather types, C and A categories

• Spearman rank correlation coefficient, median for 69 pairs of 
candidate and neighbour stations. Category: all – all days, A 
anticyclone situations, C – cyclone situations

Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 0.982 0.984 0.986 0.989 0.985 0.978 0.970 0.978 0.988 0.990 0.990 0.986 0.984 0.984 0.986 0.975 0.990
A 0.980 0.984 0.985 0.986 0.979 0.973 0.950 0.972 0.986 0.986 0.991 0.982 0.981 0.983 0.983 0.968 0.988

• RMSE, median for 69 pairs of candidate and neighbour stations. 
Category: all – all days, A anticyclone situations, C – cyclone 
situations

A 0.980 0.984 0.985 0.986 0.979 0.973 0.950 0.972 0.986 0.986 0.991 0.982 0.981 0.983 0.983 0.968 0.988
C 0.982 0.983 0.987 0.991 0.987 0.979 0.973 0.981 0.989 0.9920.990 0.984 0.985 0.983 0.988 0.978 0.990

Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 1.006 1.004 1.003 1.017 0.994 1.013 1.002 0.979 0.994 0.888 0.878 0.931 0.976 0.988 1.003 1.002 0.893
A 1.169 1.169 1.153 1.132 1.181 1.239 1.217 1.164 1.117 1.0031.003 1.140 1.153 1.161 1.158 1.201 1.010
C 0.919 0.931 0.917 0.958 0.968 0.957 0.988 0.904 0.914 0.8560.832 0.867 0.914 0.908 0.960 0.937 0.856



Neighbours comparison, 
discriminating into categories according to 

weather types, C and A categories
• Spearman rank correlation coefficient, three categories (all – red, A 

– green, C – blue), 12 months (Jan. to Dec.)
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Neighbours comparison, 
discriminating into categories according to 

CKMEANSC09
• D07 region
• one common classification for all the stations



Neighbours comparison, 
discriminating into categories according to 

CKMEANSC09

• Spearman rank correlation coefficient, median for selected
candidate and neighbour stations. 

Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 0.982 0.984 0.986 0.989 0.985 0.978 0.970 0.978 0.988 0.990 0.990 0.986 0.984 0.984 0.986 0.975 0.990
T_3 0.981 0.987 0.989 0.991 0.980 0.975 0.972 0.979 0.991 0.993 0.991 0.987 0.983 0.983 0.983 0.973 0.991
T_6 0.972 0.973 0.960 0.972 0.985 0.967 0.952 0.965 0.977 0.986 0.988 0.977 0.974 0.973 0.972 0.964 0.986
T_7 0.959 0.966 0.978 0.976 0.984 0.972 0.966 0.974 0.977 0.984 0.982 0.958 0.975 0.966 0.978 0.972 0.982

• RMSE, median for selected stations

T_7 0.959 0.966 0.978 0.976 0.984 0.972 0.966 0.974 0.977 0.984 0.982 0.958 0.975 0.966 0.978 0.972 0.982
T_8 0.978 0.986 0.984 0.976 0.986 0.966 0.650 0.972 0.979 0.983 0.977 0.978 0.981 0.979 0.957 0.982
T_9 0.969 0.971 0.988 0.989 0.978 0.976 1.000 0.968 0.969 0.983 0.985 0.972 0.976 0.970 0.986 0.976 0.978

Category I II III IV V VI VII VIII IX X XI XII K_YEARK_DJF K_MAMK_JJA K_SON
all 1.006 1.004 1.003 1.017 0.994 1.013 1.002 0.979 0.994 0.888 0.878 0.931 0.976 0.988 1.003 1.002 0.893
T_3 0.956 0.934 0.929 0.928 1.014 0.970 0.886 0.887 0.865 0.900 0.887 0.949 0.929 0.956 0.929 0.924 0.887
T_6 0.957 0.950 1.070 1.005 1.056 1.015 0.738 0.871 0.855 0.797 0.830 0.920 0.929 0.954 1.022 0.871 0.854
T_7 0.965 0.994 0.931 0.831 0.801 0.890 0.958 0.886 0.910 0.871 0.806 0.958 0.888 0.980 0.869 0.890 0.871
T_8 1.017 1.013 1.000 1.009 0.873 0.733 1.102 0.933 0.887 0.972 1.029 1.012 1.015 1.005 1.054 0.956
T_9 0.735 0.707 0.652 0.700 0.769 1.037 0.283 0.720 0.735 0.690 0.693 0.716 0.709 0.716 0.700 0.729 0.694



Neighbours comparison, 
discriminating into categories according to 

CKMEANSC09
• Spearman rank correlation coefficient, 12 months (Jan. to Dec.), all -

red
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Conclusions

• Preliminary results were obtained
• It seems that cooperation can be 

advantageous in both ways
• Group of several people (mainly those • Group of several people (mainly those 

involved in both actions) has been 
established

• …



http://www.http://www.cclimahom.limahom.eueu



Remarks
Homogenization without 

metadata – recommendations how to increase 
its confidence

• Daily, monthly, seasonal, annual data
• Various reference series 
• Various statistical tests
• 40 year periods (20 for daily data), some overlap

• Several steps - iterations



Compiled series of Brno

• Creating compiled Brno series from homogenized daily series of 
individual segments 

• in two steps, starting from the presence (Kvetna adjusted to Turany), 
then the past (Pisarky adjusted to Kvetna)

• within individual observation hours
Air temperature

Old Brno
06,14,22 07,14,21 06,13,21 term

period

Air temperature

Old Brno
06,14,22 07,14,21 06,13,21 term

period

• Verifying homogeneity of the compiled Brno series

Air pressure
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Further tasks

• Variable correction methods for correction of found 
inhomogeneites in daily data (HOM, SPLIDHOM, DAP) 
rather then „delta“ methods,  multi-element approach

• Different observation hours: conversion to current ones 
(07:00, 14:00, 21:00) to get unbiased daily mean (07:00, 14:00, 21:00) to get unbiased daily mean 
(variable correction – based on percentiles, multi-element approach?)

• Combining measurements before and after 1848 
(regularly published), M.University x CHMI datasets,  
monthly x daily data, homogeneity, …

• Further meteorological elements (precipitation, 
cloudiness, wind speed), whole Czech Republic



Software used for data 
processing

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

• ProClimDB software for processing whole 
dataset (finding outliers, combining series, creating reference dataset (finding outliers, combining series, creating reference 
series, preparing data for homogeneity testing, …)

• AnClim software for homogeneity testing

http://www.climahom.euhttp://www.climahom.eu



AnClim software

AnClim software



ProcData software

ProClimDB software



Thank you for attention.


