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Homogenization

e monthly averages of air temperature
measurements

e almost 200 stations measuring in some period
during instrumental measurements (1771-2000)

e change in level (mean)



Climatological studies

e Measuring and collecting data
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Climatological studies

e Measuring data

e Data quality control and
Homogenization &




Climatological studies

e Measuring data
e Homogenization
e Data Analysis




Data Quality Control

e Quality control
Homogenization
Data Analysis



Data Quality Control
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Data Quality Control
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Data Quality Control
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Filling of missing values

e After homogenization: more precise - data are
not influenced by possible shifts in the series

e Before homogenization: influence on
Inhomogeneity detection




° Quality control
e Homogenization
° Data Analysis




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

1771 1791 1811 1831 1851 1871 1891 1911 1931 1951 1971 1991



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 - phySICaIIy JUStlfl@d

(“undoubted” inhomogeneity)




Relative Homogeneity Testing

e Creating reference Series
e Tests of homogeneity
e Assessing homogeneity

- Metadata - phySICaIIy JUStlfled ?

(“undoubted” inhomogeneity)

e Adjusting Series




Inhomogeneity Detecting
by SNHT (p=0.05, 950 series)

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 lengths of the series



Inhomogenerty 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



Proposed solution

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

— Statistical processing of big amount of
test results for each individual series

For each year, group of years and whole series:
portion of number of detected inhomogenities
In number of all possible (theoretical) detections



Adventages of statistical processing

e we know relevance (probability) of each
Inhomogeneity

e wWe can assess quality of measurements for
series as a whole



How: to increase number of test results

Original Data
Quality Control

Homogeneity Testing

Reference Series

Adjusting Data
Filling MissVal
Data Analysis

Months, seasons, year




Reference Series

Quality control
e Homogenization
Data Analysis



Reference Series

Average of all
series
avalilable
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Reference Series

i

Average of all Average
series from mostly
available correlated

series
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Reference Series

Average of all Average Average
series from mostly from the
available correlated nearest

series stations




Reference Series

Average of all Average Average
Series from mostly from the
available correlated nearest
series stations

+ possible inhomogeneities + created reference series + geographical vicinity
are suppressed the most  most similar to tested one  preserved

- th_e least correl_ated - similar inhomogeneities - different climatic
with tested series with tested series conditions



Reference Series - differences




Homogeneity Tests

Alexandersson Standart Normal Homogeneity Test
(Single shift test)

Alexandersson
SNHT Reference series:

K o
qi=Yi /{[zpjzxti/X j]/zpjz}
-1 -1

k I
q=Yi— o X = Xi+Y1/ Y. p)
j=1 j=1

Null and alternative hypothesis:
Ho:z eN(,1), ie{l,.,n}.
Hi:z eN(i,1), ie{l,.a},
Zie N(uol), ie{atl,. ,n},
forl?a<nau 2.

Zi=(qi- a )/sq, zi e N(0,1)

Test statistic: - -
To= max {T }- 1maxl{azl2 +(n— a)z%}
<a<n-

1<a<n-1
1911 1914 1917 1920 1923 1926 1929 1932 1935 1938 1941 1944 1947 where 1—5%:4 ’( 1?H1),
z 1 n




Homogeneity Tests

Alexandersson Bivariate
SNHT Test

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




Homogeneity Tests

Alexandersson Bivariate Vincent
SNHT Test Technique

1911 1915 1919 1923 1927 1931 1935 1939 1943 1947




Homogeneity Tests

/

Alexandersson
SNHT

Bivariate
Test

N

Vincent
Technique

40 year parts of the series

(one inhomogeneity per 30-40 years)



Homogeneity assessment

Station Caslav, 3rd segment, 1911-1950, n=40
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° Quality control
e Homogenization
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Homogeneity assessment
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Homogeneity assessment

Station Caslav, 3rd segment, 1911-1950, n=40
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Adjusting the series

- differences: + 20 values around inhomogeneity
(each month)

- Reference series as
an average of the best correlated stations



Filling missing values

- linear regression ( + 20 values)

- Reference series as
an average of the best correlated stations



Further remarks

e for creating reference series - used stations
outside the Czech Republic

(measuring in the beginnings of instrumental measurements)

e Several steps — iterations of homogenization(3)



Homogenization

of the series in the
Czech Republic






Number of available stations

Number of climatological stations

1976
1916-1920
1940-44
1942-44
1945-47
1948-1960
1961

1864 1874 1884 1894 1904 1914 1924 1934 1944 1954 1964 1974 1984 1994

Jahrbiicher der k. k. Zentral-Anstalt fiir Meteorologie und Erdmagnetismus 1848-1915. Wien.

Bericht der meteorologischen Commission des naturforschenden Vereines in Briinn 1881-1911. Briinn 1882-1917.

Rocenka povétrnostnich pozorovani meteorologickych stanic 1916-1960. Praha 1934-1966.




Number of homogenized stations

Number ofhomogenized stations 174

Average series length 59.1 years
Average minimum distance 13.3 km

Number of stations for a given year Number of stations for a given length

Number

Length /years

1771 1791 1811 1831 1851 1871 1891 1911 1931 1951 1971 1991




Spatial distribution oi the stations

End of measurement Altitude, metres above see

1860 - 1869 '8
1870 - 1879 1600 oy SSNez
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Homogenization overview:

Charakteristic
Adjusted

Number of stations

Number of stations - 40 year parts

Number of adjustments
Number oftested series
Number of signif. mhomogeneities p=0.05
Number of sign. inhomogenities per No. of series

Number of tested series - original data

Tests Months Seasons + Reference Stations Number
5 [ 12 [ s [ 5 | s [ t77as ]
| V]

V[ T s [ 5 sas | 5330
S [ ] 0716

A = Alexandersson SNHT, B= Bivariate Test, V- Vincent method




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




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

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

W Before B After



Summer vs. winter inhomogeneities

e changed measuring conditions (relocation, etc.)
manifested mainly in summer

e role of active surface: in winter diminished
(prevailing circular factors), in summer increased
(radiative factors)



Homogenization - conclusions

e 40% inhomogeneous series after
homogenization (80%before)

e uncertainty in correct inhomogeneities

detection (random component of the series; correct

iInhomogeneity detections for a step lower than 0.5 °C
In less than 50% of cases)
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Without complete metadata

= how to increase confidence of the tests

e Monthly, seasonal, annual averages
e Various reference series

e Various statistical tests (40 year periods)
e Statistical processing of all the test results
e Several steps - iterations



Transition to Automatic Measurements

e Introduced since 1997

e the replacement accomplished within short
period (several years)

e only few station with comparative
measurements (manual and automatic)



Transition to Autematic Measurements, -
Consequences

e too early for adjusting data (out

Inhomogeneities caused by the transition already
detectable)

e after transition of all stations: no stations
available for creating homogeneous
reference series

y noway how to assess or adjust
Inhomogeneities!!!






Box plot for correlation coefficients

\ vik Vil IX Win Spr  Sum Aut Year

Correlations between averaged series of the Czech Republic and averaged series of
stations outside the Czech Republic, 1848-1999



Averaged series of the Czech Republic

An average from all available stations

- after converting series into anomalies 1961-1990

(so that series measuring in different periods are comparable)



An average from all available stations

- converting series into anomalies
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An average from all available stations

- converting series into anomalies
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An average from all available stations

- converting series into anomalies
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Averaged series of the Czech Republic

smoothed by 10-year Gaussian low-pass filter.
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Averaged series of the Czech Republic
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Maximum Entropy Spectral Analysis
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Maximum Entropy Spectral Analysis
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AnClim software

e 1995-2003

e Continuous development

e Comprehensive tool

e For free use
http://www.sc1.muni.cz/~pest



AnClim software
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ProcDData software

& Processing window (profile: diserta)
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Thank you for your attention
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