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1. INTRODUCTION

The results from coarse resolution global climate
models (GCM) can only be considered as a first-guess
of regional climate change consequences of global
warming. Regional climate models (RCM) nested in
GCMs may lead to better estimations of future climate
conditions in the European subregions since the
horizontal resolution of these RCMs is much finer than
the GCMs (IPCC, 2007). Expected regional climate
change focused to the Carpathian basin (located in
Central/Eastern Europe) is modelled by four different
RCMs (Szepszo et al., 2008). Two of them (RegCM
and PRECIS) are run by the Department of
Meteorology, Eotvos Lorand University, Budapest
(Bartholy et al., 2006; Torma et al., 2008). The other
two RCMs are run by the Hungarian Meteorological
Service (Csima and Horanyi, 2008, Szepszo and
Horanyi, 2008): ALADIN (developed by the Meteo-
France) and REMO (developed by the Max Planck
Institute, Hamburg).

The present paper discusses the results from the
regional climate modeling experiments. First, control
run (1961-1990) of the RegCM model is analyzed,
followed by the analysis of the control experiment
using the PRECIS model. In the validation, seasonal
temperature and precipitation mean values are used.
Finally, the main conclusions of the paper are
summarized in the last section.

2. REGIONAL CLIMATE MODELLING USING
REGCM

Model RegCM was originally developed by Giorgi
et al. (1993a, 1993b) and then modified, improved and
discussed by Giorgi and Mearns (1999) and Pal et al.
(2000). The RegCM model (version 3.1) is available
from the Abdus Salam International Centre for
Theoretical Physics (ICTP). The dynamical core of the
RegCMa3 is fundamentally equivalent to the hydrostatic
version of the NCAR/Pennsylvania State University
mesoscale model MM5 (Grell et al., 1994). Surface
processes are represented in the model using the
Biosphere-Atmosphere  Transfer Scheme, BATS
(Dickinson et al., 1993). The non-local vertical diffusion
scheme of Holtslag et al. (1990) is used to calculate
the boundary layer physics. In addition, the physical
parametrization is mostly based on the comprehensive
radiative transfer package of the NCAR Community
Climate Model, CCM3 (Kiehl et al., 1996). The mass
flux cumulus cloud scheme of Grell (1993) is used to

represent the convective precipitation with two
possible closures: Arakawa and Schubert (1974) and
Fristch and Chappell (1980). The selected model
domain covers Central/Eastern Europe centering at
47.5°N, 18.5°E and contains 120x100 grid points with
10 km grid spacing (Fig. 1). The target region is the
Carpathian Basin with the 45.15°N, 13.35°E
southwestern corner and  49.75°N, 23.55°E
northeastern corner.
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Fig. 1. Topography of the selected Central European
domain used in model RegCM.

Model RegCM may use initial and lateral
boundary conditions from global analysis dataset, the
output of a GCM or the output of a previous RegCM
simulation. In our experiments these driving datasets
are compiled from the Centre for Medium-range
Weather Forecasts (ECMWF) ERA-40 reanalysis
database (Gibson et al., 1997) using 1° horizontal
resolution, and in case of scenario runs (for 3 time
slices: 1961-1990, 2021-2050, and 2071-2100, these
are not presented in this paper since they are not fully
completed yet) the ECHAM5 GCM using 1.25° spatial
resolution. Several numbers of vertical levels (14, 18
and 23) may be used in the RegCM experiments, on
the basis of our test runs, we selected 18 vertical
levels in the 30-year long model experiments.
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Fig. 2. Results of control runs (1961-1990) for
Hungary: difference between RegCM and CRU
seasonal mean data.

Fig. 2 compares the simulated and observed
seasonal mean temperature (on the left) and
precipitation (on the right). The observed data is
represented by the CRU (Climatic Research Unit of the
University of East Anglia) TS 1.0 (New et al., 1999,
2000) datasets. In case of temperature, the annual
mean is very well reproduced by the RegCM
simulations (the spatially averaged bias is 0.1°C), as
well, as the seasonal mean in spring, summer, and
autumn (the slight underestimation is between 0 and
1°C in most of the grid points, which is not significant
at 0.05 level). The largest bias values are detected in
winter, where the mean is slightly overestimated by
about 0-2°C. Statistical hypothesis tests suggest that
the winter temperature bias is not significant only in the
middle part of Hungary. Larger differences can be
detected in case of precipitation fields. Seasonal
precipitation in the Carpathian Basin is overestimated
by the RegCM simulations in winter, spring, and
summer, while it is slightly underestimated in autumn
(when the bias is not significant at 0.05 level inside the
Hungarian borders). The smallest positive bias is
found in winter (0-20 mm with not significant values in
the southern part of Hungary), and the largest in spring
(10-30 mm). Compared to other RCM simulation (e.g.,
those made in the frame in the European project
PRUDENCE, Jacob et al., 2007), these bias values
are acceptable, and can be considered quite good
(Torma et al., 2008).

3. REGIONAL CLIMATE MODELLING USING
PRECIS

The installation and the adaptation of the regional
climate model PRECIS at the Department of
Meteorology, Eotvos Lorand University (Budapest,
Hungary) has started in 2004. At the beginning of our
studies, version 1.3 was used but the results presented
in this paper are from an updated model version (1.4.8).
The PRECIS is a high resolution limited area model with
both atmospheric and land surface modules. The model
was developed at the Hadley Climate Centre of the UK
Met Office (Wilson et al., 2005), and it can be used over
any part of the globe (e.g., Hudson and Jones, 2002,
Rupa Kumar et al., 2006, Taylor et al., 2007, Akhtar et
al., 2008). The PRECIS regional climate model is based
on the atmospheric component of HadCM3 (Gordon et
al.,, 2000) with substantial modifications to the model
physics (Jones et al., 2004). The atmospheric
component of PRECIS is a hydrostatic version of the full
primitive equations, and it applies a regular latitude-
longitude grid in the horizontal and a hybrid vertical
coordinate. The horizontal resolution can be set to
0.44°x0.44° or 0.22°x0.22°, which gives a resolution of
~50 km or ~25 km, respectively, at the equator of the
rotated grid (Jones et al., 2004). In our studies, we used
the finer horizontal resolution for modeling the Central
European climate. Hence, the target region contains
123x96 grid points, with special emphasis on the
Carpathian basin and its Mediterranean vicinity
containing 105x49 grid points (Fig. 3). There are 19
vertical levels in the model, the lowest at ~50 m and the
highest at 0.5 hPa (Cullen, 1993) with terrain-following
c-coordinates (c = pressure/surface pressure) used for
the bottom four levels, pressure coordinates for the top
three levels, and a combination in between (Simmons
and Burridge, 1981). The model equations are solved in
spherical polar coordinates and the latitude-longitude
grid is rotated so that the equator lies inside the region
of interest in order to obtain quasi-uniform grid box area
throughout the region. An Arakawa B grid (Arakawa and
Lamb, 1977) is used for horizontal discretization to
improve the accuracy of the split-explicit finite difference
scheme. Due to its fine resolution, the model requires a
time step of 5 minutes to maintain numerical stability
(Jones et al., 2004). In the post processing of the RCM
outputs, daily mean values are used.

In case of the control period (1961-1990), the initial
and the lateral boundary conditions for the regional
model are taken from (i) the ERA-40 reanalysis
database (Gibson et al.,, 1997) using 1° horizontal
resolution, compiled by the European Centre for
Medium-range Weather Forecasts (ECMWF), and (ii)
the HadCM3 ocean-atmosphere coupled GCM using
~150 km as a horizontal resolution. For the validation of
the PRECIS results CRU TS 1.0 (New et al., 1999,
2000) datasets are used (as in case of the RegCM
validation).



Fig. 3. Topography of the selected Central European
domain used in model PRECIS.

During the validation process, we analyzed
monthly, seasonal, and annual temperature mean
values and precipitation amounts for the control period.
Fig. 4 and Fig. 5 summarizes the seasonal differences
between the simulated (PRECIS outputs) and the
observed (CRU data) values in case of temperature and
precipitation, respectively. Seasonal bias fields are
presented on the left, while the frequency distribution of
the difference values determined for the Hungarian grid
points are shown on the right.
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Fig. 4. Results of control runs (1961-1990) for
Hungary: difference between PRECIS and CRU

seasonal mean temperature data.

On the basis of the maps shown in Fig. 4, the
seasonal mean temperature is well reproduced by the
regional model in the Carpathian basin, the spatially
averaged overestimation is less than 2.2 °C. Large
overestimation can be seen in the high-elevated
regions, especially, in the Alps (in winter and spring, the
simulated mean temperature can be larger than the
observed value by more than 5 °C). In Hungary, the
largest overestimation is found in summer (+2.2 °C on
average). According to the histograms the smallest
difference values close to 0 °C are determined in spring
(0.2 °C average overestimation), but also, the winter and
the autumn daily temperature is overestimated by less
than 1 °C in Hungary on average. Statistical hypothesis
tests accomplished for each grid points show that in
case of Hungary the bias values in spring and autumn
are not significant at 0.05 level. The winter temperature
bias values are also not significant at 89% of the country
area. Only the summer bias values are significantly
large at 0.05 level.
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Fig. 5. Results of control runs (1961-1990) for
Hungary: difference between PRECIS and CRU
seasonal mean precipitation data.

Precipitation is far more variable both in time and
in space than temperature. The spatially averaged
precipitation is overestimated in the entire model
domain, especially, in spring and winter (by 22% and



15%, respectively). According to the maps shown in Fig.
5, the precipitation of the high-elevated regions is
overestimated (by more than 30 mm in each season),
while the overestimation of the seasonal precipitation
occurring in the plain regions is much less in spring than
in the mountains. In summer and in autumn the
precipitation is underestimated in the lowlands. The
underestimation is larger in the southern subregions
than in the northern part of the domain. In case of
Hungary, the spring precipitation is overestimated (by
33% on average), while in the other three seasons the
precipitation is slightly underestimated (by less than
10% on average) in the country. Inside the area of
Hungary a meridional structure can be detected in
winter, summer and autumn, namely, the precipitation in
the western part is slightly overestimated, while in the
eastern part it is underestimated. The precipitation bias
values are not significant in most of Hungary in winter,
summer, and autumn at 0.05 level. However, statistical
hypothesis tests suggest that the spring bias values are
significantly large (at 95% of all the gridpoints located
inside the Hungarian borders), the bias is not significant
only in the northeastern part of the country.

Temperature and precipitation bias fields of the
PRECIS simulations can be considered acceptable if
compared to other European RCM simulations (Jacob et
al., 2007, Bartholy et al., 2007). Therefore, model
PRECIS, as well, as RegCM can be used to estimate
future climatic change of the Carpathian Basin.

4. CONCLUSIONS

In this paper, results of two regional climate
models (RegCM and PRECIS) are discussed and
compared for the Carpathian basin and its vicinity in
the 1961-1990 reference period. In case of model
PRECIS, in addition to the control experiment, the A2
scenario run is also completed for 2071-2100. Based
on the results presenting here, the following main
conclusions can be drawn.

1. In general, the seasonal mean temperature
fields are slightly underestimated by the RegCM
simulation (except winter) in Hungary and they are
overestimated by the PRECIS simulation. The largest
bias values are found in winter in case of RegCM
(when the average overestimation is 1.3 °C), and in
summer in case of PRECIS (when the average positive
bias is 2.2 °C).

2. The seasonal precipitation fields for Hungary
are usually overestimated by the RegCM simulations
(except in autumn) with the largest bias values in
spring. The seasonal precipitation in Hungary is
generally slightly underestimated by the PRECIS
simulation, except spring when the precipitation is
overestimated significantly.

Acknowledgements. Research leading to this
paper has been supported by the following sources: the
Hungarian Academy of Sciences under the program
2006/TKI/246 titled Adaptation to climate change, the
Hungarian National Research Development Program

under grants NKFP-3A/082/2004 and NKFP-
6/079/2005, the Hungarian National Science Research
Foundation under grants T-049824, K-67626, and K-
69164, the Hungarian Ministry of Environment and
Water under the National Climate Strategy Development
project, and the CECILIA project of the European Union
Nr. 6 program (contract no. GOCE-037005).

REFERENCES

Akhtar, M., Ahmad, N., Booij, M.J., 2008: The impact
of climate change on the water resources of
Hindukush-Karakorum-Himalaya region under
different  glacier coverage scenarios. J.
Hydrology, doi: 10.1016/j.jhydrol.2008.03.015.

Arakawa, A., Lamb, V.R., 1977: Computational design
of the basic dynamical processes of the UCLA
general circulation model. In: Methods in
Computational Physics, Vol. 17, edited by J.
Chang. Academic Press, New York, 173-265.

Arakawa, A., Schubert, W.H., 1974: Interaction of
cumulus cloud ensemble with the largescale
environment, Part |. Journal of Atmospheric
Science 31:674-701.

Bartholy, J., Pongracz, R., Torma, Cs., Hunyady, A.,
2006: Regional climate projections for the
Carpathian Basin. In: Proceedings of the
International. Conference on Climate Change:
Impacts and Responses in Central and Eastern
European Countries, edited by I. Lang, T. Farago,
and Zs. Ivanyi. Hungarian Academy of Sciences,
Hungarian Ministry of Environment and Water,
Regional Environment Center for Central and
Eastern Europe, Budapest, 55-62.

Bartholy, J., Pongracz, R., Gelybo, Gy., 2007:
Regional climate change expected in Hungary for
2071-2100. Applied Ecology and Environmental
Research, 5, 1-17.

Csima, G., Horanyi, A., 2008: Validation of the
ALADIN-Climate regional climate model at the
Hungarian Meteorological Service. Idojaras, 112,
155-177.

Cullen, M.J.P., 1993: The unifed forecast/climate
model. Meteorological Magazine, 122, 81-94.
Dickinson, R.E., Henderson-Sellers, A., Kennedy, P.J.,

1993: Biosphere-Atmosphere Transfer Scheme
(BATS) version 1 as coupled to the NCAR
community climate model. NCAR technical note

NCAR/TN-387 + STR, 72p.

Fritsch, J.M., Chappell, C., 1980: Numerical simulation
of convectively driven pressure systems. Part I
Convective parameterization. J. Atmos. Sci., 37,
1722-1733.

Gibson, J.K., Kallberg, P., Uppala, S., Nomura, A,
Hernandez, A., Serrano, A., 1997: ERA
description. ECMWF Reanalysis Project Report
Series 1, Reading, 77p.

Giorgi, F., Mearns, L.O., 1999: Introduction to special
section: regional climate modeling revisited. J.
Geophys. Res., 104, 6335-6352.



Giorgi, F., Marinucci, M.R., Bates, G.T., 1993a:
Development of a second generation regional
climate model (RegCM2). Part I: Boundary layer
and radiative transfer processes. Monthly
Weather Review, 121, 2794-2813.

Giorgi, F., Marinucci, M.R., Bates, G.T., DeCanio, G.,
1993b: Development of a second generation
regional climate model (RegCM2). Part II:
Convective processes and assimilation of lateral
boundary conditions. Monthly Weather Review,
121, 2814-2832.

Gordon, C., Cooper, C., Senior, C.A., Banks, H.,
Gregory, J.M., Johns, T.C., Mitchell, J.F.B.,
Wood, R.A., 2000: The simulation of SST, sea ice
extents and ocean heat transports in a version of
the Hadley Centre coupled model without flux
adjustments. Climate Dynamics, 16, 147-168.

Grell, G.A., 1993: Prognostic evaluation of
assumptions used by cumulus parametrizations.
Monthly Weather Review, 121, 764-787.

Grell, G.A., Dudhia, J., Stauffer, D.R., 1994: A
Description of the fifth generation Penn
State/NCAR Mesoscale Model (MM5). NCAR
technical note NCAR/TN-398 + STR, 121p.

Holtslag, A.A.M., de Bruijin, E.l.F., Pan, H.L., 1990: A
high resolution air mass transformation model for
short-range  weather  forecasting.  Monthly
Weather Review, 118, 1561-1575.

Hudson, D.A., Jones, R.G., 2002: Regional climate
model simulations of present-day and future
climates of Southern Africa. Technical Notes No.
39. UK Met Office Hadley Centre, Bracknell, 42p.

IPCC, 2007: Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to
the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.
Edited by S. Solomon, D. Qin, M. Manning, Z.
Chen, M. Marquis, K. B. Averyt, M. Tignor, and H.
L.  Miller. Cambridge University Press,
Cambridge, UK and New York, NY, 996p.

Jacob, D., Barring, L., Christensen, O.B., Christensen,
J.H., de Castro, M., Déqué, M., Giorgi, F.,
Hagemann, S., Hirschi, M., Jones, R., Kjellstrom,
E., Lenderink, G., Rockel, B., Sanchez, E., Schar,
Ch., Seneviratne, S.I.,, Somot, S., van Ulden, A,
van den Hurk, B., 2007: An inter-comparison of
regional climate models for Europe: Model
performance in Present-Day Climate. Climatic
Change, 81, 21-53. do0i:10.1007/s10584-006-
9213-4.

Jones, R.G., Noguer, M., Hassell, D.C., Hudson, D.,
Wilson, S.S., Jenkins, G.J., Mitchell, J.F.B., 2004:
Generating high resolution climate change
scenarios using PRECIS. UK Met Office Hadley
Centre, Exeter, 40p.

Kiehl, J.T., Hack, J.J., Bonan, G.B., Boville, B.A,,
Briegleb, B.P., Wiliamson, D.L., Rasch, P.J.,
1996: Description of NCAR community climate
model (CCM3). NCAR technical note NCAR/TN-
420 + STR. 152p.

New, M., Hulme, M., Jones, P., 1999: Representing
twentieth-century space-time climate variability.
Part I: Development of a 1961-90 mean monthly
terrestrial climatology. J. Climate, 12, 829-856.

New, M., Hulme, M., Jones, P., 2000: Representing
twentieth-century space-time climate variability.
Part 2: Development of 1901-96 monthly grids of
terrestrial surface climate. J. Climate, 13, 2217-
2238.

Pal, J.S., Small, E.E., Eltahir, E.A.B., 2000: Simulation
of regional-scale water and energy budgets:
representation of subgrid cloud and precipitation
processes within RegCM. J. Geophys. Res.,
105(29), 567-594.

Rupa Kumar, K., Sahai, A.K., Krishna Kumar, K.,
Patwardhan, S.K., Mishra, P.K., Revadekar, J.V.,
Kamala, K., Pant, G.B., 2006: High-resolution
climate change scenarios for India for the 21st
century. Current Science, 90, 334-345.

Simmons, A.J., Burridge, D.M., 1981: An energy and
angular-momentum conserving vertical finite
difference  scheme and hybrid vertical
coordinates. Monthly Weather Review, 109, 758-
766.

Szepszo, G., Horanyi, A., 2008: Transient simulation of
the REMO regional climate model and its
evaluation over Hungary. Idojaras, 112, 213-232.

Szepszo, G., Bartholy, J., Csima, G., Horanyi, A,
Hunyady, A., Pieczka, |., Pongracz, R., Torma,
Cs.. 2008. Validation of different regional climate
models over the Carpathian Basin. EMS8/ECAC7
Abstracts 5, EMS2008-A-00645.

Taylor, M.A., Centella, A., Charlery, J., Borrajero, I.,
Bezanilla, A., Campbell, J., Rivero, R.,
Stephenson, T.S., Whyte, F., Watson, R.. 2007:
Glimpses of the Future: A Briefing from the
PRECIS Caribbean Climate Change Project.
Belize:Caribbean Community Climate Change
Centre, Belmopan, 24p.

Torma, Cs., Bartholy, J., Pongracz, R., Barcza, Z.,
Coppola, E., Giorgi, F., 2008: Adaptation and
validation of the RegCM3 climate model for the
Carpathian Basin. Idojaras, 112, 233-247.

Wilson, S., Hassell, D., Hein, D., Jones, R., Taylor, R,,
2005: Installing and using the Hadley Centre
regional climate modelling system, PRECIS.
Version 1.3. UK Met Office Hadley Centre,
Exeter, 131p.



