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Abstract. Belgium is one of the areas within Europe experi- peak episodes during summer revealed that the emission re-
encing the highest levels of air pollution. A high-resolution ductions in RCP4.5 result in a 25 % decrease of these peak
(3km) modelling experiment is employed to provide guid- episodes.
ance to policymakers about expected air quality changes in
the near future (2026—2035). The regional air quality model
AURORA (Air quality modelling in Urban Regions using
an Optimal Resolution Approach), driven by output from a1 Introduction
regional climate model, is used to simulate several 10-year
time slices to investigate the impact of climatic changes andBelgium ranks among the areas in Europe with the high-
different emission scenarios on near-surfagecOncentra-  est levels of air pollution, failing to meet the targets of the
tions, one of the key indices for air quality. Evaluation of EU Air Quality Directives (EEA, 2012). Air pollution results
the model against measurements from 34 observation stdfom a combination of emissions and weather conditions and
tions shows that the AURORA model is capable of repro-therefore is sensitive to climate change. As the effects of
ducing 10-year mean concentrations, daily cycles and spaglobal climate change are increasingly felt in Belgium, poli-
tial patterns. The results for the Representative Concentratioaymakers have expressed interest in quantifying its effect on
Pathways (RCP)4.5 emission scenario indicate that the meaair pollution and the effort required to meet the air quality tar-
surface @ concentrations are expected to increase signifi-gets in the upcoming years and decennia. Therefore the Mod-
cantly in the near future due to less @tration by reduced elling Atmospheric Composition and Climate for the Belgian
NOy emissions. Applying an alternative emission scenarioTerritory (MACCBET) project was initiated.
for Europe is found to have only a minor impact on the over- ~ Within the framework of the project, a modelling experi-
all concentrations, which are dominated by the backgroundnent is set up in which a regional air quality model is driven
changes. Climate change alone has a much smaller effect dpy meteorological input from a regional climate model. The
the near-surface concentrations over Belgium than the study focuses on impacts in the near future (around 2030)
projected emission changes. The very high horizontal resolusince Belgian policymakers, stakeholders in this project,
tion that is used in this study results in much improved spatialhave indicated that this is more relevant than projections to
correlations and simulated peak concentrations compared tthe more distance future (e.g. 2100) as is common practice
a standard 25 km simulation. An analysis of the number ofin scientific literature. The relevance of our results for local
policymakers is further increased by applying an additional
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emission scenario that was designed by the Flemish admineentrations, especially in urban areas. However, the effect of
istration. emission changes was found to be more dominant and re-
The choice of this 10-year period around 2030 (2026—sulted in decreased concentrations, except in very polluted
2035) has the advantage that it is not too far in the future high NO, areas where lower precursor concentrations result
so the emission scenarios can be based on already existirig less @ titration and hence higherdxoncentrations.
trends and technology, which is not the case for 2100, and Also over Europe, several studies with regional chem-
would make the results less concrete for the stakeholderdstry transport models have focused on the effect of climate
The disadvantage is that the climate change effect towardshange on future surfaces@e.g. Meleux et al., 2007; Ka-
2030 is still limited as the strongest effects are expected totragkou et al., 2011; Langner et al., 2012). Hedegaard et
wards the end of the century. However, the trends that aral. (2013) demonstrated that;@oncentration changes are
visible in 2030 can already teach us a lot about the directiordominated by expected emission reductions, which lead to
of the climate and air quality evolution in Belgium going increases over Benelux, a very polluted area, where less titra-
forward. The simulated periods in this study are limited to tion will occur. Juda-Rezler et al. (2012) focussed solely
10 years since we apply a very high horizontal resolution ofon climate change impacts by keeping the anthropogenic
3km, which is needed to capture the high spatial variabilityemissions constant at year 2000 levels. They found that,
of air pollution patterns in Belgium (Lauwaet et al., 2013). under IPCC scenario A1B, the near-surfacg d@ncentra-
This kilometre-scale resolution, unprecedented for this typetions would increase up to 10% over Europe by the end
of study, requires very large computational and data storagef the 21st century due to increased summer temperatures
capacities and limits the length of the simulations. Still, a 10-and decreased summer precipitation. The mid-century results
year period is found to be long enough to derive statisticallyshowed a slight decrease of the concentrations over northern
sound results, especially regarding the mean values (BrissoBurope and the Benelux region.
and van Lipzig, 2012). Our work builds on the research mentioned above by ap-
The work presented here will focus on near-surfage O plying several emission scenarios and using a horizontal
concentrations, one of the key indices for air quality. The fu-model resolution of 3 km that is unprecedented for this kind
ture simulations are based on the Intergovernmental Panel oof study. The remainder of this paper is organized as follows.
Climate Change (IPCC) Representative Concentration Pathin Sect. 2, both the regional air quality model and the regional
way RCP4.5 (Van Vuuren et al., 2011), one of the RCPs usedlimate model, which provides the meteorological input data,
in the climate simulations of the Coupled Model Intercom- are described, as well as all the input data sets and the exper-
parison Project (CMIP5). Studies with global models indi- iment setups. Section 3 presents the results and discussions
cate that RCP4.5 will cause the mean surfage@ncentra-  of this research while conclusions are drawn in Sect. 4.
tions over Europe to decrease slowly over the next century,
with only a very slight decrease by 2030 (e.g. Wild et al.,
2012; Langer et al., 2012). 2 Numerical models and experiment setup
The effect of climate and emission changes ondon-
centrations has been the subject of several publications i2.1 The AURORA model
international literature. Jacob and Winner (2009) reviewed
multiple studies on global climate and air quality models The simulations in this study are performed with the
and reported that summertime surfacedg@ncentrations are regional-scale air quality model AURORA (Air quality mod-
expected to increase in polluted regions over the comingelling in Urban Regions using an Optimal Resolution Ap-
decades. On the other hand, the higher water vapour levgdroach), a limited-area Eulerian chemistry transport model,
in the future is expected to decrease the backgrounthO described in Van de Vel et al. (2009) and Lauwaet et
the troposphere. Similar findings are reported in a recent real. (2013) and references therein. The model has been ap-
view paper by Fiore et al. (2012). Also other factors can playplied and tested in several regional-scale air quality mod-
a role when looking at the global scale, e.g. changes in thelling studies (De Ridder et al., 2008; Lefebvre et al., 2011).
large-scale stratospheric influx ofs@Kawase et al., 2011; In the model, the vertical diffusion is calculated with the
Young et al., 2013). However, in order to obtain results for Crank—Nicholson method (De Ridder and Mensink, 2002),
urban areas and capture spatial distributions, higher resoluwhile the horizontal advection uses a Walcek (2000) scheme.
tion regional modelling studies are required. The gas phase chemistry is described with the Carbon-Bond
Over the USA, Lin et al. (2010) and Lam et al. (2011) V scheme (Yarwood et al., 2005). For dry deposition, AU-
showed that @ levels are expected to increase in areas al-RORA uses the Wesely and Hicks (2000) formalism based
ready experiencing high4xoncentrations under the current on a resistance network. The model needs land use infor-
climate. They also noted that changes to precursor emissionmation and the vegetation fraction in a grid cell for deter-
have a larger impact than changes in meteorology associatedining the canopy resistance. Both the amount and distri-
with climate change. Kelly et al. (2012) also found that cli- bution of the vegetation are based on 1km SPOT (Systéme
mate change alone would lead to increased surfaceod- Pour I'Observation de la Terre) vegetation satellite imagery
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(Maisongrande et al., 2004), while the land use type is de-‘ ERA-Interim 75 km ‘
rived from the 250 m CORINE (Coordination of Information or ™5 2.5° ‘
on the Environment) land use map (European Commission,  gc-Earth 1.125° ‘
1994).

The AURORA model also needs a specification of the po- l

sition and strength of emission sources. In the AURORA ‘ COSMO-CLM 25 km AURORA 25 km ‘
model setup, six emission classes are taken into account, in T T

c!udlng both gaseous anq particle emissions, vx{hlgh are as\ cosmo-cLM 3 km AURORA 3 km
signed to 26 species using sector specific emission splits:

Biogenic emissions are calculated using the Model of Emis-gjgyre 1. schematic overview of the coupling between the atmo-
sions of Gases and Aerosols from Nature (MEGAN, Guen-spheric models used in this study and their horizontal resolutions.
ther et al., 2006). The emission data are obtained with the
Emission Mapping (Emap) geographical information sys-
tems tool (Maes et al., 2009), which provides gridded emis-
sions with a horizontal resolution of 1 km, based on the Eu-
ropean Monitoring and Evaluation Programme (EMEP) data
set. Based on the official reports by member states, EMEP
provides corrected and gap filled expert emissions on a coun-
try basis as national totals. ’
In this emission inventory, sources are broken down over
11 SNAP (Selected Nomenclature for sources of Air Pol- |
lution) categories. For each SNAP source category, points
source emissions are first allocated on the air quality model
domain using the European Pollutant Emissions Register
(EPER). Next, remaining non-point emissions are spatially s
distributed using quantitative spatial surrogate data (e.g. land
use, population density and traffic network). Details of the
approach can be found in Maes et al. (2009). The result- 4
ing annual emissions are distributed temporally according == 3 T s s

to monthly (January-December), daily (Monday_sunday)Figure 2. Overview of the 3km model domain and the location of

and hourly (0-23h) fac_tgrs, following Builtjes et aI._(2Q03). major cities (white squares) and observation stations (white trian-
These factors are specific to each pollutant and emission segjes). The location of station “Lanaken” is indicated with a red tri-

tor and reflect the different activity patterns as a function of angle.
time.
The horizontal grid of AURORA is defined by using a
tangent Lambert conformal map projection with an earth ra-Because of the relatively long lifetime of methane (GHhe
dius of 6371 km and taking the domain centre as true |atitUdG:H4 concentrations are prescribed at the surface based on
and longitude of the projection. The vertical grid is defined observations. N@production by lightning is calculated on-
by the terrain following coordinate system of Gal-Chen and|ine, while biogenic and other natural emissions are based on
Somerville (1975). As this study focuses on the surface levelearly and monthly data sets compiled in the MACC project
ozone concentrations, the vertical extent of the model domaiMonitoring Atmospheric Composition and Climate) com-
is limited to 4 km height, employing 20 model levels with a plemented with other data sets described in the paper by
grid spacing of 25m near the surface to 500 m at the uppeHuijnen et al. (2010). The implementation of the emission
boundary. The simulations for this study are performed usintheights for the different sources and anthropogenic sectors
one-way grid nesting with two nesting levels (Fig. 1). Fig- was revised compared to the description given there (van
ure 2 shows the 3km resolution model domain, which covers\oije et al., 2014). These emissions are in line with the emis-
101x 81 grid points. sions used in AURORA as both data sets are based on the
Large-scale pollutant concentrations, which are requiredsame total numbers on a country level.
to account for remote emission sources, are interpolated from
output generated by the chemistry-transport model TM52.2 The COSMO-CLM model
(Huijnen et al., 2010) as shown in Fig. 1. TM5 provides 3-
hourly concentration levels of reactive gases and aerosolsThe regional climate model COSMO-CLM is the product of
The version applied in this study simulates tropospheric gasa joint effort from the Consortium for Small-scale Modelling
phase chemistry as well as aerosol microphysics and uses(@OSMO) and the Climate Limited-area Modelling Commu-
horizontal resolution of 3x 2° with 34 layers in the vertical.  nity (CLM-Community). These two groups, encompassing
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Table 1. Overview of the applied emission changes from anthro- Table 2. Overview of the applied climate changes between the
pogenic sources and biomass burning between the present dgyesent day (2000—2009) and the near future (2026—2035) over Bel-

(2000-2009) and the near future (2026—2035). gium per season. The right most column shows the annual mean
difference between the ERAINT (based on the ERA-Interim re-
Component RCP4.5 RCP4.5 MIRA MIRA analysis) and the Reference scenario. The variables presented here
Europe Belgium Europe Belgium are 2m air temperaturd{ ), total precipitation amounts (Rain),
boundary layer height (BLH), 2 m specific humidity,§ and 10m
NOx —60% —70% —45% —25% wind speed (Wind).
SO —75% —75% —40% —65%
NMVOC —50% —55%  —40% —35% Variable MAM JJA SON DJF ERAINT
PM —75% —85% —10% —25%
NH3 —6% +15% —30% _25% Tom +09K +128K +0.76K +0.48K +0.9K
Rain —13% —6% —19% —-10% —-15%
BLH +1% +3% —2% +2% +1%
v +4% +4% +1% +3% +5%
Wind —7% —5% —2% +5% —7%

national weather services and climate research centres, main-
tain a common model for both operational weather prediction

and regional climate simulations. A detailed description andpayrORA model grids use a different coordinate system, the
full documentation of the model is provided by Doms (2011). coSMO-CLM results are bilinearly interpolated to the AU-

COSMO-CLM is a non-hydrostatic model that allows appli- RoRA grid points, which adds a small additional uncertainty
cations on a wide range of spatial scales. In this study, we USg, ihe experiments.

COSMO-CLM version 4.8. This model version, along with
earlier versions, has been extensively evaluated by e.g. Jaeggr3 Experiment setup
et al. (2008), Meissner et al. (2009) and Dobler et al. (2011).

Land surface processes are parameterized through the sdihe model chain described above is applied to simulate a
module TERRA_ML (Grasselt et al., 2008). The module 10-year reference period (2000—2009) (REF), driven by me-
requires input data sets specifying land surface characterteorological data from the base run of the global climate
istics, such as land cover, vegetation parameters and soihodel EC-Earth (Hazeleger et al., 2010, 2012). Addition-
texture. Soil texture is derived from the Food and Agricul- ally, a 10-year period in the near future (2026—2035) is sim-
ture Organization of the United Nations Digital Soil Map ulated (RCP4.5), driven by EC-Earth model results for the
of the World (FAO, 1998). The global land cover map for IPCC Representative Concentration Pathway RCP4.5 (Van
the year 2000 (GLC2000), developed by the Joint ResearcNuuren et al., 2011), one of the RCPs used in CMIP5. Con-
Centre of the European Commission (Bartholomé and Belsequently, future emissions from anthropogenic sources and
ward, 2005), is used to determine vegetation parameters sudbiiomass burning in the air quality models are also based on
as leaf area index (LAI) and root depth. Note that this landthe RCP4.5 data set. To be consistent with the spatial emis-
use map is different from the CORINE map used by AU- sion patterns of the base run, the country totals are calcu-
RORA, which might induce small inconsistencies on a locallated from the RCP4.5 emission map of 2030, and the rel-
scale. However, TERRA_ML only distinguishes between ev-ative difference with the reference totals is applied to the
ergreen forests, deciduous forests and other vegetation, aremission pattern in TM5/AURORA. Similarly, the relative
a comparison with the CORINE data revealed only very mi-increase in the Cliconcentration in TM5 is prescribed. As
nor differences, which are not expected to have a significant consequence of this approach, eventual land use changes in
effect on the outcome of the simulations. RCP4.5 that could affect the emission pattern are not taken

The COSMO-CLM model uses a rotated spherical coor-into account.
dinate system to define the horizontal model grid, while the To increase the relevance of our results for local poli-
vertical grid is defined by a terrain following pressure-basedcymakers, the 2026—2035 period is also simulated by AU-
hybrid coordinate system. In all simulations, 40 vertical lev- RORA with a second emission scenario (called MIRA), that
els are employed with a grid spacing of 25 m near the surfacewas compiled by the Flemish administration. As this is a lo-
increasing to 1 km near the upper model boundary, located atal scenario for which only emissions for Europe are con-
25km altitude. The smallest model domain has a horizon-sidered, only the emissions in the AURORA model do-
tal resolution of 3km and covers 260200 grid points. This  mains (both 25 and 3 km resolution) are changed and the
large amount of grid cells is needed as the convective paglobal background from TM5 is the same RCP4.5 scenario
rameterization of COSMO-CLM is turned off at this high as before. An overview of the applied emission and climate
resolution, and the model needs a large enough domain tohange scenarios for the near future is provided in Tables 1
develop the resolved convection. The COSMO-CLM simula-and 2.
tions are performed using one-way grid nesting, similar to the Finally, we want to isolate the climate change effect on
AURORA simulations (Fig. 1). As the COSMO-CLM and surface @ concentrations over Belgium. Unfortunately, no
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Figure 3. Evaluation of the 10-year (2000—2009) mean and 95th percengilalDes for all observation stations. Top left: meanid@ncen-
trations of the 3 km simulations. Top right: meag @ncentrations of the 25 km simulations. Lower left: 95th percentje/&ues of the
3 km simulations. Lower right: 95th percentileg®@alues of the 25 km simulations.

such simulation was planned for the TM5 model in the Mod- and have a reasonable distribution over the 3km model do-
elling Atmospheric Composition and Climate for the Bel- main. Given this model resolution, we only selected back-
gian Territory (MACCBET) project. However, another simu- ground stations excluding traffic and industrial stations as
lation, driven by meteorological fields from the ERA-Interim these are generally not representative for the scale of a 3km
analysis of the European Centre for Medium-Range Weathemodel grid cell. Since the EC-Earth simulations target a
Forecasts (ECMWEF) for the reference period (2000-2009)climate realization and not an actual reconstruction of the
provided a valuable alternative (ERAINT). Since the climate weather patterns, it is not possible to validate the modelled
change signal from this simulation is very comparable to thetime series of near-surfacez@oncentrations directly by
RCP4.5 signal (see Table 2), the results of this scenario wilcomparison to observations. However, if we remove the year-
give insight into the signal and relative importance of the O to-year variability by taking the 10-year mean values for the
concentration changes caused by climate change only, relgresent day period, measured and modelled values should be
tive to the changes caused by the emissions. comparable.
Figure 3 demonstrates that the AURORA model with a
horizontal resolution of 3 km is able to reproduce the 10-year

3 Results and discussion mean observed concentrations with a high spatial coefficient
of determination of 0.86. The model has a slight and fairly

3.1 Model performance and added value of the high constant positive bias at almost all locations. The right-hand
resolution side of Fig. 3 shows the evaluation of the 25 km results for

the same observations. Here the spatial correlation is clearly
In order to evaluate the model performance, we selected 34ower (0.69) and the model has a slight negative bias, espe-
observation stations from the AirBase data archive (Mol etcially at the locations that are most polluted. The added value
al., 2011). The locations of the stations are shown in Fig. 2
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Figure 4. Mean difference maps between the near future (2026—2035) and the present day (2000-2009) for the RCP4.5 scenario per seasor

Table 3. Overview of the 10-year mean differences in surface O Clearly the AURORA model captures the shape of the di-
concentrations compared to the Reference scenario over Belgium.urnal cycle for all seasons. However, the night time minima
are slightly overestimated, which is a common problem in

RCP4.5 MIRA ERAINT regional air quality models due to difficulties to model the
MAM 118% 421% 1% nocturnal boundary layer evolution and its usual stable ver-
JIA +7%  +9% _50 tical structure (Juda-Rezler et al., 2012). This prevents the
SON +31% +34% _204 near-surface air from mixing with the air higher up which
DJF +38% +40% —4% usually contains higher £concentrations. Since the noctur-

nal mixing is overestimated in these models, so will be the
near-surface @concentrations.

Overall, the AURORA model performs satisfactorily, the
daily cycle is reproduced and the mean spatial pattern for the
of the high horizontal resolution is further demonstrated in O3 concentrations is captured.
the lower panels of Fig. 3 by evaluating the modelled peak
concentrations, taken as the 95th percentile value of the 103.2 Projection for RCP4.5
year time series. Clearly the 3km model results outperform
the 25km results, which have a strong negative bias and dhe impact of both climate and emission changes on near-
lower spatial coefficient of determination. From these resultsfuture (2026—2035) surfaces@oncentrations is shown in
we can conclude that the large computational demands thagig. 4 for the different seasons. Overall, the concentrations
are needed for this high horizontal resolution of 3km pay off increase up to 30 % from present day values, especially close
by significantly improving the spatial correlation and peak to the highways and city centres, the areas with the high-
concentrations of the simulations. est NQ, emissions. Since these emissions are drastically re-

A further evaluation of the model performance is provided duced in the RCP4.5 scenario, lesstifration will take place
in Sect. 3.2 (Fig. 5), where the mean daily cycle per seasonvhich results in higher concentrations. Clearly the emission
is plotted for the observation station “Lanaken” (see Fig. 2).changes and their detrimental effect ogitration dominate

ANNUAL +23% +26% —3%
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Figure 5. Mean daily cycle of @ concentrations at station Lanaken per season. In summer, also the 95th percentile is plotted (dotted lines).

the overall image in all seasons. This is in agreement with the20 % leads to an increase of the meag @@ncentration in
findings of Kelly et al. (2012) and Hedegaard et al. (2013) Europe in winter and a decrease in summer.

who also noticed an increase iy ©oncentrations with de- Furthermore, local processes also play a role in explaining
creasing N@ emissions in highly polluted areas, such as Bel- the seasonal differences: the boundary layer is much lower
gium. during winter, which prevents the mixing of the N®@mis-

When looking at the seasonal differences in Fig. 4, it issions and increases the efficiency of the titration process.
apparent that the increases are much larger during the winAlso, the reduction of non-methane volatile organic com-
ter period (DJF) and much smaller during summer (JJA).pound (NMVOC) emissions in RCP4.5 (see Table 1) affects
The main reason can be found in the global backgrougid O the G; formation during summer and is an additional rea-
concentrations, advected into the model domain through theaon for the lower response in this season. This effect is much
TM5 boundary data. During winter, the background concen-smaller during winter since the absolute values of NMVOC
trations over Europe in RCP4.5 are higher, primarily dueemissions are much lower then.
to a reduction of the @titration because of the decreased However, the overall picture of Fig. 4 obscures some in-
NOx emissions. During summer, the background concentrateresting underlying trends. Figure 5 shows a detailed anal-
tions are lower in RCP4.5 since the increased atmospherigsis that is performed for the station Lanaken (see Fig. 2)
moisture content, due to the temperature increase, accelerataad where the mean daily cycles are plotted per season.
the G; destruction. Furthermore, the N@mission decrease The results show that thesOncreases are largest at night-
has a negative effect ong@oncentrations during daytime in time and during the winter period, when the titration effect
summer as it hampers the formation of @his global back-  plays its role. During daytime in summer, the overall in-
ground response to emission reductions is consistent with therease is very small. When we consider the peak episodes
multi-model results presented by Fiore et al. (2009), who(plotted as the 95th percentile), we even see a decrease in
found that a reduction of the NCemissions in Europe by the concentrations as the reduced NMVOC and, N@his-

sions limit the @ formation during these episodes. This is

www.atmos-chem-phys.net/14/5893/2014/ Atmos. Chem. Phys., 14, 589894 2014
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Figure 6. Mean difference maps between the near future (2026—2035) and the present day (2000—2009) for the MIRA scenario per season.

also apparent in the number of days where the 8 h maximunwhen applying these large emission reductions, the results
threshold of 120 ugm? is exceeded: these are reduced by changed from an increase ins@oncentrations since the
25 %. Thus, although the overall numbers show a significantitration effect is more important than the reduced produc-
increase in surface £concentrations, the emission reduc- tion (high NQ; regime) to a decrease ofs@oncentrations
tions are able to suppress the number of exceedances of trgnce reduced production is dominant over the titration effect

threshold value. (low NO regime).
Generally, from these results it can be concluded that the
3.3 Effect of alocal emission scenario local emission changes, although they are significant, have

little impact on the domain-wide §$xoncentrations with con-

The 2026-2035 period is also simulated with an alternativestant (global) background concentrations.
local emission scenario, drafted by the Flemish administra-
tion. This scenario envisions less drastic reductions of the3.4 Effect of climate change
emissions (Table 1). The impact on near-futurgdoncen-
trations, presented in Fig. 6, is comparable to Fig. 4. ClearlyThe results of the simulations presented above included the
the results look very similar to the RCP4.5 results, althougheffect of changes in both the emissions and the climate. To as-
the differences in the local emission changes are significantsess the relative importance of a comparable climate change
Again the reduction of the gXitration close to highways and impact alone, the ERAINT experiment is used, which in-
city centres dominates the overall image, while the increasesludes similar changes in the climate variables as the RCP4.5
are larger during winter and less pronounced during summescenario when compared to the reference scenario. This is
due to the reasons explained in Sect. 3.2. shown in Table 2, where the 10-year mean values are com-

A quantification of the differences is provided in Table 3. pared, and in Fig. 7, which shows the histograms of the
The increase of @concentrations is slightly higher for this hourly area-mean 2 m temperatures and rainfall amounts for
scenario than for RCP4.5 which means that the additional reall scenarios. ERAINT and RCP4.5 have a similar shift to-
duction of NMVOC and NQ emissions in RCP4.5 affects wards higher temperatures and fewer small rainfall events
the Q; formation more than it affects thesGitration. Hence  compared to the reference scenario. Clearly the climate

Atmos. Chem. Phys., 14, 589%904 2014 www.atmos-chem-phys.net/14/5893/2014/
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Figure 8. Mean difference map between the ERAINT and the Ref-
erence scenario for the present day (2000-2009).

Over Belgium, the climate change effect for 2030 in our
set-up causes a slight decrease of the domain-wide surface
O3 concentrations. This negative effect is the result of a de-
crease in the background concentrations from TM5 due to
the higher water vapour (caused by higher temperatures) in
the troposphere which enhances the destructiorzofiere
is also a notable increase in the influx of fPom the strato-
sphere, but this causes only minor changes in surface con-
centrations over the period considered. However, over the
polluted areas (e.g. Antwerp, Brussels, Ghent) the concentra-
tions increase because of enhanced@duction under the
drier and warmer conditions. This corresponds to the findings
of Jacob and Winner (2009) that the background concentra-
tions will decrease while the surface @ polluted regions
will increase due to climate change. Using a different IPCC
scenario, Juda-Rezler et al. (2012) also found a slight de-
crease of the surfaces@oncentrations over the Benelux re-
gion by the middle of the 21st century, before going towards
overall increases by the end of the century.

change signal is not identical (e.g. there are slightly fewer

heavy rainfall events in ERAINT), but both scenarios seem4 Conclusions

comparable enough to obtain our objective to get an estimate

of the relative importance of the climate change effect aloneln this paper, the effect of climate change and two different
Figure 8 shows the 10-year mean results of this simula-emission scenarios on near-future (2026-2035) surface O

tion. Overall, the changes in theg@oncentrations are much

concentrations over Belgium was investigated with the re-

smaller than in the previous experiments, as can also be seagional air quality model AURORA at an unprecedented hor-
in Table 3; the difference being almost a factor of 10. This isizontal resolution of 3km. For the experiments considered
in agreement with the results of Kelly et al. (2012) and Hede-here, AURORA was driven by meteorological input from

gaard et al. (2013): the{xxoncentration changes are domi-

the regional climate model COSMO-CLM using the same

nated by the expected emission reductions over the expectatksting strategy. Large-scale boundary conditions for meteo-

climatic changes.

www.atmos-chem-phys.net/14/5893/2014/
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