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Processing before any data analysis
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Homogenization

e Change of measuring conditions

— Iinhomogeneilties




Reliability off Detecting Inhomogeneities
by statistical tests (case siudy)

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
950 series, p=0.05



Detecting Inhomogeneities
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)



Proposed 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 - Outliers

Interquartile Range Comparing to Neighbours
Combining Near Stations

Alexandersson test Bivariate Test Mann-Whitney-Pettit

Reference Series
Several

Iterations

from Correlations from Distances

il
Adjusting Data
Filling Miss. Values Days, Months,

seasons, year



Creating Reference Series

for monthly, daily data (each menth 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 Infa File only
— |limit correlation, limit distance MNurnber of Stations

_ limit difference in altitudes

neighbouring stations series should be
Standardlzed tO teSt SerIeS Fefer begin f Years per part
AVG and /or STD

(temperature - elevation, precipitation - variance)

- missing data are not so big problem then I# Comman period

Refer end ¥ Ovetlap - years

[T Diffs of transfvals (precip)



Relative homogeneity testing

e Available 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 daily 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 assessment

Output example: Station Caslav, 3rd segment, 1911-1950, n=40
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Homogeneity assessment, ouput i example:
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Homogeneity assessment

e combining several outputs (sums of detections in individual years,
metadata, graphs of differences/ratios, ...)
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Adjusting monthly: data

e using reference series based on correlations

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

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

| I [} v Vv Vi vk v IX X XX




Example:

Adjusting values - evaluation

DIFF1
DIFFZ

Corr

1

5 0.241

A 0146
] :.'r -l =R,

20

1.040 0.015-0.012

B 0016 -0.014|-0.024

= 2n:0.479,0.233 1973 ADJ sm 74 B[ . 229 1185 1.138 1.162| 1.199
Cort 0.954 3 ' 0.8 265 27 3 | 0.875

corrHAD 0.007 0.016 . T4 U0l OO0




[terative homogeneity testing

e several iteration of testing and results
evaluation

— several iterations of homogeneity testing and
series adjusting (3 iterations 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




Using daily data for mhomogeneities
detection

Additional information to monthly, seasonal and
annual values testing

Advantageous in case of breaks appears near
ends of series

Missing values — no such influence like in case of
monthly data

Problems (normal distribution or
autocorellations) but can be handled to some
extend

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



Using daily data for inhomogenicty.
detection
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Homogenization of daily values
— precipitation series

e working with individual monthly values (to get rid
of annual cycle)

e Itis still needed to adapt data to approximate to
normal distribution

e One of the possibilities: consider values above
0.1 mm only

e Additional transformation of series of ratios
(e.g. with square root)
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Homogenization of precipitation
— daily values

Original values - far from normal distribution
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Homogenization of precipitation
— daily values

e Limit value 0.1 mm

L T RF s R N e Ere . .
(ratios tested/reference series) Frequencies
= BIWELIOT_1_dw, B1VELIOT_1 [ratioz] (1] — 1 = BIWELIOT _1_dw, BTWELET_1 [ratioz) [ 1]
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Homogenization oi precipitation

— daily values

e Limit value 0.1 mm, square root transformation (of

ratios)

¥ -"‘ o factas »'r-r‘r"r«' e rr»'«‘rr\
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Problem of mndependence,
Precipitation above | mm

e August, Autocorrelations




Problem: of independece,
Temperature

August, Autocorrelations




Problem: of mndependece,

Temperature differences

e August, Autocorrelations

Autocorrelation Coeff: BEETURD _T_AVG_1_dw B2ZETURDN_T_AVG_1 (differences) (8)

75.0 100.0 125.0 150.0 175.0



WP1 SURVEY (Enric Aguilar)
Daily data - Correction (WP4)

O Trust metadata only
W Use a technique to detect breaks
@ Detect on lower resolution

Discard
data
Empirical
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adjustments

Very few approaches
actually calculate
special corrections
for daily data.

Most approaches
either
— Do nothing
(discard data)
— Apply monthly
factors

— Interpolate
monthly factors

The survey points
out several other
alternatives that
WGS5 needs to
investigate



WGT PROPOSAL TO WG4,
Methods

¢ Interpolation of monthly factors

— MASH
— Vincent et al (2002)

e Nearest neighbour resampling models, by
Brandsma and Konnen (2006)

e Higher Order Moments (HOM), by Della Marta and
Wanner (2006)

e Two phase non-linear regression (Mestre)



AdJUStlng dally Values tor inhemogeneitics

from monthly versus daily adjustments
(,,delta™ method)




Adjusting from monthly data

e monthly adjustments smoothed with Gaussian low
Pass filter (weights approximately 1:2:1)

e smoothed monthly adjustments are then evenly
distributed among individual days

B2BPIS01_T_21:00
B2BPIS01_T_21:00

———UnSmoothed . ———ADJ_ORIG ——ADJ_C_INC




Adjusting straight from daily data

e Adjustment estimated for each individual day (series of

1st Jan, 2"d Jan etc.)

e Daily adjustments smoothed with Gaussian low
Pass filter for 90 days (annual cycle 3 times to solve margin values)

B2BPIS01_P_14:00

——ADJ_ORIG ——ADJ_SMOOTH




Adjustments (Delta method)

e The same final adjustments may be obtained from either
monthly averages or through direct use of daily data

(for the daily-values-based approach, it seems reasonable to smooth with a low-pass filter for 60 days. The
same results may be derived using a low-pass filter for two months (weights approximately 1:2:1) and

subsequently distributing the smoothed monthly adjustments into daily values)

(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)



Variable correction

@ f(C(d)l R), function build with the reference dataset R, d —
daily data

e 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

B. C. TREWIN AND A. C. E TREVITT 0
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Variable correction, -q function

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

20 30 40 50 60



Variable correction,
The higher-order moments method

DELLA-MARTA AND WANNER
JOURNAL OF CLIMATE 19
(2006) 4179-4197




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



Homogenization
of the series m: the Czech Republic



Spatial distribution of climatological stations

0 Median = 395

[125%-75% =(280, 540) *
1400 | T norvoutiiers = (150, 900) ¥
© outliers $
¥ extreme
0
1200
0
0
1000 8
8
800
o a0 100 Kilometers
e e— s i

e period 1961-2007 :
e 200 stations -
e mean minimum distance: 12 km

ALTITUDE



Correlation coetiicients, change in space, monthly: ais
temperatunce

Correlation coefficient
Correlation coefficient

300 400
Distance (km)

Correlation coefficient

300 400
Distance (km)

Average of monthly correlation coefficients, 1961-2000, individual observation hours




Spatial distribution of precipitation stations

0 Median = 447
[25%75% = (310, 561)
T non-outliers = (150, 951)

:
L o outliers L
¥ extreme é
[
1200 9
8
1000
800
0 50 100 Kilometers
P — = precipitation

600

e period 1961-2007 i :
e 0600 stations . l
e mean minimum distance: 7.5 km

0




Correlation coetiicients, change in space, monthly.
precipitation

300
Distance (km)

2483 values, average of monthly correlation coefficients



Correlations between tested and reference series

Air temperature

Boxplots:
- Median

- Upper and lower quartiles

(for 200 testes series)



Correlations between tested and reference series
Relative Humidity

Boxplots:
- Median

- Upper and lower quartiles

(for 200 testes series)



Correlations between tested and reference series

Precipitation, snow depth, new snow

precip.
snow depth
new snow

Boxplots:
- Median
- Upper and lower quartiles

(for 800 testes series)




Correlations between tested and reference series

Sunshine duration

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

Boxplots:
- Median
- Upper and lower quartiles

(for 100 testes series)



Correlations between tested and reference series
Wind speed

Boxplots:
- Median

- Upper and lower quartiles

(for 200 testes series)



Correlations between tested and reference series

Temperature, daily values

Boxplots:
- Median
- Upper and lower quartiles

(for 200 testes series)




Correlations between tested and reference series

Relative humidity, daily values

Boxplots:
- Median

- Upper and lower quartiles

(for 200 testes series)



Correlations between tested and reference series

Precipitation, daily values (>0.1, In transformation)

precip.
snow depth
new snow

Boxplots:
- Median
- Upper and lower quartiles

(for 200 testes series)



Using RCM simulations data as a reierence series

ALADIN-CLIMATE/CZ

® NWP LAM ALADIN - being developed by consortium of
European and N. African countries led by Météo-France

® ALADIN-CLIMATE/CZ based on CY28 NWP version

® Physical parameterizations package (pre-ALARO) based
partly on EC FP5 MFSTEP development

® Used in FP6 projects ENSEMBLES, CECILIA & several
national research projects

® At CHMI used at NEC-SX6 central computer

® To be superceded by CY32 version with ALARO physics
(addressing the 5-7km resolution) and first tests to be run
during spring 2008



EC FP6 CECILIA
Climate modeling part (WP2):

CHMI ALADIN CLIMATE/CZ + ARPEGE-CLIMATE
1961 — 2000 ECMWF ERA-40 run (finished ...)

1960 — 1990 “present time” slice (finished ...)

2020 — 2050 “near future” slice (finished ...)

2070 — 2100 “distant future” slice (being calculated)




CECILIA experlments

Base0001/01/15 00UTC CECILIA (C+1)

— 10 km spatial step
— 450 seconds time step
— 43 atmosphere levels

— one month integration ~20.000 s. at NEC
computer in Prague

— 164 x 90 points ( LON x LAT)



ALADIN CLIMATE/CZ
Grid points over the Czech Republic

[ | Hranice_cr.shp
e G_sra_bs.shp

Teren1000_m
100 - 200
200 - 300
300 - 400
400.1 - 500
500.1 - 600
600 - 800
800 - 1000
1000 - 1200

1200 - 1400
1400 - 1602

10 km model resolution = 789 grid points in total =>
similar to precipitation station network density




Correlations between tested and reference series

Air temperature, RCM reference series

Q1
® minimum
= median
+ Primér
® maximum
Q3

Nov

Boxplots:
- Median
- Upper and lower quartiles

(for 400 testes series)



Homogeneity testing resulis
Air temperature

Number of significant inhomogeneities (0.05) detected by used tests

(4, B tests, c and d reference series, alltogether)

Air temperature
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Homogeneity: testing results
Air temperature

Amount of adjustments, averages of absolute values, T AVG

Air temperature

Vil Vi IX




Homogeneity: testing results
Precipitation

e 4 tests, 4 reference series, 12 months + 4 seasons and year
e Number of detected inhomogeneities (significant)
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Amount of change (rati0s — standardized to be >1.0),
precipitation

(reference series calculation based on correlations)

Boxplots:
- Median
- Upper and lower quartiles

(for 589 testes series)

Amount of change (standardized)

il Correlation improvement
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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 vVersus 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

e data quality control before homogenization is of very
importance (if it is not part of it)

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

e be aware of annual cycle of inhomogeneities,

adjustments, ...

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



Homogenization
Final remarks, recommendations, 2/3

e Because of Noise in the time series it makes sense:

e -, Ensemble® approach to homogenization (combining
information from different statistical tests, time frames,
overlapping periods, reference series, meteorological
elements, ...)

e - more information for inhomogeneities assessment — higher
quality of homogenization in case metadata are incomplete



Homogenization of daily values,
remarks 3/3

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

e Advantage: reliable inhomogeneities detection near the ends
of series

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

..)

e 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
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ProClimIDB' software
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