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Abstract. Using the regional climate model ALARO-0, the Royal Meteorological Institute of Bel-
gium and Ghent University have performed two simulations of the past observed climate within the
framework of the Coordinated Regional Climate Downscaling Experiment (CORDEX). The ERA-
Interim reanalysis was used to drive the model for the period 1979-2010 on the EURO-CORDEX
domain with two horizontal resolutions, .11 and .44 degrees. ALARO-0 is characterised by the new
microphysics scheme 3MT, which allows for a better representation of convective precipitation. In
Kotlarski et al.| (2014)) several metrics assessing the performance in representing seasonal mean near-
surface air temperature and precipitation are defined and the corresponding scores are calculated for
an ensemble of models for different regions and seasons for the period 1989-2008. Of special interest
within this ensemble is the ARPEGE model by the Centre National de Recherches Météorologiques
(CNRM), which shares a large amount of core code with ALARO-0.

Results show that ALARO-0 is capable of representing the European climate in an acceptable
way as most of the ALARO-0 scores lie within the existing ensemble. However, for near-surface
air temperature some large biases, which are often also found in the ARPEGE results, persist. For
precipitation, on the other hand, the ALARO-0 model produces some of the best scores within the
ensemble and no clear resemblance to ARPEGE is found, which is attributed to the inclusion of
3MT.

Additionally, a jackknife procedure is applied to the ALARO-0 results in order to test whether the
scores are robust, by which we mean independent of the period used to calculate them. Periods of

20 years are sampled from the 32-year simulation and used to construct the 95% confidence interval
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for each score. For most scores these intervals are very small compared to the total ensemble spread,

implying that model differences in the scores are significant.

1 Introduction

The climate projections used in the Fifth Assessment Report (ARS) of the Intergovernmental Panel
on Climate Change (IPCC||2013) are based on the set of Global Climate Model (GCM) simulations
performed within the fifth Coupled Model Intercomparison Project (CMIPS5; Taylor et al., 2011).
The horizontal resolution of the contributing GCMs is limited to typically 1° to 2° by computational
constraints. For many local climate impact studies Regional Climate Models (RCMs; |Giorgi and
Mearns, [1999) are needed to reveal the fine-scale details of potential climate change (Teutschbein
and Seibert, 2010). In addition, specific downstream models which simulate processes such as veg-
etation interactions, urban effects (e.g., [Hamd1 et al., |2015) or extreme hydrological events in river
catchments often require high-resolution (both in time and space) forcing data from atmospheric
models.

The Coordinated Regional Climate Downscaling Experiment (CORDEX;|Giorgi et al., | 2009) aims
to perform both empirical-statistical downscaling and regional climate simulations on different ar-
eas across the globe using an ensemble of RCMs. By prescribing several integration domains and
resolutions a direct quantitative comparison between the participating models’ performances and
projections is feasible. The domain of interest in this study, is the EURO-CORDEX domain shown
in (inner orange box). Several RCM groups have performed simulations on this domain
with horizontal resolutions of both .11 and .44 degrees.

All RCMs have a history in Numerical Weather Prediction (NWP) and often consist of a modified
NWP code which is further developed separately from or parallel to the NWP code, borrowing for
example its dynamical core but using different physics parametrisations or surface schemes (Dudhial
2014). Nowadays, NWP Limited Area Models (LAMs) are designed for resolutions down to a few
kilometres, with adapted physics parametrisation schemes. At even higher resolutions, these models
can (partly) resolve clouds and convective systems. Since a correct treatment of the cloud feedback
is of critical importance for climate modelling (e.g.,|Sun et al.,2009; [Lin et al., 2014), some of these
NWP models have been used in climate mode: studies by|De Meutter et al.|(2015)),[Hohenegger et al.
(2008)), Kendon et al.| (2012)) and |Chan et al.| (2014), where models with resolution at the kilometer
scale are used without convection parameterization, show a better representation of the intensity of
extreme precipitation, the diurnal cycle, afternoon convection onset and less drizzle. For instance,
ALADIN-CLIMATE of the Centre National de Recherches Météorologiques (CNRM; [Spiridonov
et al.} 2005) is a climate version of the ALADIN limited area model that has been developed in the
context of the international ALADIN consortium (ALADIN international team) |1997)).
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Over the past decade, within the context of the ALADIN consortium, a physics parametrisation
scheme called 3MT (Modular Multiscale Microphysics and Transport) has been developed and used
as the central feature of a new NWP model, ALARO-0 (Gerard and Geleyn) 2005}, |Gerard, 2007}
Gerard et al., 2009). It is based on a parametrisation of deep convection and optimally adapted to
be used at resolutions in the so-called grey-zone. Several countries have used and tested the model
for operational weather forecasting and regional climate studies. The main feature of 3MT is scale-
awareness, i.e. the parameterization itself works out which processes are unresolved at the current
resolution, in contrast to traditional parameterizations which are switched on or off or have different
tuned parameter values at different resolutions. This allows 3MT to generate consistent results across
scales, as shown by De Troch et al.| (2013) in an extended downscaling experiment covering the
period from 1961 to 1990. In their study, for every day, short-term runs were performed at different
horizontal resolutions between 40 km and 4 km. Both the initial and lateral boundary conditions were
provided by either the ERA-40 reanalysis (Uppala et al., 2005)) or model runs at lower resolution
in a double nesting procedure. Given the large amount of required computing resources for such
a simulation, this type of validation is rather unusual for NWP models. The results showed that
extreme precipitation values are correctly and consistently reproduced for all horizontal resolutions
by a model version including 3MT, whereas extreme precipitation was progressively overestimated
when increasing the resolution by a model version without 3MT.

In the present study the ALARO-0 model has been used to perform the EURO-CORDEX val-
idation simulations, i.e. the ERA-Interim reanalysis (Dee et al., [2011) is used as lateral boundary
conditions allowing for a direct comparison to observations. The model setup differs from the setup
used in |De Troch et al.| (2013)), since in the current study simulations are initialized on the 1st of
January 1979, after which they are only forced at the boundaries by ERA-Interim. This allows the
model and its surface fields in particular to become independent of the initial state. Results are then
compared to an ensemble of 17 other EURO-CORDEX experiments which have been evaluated in
(Kotlarski et al., 2014} which we will refer to as K14 from now on). In K14, seasonal means of
near-surface air temperature and precipitation amounts are compared to observations using several
metrics which quantify the spatiotemporal performance of the ensemble. In their article, |[Kotlarski
et al. evaluate the rather short 20-year period 1989-2008, while for this study the 32-year period
1979-2010 was simulated.

The objective of the present work is (1) to quantify the performance of the ALARO-0 model
within the existing K14 ensemble and (2) to assess the robustness of the calculated scores given the
rather short 20-year period used in K14.

This paper is organised as follows. In Section, 2] the existing K14 ensemble, details on the setup of
ALARO-0 and the methods used to attain the goals of this paper are discussed. In Section [3] results

are presented for ALARO-0 and compared to the K14 ensemble, followed by a discussion in Section
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[] Finally, in Section[5] we come back to the goals that were set, formulate conclusions and present

an outlook.

2 Data and methods
K14 ensemble

The CORDEX community prescribes two European integration grids which differ only in resolution.
The low-resolution EUR-44 domain’s grid points are .44 degrees apart on a rotated lat-lon grid lim-
ited to Europe (see inner orange box in Fig.[I] 106x103 grid boxes). For the high-resolution EUR-11
experiment each EUR-44 grid box is divided into sixteen .11 degrees-wide grid boxes. In K14, a to-
tal of 17 experiments were analyzed by 9 different research groups. Eight groups performed both the
EUR-11 and EUR-44 simulations, one group only EUR-11, and three groups used the same model
(WRF) but with different physics parametrisations. All models are forced directly by ERA-Interim
except for the experiment performed by CNRM. This group set up the global model ARPEGE (ver-
sion 5.1) to be strongly nudged towards ERA-Interim outside of the CORDEX domain, but allowed
the model to evolve freely inside of it. Further details on all models can be found in Table 1 of K14.

The main conclusions of K14 were that the higher resolution simulations did not perform signifi-
cantly better and the models in the ensemble generally had a cold and wet bias, except for summers

in Southern Europe which are commonly warm and dry biased.
Setup of the ALARO-0 model

The ALARO-0 model used for this study is the identical configuration of the ALADIN system
(ALADIN international teaml |1997)) described in detail and validated by De Troch et al.| (2013)).
Essentially, ALARO-0 uses the dynamical core of ALADIN, but with different physics routines (e.g.
for radiation, microphysics and convection, cloudiness, turbulence), which are designed to tackle the
issues that arise when using resolutions of 1-15 km, which is known as the grey-zone for convection.
Here, we only describe the EURO-CORDEX specific setup of the model, which is the coupling to
the boundary conditions and the definition of the integration grids.

Similar to all other models in K14 (except for the global CNRM model), ALARO-0 is coupled
to ERA-Interim by the classical Davies procedure (Davies, |1976)). The relaxation zone consists of 8
grid points irrespective of resolution, and new boundary conditions are provided every six hours. No
further nudging or relaxation towards the boundary conditions was done inside of the domain. Some
fields in ALARO-0 are constant during run-time, most notably Sea Surface Temperatures (SSTs).
Simulations are however interrupted and restarted monthly to allow for SSTs to be updated. Other
fields that have monthly updates, but are constant during any given month are surface roughness

length, surface emissivity, surface albedo and vegetation parameters. All other variables were com-
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puted continuously from 1 January 1979 to 31 December 2010 and thus, in contrast to [De Troch
et al.|(2013), no daily restarts were done.

It would preferable to use the exact rotated lat-lon grids defined by the CORDEX community for
the simulations. However, ALARO-0 does not support this projection but instead uses a conformal
Lambert projection. Following the CORDEX guidelines, two new grids with a 12.5 km and 50
km resolution were defined for the ALARO-0 simulations. Figure [T| shows the bounding boxes of
the low-resolution (full green lines) and high-resolution (dashed green lines) ALARO-0 Lambert
domains. The outer boxes show the complete domain, while the inner boxes exclude the relaxation
zone. The grids were chosen such that the common EURO-CORDEX analysis domain (inner orange
box in Fig. [T)) is completely included in the non-coupling zone. The low-resolution Lambert domain
consists of 139-by-139 grid points, while the high resolution domain consists of 501-by-501 grid
points (both including 8 coupling grid points at every boundary). In both simulations the number of
vertical levels was 46. Following K14, we will refer to the results with the acronym of the institute
performing the simulations, yielding RMIB-UGent-11 and RMIB-UGent-44, for the high- and low-
resolution simulations respectively. This model data will be uploaded to the Earth System Grid

Federation (ESGF, website: esgf.1lInl.gov/) data nodes.
Data

As observational reference set, the E-OBS dataset version 7 was used (Haylock et al., [2008). The
E-OBS dataset has a .22° rotated lat-lon version (outer orange box in Fig.[T)) which encompasses the
complete EURO-CORDEX domain. In the overlapping area, each E-OBS grid box contains four grid
boxes of the EUR-11 domain and by consequence each EUR-44 box contains four E-OBS boxes.

In order to effectively compare model and observations, both need to share a common grid. The
same approach as in K14 was taken to interpolate all data to a common grid. For the high-resolution
simulations, first the values of the closest grid point were taken to go from the native Lambert
ALARO-O grid to the EUR-11 grid for both precipitation and temperature. For the latter, an ad-
ditional height difference correction between the ALARO-0 and closest EUR-11 grid point was
performed using the standard climatological lapse rate of 0.0064 K/m. Second, on this grid, for both
precipitation and temperature two-by-two grid box averages were calculated to obtain an identical
grid to the E-OBS dataset.

For the low-resolution simulations, again a closest grid point mapping from the native grid to
the EUR-44 grid and temperature-height correction was performed. Then, the E-OBS dataset was

averaged over two-by-two grid boxes that are in every EUR-44 grid box and used as reference.
Analysis methods

In K14, model performance is quantified for several metrics in different regions and seasons based on

seasonal mean values of near-surface air temperature (or simply temperature from now on) and pre-
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cipitation. All considered regions and their acronyms are shown in Fig.|1|and details on the definition
of the different metrics can be found in K14, more specifically in Appendix A. Here, we only con-
sider mean bias (BIAS), 95th percentile of the absolute grid point differences (95 %-P), ratio of spa-
tial variability (RSV), pattern correlation (PACO), ratio of interannual variability (RIAV) and tempo-
ral correlation of interannual variability (TCOIAV). The climatological rank correlation (CRCO) and
ratio of yearly amplitudes (ROYA) were not considered here, since these metrics showed very similar
performance for all other models. Re-analysis forced simulations are by construction correlated with
the observed weather at the seasonal time scale. For this reason low correlation in time, even for short
time periods, can be interpreted as an RCM deficiency for these simulations. This not true for GCM-
driven simulations, where only the correct number of occurrences in a certain time period (typically
30 years) are supposed to be represented and correlations at the shorter-than-decadal scale are mean-
ingless due to strong interannual variability. Therefore, we expect TCOIAV to be positive for the
simulations in this study, i.e. relatively cold/warm seasons in the simulations should coincide with
relatively cold/warm observed seasons, while for GCM-driven simulations TCOIAV is expected to
be zero. By contrast, all other scores should be similar for reanalysis-driven and GCM-driven RCM
simulations if the GCM boundary conditions sufficiently represent the observed climatology. Due
to realistic boundary conditions from reanalyses, the typical 30-year verification period for GCM-
driven runs can be shortened to 20 years, as in K14 where all scores are calculated based on the
period 1989-2008. However, as the authors of K14 state, this implies that the ‘short evaluation pe-
riod, leading to a sample size of only 20 seasonal/annual means, also hampers a sound analysis of
statistical robustness’. The 32-year long integration period of ALARO-0 allows us to quantify how
the scores change for different 20-year analysis periods and as such to test their robustness.

A jackknife procedure was applied for this purpose: let Z = {1979,...,2010} be the set of 32
years for which the ALARO-0 simulations were performed and I a random subset of length 20 of Z.
We write the score for the metric s for a certain subregion j and season k based on the set of years

I as
sjk(1)

with j € {BL IP, FR, ME, SC, AL, MD, EA}, k € {DJF, MAM, JJA, SON, YEAR}. For example,
in K14, values for s;;, are calculated based on Ix14 = {1989,...,2008}. To study the robustness of
s we study the distribution of s, (I) for all possible I. The number of possible 20-year subsets
from 32 years without repetition and ordering is given by the binomial coefficient: 32!/(20!(32-20)!)
= 225792840. It is however not feasible to perform the calculations for all possible combinations
and therefore only 1000 random sequences were chosen. The width of the 95% confidence interval,
limited by the 25th and 975th value of the ordered series of s, then quantifies the robustness of the

score.
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3 Results
3.1 Temperature

Figure [2] shows the spatial distribution of the daily mean temperature RMIB-UGent-11 BIAS in
winter (DJF, left) and summer (JJA, right) for the years in [x14. Compared to Fig. 2 from K14,
the spatial bias of RMIB-UGent-11 in winter looks very similar to CNRM-11. Both models show a
general cold bias in Southern Europe, a warm bias in North-Eastern Europe and a large east-west bias
gradient linked to orography in Scandinavia. Compared to CNRM-11, the cold biases in mountainous
regions are smaller for RMIB-UGent-11. In summer, again CNRM-11 and RMIB-UGent-11 share
some biases although the difference is larger than in winter and again the orographic forcing of the
bias of CNRM-11 is more pronounced. Generally we find a cold bias, except in Southern Europe
where a warm bias is present.

Figure 3| shows all metrics in separate columns for all different domains and seasons for seasonal
and yearly mean temperature. The scale is shown at the bottom of each column, the full grey line
shows the ‘optimal’ score of the metric (0 K for BIAS and 95%-P, 1 for all others). The grey circles
show the scores for the high-resolution K14 ensemble (9 models). For each season and region two
transparent red bands are superimposed, which show the jackknife 95% confidence interval for the
high-resolution (top band) and low-resolution (bottom band) simulations with ALARO-0. The ver-
tical red dashes show the value of s ({x14), again for the high-resolution (top) and low-resolution
(bottom) simulation. When the background colour is white, the RMIB-UGent-11 value of s, (Ix14)
lies within the K14 high-resolution ensemble spread. If the background colour is yellow, this value
lies outside and is ‘worse’ than the other members of the K14 ensemble. Worse here means that
the absolute distance from the RMIB-UGent-11 value based on k14 (top red dash) to the optimal
value (grey line) is larger than that of any other K14 ensemble member. For example, the bias for
the Iberian Peninsula in winter (in short written as as BIAS-IP-DJF) is more negative than any other
model, and it is in absolute value the furthest from the optimal O K. If instead the background colour
is green, this indicates again the value is outside of the K14 ensemble but not the furthest from the
optimal value. This implies that either RMIB-UGent-11 outperforms all other models (e.g. RSV-AL-
DIJF) or is not the worst model as defined above (e.g. RSV-EA-DJF is outside of the K14 ensemble,
but not as bad as models at the other end of the ensemble).

Overall, Fig. [3]shows that (i) RMIB-UGent-11 mostly falls within the K14 ensemble (white back-
ground colour), (ii) the jackknife confidence intervals are always much smaller than the total spread
of the K14 ensemble, except for RIAV and TCOIAV where the intervals often cover half of the en-
semble spread, (iii) the difference between the RMIB-UGent-11 (top red dash) and RMIB-UGent-44
(bottom red dash) scores is very small considering the total range covered by the ensemble and the

calculated jackknife confidence intervals.
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A more detailed analysis shows that for BIAS, RMIB-UGent is almost always on the ‘cold side’
of the K14 ensemble and even outside of its range on a fairly large amount of occasions. Especially
for IP-DJF and SC-MAM, the cold bias is considerable. Also, RMIB-UGent-44 is slightly (~ .2
K) colder than RMIB-UGent-11, which may be due to regridding and the resolution difference. For
95%-P, RMIB-UGent-11 is the worst model on four occasions among which most notably again
IP-DJF and SC-MAM.

For spatial correlation (PACO) and variability (RSV) RMIB-UGent-11 performs better. Although
in K14 these two metrics are plotted on a Taylor diagram, we choose to show them here separately
in one figure for clarity and conciseness. RSV for RMIB-UGent is almost always larger than 1, even
where other models show less variability (e.g. ME). In the Alpine region (AL), RMIB-UGent seems
to be able to grasp RSV well, but not at the right locations, as shown by the low PACO, especially
in DJF. The jackknife confidence intervals are very small here, which indicates that both RSV and
PACO produce very robust scores.

For RIAV and TCOIAV, RMIB-UGent again shows acceptable scores, being outside of the K14
ensemble in a limited amount of cases. More notably, the jackknife confidence intervals are relatively
large for these scores and this questions the robustness of these metrics. For example, for FR-MAM
the TCOIAV based on k14 is 0.6, but the jackknife confidence interval extends from 0.6 to 0.8,

covering all but two other models. For RIAV a similar situation for AL-JJA can be seen.
3.2 Precipitation

Figure 4] shows the spatial distribution of the relative seasonal precipitation BIAS (in %, (model-
observed)/observed) for the winter and summer season for the years in Ix14. Comparison to Fig.
3 of K14 shows that in winter, like all other models, RMIB-UGent-11 generally overestimates pre-
cipitation amounts, except in Northern Africa. In contrast to temperature, RMIB-UGent-11 clearly
differs from CNRM-11, with the latter showing large dry biases. In summer, RMIB-UGent-11 over-
estimates precipitation amounts, especially in the Mediterranean. Again, no clear resemblance to
CNRM-11 is found.

Figure[5]is constructed in the same way as Fig.[3]and shows all precipitation scores for all different
metrics, regions and seasons. Similar to the temperature scores, the results for precipitation reveal
that the majority of scores lies within the K14 ensemble, no difference between RMIB-UGent-11
and RMIB-UGent-44 is found and the jackknife confidence intervals are much smaller than the total
ensemble range except for RIAV and TCOIAV. However, there is a clear absence of yellow scores
and an increased presence of green scores, indicating that RMIB-UGent precipitation scores are
generally better than the temperature scores.

RMIB-UGent has a wet BIAS for almost all regions and seasons. Remarkably, the best BIAS

scores are obtained for SC-MAM and AL-DJF, where large temperature biases were found. Ad-
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ditionally, the corresponding 95%-P scores are also on the low side which shows that the good
performance is not due to compensating biases.

For RSV, RMIB-UGent performs relatively well and for PACO it excels, with 10 out of 80 region-
season combinations performing better than the complete K14 ensemble. Only in for AL-MAM its
performance is not satisfactory, but remark that the actual score is an extreme outlier considering the
jackknife confidence interval.

For RIAV, RMIB-UGent again performs consistently well, especially compared to the K14 ensem-
ble which sometimes shows a large overestimation of interannual variability, i.e. very large values of
RIAV. On the other hand, TCOIAV is mostly on the low side of the K14 ensemble, which shows that
although RMIB-UGent gets the variability right, the actual temporal correlation is not well grasped.

As for temperature, the large jackknife confidence intervals question the robustness of the scores.

4 Discussion

This is the first time ALARO-0 was used for a climate experiment. Nevertheless, the performance
of ALARO-0 on seasonal and yearly scales for both near-surface air temperature and precipitation is
satisfactory. Generally ALARO-0 performs well, which is quantified by the large number of white
boxes in Figs. [3|and[5indicating that the ALARO-0 score lies within the existing K14 ensemble. For
precipitation, ALARO-0 even outperforms all other models on numerous occasions. These results
are encouraging, given that ALARO-0 does not yet have the experience in climate modelling that
some of the other models of the K14 ensemble had, but was directly ported from its NWP setup.
Although the 12.5-km resolution was also a novelty for the K14 models, their performance undoubt-
edly benefited from previous optimizations for climate experiments, albeit at a lower resolution of
50 km.

Some issues still remain. Most notably, this study has revealed some large temperature biases
in Scandinavia and Eastern Europe. The spatial pattern of the BIAS resembles CNRM’s ARPEGE
model (shown in Fig. 2 of K14). In winter, the common east-west bias gradient can possibly be
attributed to the shared dynamical core and the strong synoptic scale forcing in winter. In NWP ap-
plications of the ALADIN system similar symptoms have been diagnosed and have been shown to be
related to stable boundary layer issues. The dampened bias patterns for RMIB-UGent-11 compared
to CNRM-11 in the Alps and other mountainous regions is probably due to the different surface
and snow cover scheme that is used by both. In summer, RMIB-UGent-11 is generally cold biased,
except in Southern Europe where it suffers from the common summer warm bias, probably due to
soil moisture feedbacks. Also, the RMIB-UGent-11 and CNRM-11 bias patterns are less alike than
in winter, possibly due to the increased number of local processes that influence and feed back into
the mean fields. Both spatial and temporal variability are very well reproduced by ALARO-0, while

correlations are on the low side compared to other models. The latter could partly be explained by
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the comparatively larger domain of ALARO-0 which could imply a weaker control of the boundary
forcing.

For precipitation, ALARO-0 performs very well. Aside from some large wet biases in summer
for the Iberian Peninsula (IP) and the Mediterranean (MD), biases are almost always below 50%.
Contrary to temperature, the precipitation bias pattern shows no resemblance to ARPEGE (shown in
Fig. 3 of K14). This can be attributed to the different microphysics and convection parametrisation
schemes that are used by both models. A similar result was found in K14 about the three WRF exper-
iments that were analysed in the K14 ensemble. These only differed in the parametrisation schemes
used, but often covered the complete ensemble spread. Remarkably, in Scandinavia all precipitation
scores are very good, although temperature scores are sometimes very bad. It is very possible that the
two are linked and some compensating effects or feedbacks exist, which is an additional incentive
for a more thorough study. The good scores for spatial variability (RSV) and correlation (PACO)
show that ALARO-O0 is capable of producing not only the right amount of precipitation, but also at
the right locations. The common model overestimation of spatial variability is also present in the
RMIB-UGent runs, but as stated in K14, this could be due to a smoothing of the reference E-OBS
dataset. Temporal variability is very well reproduced, but correlations are again rather low.

Similarly to the conclusions in K14, no consistent difference between the low- and high-resolution
simulations in the scores is shown. However, based on preliminary results, we expect that at the sub-
daily scale the timing of precipitation is better represented by the high-resolution simulation.

Finally, it is clear that the period Ix14 (1989-2010) used in K14 is sufficient to produce robust
scores for BIAS, 95%-P, RSV, PACO and partly RIAV. This is quantified by the fact that the jackknife
intervals for these metrics are very small compared to the total ensemble spread and they therefore do
not depend strongly on the period used to compute them. For example, temperature biases calculated
for 114 are mostly within .1 K of the jackknife mean. This does not hold for some RIAV and most
of the TCOIAV scores due to the fact that these exactly assess interannual variability. For model

intercomparison a larger period should be considered for these scores.

5 Conclusions

The ALARO-0 model has its origins in the general circulation model ARPEGE and mainly its lim-
ited area model ALADIN. The new microphysics and convection scheme 3MT was implemented in
ALADIN to form ALARO-0, which is used operationally for daily weather forecasts at the Royal
Meteorological Institute of Belgium (RMIB). In this study, for the first time ever the ALARO-0
model was used to perform continuous climate simulations on a European scale for a 32-year period.
Within the framework of the CORDEX project, one low- and one high-resolution simulation were
done on the EURO-CORDEX domain for the period 1979-2010, using the ERA-Interim reanalysis

as boundary conditions. The results are compared to an existing ensemble of 19 similar simula-
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tions using different models that were analysed in |[Kotlarski et al.|(2014), referred to as K14 in this
text. One of the models used in K14 is the ARPEGE model by the Centre National de Recherches
Météorologiques (CNRM), which due to its relation to ALARO-O serves as a first reference for the
performed simulations.

Main conclusions are that (1) ALARO-O is able to represent both seasonal mean near-surface air
temperature and accumulated precipitation amounts well and (2) all scores computed in K14 are
robust, except for RIAV and TCOIAV.

The first conclusion is founded by the fact that most of the ALARO-0 scores lie within the K14
ensemble, thus not performing worse or better than other models. This is qualified in Fig. [3|and 5| by
a white background. For temperature, some clear cold biases remain, which will be the subject of a
follow-up study. Also, for temperature ALARO-0 seems to share some large biases with ARPEGE,
while for precipitation this is not the case due to the inclusion of the 3MT scheme in ALARO-0. For
precipitation, ALARO-0 performs very well consistently for all scores, regions and seasons and is
on several instances better than all other models in the K14 ensemble.

In the second conclusion, what is meant by robust is ‘independent of the time period used to
compute the scores’. The RMIB-UGent simulations span the 32-year period 1979-2010, which is
longer than the 20-year period 1989-2008 used in K14. By taking 1000 random 20-year samples
from the 32-year pool, we computed 95% confidence intervals for all scores. Figure[3|and[5|show that
the confidence intervals (red transparent bands) are generally much smaller than the total ensemble
spread. Assuming this also holds for other models, this shows that model differences are significant.
For RIAV this does not always hold and a longer period should be taken into account to compute the
scores. For TCOIAV the situation is even more problematic and scores or model ranking should not
be interpreted too strictly.

The outcomes of this study confirm the potential of ALARO-0 as a climate model on European
scales. Future work will focus on pinpointing the causes of some of the remaining biases and per-

forming simulations in which ALARO-O0 is driven by a GCM, rather than ERA-Interim.
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Figure 1. Domain boundaries of the used integration grids. The CORDEX community prescribes the rotated
lon-lat EURO-CORDEX domain (inner orange box) which is completely encompassed by the E-OBS domain
(outer orange box). The outer green boxes show the RMIB-UGent-11 (dashed lines) and RMIB-UGent-44

(full lines) conformal Lambert domain boundaries. The inner green boxes exclude the eight grid point Davies

coupling zone. In black the different European climatic regions as defined in|Christensen and Christensen|(2007)

are shown.

JIA

Figure 2. spatial BIAS of near-surface air temperature [K] over the sample /14 for DJF (left) and JJA (right)
for RMIB-UGent-11. Compare to Figure 2 of [Kotlarski et al.| (2014).
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DJF JIA

Figure 4. spatial BIAS of precipitation [%] over the sample [x14 for DJF (left) and JJA (right) for RMIB-
UGent-11. Compare to Figure 3 of |[Kotlarski et al.|(2014).
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