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Abstract. At the Hungarian Meteorological Service, two experiments were accomplished with the REMO5.0
regional climate model: (1) a simulation of a past period from 1961 to 2000, driven by the ECMWF E:RA40
re-analysis data, and (2) a transient run from 1951 to 2100 driven by the ECHWRMEM global coupled
atmosphere-ocean model using SRES A1B forcing. The integration domain covers continental Europe with
25 km horizontal resolution in both experiments. Present article is dedicated to the investigation of the simula-
tion results for the past period. The results for 1961-1990 were compared on the one hand with observations,
and on the other hand, with each other and the corresponding global fields in order to assess the impact of
the different lateral boundary conditions on the results focusing on the area of our interest, i.e., Hungary. The
evaluation indicated that the re-analysis driven experiment provides warm and in summer dry past climate over
the Carpathian Basin, whereas lower temperature and higher precipitation values are obtained when the lateral
boundary information is derived from a global climate model. Based on the validation, it is concluded that the
temperature characteristics in the simulation-driven case outperformed the experiment forced by quasi-perfect
(i.e., re-analysis) data, however, similar apparent conclusion cannot be drawn for precipitation. This paper is
undertaking to give deeper insight into the details and possible reasons for these outcomes.

1 Introduction Brother Experiments of Denis et al. (2002) showed, that ng

only the topography-induced patterns can be more realist
Recently the continuously improving global climate models cally reflected by RCMs, but also the fine-scale processe
(GCMs) are providing realistic projections for synoptic-scale forced by atmospheric nonlinearities and hydrodynamic in
characteristics of the climate, however, they are fiisient ~ stabilities due to the application of more sophisticated phys
for detailed regional-scale estimations. The use of regionaical parameterization schemes.
climate models (RCMs) ensures a dynamically based oppor- The present study is dedicated to explore in detail the re
tunity to enhance the global results for regional scale. Theation between the driving fields and driven regional climatg
large-scale information for the regional simulations is com- models over the Carpathian Basin focusing on the period ¢
ing from global models through the lateral boundary condi- 1961-1990 through a comparative analysis of the results ¢
tions (LBCs). Several experiments (Giorgi and Bates, 1989;REMO regional climate model used at the Hungarian Me
Radu et al., 2008) provided evidence, that RCMs are abldeorological Service (HMS) and its lateral boundary condi
to reproduce the synoptic-scale climate features specified bjions as well as the observations. In Sect. 2 the most im
the LBCs. Nevertheless, due to the limited area characteportant characteristics of the accomplished experiments a
and the higher resolution, they have to be capable of describintroduced. Section 3 deals with thorough analysis of the re
ing the small-scale physical processes. Moreover, the Bigsults over Central Europe with special emphasis on the Hur

garian territory. In Sect. 4 several open issues are discuss
and the major conclusions are drawn.
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2 Experimental design 3 Results

The REMOS5.0 regional climate model was adapted at the3.1  Temperature
Hungarian Meteorological Service in 2004. REMO (Jacob
and Podzun, 1997) was developed by the Max Planck Indnvestigating the results of the ERA40-driven simulation, it
stitute for Meteorology in Hamburg based on the Europacan be generally concluded, that REMO5.0 produces too
Model, i.e., the former numerical weather prediction model high 2-m temperature values in every season almost over the
of the German Weather Service, with the inclusion of thewhole integration area (not shown). This overestimation is
global ECHAM4's physical parameterization package. Theespecially large over Southern and Eastern Europe, partic-
physics of REMO5.0 and the current cycle of the ECHAM ularly over Hungary it exceeds°€ in summer (however,
model (ECHAMS5; Roeckner et al., 2003) are built on the in winter it remains under 0.X). In the case of ECHAM-
same basis, however, ECHAMS5 includes several improve-driven simulation, the seasonal 2-m temperatufiedinces
ments covering the parameterization of longwave radiationpetween the model results and observations are small indi-
cloud microphysics, etc. At the HMS two experiments were cating rather perfect annual simulation with less tha€C 1
accomplished with the REMO model: (1) a simulation of systematic error over the large part of the domain. Some
a past period from 1961 to 2000, driven by the ERA40 re-exceptions are found over the Alps and Southeast from the
analyses (Uppala et al., 2005), and (2) a transient run foCarpathian Basin: while in the elevated points the model
the period of 1951-2100 driven by the ECHANAPI-OM underestimates the mean temperature, over the southeastern
(Roeckner et al., 2003; Marsland et al., 2003) global cou-area it predicts too warm climate for the 1961-1990 refer-
pled atmosphere-ocean model. (Hereafter, the simulationgnce period. Nevertheless, the errors do not red¢heren
are referred to as ERA40-driven or REMERA experi-  atthese “critical” regions and over Hungary the departure re-
ment and ECHAM-driven or REM@ECHAM one, respec- mains under 0.5C in every season. It has to be remarked
tively.) In the (1951-2000) control period, the observed at-here, that the abovementioned mean temperature errors are
mospheric concentrations of greenhouse gases and aerosaiglculated by comparison of the raw simulation data and the
were taken for the global climate model integration, while CRU dataset interpolated to the 0.22-degree resolution model
for the 21st century these concentrations were prescribegrid. If an altitude correction is applied for the raw temper-
according to the SRES A1B scenario (Nakicenovic et al.,ature values to eliminate theffirences between the orogra-
2000). The regional integration domain was the same in botiphy of the model and reference dataset, the large over- and
experiments: it covers continental Europe with 25 km hori- underestimations become deeper exceedin@ 8ver both
zontal resolution and in vertical 20 levels were applied. Asregions. This is due to the structure of théfeliences be-
far as the lateral boundary conditions are concerned, the horitween the two topographies: the northern and eastern slopes
zontal resolution of the ERA-40 dataset is 1.125 degree (neafi.e., the lee side) of the high mountains are more highly
125 km), while that of the ECHAM5 is 1.875 degree (approx- elevated, while the western and southern parts are lower in
imately 200 km). REMO than in the case of observations. This pattern implies
The evaluation is addressing on the one hand, the validathat there is a shift between the orography fields. Neverthe-
tion, and on the other hand, the assessment of the influence ¢#Ss, same correction method is not utilized for the results
the diferent lateral boundary conditions on the results with over Hungary, because the target region is a relatively flat
special focus on Hungary. Therefore, the regional and globagrea without high orographic features.
results were compared with the 10-min resolution monthly The diferent performance of the two simulations (which
CRU (Mitchell and Jones, 2005) observational dataset andliffer from each other only in their lateral boundary condi-
with each other and the driving fields for the period of 1961—tions) can be also demonstrated in the relation between the
1990. The validation was achieved for the 2-m mean tem-driven regional and the driving global fields. It can be seen
perature and precipitation amount, whereas the RCM-GCMn Fig. 1, that the RCM introduces a systematic heating into
intercomparison was extended with the investigation of 850-the global results. This warming is almost constant along
hPa temperature and 700-hPa relative humidity. (Validationthe reference period, however, its magnitude is lower in the
of the last two parameters was not carried out in the absencECHAM-driven case than in the ERA40-driven experiment
of reliable and spatially homogenous measurements, thougtannually 0.9 and 2.2C for Hungary, respectively; Table 1).
850-hPa temperature provided by ERA-40 can be considThe higher warmingf@ect in the REMQERA simulation led
ered also as observation.) The reason for the choice of relao the identified large temperature overestimation over Hun-
tive humidity was that despite the fact that specific humidity gary (since apart from its minor negative bias, the ERA40
gives more direct information about the precipitation poten-dataset reproduces realistically the observed mean temper-
tial of the atmosphere than relative humidity, the evaluationature values), whereas in the ECHAM-driven case it man-
of the latter one also provides an insight into the moistureifested as an improvement of the too low temperature val-
and precipitation conditions of the simulations, especially inues provided by ECHAM (Fig. 1). Based on the outcomes
the summer months. of the re-analysis driven simulation, one can conclude that

Adv. Sci. Res., 6, 87-94, 2011 www.adv-sci-res.net/6/87/2011/



G. Szépszo6: Diagnostic study of the influence of lateral boundary conditions 89

Annual mean temperature over Hungary [°C] Annual mean temperature over Hungary [°C]
——— REMO_ERA 16 ——— REMO_ECHAM
16| - ERA-40 I eeeeees ECHAM
CRU o . CRU
o 14} o 14}
‘o \/\/ = ©
5 12t \/M 5 12
8 : = ki A
8t 8| W :
6 . . : . . . 6 - - : ; : -
1960 1965 1970 1975 1980 1985 1990 1960 1965 1970 1975 1980 1985 1990
Time [year] Time [year]

Figure 1. Evolution of the annual mean 2-m temperat€][in the REMO simulations (red curves: ERA40-driven REMO on the left,
ECHAM-driven REMO on the right), the corresponding global fields (blue curves: ERA40 on the left, ECHANI®M on the right) and
the CRUL1.2 observation (green curve on the left) and its 30-year mean (green line on the right) over Hungary for 1961-1990.

Table 1. Mean temperature flerencesC] between the REMO simulations and the corresponding driving fields (ERA40-driven REMO
and ERA40, ECHAM-driven REMO and ECHAMBPI-OM), the two regional simulations (REMEBRA and REMQECHAM) and the
two global fields (ERA40 and ECHAMBPI-OM) at 2 m and 850 hPa over Hungary for 1961-1990.

REMO_ERA REMO_ECHAM REMO_ERA ERA-ECHAM

—ERA — ECHAM — REMO.ECHAM

T2m T850 | T2m T850 | T2m T850 | T2m T850
Annual 2.2 2.9 0.9 0.8 2.0 1.8 0.7 -0.3
Spring 1.7 2.6 0.8 0.8 1.8 1.8 0.9 0
Summer 3.6 3.1 1.2 0.7 35 2.8 1.1 0.4
Autumn 3.1 3.1 1.1 0.9 2.6 2.3 0.6 0.1
Winter 0.5 2.7 0.6 0.9 0.1 0.5 0.2 -1.3

REMO tends to overestimate the temperature over Hungarthese results one can conclude, that the divergence between
Moreover, considering the re-analysis fields as perfect LBCsthe two regional temperature simulations is larger for thd
this overestimation is coming (almost) purely from the re- near-surface, and it is decreasing with the altitude, except
gional climate model. This heatingfect with respect to winter (Table 1). In winter, contrary to its general “be-
the global forcing exists also in the ECHAM-driven simula- haviour”, ECHAM is much warmer at 850 hPa than ERA40
tion, however, in this case the errors stemming from the RCM(the diference exceeds’C). This is valid not only over Hun-
and GCM (over- and underestimation, respectively) have thegary, but also over the northern and eastern parts of the dp
same magnitude. Consequently, they cancel each other renain (Fig. 2), where the two regional simulations look more
sulting in a “perfect” temperature simulation over the area ofalike than it is the case for their global counterparts. Nev
our interest. ertheless, over South the abovementioned structure can pe
concluded again: the ERA40 and REMERA fields have

The temperature departure between the regional and thgigher 850-hPa temperature values than the ECHAM anfd
corresponding global results is varying with the altitude, aSREMO ECHAM ones respectively.

well (Table 1): compared the 850-hPdtdrences to the 2-
m ones, they mainly enhance in the re-analysis driven case, Looking at the relation between the mean 2-m tempera
especially in winter (and excluding summer), while using ture errors and the simulated temperature values (for Hur
GCM forcings it is slightly reduced in most seasons (ex- gary), a further important and interesting feature is found. |
cept winter). Parallelly to that, the deviation between theFig. 3 the monthly mean departures from the observations afe
two global datasets is decreasing at higher level: it is lowerdisplayed as a function of the mean values provided by th
at 850 hPa than at 2m, though the ECHAM fields are still RCM, averaged for the 30-year reference period in each grid
colder than the ERA40 ones, apart from winter. Based onpoint. The simulation errors are strongly enhancing with the
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Figure 2. Winter mean temperaturé(] at the level of 850 hPa in the REMO simulations (top right: ERA40-driven REMO, bottom right:
ECHAM-driven REMO) and the corresponding global fields (top left: ERA40, bottom left: ECHM®5-OM) for 1961-1990.

increasing simulated value at the re-analysis driven results3.2 Precipitation and relative humidity
the errors are betweerl and+2°C if the projected monthly
mean temperature is betwees and 5°C (i.e., in winter),

while the errors reach even°€ if the range of the simu-

lated temperature covers 20-Z5 (in summer and autumn). ) o
re-analysis LBCs or GCM ones) exaggerates the precipi-

Using ECHAM fields as LBCs, the same behaviour cannot ~ | he high hic f (e h

be observed and the temperature errors are principally inde'[-""ltlon 0\(/jerht eC '9 eﬁ.[ orograp 'f eatures o u:f')pe, the
pendent of the simulated value: they are basically betweeﬁa‘ ps and the arpat_ 'ans (t(.) a lesser extent). However,
_1 and+2°C for every temperature range. It is proved (but the strongest overestimation is not always located over the

not shown here) that this special feature does not originaténoumi'nhpegks’ l_)Ut rathﬁr over t_he dS|0.p§ S. Jhe S0 uth.ern
from the regional model itself, but the global driving fields al- parts.o the domain are characterized with un erest'|mat!0n
{yarying between 10 and 50%) even over the mountains, like

ready possess these error characteristics. l.e., the re-analy O A
dataset has the largest inaccuracies in the summer-autu he Adriatic side of the Alps, the Dinaric Alps or the southern

period, while the performance of the ECHAJEPI-OM re- ranges of the Carpathians. The Carpathian Basin is situated

sults is basically not sensitive to the simulated temperatureé.r_' an m_termedlate Zone. North ”OT“. Hgngary the _regn_)nal
In order to find some explanation for this phenomenon it issmulqtlons have positive bias (pre.C|p|t_at|o.n ove_restlmauon),
worthwhile to investigate the link between temperature andWhIIe in South rather the underestimation is typical.

precipitation simulations, which is discussed in the next sub- S far as the results over Hungary are concerned, even
section. though REMO with ERA40 driving produces realistic sea-

sonal precipitation cycle (not shown), in summer and au-
tumn the results are hampered by some underestimation. Us-
ing ECHAM results as LBCs, the regional simulation gener-
ates too high precipitation amounts, except in summer, when
REMO reproduces the mean precipitation with the greatest

Regarding the mean annual precipitation errors (Fig. 4),
one can immediately notice that REMECHAM generates
more precipitation than REME&RA. REMO (using either
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Figure 3. ERA40-driven (left panel) and ECHAM-driven (right panel) REMO simulation errors for monthly mean 2-m temperé&jre [
with respect to the simulated value€] averaged for 1961-1990 in every gridpoint over Hungary. The reference dataset was provide
CRU1.2.

REMO_ECHAM

Figure 4. Relative annual precipitation fiérence [%] between the REMO simulations (ERA40-driven REMO on the left, ECHAM-drive
REMO on the right) and the CRU1.2 observations for 1961—-1990.

skill. (More details about the ECHAM-driven simulation re- The excessive precipitation over the mountains in the fing
sults can be read in 8psd and Hoanyi, 2008.) Investigat- resolution models compared to the coarse-resolution ones
ing simultaneously the mean temperature and precipitatiora well-known property of the numerical models. The influ-
simulation errors (Fig. 5), it can be discovered, that in theence of the orography is visible over the Alpine region alsg
case of REMQERA the higher temperature overestimations in the relative humidity at the level of 700 hPa (see Fig. 6 fol
(over 2.5°C) correspond with the deepest precipitation un- summer). The spurious features near to the domain borde|
derestimations (exceeding 15%) in the August-October pemight come from the numerical treatment of lateral bound
riod. The large precipitation deficit in summer and autumnaries, when false reflecting waves appear along the edge
leads to drying the soil, which makes even worse the generalvhich are caused by the “imbalances” between the globa
positive error in temperature and this process can induce thand regional fields in the boundary zone. However, it has t
results seen in Fig. 3. The same mechanism cannot be expée remarked, that in this context precipitation acts as an ind
rienced in the case of REMBCHAM: here a precipitation cator of this &ect, since it is not a coupled, but a diagnostic
surplus can be rather concluded at the end of summer andariable. Therefore, itis more proper to investigate the depal
beginning of autumn, which is accompanied by only smalltures between the regional and global fields for a humidity
temperature errors not larger than 0% related prognostic variable (for instance specific humidity)
Comparing the mean precipitation fields in the driving In our study, the 700-hPa humidity field is considered, how
global and the corresponding regional models (not shown)gver, the noises at higher levels are naturally “smoother” tha
REMO predicts significantly more precipitation than the at the near-surface. At 700 hPa, the abovementioned boun
global fields especially over the highly elevated areas, bufary dfect is more emphasized in the case of REEMOHAM
also in vicinity of some borders of the integration domain. simulation, since the driving ECHAM fields supply more
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Figure 5. Monthly mean precipitation and temperatur&efiences [% antiC, respectively] between the REMO simulations (ERA40-driven
REMO on the left, ECHAM-driven REMO on the right) and the CRU1.2 observations over Hungary for 1961-1990.
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Figure 6. Summer mean relative humidity [%)] at the level of 700 hPa in the REMO simulations (top right: ERA40-driven REMO, bottom
right: ECHAM-driven REMO) and the corresponding global fields (top left: ERA40, bottom left: ECHAM®R5OM) for 1961-1990.

relative humidity, particularly over the northern part of the 4 Conclusions and discussion
domain than the re-analyses (Fig. 6). Nevertheless, the re-

gional fields at this level are dryer than the global ones, anqn the present study the results of two REMO5.0 regional cli-

linking this f her with th rf recipitation sur- " . .
g this fact together with the surface precipitation su mate model experiments were evaluated: a past simulation

p!us, it allows to conclude, that _the higher-level h_ur_nld_lty driven by the measurement-based (therefore, supposed to be
disappears from the atmosphere in the form of precipitation.

(The confirmation of this issue requires the investigation quua3|-perfect) ERAAQ re-analysis data and a transient climate

§ . o - change simulation where the large-scale forcings were orig-
near-surface humidity and specific humidity.) inated from the ECHAMBMPI-OM AOGCM. The regional

model results were analysed for the period of 1961-1990 in
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order to validate them with respect to the observations andto  els. This heatingféect makes dry the regional fields at

estimate the impact of theftiérent lateral boundary condi- higher levels, but for precipitation the opposite is valid.
tions on the regional outcomes. This latter outcome suggests that the humidity, which
According to the validation it can be concluded, that “disappears” at the higher atmospheric levels from thg

the re-analysis driven experiment provides generally warm regional model, falls out near the surface as precipitaf
and in summer dry past climate over the Carpathian Basin,  tion. This conclusion raises the necessity of the invest

whereas lower temperature and higher precipitation values tigation of specific humidity, which is an absolute mea-
are obtained when the lateral boundary information is de- sure of the atmospheric moisture and providing morg
rived from a global climate model simulation. Over Hungary accurate information about the quantity of precipitable
REMOS5.0 brings a heating into the global results, which is water vapour in the atmosphere.

larger and increasing with the height in ERA40-driven case.

The same but more moderateet in the GCM-driven sim-  As summary, this diagnostic study raises several question
ulation improves the originally too low near-surface temper-which were not completely explained, but are worthwhile to
ature values provided by ECHAM. The 700-hPa results indi-be deeply examined. The ideas gathered in current paper pi
cate that the regional model drains the global fields, which ispoint the “track” of our future investigations.

more robust in the case of initially more humid GCM LBCs.
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