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The HOME COST Action ES0601 (Advances in HomogdienaMethods for climate
series and integrated approach) allowed the denetap of the STSM in Brno (Czech
Republic) for two weeks at the CHMI (Czech Hydroemgblogical Institute).

1. Introduction

Knowledge of climate variability and change is phbles by obtaining long climatic
series and quality, but often the records can teeeal by non-climatic conditions. There
are several methods or techniques to detect amdatanhomogeneities in daily data,
such as Percentilegstepanek 2008 and 2009HOM (Della Marta and Wanner 2006)
SPLIDHOM (Mestre et al. submitted)Vincent's method(vincent et al. 2002) Quantile
Matching (wang 2009 and 201Q). that you can run in a software obtaining rekabl
records and comparable.
For the homogenization of daily data there areifpegoals:

- Getting acquainted with daily data correctiongass using ProClimDB and

AnClim software.

- Preparing data for the correction.

- Running correction methods (homogenization).

- Evaluation of the obtained results.
AnClim (Stepanek 2007)s handy and friendly software that needs txtsfite work. It
have a easy structure and it allows to us to cafeubasic statistics, running quality
control, homogenization using different methods KSN (Alexandersson 1986,1995)
Bivariate test(Potter 1981) Easterling and Peterson Test(Easterling and Peterson 1995)
and analyse the obtained results (regressionslations, filters,...). It can also create
plots to show the series or results.
On the other hand, ProClimDBtepanek 2008)s a powerful database tool. You can
choose monthly or daily mode, it depends of the di&e. With geography file you can

calculate reference series using distances orlatimes to find neighbour stations for



adjustment. It's a interesting homogenization safevthat it calculates all statistic
parameters, finding neighbours, running quality toinand homogenization using
different methods (Percentiles, Empirical, HOM, 8PHOM, Vincent's method,

Wang,...). In this STSM has been used ProClimDB teateand adjust daily data series

using different methods.

2. Data and methods

For training in this STSM, the Czech Hydrometeogatal Institute gave us Czech
Republic benchmark dataset composed of daily teatyper and precipitation data of
whole country (Stepanek 2009) ProClimDB tested 265 daily temperature series
approximately for the period 1961-1980 and 676ydaikcipitation series (1961-2007).
Both series were subjected quality control befammbgenization.

Daily precipitation series are inhomogeneous andchese the bigger break in the
middle of “BINAPAOQL” series (1985) for adjust.

Daily temperature series are homogeneous, but eatexd a known break in 1971 in
“B1IHOLEOL” series. We joined two different tempena& series creating artificial
change (1961-1970, “O3VSETO0l1l” series and 1971-1981HOLEOQOL1” series
(“O3VSETO01" series is the last neighbour selected RroClimDB of “B1HOLEOQOL”

series)). Now we have a new inhomogeneous semiisijatseries.
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Figure 1. Representation of original and semi-synthetic tenaijpee series (1961-1980)



ProClimDB needs data file to create data info &led, then, the software needs to
import geography of the stations to run functiom®iithly average,...). After that, you
can process data quality control to find errors aatliers comparing to neighbours or
using interquartile ranges (daily data). To detehbmogeneities in data file you must
do homonegeity test using some tests (Bivariate 8$HT,...) and then the software

can create reference series from distances orlabores for adjust inhomogeneities.
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Figure 2. General scheme of data processi@itepanek 2008

You can choose some homogenization methods in Pn@8 to compare different
adjustments, but we selected Percentiles methodpiread, HOM, SPLIDHOM,
Vincent's method and QM by Wang for temperatureesern precipitation series we
compared the adjustments of Empirical and Peresntihethod, because the other
methods work not good in discontinuous variableg. (@ecipitation).

Percentiles method is an adaptation of a methodh®rcorrection of regional climate
model outputs byeéqué 2007 itself based on assumptions similar to those iciiph
methods described bytewin and Trevitt 1996nd Della-Marta 2006 which apply variable
correction according to individual percentiles (eciles). Our process is based on
comparison of percentiles (empirical distributiaof) differences (or ratios) between
candidate and reference series before and aftezak.bPercentiles are estimated from



candidate series and values for differences of idatel and references series are taken
from the same time (date). Each month is processhdidually, but also taking into
account the values of adjacent months before ated &fto ensure smoother passage
from one month to another. Candidate — referenierdnces for individual percentiles
are then differenced before and after a break amabthed by low-pass filter to obtain a
final adjustment based on a given percergsitepanek 2008)

HOM method uses a nonlinear model to estimate e¢lsionship between a candidate
station and a highly correlated reference stafidre model is built in a homogeneous
subperiod before an inhomogeneity and is then tsestimate the observations at the
candidate station after the inhomogeneity usingoiations from the reference series.
The differences between the predicted and obseva&tes are binned according to
which decile the predicted values fit in the caatidstation’s observed cumulative
distribution function defined using homogeneous lyddemperatures before the
inhomogeneity. In this way, adjustments for eactildevere producebella Marta and
Wanner 2006)

The SPLIDHOM method relies on a direct non-lineabic spline regression method.
This method should be regarded as an alternativil method developed by Della-
Marta and Wanner (2006). We show that is methadls to correct mean of the series,
but also high order quantiles and moments of timeig®ed seriegMestre et al. submitted)

On the other hand, we used Vincent's Method, whdally adjustments are derived
from the monthly adjustments. They are obtainedlibgar interpolation between
midmonth “target” values that are objectively chosso that the average of daily
adjustments over a given month is equal to the hyiaidjustmentvincent et al. 2002).

The Quantile Matching (QM) algorithm is similar tfwat proposed ifwang et al. (2009)
The objective of the QM adjustments is to adjust blase series so that the empirical
distributions of all segments of the detrended bssees match each other. The
adjustment value depends on the empirical frequehtlye datum to be adjusted (i.e. it
varies from one datum to another in the same segmagpending on their
corresponding empirical frequenci€gang et al. 2010)

All methods run in ProClimDB choosing the sameisg 75 days for smoothing, 1
month for moving window, 5 years before and aftes break and not adjust with
correlations = or <0 Fg. 3).
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Figure 3. Example of ProClimDB screen applying the settingsdufor adjust

3. Reaults

Daily adjustments are showed below using six kinfld1omogenization methods in
semi-synthetic temperature series (B1HOLEOQO1). Tdradgeneous series is drawn with
black line and the semi-synthetic series (red liv@)e the known break in 1971.

You can see Percentiles, Empirical, HOM, SPLIDHOMI &/incent adjustments are
similar to the original serie&ig. 4. That means daily adjustments homogenized semi-
synthetic series. In this case, choosing the gmit@bove and homogenizing a big
known break, Quantile Matching (Wang) obtaineded#ht results. Might be this result
of Wang procedure was so different because it'sabsolute method and not use
reference series for adjust. But it's not possiltee know which’s the best
homogenization method only viewing the plot, se ithportant to show some statistics

of adjustments.
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Figure 4. Temperature series adjustments using different lyemeity methods

In ProClimDB exists a function which calculates tfaidation and differences of both
series (original and adjusted). Results of foutisgtia parameters for whole period
(1961-1980) are showed in the table below.

B1HOLEO1 Statistic parameters
AVG anom. |STD anom. | Correlation |RMSE
Percentiles 0,047 0,076 0,987 0,629
Empirical 0,052 0,059 0,987 0,624
R-HOM 0,04 0,069 0,987 0,645
SPLIDHOM 0,021 0,102 0,987 0,647
Vincent 0,672 -0,049 0,982 0,952
Wang (QM) 0,985 -0,242 0,966 1,451

Table 1. Statistic parameters of different methods in terapee series

This results demonstrates little differences istffour methods (Percentiles, Empirical,
HOM and SPLIDHOM), but you can see the differenoegincent and Wang methods.

It exists lower correlation and bigger differenceRMSE and average/STD anomalies
in both methods.

In monthly data you can see similar results, buen&ang’s method obtained worse
results (AVG and RMSE) in winter months and Vincennethod, in opposite, the

worse results were in summer montkig.$,6,7.9.



Average anomalies
2,0
m Percentiles
— O Empirical
1,5 0O R-HOM
B R-SPLIDHOM
B Vincent
1,0 |_ O Wang (QM)
0,5
0,0 -
-0,5
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5. Monthly average temperature anomalies for diffeeahjistments (1961-1980)
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Figure 6. Monthly standard deviation anomalies for différadjustments (1961-1980)
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Figure 7. Monthly correlations for different adjustments (198980)



RMSE (Root mean squared error)
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Figure 8. Monthly RMSE for different adjustments (1961-1980)

On the other hand, we run Percentiles and Empireathod in ProClimDB for daily
precipitation series (BINAPAOl1 - 1961-2007). Rememlhe original series is
inhomogeneous, so you can see different adjustniremisbreak in 1985.

Comparison between original series vs adjusted seri es
- BINAPAOL - Percentiles
900 ——Empirical
850 Original |
750 A
3
£ 700 A /
= I A A
S 650 A VA
\ yUWVE [VIAN A
£ 600 - \ /\
: \ \\/ \
o 550 N V \
500 | \
450 - u
400 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
Year

Figure 9. Different adjustments in precipitation series foe period 1961-2007



4. Conclusions

The STSM for two weeks in CHMI in Brno allowed t@ to do this study using
ProClimDB software. Obviously, it was necessaryirtoduce us in AnClim and
ProClimDB learning to load inputs, showing in dkff/tusing tools, finding neighbours,
using reference series, making adjustments usiifigreint methods and other functions
(calculations, averages, validations,...). Loadinglydeemperature (1961-1980) and
precipitation (1961-2007) data in ProClimDB of wa@zech Republic, only one series
has been selected for creating a known break il ]J@#ing another series. Different
tests detected the break in new semi-synthetiesemd after that, daily temperature
series has been homogenized applying six methadsdmtiles, Empirical, R-HOM, R-
SPLIDHOM, Vincent's method and Quantile Matching\b\ang).

Results showed better adjustments in this kind refak (very big step) applying
Percentiles, Empirical, R-HOM and R-SPLIDHOM metbaghalysing some statistic
parameters (AVG anomalies, STD anomalies, RMSEcanelations).

In daily precipitation data one series has beeecssdl knowing a significant break in
the middle of the series. Using Percentiles and ikcap methods the inhomogeneity
(1985) has been adjusted, so applying the othehadstthe results were not reliable
because precipitation is not a continuous variable.

Finally, the last two days of the STSM the COSTdbenark has been finally released
(Victor Venema and Jasmina Hadzimustafic) and pegb&or running in ProClimDB

software.
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