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Abstract ― Adaptation to climate change, as well as mitigation of the strength of climate
change, needs robust impact studies based on reliable input data. Our aim was to create
climate scenarios that contain essential daily meteorological data (precipitation, maximum
and minimum temperature) for the 1951-2100 period, and to establish an open access
database for the scientific community. We utilized the results of ten RCM experiments that
were produced and made accessible within the framework of the ENSEMBLES FP6 project.
Every climate model suffers from systematic errors (e.g., under- or overestimation of
temperature and the amount and frequency of precipitation), which may prevent the impact
studies from direct application of the RCM results. There are several bias correction strategies
to correct those errors in the RCM datasets. To quantify the systematic errors in the RCM
results the modified E-OBS datasets were used, which were also created within the
framework of the ENSEMBLES FP6 project.
In order to create the best possible observation based dataset for the bias correction and for
the reconstruction of past meteorological conditions, we corrected the E-OBS database with
the CRU TS 1.2 (disseminated by the Climatic Research Unit, University of East Anglia, UK)
high resolution gridded dataset. CRU TS 1.2 contains monthly averages for selected
meteorological parameters at a spatial resolution of 1/6 × 1/6 degree. We used a bias
correction method based on the fitting of cumulative distribution functions, which allowed for
correcting both the intensity and the frequency of the precipitation.
The resulting database – the so called FORESEE database – contains daily meteorological
data based on ten RCM results for 2010-2100, and the E-OBS database corrected by using
CRU data for the 1951-2009 period. The target area of the FORESEE database is Central
Europe.
In the future, we plan to create a website making the FORESEE database broadly
accessible.
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1. Introduction
Climate change is one of the most important political, scientific and social challenges of
the 21st century. Despite significant efforts and international agreements it seems that

anthropogenic greenhouse gas emission can not be reduced to the desired level. It means that
mankind is probably unable to reduce the future impacts of climate change and to avoid
significant environmental changes.
The effects of the changing climate could impact any living being all over the Earth (IPCC,
2007a). To reduce the damage at different temporal and spatial scales we have to estimate the
impacts of the changing climate and develop potential adaptation strategies.
As many natural processes depend on the meteorological conditions, we heavily need a
meteorological database that covers both the past and possible future conditions.
The changes in the meteorological conditions in the past could be calculated from direct
measurements or observation based interpolated datasets. For the estimation of future
conditions climate model results could be used. Global climate models (GCMs) are run at
coarse spatial resolution so they are unable to capture sub-grid cell features and fine scale,
topography-induced local characteristics. Because of this, GCM results are not feasible to
demonstrate and scrutinize local-scale changes.
In order to address the above described problem several downscaling methods are
developed. In case of dynamical downscaling, higher spatial resolution models (so called
regional climate models, RCMs) are run using GCM outputs as driver (Giorgi, 1990). The
RCMs are able to simulate smaller-scale atmospheric processes, due to their higher resolution
topography and physics (IPCC, 2007b).
In the past years several international research institutes developed and ran climate models,
and most of the results are available through the Internet. Virtually anyone could download
RCM results for any target area, but not every user is aware about the availability and
characteristics of the model outputs. For a climate researcher it is clear that every climate
model result contains systematic errors (Christensen et al, 2008). These systematic errors are
not causing problems if only the expected changes are sought, assuming that the systematic
errors in the past and in the future are equal (which is a realistic assumption according to
Maraun, 2012). However, problems arise when the user requires realistic daily data to
perform a climate change related impact study.
In order to develop adaptation strategies the potential impacts of climate changes have to
be estimated. For this reason many researcher from different scientific areas (biologists,
agronomists, hydrologists etc.) would like to execute climate change related impact studies.
Usually for these studies scientific area-specific models are used (for example a crop model or
a hydrological model) but high temporal resolution meteorological data for the investigated
terms are always required for the models. For climate change related impact studies reliable
meteorological data are heavily needed. Because the investigated time period often covers
periods in the future, RCM results provide plausible solutions (Dosio and Paruolo, 2011). To
eliminate the existing systematic errors in climate model outputs several bias correction
methods have been developed (Ines and Hansen, 2007; Déqué, 2007, Piani et al., 2009). Our
aim is to create a database for researchers who need daily meteorological data to execute an
impact study in their research.

2. Data
In order to create the essential meteorological data needed for a typical impact study (daily
precipitation, maximum and minimum temperature) we used RCM results and observation
based data for the 1951-2100 period.
We selected 10 RCM-GCM couplings to perform a state-of-the-art bias correction on the
daily maximum-, minimum temperature and precipitation time series for the1951-2100 period
(Table 1). The RCM results were produced and made accessible within the framework of the
ENSEMBLES FP6 project (van der Linden et al., 2009).

For the 1951-2009 period we used the daily E-OBS database (also created within the
framework of the ENSEMBLES FP6 project, Haylock et al., 2008) and the monthly CRU TS
1.2 (disseminated by the Climatic Research Unit, University of East Anglia, UK; Mitchell et
al., 2004) high resolution gridded dataset.
Availability of an observation-based dataset is a prerequisite for any bias correction. For
practical reasons we used version 3 of E-OBS for 1951-1961 and a newer version
(precipitation: version 5; temperature: version 7) for the 1961-1990 period. In order to create
the best possible observation based dataset for the bias correction and for the reconstruction of
past meteorological conditions first we corrected the E-OBS database using the monthly CRU
TS 1.2 dataset. We used the CRU dataset to fit the monthly averages and totals because it
seems more realistic than the E-OBS climatology for the target area.
The climate model outputs were created within the same project, but there were differences
between the datasets (i.e., regarding the used calendar and coordinate system). At the
beginning of the work the RCM results were converted to use a 365 days calendar for the
study area, Central Europe (Fig.1). Then all of the data were interpolated to a common 1/6 ×
1/6 degree horizontal resolution grid with an inverse distance technique.

Fig.1. The selected target area of the FORESEE database.

3. Bias correction
For the correction the 1951-2009 period was selected as a reference period – that is the
longest period for which observation based data and RCM results are also available. First the
climate model results and the observation based datasets were compared for the reference
period. Based on the monthly comparison correction factors were defined. These correction
factors are then applied to the daily climate model results for the past and also for the future.
In case of the temperature the correction means shifting, while in case of rate of precipitation
it means multiplication.
The correction of precipitation is a more complex procedure because in a given month
precipitation is not just characterized by the sum but also the frequency of precipitation
(number of wet days). Apparently, the systematic errors do not just affect the rate of the

precipitation. It is evident that for an impact study the frequency of the precipitation is also
essential. As an example, is it clearly not irrelevant that the given precipitation amount fall
down in 2-3 specific days or is evenly distributed through 15-20 days.
In order to adopt a state-of-the-art bias correction method we corrected not just the rate but
also the frequency of precipitation (Ines and Hansen, 2007; Déqué, 2007).
The applied method is based on the cumulative density function (cdf) fitting technique.
Here the correction method is demonstrated through precipitation, because the temperature
correction is almost the same as the second part of the precipitation correction.
The first part of the correction is the fitting of monthly number of wet days (when the
precipitation is not less than 0.1 mm/day). Monthly ratios were determined between the
observed and the modelled monthly wet days based on the 1951-2009 period pixel by pixel.
At this point two cases have to be discriminated: the model could underestimate and also
overestimate the number of wet days in a given month. In case of overestimation wet days
were eliminated, while in the other case wet days were created artificially. When wet days
were created, the precipitation was set to 0.1 mm for the required number of days. The days
were selected in random fashion. When dry days were created, the wet days were neglected
starting from days with the least precipitation rate. Fig.2. shows cumulative density functions
(cdf) in different stages of the precipitation correction for one month and one selected pixel.

Fig.2. Cumulative distribution function changes during the two steps of the precipitation bias
correction. A1-A3 shows the case where the climate model overestimates the monthly number
of wet days. B1-B3 shows the case where the climate model underestimates the monthly
number of wet days.
In Fig.2 the red dashed line represents the corrected E-OBS database; obviously this line is
not changing between the stages (A-B/1-3). The black solid line represents the climate model
result. The diagram at the bottom shows when the model underestimated the wet days (B/1-3).
The upper one shows an overestimation case (A/1-3).
The first stage is the starting point when the climate model is not yet corrected. The
differences between the observed and the modelled number of wet days can be clearly seen on
the diagrams A/1 and B/1 of Fig.2. The diagrams A/2 and B/2 show the cdf-s after the
correction of precipitation frequency, which was discussed previously.
The second step of the bias correction is the correction of the amount which is executed by
cdf fitting. Quantile functions were determined also month by month using 1000 partitions for
the corrected E-OBS database and also for the climate model results pixel by pixel. The

differences between the observed and the modelled values of the 1000 quantiles can be shown
in a quantile-quantile (Q-Q) plot (Fig.3. A/1 and B/1). If the 1000 points are close to the 1:1
line in the Q-Q plot, the cdf-s are also fitted (Fig.3. A/2 and B/2). Thus the correction factors
are defined as the ratio of the observed and the modelled quantile functions.
In a given day the precipitation rate is corrected based on the number of the closest
quantile (1-1000). The amount of the precipitation is multiplied with the predefined correction
factor. In Fig.2. the differences between the A/2-A/3 and B/2-B/3 diagrams show the result of
the fitting.

Fig.3. Q-Q plots before and after the correction of the precipitation amount.
A1-A2 shows the case where the climate model overestimates the monthly number of wet days.
B1-B2 shows the case where the climate model underestimates the monthly number of wet
days.

4. Results
In the present study bias correction was performed on 10 RCM results retrieved from the
database of the ENSEMBLES project (Table 1).
The final time series cover the 1951-2100 period. As the corrected RCM results are fully
consistent with the observations used for the correction, in the 1951-2009 period the RCM
results were dropped and the CRU corrected E-OBS database was used. This is a necessary
requirement of scientists performing impact studies as they generally validate their models
using observations. Validation would be impossible if the RCM results were used, as they
differ from the realization of the past weather. The results of the bias correction are
demonstrated in Fig.4. for all of the three variables (precipitation, maximum and minimum
temperature).
In Fig.4 the upper graphs show the annual means/totals for the whole target area based on
the non-corrected RCM results. The central graphs show the CRU-corrected E-OBS database
before 2009 and the 10 bias corrected RCM results after 2009. The bottom graphs show the
averages of the 10 models in case of the corrected (green solid line) and also the not corrected
RCM results (black solid line) and finally the CRU-corrected E-OBS database (blue solid
line).

Table 1. The list of the RCM-GCM combinations used in the present study.
RCM-GCM
ALADIN-ARPEGE
CLM-HadCM3Q0

Developing institute
National Centre for Meteorological Research (CNRM)
Swiss Federal Institute of Technology Zürich (ETHZ)
Hadley Centre for Climate Prediction and Research
HadRM3Q0- HadCM3Q0
(HC)
HIRHAM5-ARPEGE
Danish Meteorological Institute (DMI)
HIRHAM5-ECHAM5
Danish Meteorological Institute (DMI)
RACMO-ECHAM5
Royal Netherlands Meteorological Institute (KNMI)
Sweden's Meteorological and Hydrological Institute
RCA-ECHAM5
(SMHI)
Sweden's Meteorological and Hydrological Institute
RCA-HadCM3Q0
(SMHI)
The Abdus Salam International Centre for Theoretical
REGCM-ECHAM5
Physics (ICTP)
REMO-ECHAM5
Max Planck Institute for Meteorology (MPI)

Fig.4. The annual average of daily minimum/maximum temperature and the annual
precipitation sums for the whole target area before and after the bias correction.

Based on the results (Fig. 4) it is clear that the variability of the 10 models is appreciable.
If the non-corrected RCMs results are compared to the observation based time series the need
of the correction is clearly demonstrated. It can be seen in the figure that the bias corrected
results are consistent with the observations. The presented charts refer to spatial averages, so
the local differences are probably much higher.
The size of the created daily database is about 22 GB, which contains 33 NetCDF files.
This means 10 files for every variable for the future (2009-2100) and one for the past (19512009). Monthly means are also created for the 1951-2100 time period. The size of these 30
NetCDF files is about 1 GB.

5. Conclusion
For climate change related impact studies RCM results may provide essential base data.
However, the climate model result may not be used without further processing steps because
every climate model output has intrinsic systematic errors. The bias correction is a process
which eliminates the systematic error by using an observation based dataset.
In the present study we described the steps of the construction of a database that is aimed
to support impact studies in Central Europe. Based on the presented bias corrected RCMs a
new database was built, which is called the FORESEE database (Open Database For Climate
Change Related Impact Studies in Central Europe). We are planning to create a homepage for
FORESEE, and set the database accessible for the scientific community.
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