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Abstract. In this work the MM5 mesoscale model is used 1 Introduction
in order to analyse the temporal evolution of the precipi-

tation for the period 1971-2000 in Catalonia (NE Iberian lobal Circulation Models (GCM) do not have enough res-
Peninsula). Three one-way nested domains with 135, 45 an lution (1.8—3.5; Fowler et al, 2007 to reproduce the

15km horizontal grid resolution and 23 vertical levels have main climate characteristics at regional scale (0-DR25:

been used. The simulation is Pe”o“me‘?' ne_sting MM5 N0 g4 atte Jr et al. 2007. Therefore, they are not appropriate

t_he ERA4Q reanalyses. Dynamlca_tl nudging IS apphed to the, study future regional or smaller scale impacts due to global
first doma|.n. Howgver, nudging is not applied in the Sec'warming during this century. In such way the use of down-
ond and third domains. In ordert.o assess the performange cgcaling techniques is advisable to cope with this problem
the developed methodology (main spatio-temporal preC|p|ta-(IPCQ 2007). There is a large number of downscaling tech-

tion characteristics), the results obtained in each simulatiorhiques which can be basically divided into two groups: sta-
are compared with those obtained from ERA40 and observagigiica| and dynamical. Statistical techniques use empirical

tional data. . , . o relationships that relate large-scale climate variables (or pre-

Thg results show a cll'matolog.lcally reliable distribution Of,dictors) to regional and local variables (or predictands). On
the S|mulat¢d precipitation spatla_l patt_erns for annual, SeMina other hand, dynamical techniques use limited-area me-
annual, spring and summer precipitation compared o thoSg, 4 |ngical models (mesoscale models) to obtain the same
obtained from 1100 rain gauges covering the whole study, , japies. This is the one developed in the present work.
area. For winter and autumn the goodness of the results

is much lower. Furthermore, the results for 15-km outputs _ UNlike temperature, precipitation modelling by means of

are better than the 45-km ones. The simulations also repro®CM Presents great inaccuracies. They are more important

duce well the evolution of annual anomalies for Catalonia" '€9ions such as the Mediterranean zone, influenced by po-
and the probability density function (PDF) of monthly mean 12 and tropical air masses. Many studies on precipitation
precipitation. They also improve the precipitation outputs Modelling are just focused on winter and summer, while the
from ERA40, which present an important negative trend andother seasons are.d|scarded from extensive and dgeper analy-
a drier PDF for the period 1971-2000. On the other hand, exS€S- However, spring and autumn are of extreme importance

treme values are not well reproduced by the simulation. Def0r the knowledge of hydric extremes and the management

spite this fact, hydric extremes derived from extreme value<’! Water resources in the westerly leeward Mediterranean re-

(i.e. extreme rainy days and flood records) are well capture@©ns- This is the case of the studied area, Catalonia (north-
by the model. east of Spain, see Fidf for its location), where these sea-

sons are the rainiest ones. Moreover, difficulties increase
when floods and droughts are analysed because other factors
under GCM resolution are involved: orography, mesoscale

Correspondence toA. Barrera-Escoda  processes and anthropic factors as well. The studied area has
BY (tbarrera@meteo.cat) a complex orography and river system. Mesoscale processes,
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Fig. 1. Mean annual precipitation fields for the period 1971-2000 obtained by: ER#4MM5+ERA40 simulation for each integration
domain(b—d) and 3 kmx 3 km observational gride) computed from 1100 pluviometric stations covering the whole studied area (Altava-
Ortiz, 2010). The geographical location of the studied area is shogh in

such as orographic rainfalls or convective phenomena, havalised scenarios for Catalonia using the MM5 model nested
an important role in its climatology. Therefore, it is more into ECHAMS5 GCM.
evident the drawback of GCMs when its climate at regional

scale is analysed.

G 2 Data
In the present contribution, the MM5 mesoscale model has

been used in order to develop a regionalised simulation offyq kind of datasets have been used in the present study:
the present climate (1971-2000). The goal is to assess if the

MM5 model is able to reproduce the main spatio-temporal i) The European Centre for Medium-range Weather Fore-
characteristics of the climate in Catalonia (especially precip- cast (ECMWF) 40-year reanalyses, called ERA40, with
itation) and with the aim of developing future climate region- a 2.5 spatial resolutionppala et al.2005. These

Adv. Geosci., 26, 16; 2010 www.adv-geosci.net/26/1/2010/



A. Barrera-Escoda and J. Cunillera: Dynamical downscaling of precipitation in Catalonia 3

data are the initial and boundary conditions for the 4 Results

simulations. All the reanalyses are available every

6h (00:00, 06:00, 12:00 and 18:00 UTC). These dataThe ability of the simulation to reproduce the main spatio-

have been obtained from the ECMWF data serkép( temporal precipitation characteristics (spatial patterns, inter-

//data-portal.ecmwf.int/data/d/eradiaily/). annual variability, trends and PDFs) are verified by means of

a comparison between simulated and observational values.

i) Observational monthly precipitation grid with a spatial  First of all, the mean annual precipitation fields for each

resolution of 3knx3km. This grid was computed from jntegration domain, ERA40 reanalyses and observational

a maximum of 1100 rain gauges covering the whole gata are shown in Fig.. The developed simulation produces

study areaAltava-Ortiz, 2010. These data have al- 3 spatial pattern similar to observational one. The maximum

lowed to validate the simulation. values in the north and minima in the south-west and west
areas are detected. However, the highest resolution integra-
tion is the only one which reproduces the maximum located
in the north-east of Catalonia. The presence of this maxi-

The MM5 mesoscale meteorological mod&réll et al, mum is due to mesoscale factors, so that its detection by this
1994 Dudhia et al, 2005 has been applied to perform a dy- Simulation reinforces the ability of the downscaling method
namical downscaling of the climate in Catalonia for the pe- Us€d. Itis also important to comment that in general there
riod 1971-2000. Three one-way nested domains with 135S & high concordance between absolute observed and simu-
45 and 15km horizontal resolution and 23 vertical levels lated values, but a slight general overestimation is observed
have been defined to run the simulation. The first domainWith simulated values. o o
(135km, covering an area limited by 5%/ to 5¢° E and Referring to seasonal scale, a similar behaviour is pre-
17° N to 58 N) is centred on OE and 40 N. The second sented (not shown). However, the concordance between
domain (45 km) covers an area limited by*14 to 8 E and model and observations is less robust for winter and autumn.

32° N'to 47 N and the third domain (15 km) has an area lim- Moreover, there is a general overestimation in the first half of
ited by W to 4° E and 40 N to 43 N. the year and an underestimation in the other half. These two
Dynamical nudging has been applied to the mother do-€Tors are annually compensated leading to a mean annual
main (135km). This technique consists in forcing the sim- field very close to the observational one, as it can be seen in
ulation to follow boundary conditions from a global model Fig-1.
during the whole integration. Consequently, mass continu- AS regards temporal variability, Fi@ shows the evolu-
ity is guaranteed in simulations (limited area integration). tion of mean annual precipitation anomalies obtained for the
This technique also allows to obtain consistent large-scaldlighest resolution domain with MM5, ERA40 and observa-
patterns with those presented in the global moBel4tte Jr  tions. This simulation presents a range of variability similar
et al, 2009. On the other hand, the second and third do-t0 the observational data. Itis also important to stand out that
mains are integrated without dynamical nudging. Hence, thdn both simulation and observational data present a wet pe-
MMS5 freely reproduces lower scale phenomena in these twdiod at the beginning of the series and a dry period at the end.
domains and the used downscaling technique is really effecOn the other hand, while an important decrease in ERA40
tive. precipitation is detected, the observational precipitation does
The whole process has been divided into 5-year simula0t have any statistically significant trend and the MMS5 pre-
tions, reinitialised every five years. A simple set of physi- Cipitation only presents a slight decrease (statistically signif-
cal parameterisations has been chosen. This is due to prid¢ant) during the period 1971-2000. Significance of trends
studies, aserrandez et al(2007), conclude there is not any has been tested by a Monte Carlo technigtigeizey and

appropriate combination to define climate characteristics ahen 1983 Kunkel et al, 1999 Liebmann et al.2004. In
regional scale for long simulations (5 years) in the Iberianaddition, the simulated values present a linear Pearson’s cor-

Peninsula with the MM5 model. Therefore, parameterisa-rEIation of 0.60 I’eSpeCtS to observational data and ERA40
tions m|n|m|s|ng the Computing time are advisable. Thus'VahJeS present a lower correlation (054) Both correlations
Grell algorithm Grell, 1993 Grell et al, 1994 has been cho- ~ are statistically significant at a confidence level of 99%. All
sen for Cumu|u57 Simp|e ice parameterisa’[ibudhia 1989 of these facts give more evidences about the Utlllty of the
for moisture, cloud schem®(dhia 1989 Grell et al, 1994 dynamical downscaling method used in this contribution.

3 Methodology

for radiation, MRF schemeHong and Pan1996 for plane- Concerning to precipitation distribution, Fig.shows the
tary boundary layer and finally a 5-layer soil modalghia ~ Probability density functions (PDFs) of the mean monthly
1996 for soil parameterisation. precipitation of ERA40, MM5 and observational data. The

two last distributions are quite similar, but both PDFs are
slightly different due to the overestimation in the mean an-
nual simulated precipitation explained previously (Fl.

Therefore, a probability transfer towards the distribution tails

www.adv-geosci.net/26/1/2010/ Adv. Geosci., 266,12010
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Fig. 2. Evolution of the mean annual anomalies of precipita- Fig. 3. Probability density functions (PDFs) for monthly mean pre-

tion obtained by the regionalised simulation with MM5 at 15km cipitation obtained by the regionalised MM5 simulation at 15km

(MM5+ERA40, colour bars), ERA40 Reanalyses (red line) and ob- (MM5+ERA40, red line), the ERA40 Reanalyses (blue line) and
servations (OBS, black line) for the period 1971-2000 in Catalonia.observations (OBS, black line) for the period 1971-2000 in Catalo-
In parentheses, there are the linear Pearson’s correlations betweera.

simulated and observational values.

MM5+ERAA40 15 km: N. days above 50 mm vs catastrophic floods in Catalonia (1971

is produced. This fact implies an increase in the probabil- I .
ity of high precipitation values (PDF right tail) and a de-

crease in the frequency of simulated PDF central values (a N

lower peak) with respect to observed PDF. As it was illus- H_L W ;\ —ﬁ_ﬁ

trated in Fig2, an important difference exists between simu- VTD\’ LL\ - L

lated and ERA40 data. This is ERA40 produces much lower 2 % NL
monthly precipitation values than the MM5 simulation and

observations. Consequently, the central values of ERA40 © s b
PDF present probability values higher than those presented I

0.5

(dimensionless)

=)

nomal

Model data: N. days > 50 mm (5 yr moving average) ——2

in S|mu|ated and ObservatlonaJ PDFS ThIS faCt aISO COI’I’Ob- r Obs. data: Catastrophic floods {5 yr moving average)
orates the value of the downscaling technique used in this = " w0 = 1m0 1% 200
study. vear

Finally, regarding extreme precipitation (basically flood
events), Fig4 has been built in order to compare the evo- rig 4. Evolution of the number of days with daily precipitation
lution of catastrophic floods (the most severe ones) in Catabove 50 mm obtained by the 15-km MMS5 simulation (colour bars)
alonia Barrera-Escoda&2008 with a simulated variable de- and the catastrophic flood events in CatalorBar(era-Escoda
rived from extreme precipitation. The absolute extreme pre-2008 for the period 1971-2000. Data have been smoothed by a
cipitation values are not well captured by the simulation (not5-year moving average.
shown), as it could previously be known. The number of days
with daily precipitation above 50 mm has been chosen as the ) ) o )
variable to make the comparison with floods. This is a daily équency period of flooding at the end of the series in coin-
precipitation threshold related to floods in the studied areaCidence with alow frequency period of extreme precipitation
since no flood was recorded in days with less than 50 mnevents in the simulation. This result confirms the ability of
in the last 150 years in Barcelona cifdrera et al.2006). the developed method and thg adequacy of the chosen vari-
Figure4 shows a good coincidence between observed (floodPl€ to carry out the comparative study.
evolution) and simulated (extreme precipitation events) val-
ues. The linear correlation between simulated values and ob-
servational data is 0.64. There also exists a high frequency
period of catastrophic floods at the beginning of the series
which corresponds to a high frequency of extreme precipita-
tion events in the simulation. On the other side, there is a low
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5 Conclusions Barrera-Escoda, A.: Evolumh de los extremos itricos en
Catalunya en logiltimos 500 &os y su modelizabn regional
The MM5 simulations nested into ERA40 reanalyses for the (Evolution of hydric extremes in Catalonia during the last 500
period 1971-2000 in Catalonia are able to reproduce the years and its regional modelling), Ph.D. Thesis, Internal Publi-
main spatio-temporal patterns of precipitation (spatial pat- cation, University of Barcelona, Barcelona, Spaittp://www.
terns, interannual variability, trends and PDFs) comparing zucaina.net/Publicaciones/Barrera-Escoda- TESIS-2008.pdf
with observations. However, they are not able to correctly 2008. _ , , )
reproduce the seasonal cycle. They present overestimategi'dnia J- Numerical study of convection observed during the
. . winter monsoon experiment using a mesoscale two-dimensional
values from December to May and an underestimation from :
. . model, J. Atmos. Sci., 46, 3077-3107, 1989.
June to November. All in a]l, these differences are Cormf’('l'?'Dudhia, J.: A multi-layer soil temperature model for MM5,
sated at annual scale leading to absolute annual values sim- . preprints, The Sixth PSU/NCAR Mesoscale Model Users
ilar to observational ones. The simulations also improve the workshop (Boulder, Colorado, USA, 22—24 July 1996), 4950,
precipitation outputs from ERA40 reanalyses, which present available online at: http://www.mmm.ucar.edu/mm5/mm5v2/
a significant decreasing annual precipitation trend and a too whatisnewinv2.htmI1996.
dry PDF for monthly mean precipitation during the period Dudhia, J., Gill, D., Manning, K., Wang, W., and Bruyere,
1971-2000. These facts corroborate the ability of the devel- C.. PSU/NCAR Mesoscale Modeling System Tutorial Class
oped technique. Notes and Users’ Guide (MM5 Modeling System \ersion 3),
To sum up, the obtained results allow to state the dynami- Mesoscale and Mi_croscale Meteorology Division, National Cen-
cal downscaling method, which has been presented here, is ater for Atmospheric Research, Boulder, Co.lorado’ USiap:
: ' L I [lwww.mmm.ucar.edu/mm5/documents/tutorial-v3-notes.html
good tool for climate regionalisation and it will be very use- 2005
ful to ggneratg future regionalised scenarios fro_m 'PCC'AR4Ferrandez, J.. Moritvez, J. P.. Benz, J.. Goridez-Rouco, J. F.,
GCM simulations. For example, one of the main results ob-  ang zorita, E.: Sensitivity of the MM5 mesoscale model to
tained by the simulations is the detection of the precipitation physical parameterizations for regional climate studies: An-
maximum located in the north-east of Catalonia. It is im- nual cycle, J. Geophys. Res.-Atmos., 112, D04101, doi:10.1029/
portant to detect this maximum for future studies of water 2005JD006649, 2007.
management in Barcelona metropolitan area. What is moreffowler, H. J., Blenkinsop, S., and Tebaldi, C.: Linking climate
some other features must be improved to obtain better re- change modelling to impacts studies: recent advances in down-

sults, such as the seasonal cycle produced by the developed scaling techniques for hydrological modelling, Int. J. Climatol.,
method. 27,1547-1578, doi:10.1002/joc.1556, 2007.
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