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Abstract— A new downscaling approach with feasible
computational costs to go from global resolution to high urban
resolutions is presented, evaluated and applied. It is a mixed
dynamical and diagnostic approach: it includes the
mesoscale/regional ~ meteorological/air ~ pollution ~ model
WRF-Chem (NOAA, USA) to produce information about
concentrations and meteorological data covering Europe with 25
km of spatial resolution (dynamical downscaling) and at urban
scale we use the diagnostic meteorological model CALMET and
the air pollution CMAQ with simple chemical reactions
(CMAQL). Comparison of simulations to the current situation
(using NNRP 2011 reanalysis datasets) shows acceptable
agreement with measurements that give us great confidence in the
results. Also the hybrid downscaling tool has been compared with
a full dynamical downscaling technique. The comparison
between both downscaling techniques shows that in spite of
CALMET-CMAQL model is much faster and computationally
cheap, The described tool is used to quantify the future (2030,
2050 and 2100) impacts of the global climate over European
Cities with very high spatial resolution (200 meters) respect to the
present (2011) under two IPCC climate projections RCP 4.5
(stabilization emission scenario) and RCP 8.5 (increase emission
scenario).

Index Terms—Climate, Health, Downscaling, Simulation

I. INTRODUCTION

Recent studies have suggested that global climate change
will have a significant impact on both local weather and urban
air quality [1]. We need to consider global climate change
with the aim to integrally assess impacts on local climate, air
quality and health impacts. Warmer temperatures could
increase the concentrations of unhealthy air pollutants. The
combined effect of global climate change and urban growth
makes people in cities more vulnerable to environmental
problems like extreme weather and poor air quality. There is
increasing concern regarding the impact of global climate
change on urban areas. Climate change is expected to
influence urban living conditions and over 50% of the world’s
population lives in cities [2]. Studies of the complex
interactions between climate, air quality and urban areas
represent a relatively new and important field of research. A
current research challenge is to implement computational
tools that allow us to calculate the impact of climate change

on air quality and health of citizens at the urban level [3].

Global Circulation Models (GCM) produce outputs very
coarse for regional and local applications, so they cannot be
applied for urban climate impact studies because the effects of
climate change should be presented on local or regional scales
that are still not resolved by GCMs, this limitation is
amplified in areas of complex geomorphology. Downscaling
techniques have attracted during the last decade a substantial
amount of research in order to produce high spatial resolution
regional climate maps with reasonable computer power.
There are a large set of mathematical downscaling techniques
to produce local climate data with maximum accuracy. These
should include studies to bridge the spatial and temporal
scales connecting local emissions, air quality and weather
with climate and global atmospheric chemistry. The
interactions involving nonlinear processes so we need require
coherent and robust modelling approaches as a multi-scale
modelling framework for global to local scale. Then, knowing
the present and future impacts of climate change on air quality
as well as on mortality and morbidity of citizens should be a
priority for researchers. Keep in mind that to be studying
urban areas need information from very high resolution to
capture the high spatial variability of air pollution within a
city [4]. One of the first health impact assessments of future
climate conditions study with tenths of kilometres of
resolution was over greater New York region [5].

Global climate scenarios are defined by the IPCC
(Intergovernmental Panel on Climate Change). They are
based on the Fifth Assessment Report (AR5) and on the
Representative Concentration Pathways (RCP). They are
prescribed pathways for greenhouse gas and aerosol
concentrations, together with land use change, that are
consistent with a set of broad climate outcomes used by the
climate modelling community. The pathways are
characterized by the radiative forcing produced by CO2
emissions by the end of the 21st century.

This work is part of FP-7 EU DECUMANUS project. The
aim of this project is the development and consolidation of a
set of sustainable decision support services that allow city
managers to deploy geo-spatial products in the development
and implementation of their energy efficiency and climate
change strategies, in meeting the diverse challenges of
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sustainable urban planning and development. The
DECUMANUS services will offer information to the end
users (city managers).

I1. MATERIAL AND METHODS

The 8.5 pathway arises from little effort to reduce
emissions and represents a failure to curb warming by 2100.
The RCP 8.5 [6], [7] is developed by the MESSAGE
modelling team and the IIASA Integrated Assessment
Framework at the International Institute for Applies Systems
Analysis (IIASA), Austria. The RCP 8.5 is characterized by
increasing greenhouse gas emissions over time and represents
scenarios in the literature leading to high greenhouse gas
concentration levels. The underlying scenario drivers and
resulting development path are based on the A2r scenario
detailed in Riahi et al. (2007) [8]. This can be considered as a
non-mitigation business as usual scenario with high
emissions, similar to SRES ALFI. RCP 4.5 is similar to the
lowest-emission scenarios (B1) assessed in the IPCC AR4.
The RCP 4.5 [9], [10] is developed by the Mini CAM
modeling team at the Pacific Northwest National Laboratory's
Joint Global Change Research Institute (JGCRI). It is a
stabilization scenario where total radiative forcing is
stabilized around 2050 by employment of a range of
technologies and strategies for reducing greenhouse gas
emissions. The scenario drivers and technology options are
detailed in Clarke et al. (2007) [11]. Additional detail on the
simulation of land use and terrestrial carbon emissions is
given by Wise et al (2009) [12]. This can be considered as a
weak climate change mitigation scenario. Outputs from the
Community Earth System Model (CESM) version 1.0 were
used for global climate data. CESM 1.0. The six hourly global
climate outputs (RCP 4.5 and RCP 8.5) have been published
in the Earth System Grid. Also, one simulation (NNRP) with a
real-present scenario (reanalysis data) has been run for the
year 2011. This simulation will be used as evaluation
simulation of the modelling system.

To simulate present and future climate projections over
Europe, we use a regional meteorological-chemistry transport
model WRF-Chem [13]. WRF-Chem model represent our
dynamical downscaling technique. The European air quality
simulations covered all Europe with 25 km spatial resolution
and 33 vertical levels up to 50 hPa. For the final step in the
downscaling process, we have selected a very well-known
meteorological diagnostic model, CALMET [14] from
California Air Resources Board (CARB), V5.8.4 July, 31,
2013. CALMET model is applied to process the downscaling
from 25 km spatial resolution to 0.2 km spatial resolution
domain centered over the DECUMANUS cities. CALMET
model can reduce the computational cost of the two
dynamical downscaling levels. CALMET, -as a diagnostic
model-, does not produce “dynamics” as WRF-Chem model
so all advection and diffusion processes are neglected. The
Community Multi-scale Air Quality (CMAQ) modelling
system has been also implemented [15]. The Air Quality (AQ)

downscaling process over the cities is performed by running
the CMAQ model over the specific cities with 1 km spatial
resolution, using the WRF-Chem Europe scale model outputs
as boundary conditions, -a procedure also known as off-line
nesting-. We have used an adapted version of CMAQ for this
task using “linear chemistry”” which reduces on about 50% the
total computational time. We will name CMAQL to the
CMAQ model version with linear chemistry. The air quality
downscaling procedure requires gridded emissions in the
form of annual averages for six pollutants: NOx, NH3, PM,
S02, VOC and CO. The spatial resolution should be 1 km
x1km. The EMIMO [16] model is an Emission Model which
is capable to estimate-in a combined bottom-up and top-down
approach-, the emissions of primary pollutants at 1 km spatial
resolution and 1 hour temporal resolution. The final
refinement from 1 km to 200m is developed with an
interpolation tool called Cressman objective analysis [17].

The methodology to estimate percentages of
climate/pollution-related deaths and hospital admissions due
to global climate are based on epidemiologic analysis of
weather/air pollution and health data to characterize and
quantify mortality/morbidity associations. The
exposure-response  relationships  estimated from the
epidemiological studies were applied to projections of
climate. The short-term relationship between the daily
number of deaths/hospital admissions and day-to-day
fluctuations in exposure variables (temperature, heat waves,
ozone and particles) for many cities are published indifferent
scientific papers. The relationship between the exposure
variable and its effect on health is defined with a log-linear
regression (Poisson) and is called exposure-response
function(ER). If we derive this function we obtain the
Equation 1 [18], which calculates the change in mortality or
morbidity by a change in the exposure variable.
AY =y, (e™) 1)

where y0 is the baseline incidence rate of the studied health
effect, B is a parameter which define the mortality effect
estimation from epidemiological studies, AC is the change of
the exposure variable (future minus present). Our system
calculates percentage (%) of change of the health effect, so it
is independent from the population and the incidence rate.
The epidemiological studies do not report the B parameter of
the C-R function, they publish the relative risk (RR)
associated with a given change in the exposure variable, but
and RR are related following the Equation 2 [19].

Ac

I11. EVALUATION

Results of the modelling system have been evaluated using
data from the local meteorological an air quality network of
the cities with a variety of metrics are used to evaluate model
performance. For validation we have compared the hourly
model outputs for present conditions (2011) following
reanalysis scenario (NNRP) to hourly observations. A
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statistical evaluation, Table 1, of the pairing of the gas species
outputs (SO,, NO,, CO, Oz and PM10) and meteorological
parameters, Table 2, (temperature, wind and precipitation)in
time (hourly) between WRF/Chem-CALMET-CMAQL
outputs and monitoring stations datasets is shown in the next
tables. There are three metrics, Normalized Mean Bias
NMB), Root Mean Standard Error (RMSE) and the
correlation coefficient (R2).

Table 1: Statistical evaluations of
WRF/Chem-CALMET-CMAQL outputs in comparison to
observations from air quality urban networks.

Air quali
Vioniorng sution | NVB | RS2 | g,
(Avg stations)
S0O2 1.07 4.68 0.54
NO2 121 31.23 0.43
Madrid | CO -1.12 | 186.48 0.57
03 1.89 18.80 0.78
PM10 -1.03 16.17 0.24
S02 2.52 3.46 0.22
NO2 1.66 23.69 0.52
Antwerp | CO -1.67 137.10 0.57
03 -1.55 | 19.44 0.69
PM10 | -1.80 | 16.08 0.48
S0O2 -1.29 | 2.98 0.31
NO2 1.34 36.05 0.51
Milan CO -1.21 513.85 0.69
03 -1.14 | 20.38 0.85
PM10 -1.00 25.77 0.65
S0O2 -1.29 | 2.70 0.38
NO2 1.36 16.51 0.39
Helsinki | CO 1.83 106.49 0.49
03 1.58 18.48 0.57
PM10 1.08 15.24 0.27
S02 1.09 2.32 0.17
NO2 1.27 44.02 0.33
London | CO -1.76 124.57 0.40
03 171 20.46 0.66
PM10 1.46 13.52 0.48

Table 2: Statistical evaluations of
WRF/Chem-CALMET-CMAQL outputs in comparison to
observations from meteorological stations.

Meteorological
Monitoring Station I\EL\/Q)B RMSE | R2
(Avg stations)
Wind Speed | 129.78 1.83 0.65
Madrid | Temperature -1.02 1.36 0.98
Precipitation | -10.82 0.13 0.52
Antwerp Wind Speed 20.49 1.39 0.80
Temperature -7.72 1.99 0.94

Precipitation | -24.14 0.18 0.37

Wind Speed 53.21 1.35 0.50

Milan Temperature | -9.87 2.60 0.96
Precipitation | -27.88 0.17 0.68

Wind Speed 25.53 1.97 0.74

Helsinki | Temperature | -8.74 2.31 0.94
Precipitation 411 0.17 0.58

The results of the comparison between the modelled data
and the observed data show that the simulated concentrations
are within the ranges of measured data. The simulated
concentrations regarding the observed O3 concentrations are
somewhat lower in Antwerp and Milan indicating that
simulations of climate and air quality for the current
conditions, underestimate the concentrations of O;. Generally
we have found a slight overestimation of the modelled values
compared to those observed. The underestimation of ozone
can be attributed to overestimated surface wind speeds and/or
underestimations of emissions. Wind speed is over-predicted
for all cities. The high bias of the wind speed is mainly due to
a poor representation of surface drag caused by the
unresolved topography in the 25 km. resolution of the cells of
the European domain of WRF-chem. The average simulated
levels are within the inter-annual variability of the measured
since most of the R2 values exceed the value of 0.5. The
statistical evaluation shows strong evidence that high
resolution downscaling procedure could achieve reasonably
good performance, particularly for BIAS and R2 statistics.

A evaluation study has been completed to get more
information about the availability of the system to downscale
climate information. The goal of this study is to assess in
detail the ability of different downscaling techniques
(diagnostic and dynamical) to reproduce local values of
meteorology and air pollution from global modelling data.
We want to compare two different approaches, approach 1
(dynamical downscaling): full dynamical downscaling
process is applied over Madrid domain up to 4.6 km spatial
resolution ( level I11), 0.92 km ( level 12) and 0.184 km spatial
resolution (level 13) with a prognostic meteorological model.
This approach is more accurate than approach 2 but it also is
more expensive from a computational point of view (mucho
more CPU hours). Approach 2: diagnostic downscaling
processes are applied over Madrid domain with diagnostic
model with 0.184 km spatial resolution (level 13). The IC’s
(initial conditions) and BC’s (boundary conditions) to run the
diagnostic model are from 23 km (level 10), 4.6 km (level 11)
and 0.92 km (level 12). CALMET model needs initial guess
fields. This is less accurate but it is cheaper than approach 1.
Air pollution concentrations are calculated with an air
pollution model on level 13 (0.184 km).

Results from two different simulations (dynamical
downscaling and hybrid downscaling) are compared against
meteorological and air pollution monitoring data. The model
results obtained within this study are compared against hourly
surface (temperature, wind speed, ozone and particle) data
from Retiro monitoring station for meteorological analysis
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and E. Aguirre monitoring station for air pollution analysis
Retiro station is the only meteorological station of the Spanish
National Meteorological Agency included in the simulation
domain. Madrid municipally air quality monitoring network
has many monitoring station but E. Aguirre location was
chosen because there was ozone and particles data and it is the
closet station to the Retiro . Also it is a background station,
which has the most representative data. The rest of stations
are very street urban stations. The model performance is
evaluated for all simulations with the different downscaling
methods (dynamical (WRF-CMAQF (full chemistry) and
with CALMET-CMAQL (linear chemistry)). The results are
summarized on the Table 3.

Table 3: Performance statistical parameters: Normalized Mean
Bias (NMB), , Root Mean Square Error (RMSE) and Pearson
Correlation Coefficient (R).

CMAQL | CALMET- | CMAQL | CMAGF
FROM CMAQL FROM 0.184
WRF-CHEM | FROM WRF KM
23 WRF 0.92
KM 46 KM
KM
NMB
(%) -54,03 -55,81 -37,37 5757
RMSE
(ug/m3) 19,13 19,57 20,12 19,00
R? 0,45 0,40 0,15 0,61

TEMPERATURE
S3: S2: S1:
CALMET | CALMET | CALMET S0:
FROM FROM FROM WRF
WRF-CHEM | WRF WRF 0.184
23 46 0.92 KM
KM KM KM
NMB
(%) -20,13 -16,01 -14,94 5,42
RMSE
(°c) 374 3,16 3,05 1,51
R? 0,93 0,94 0,94 0,98
WIND SPEED
S3: S2: S1:
CALMET | CALMET | CALMET S0:
FROM FROM FROM WRF
WRF-CHEM |  WRF WRF 0.184
23 46 0.92 KM
KM KM KM
NMB
(%) 53,06 72,38 79,74 52,17
RMSE
(ms) 2,01 259 281 1,81
R? 0,06 0,03 0,02 027
03
s3: S2: S1:
CALMET- | oo MET- | CALMET- SO:
CMAQL WRF-
CMAQL | CMAQL
FROM CMAQF
FROM FROM
WRF-CHEM 0.184
WRF WRF
23 KM
M 46 0.92
KM KM
NMB
(%) 34,72 2417 2277 18,14
RMSE
(ug/m3) 21,61 20,08 20,14 15,39
R? 07 0,61 06 0,74
PM10
S3: S2: S1: SO:
CALMET- CALMET- | WRF-

The best simulation is always the simulation SO (full
dynamical downscaling), S1 simulation is the closer to the SO
of the diagnostic downscaling simulations. Poor results are
obtained for wind speeds due to high overestimation of WRF
results, recent studies revealed a rather systematic tendency of
the WRF model to overestimate the 10-m wind speed over
complex topography. Very good results are obtained for
temperature (R® from 0.93 to 0.98). Ozone is over predicted
from 34.72% on 23 km with CALMET-CMAQL to 18.14%
on 0.184 km with WRF-CMAQF. CMAQL does not simulate
the full chemistry reactions related with the ozone only lineal
transformations from NOX, it is the main reason to explain the
higher bias with CMAQL. The general over predictions can
be explaining by over prediction of the ozone precursors
(NOx and VOCs). From a correlation point of view all
systems obtain good performance results because for this
statistical parameter the meteorology is most important that
the chemical reactions. PM10 is under predicted around 50 %,
the uncertainty of the local PM10 emissions may help explain
some of the under predictions in the PM10. No good
correlation is obtained to PM10 with CMAQL because
CMAQL does not implement any aerosol chemistry module.
CMAQF increase R up to 0.61, which is an very good value
for urban PM10 comparisons. Only the NMB for temperature,
03 and PM10 shows clear decrease when CALMET/CMAL
system is applied for downscaling from higher resolution
WREF fields. For the wind speed the effect is the opposite.

IV. RESULTS

In this section we show results of the spatial distribution of
the forecasted health impact for the 2100 year under the two
IPCC climate scenarios (4.5 and 8.5) over the five European
cities: Madrid (Fig. 2a and 2b), Helsinki (Fig. 3a and 3b),
Milan (Fig. 4a and 4b), Antwerp (Fig. 5a and 5b) and London
(Fig. 6a and 6b) for different health outcomes.

Fig. 2 Year 2100, differences (%) of annual mean changes
short-term cardiovascular mortality due to PM10 daily
average concentrations over Madrid (200 m.) under RCP 4.5
(a) top ) and RCP 8.5 (b)bottom) climate scenarios respect to
2011.

Fig. 2a shows increases of cardiovascular mortality up to
0.37 % by PM10 under 4.5 scenario and spatially the highest
values of the health impact appear to be concentrated into the
city centre (area with high population density) but opposite
effect is expected under 8.5 scenario, Fig. 2b, with liglity
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reductions in the city centre.

Helsinki 200 m. 2100 - 2011 RCP 4.5
Madrid 200 m. 2100- 2011 RCP 4.5

i
706000 710000 714000 718000 722000 726000 730000
TRUE NORTH

Differences of annual mean change respiratory
hospital admissions due to O3 8h. (%)

=128 x10° -1.29 x10% ~1.29 x10° -1.28 x10° ~1.28 x10° 1,27 x10° -1.27 x10°
TRUE NORTH

Differences of annual mean change A

cardiovascular mortality due to PM10
daily (%) 706000 710000 714000 718000 722000 726000 730000
- ! Y Helsinki 200 m. 2100 - 2011 RCP 8.5

Milan 200 m. 2100—-2011 RCP 4.5

-52

~214000 ~210000 ~206000
Differences of annual mean increase in daily e iesd
respiratory mortality +65 years due to HW (%) A

=129 x10° -1.29 x10% ~1.29 x10° ~1.28 x10° ~1.28 x10° 127 x10% ~1.27 x10°

Madrid 200 m. 2100- 2011 RCP 8.5

Fig. 3 Year 2100, differences (%) of annual mean changes
short-term respiratory hospital admissions due to O3 8 hours
average maximum concentrations over Helsinki (200 m.)
under RCP 4.5 (a) top) and RCP 8.5 (b) bottom) climate
scenarios respect to 2011.

Fig 3a shows an estimated increase in annual average of the
hospital admissions due to O3 concentration between 0.05%
and 0.08 % for 2100 year respect to 2011 under the RCP 4.5 \ a s
but an decrease is expected under the RCP 8.5, Fig 3b. The e e
major impacts are located in the North of the Helsinki area. Milan 200 m. 2100 - 2011 RCP 8.5
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Fig. 4 Year 2100, differences (%) of annual mean changes
short-term respiratory mortality due to heat waves days over
Milan (200 m.) under RCP 4.5 (a) top) and RCP 8.5 (b)
bottom) climate scenarios respect to 2011.

Fig 4b shows than the year 2100 can be increases up to 64%
in the mortality with respiratory causes due to heat waves for
people with more than 65 years old under RCP 8.5 and
opposite effect are showed in the RCP 4.5, Fig 4a. So the
efforts to reduce emissions following the RCP 4.5 scenario
will produce improve the people health because the
temperature of the Milan will be reduced.

Antwerp 200 m. 2100- 2011 RCP 4.5

-526000 522000 -518000 =514000 ~510000 -508000

TRUE NORTH

Differences of annual mean change
respiratory mortality due to 03 8h. (%)

A

522000

Antwerp 200 m. 2100- 2011 RCP 8.5

~518000 514000

=510000

506000

Fig. 5 Year 2100, differences (%) of annual mean changes
short-term respiratory mortality due to O3 8 hours average
maximum concentrations over Antwerp (200 m.) under RCP
4.5 (a) top) and RCP 8.5 (b) bottom) climate scenarios respect
to 2011.

Fig. 5a and Fig 5b show that in case of Antwerp the
mortality with respiratory problems due to O3 concentrations
will be reduced for 2100 year under the two studied climate
scenarios, so global climate in this case it is not a big problem
for the health of the cities. The major reductions are expected
in the South of the city under the RCP 4.5 scenario.

K&C, London 200 m. 2100-2011 RCP 4.5

818600 -817500 -816500 -818800

820800 —810500

- ’ ) ’ ) ~ TRUE NORTH
Differences of annual mean increase in daily
respiratory mortality due to ATMAX (%)

EA R SR o

5.386
5.382
5.378
5.374
5.37

5.366
5.362
5.358
5.354
5:35

5.346
5.342
5.338
5.334
5.33

5.326
5.322
5.318
5.314
5:31

5.306
5.302

5.298

~-818600 ~817500 =-816600

-820800

K&C, London 200 m. 2100-2011 RCP 8.5

-819500

Fig. 6 Year 2100, differences (%) of annual mean changes
short-term respiratory mortality due to maximum daily
apparent temperature (AT) over Kensington and Chelsea
(London) (200 m.) under RCP 4.5 (a) top) and RCP 8.5 (b)
bottom) climate scenarios respect to 2011.

Fig. 6a and Fig 6b show that in case of the Kensington and
Chelsea area (London) the mortality with respiratory
problems due to increments of the apparent temperature (AT)
will be increased for 2100 year under the two studied climate
scenarios, so global climate in this case it is a big problem for
the health of the citizens, specially under the RCP 8.5 scenario
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with increases up to 5.3 %.

The biggest impacts of health effects by the pollutants are
Respiratory mortality due to O3 (Antwerp, Milan and
London), Hospital admissions due to O3 (Helsinki) and
Cardiovascular mortality by PM10 (Madrid). In the 4.5
scenario reductions occur in all variables related to
temperature values, except in 2050 Madrid which increases
are founded. The 8.5 scenario is characterized by temperature
increases from 2050, reaching the maximum impact in 2100,
especially in Madrid and Milan with large increases. Due to
4.5 scenario is characterized by decreases in temperature, this
situation produces improvements in mortality by climate,
especially during 2100 over Milan. 8.5 scenario is the
opposite and results show increases in the human health
problems by temperature. The worst impacts are expected
over Milan and Madrid, 2100. The impact on Milan is double
than of Madrid and Madrid impacts are 3 times more than
over Helsinki, Antwerp and London.

V. CONCLUSION

A very high resolution climate, air pollution and health
assessment tool was proposed and applied to study the impact
of the future climate over European cities. The modelling
system uses a hybrid downscaling tool, dynamical-diagnostic,
that produces information that can be used for designing
mitigation strategies with feasible computational costs (CPU
time). The system includes the regional WRF/Chem model
and the CALMET plus CMAQ model for the urban scale.

Comparison of simulations for present situation (2011,
with reanalysis data as boundary and initial conditions) shows
acceptable agreement with measurements in the urban
background for climate realizations. We have compared the
meteorological and pollution concentration results obtained
from two downscaling method. The reference method is
called WRF-CMAQF simulation SO and it is the
state-of-the-art in numerical mesoscale modelling. The
simplified and faster method used to produce meteorological
and air pollution results over the very high spatial resolution
model domain (I3) is the diagnostic meteorological model
CALMET and the linear chemistry CMAQ version (adapted
by our laboratory for this experiment). It is showed that all
simulations are able to capture the variability of the
observational data. CALMET model introduces more
variability on the wind vectors over the area where the
topography is more complex. Temperature from WRF is more
detailed because it uses NOAH land surface model and the
Urban Canopy Model (UCM). Downscaling from 23, 4.6 or
0.92 km does not make big differences.

The CALMET-CMAQL downscaling technique produces
reasonably good results compared with the WRF-CMAQF
simulations. However; the computational cost is much lower
than in the case of WRF-CMAQF. Although the statistics are
slightly better in the case of WRF-CMAQF, the
computational cost is becoming a very important issue when
long runs and several domains have to be produced and the

cost does not justify the improvement on the statistics, using
classical high performance hardware architecture. CALMET
is 3547.7 times faster than WRF. So, the CALMET-CMAQL
is a very reliable tool with a realistic cost and can be used for
many climate applications to simulate different alternatives
and scenarios (i.e. RCP climate scenarios) for many test years.
WRF-CMAQ and WRF/Chem are confirmed as very accurate
tool for producing meteorological and pollution fields but the
computational cost at very high spatial resolution can be
prohibited.

The results have shown an example of the health impact
assessment of the impact of global climate change on urban
areas. The information can be used for local decision makers
and stakeholders in order to developing strategies to reduce
these impacts. In this analysis, we have isolated the effect of
climate change by holding local emissions and urban
morphology over time, all simulations use data from current
assumptions 2011. We have studied the impact of climate
change over five European cities, Madrid, Antwerp, Milan,
Helsinki and London (Kensington and Chelsea area) with 200
m spatial resolution, using two different future projections of
global climate: RCP 4.5 and RCP 8.5 scenarios.
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