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Abstract—This paper presents a dynamical downscaling methodology for climate change impact assessments on the urban 
climate and air pollution over urban area. The outputs of the Community Climate System Model (CCSM) provides future 
climate scenarios, and its coupling with Weather Research and Forecasting and Chemical (WRF/Chem) model. The output 
from the WRF/Chem model at 1 km resolution is used to drive a micro-scale model, MICROSYS. The use of the system is 
showed conducting yearly simulations for present (2011) and future (2030, 2050 and 2100) climate conditions, considering 
the Representative Concentration Pathway 4.5 and 8.5 IPCC climate scenarios over three European cities: Madrid, Milan, and 
London (Kensington-Chelsea area).  The modelling system was used using 2011 emissions as control run, because we want 
to investigate the effects on the global climate on the actual (2011) cities. Effects of the global climate at different scales, 
regional, urban at street are showed based on climate and air pollution indicators. The results of these simulations suggest that 
climate will have an important effect on urban meteorology and air pollution over the next several decades, specially under the 
IPCC 8.5 scenario.The presented tool is useful for assessing the impact of future climate on urban areas and helping how cities 
can adapt to reduce exposure and sensitivity to those impacts, increasing resilience to climate change. 

 
Index Terms— Dynamical Downscaling, WRF/ Chem, CFD, Climate Impact, Air Pollution. 
 
I. INTRODUCTION 
 
Highlight a section that you want to designate with a 
certain style, and then select the appropriate name on 
the style menu. The style will adjust your fonts and line 
spacing. Do not change the font sizes or line spacing to 
squeeze more text into a limited number of pages. Use 
italics for emphasis; do not underline. Compressive 
Climate change is expected to influence urban living 
conditions and over 50% of the world’s population 
lives in cities [1]. 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. We need to improve 
understanding about the effect of global climate 
change on cities. It is very important to the design the 
planning of adaptation [2]. 
Studies of the complex interactions between climate, 
air quality and urban areas represent a relatively new 
and important field of research. 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 street 
scale. Thank you to increases of the computational 
power, the numerical weather and air pollution 
prediction models are now able to approach urban 
scale resolution. The starting point of dynamical 

downscaling is typically a set of coarse-resolution 
large-scale meteorological fields (either from a general 
circulation model, GCM, or from global reanalysis 
data) which are used to provide the initial, and lateral 
and surface boundary conditions to a regional climate 
model (RCM). Typically, the RCM simulation does 
not feed back into the GCM, but adds regional detail in 
response to finer-scale forcing (e.g., topography, land 
use/land cover) as it interacts with the larger-scale 
atmospheric circulation [3].  
Recent studies have suggested that global climate 
change will have a significant impact on both local 
weather and urban air quality [4]. The future of air 
quality, however, is not just a matter of emissions. We 
also need to consider global climate change with the 
aim to integrally assess impacts on air quality (ozone 
and particles) and local climate (heat waves, apparent 
temperature), Changes in climate affect the average 
weather conditions that we are used to. Warmer 
temperatures could increase the concentrations of 
unhealthy air pollutants. Scientists project that warmer 
temperatures from climate change will increase the 
frequency of days with unhealthy levels of 
ground-level ozone, a harmful air pollutant, and a 
component in smog.  Changes in global climate over 
the next several decades may have important effects on 
urban pollutant concentrations and urban climate. 
Pollutant dispersion and removal processes are 
affected by large-scale circulation patterns and 
precipitation, while cloud cover frequency and 
duration impacts the photolytic activity, which in turn 
affects the reaction rate coefficients and conversion of 
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gases to aerosols. Stagnation events frequency and 
duration affects the mixing of polluted air with air 
above the boundary layer. 
In case or the urban areas with building blocks, this 
resolution is not enough and we need to make 
Computational Fluid Dynamics (CFD) simulations 
with meters of spatial resolution. The best boundary 
and initial conditions should be given for real 
simulations [5]. The buildings make that the flow and 
dispersion of the pollutants were a complex 
phenomenon [6]. The atmospheric flow and 
microclimate are influenced by the urban features, so 
urban modelling systems should consider the influence 
of buildings. The modelling system also require 
information on emissions, vehicular emissions are one 
the major pollution source in urban areas.  Thank you 
to the high performance computer resource we can use 
CFD models to simulate large urban areas with very 
high resolution covering several years. 
We start from IPCC (Intergovernmental Panel on 
Climate Change) scenarios 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 sustainable urban 
planning and development. The DECUMANUS 
services will offer information to the end users (city 
managers). 
 
II. MATERIAL AND PROCEDURES 
 
A. Review Stage 
The scheme of the downscaling chain of model from 
global-regional-urban-street levels is shown in Fig.1. 
The outputs from the global model (CESM) is used as 
boundary and initial conditions (BSC and ICs) for the 
regional scale run (Europe). A nesting approach is 
used from regional (25 km) to urban level (1 km.)  with 
the WRF/Chem model (in the urban level the urban 
canopy model is activated). The produced 3D fields of 
meteorological variables and selected pollutants are 
used as BCs and ICs for the street scale runs over the 
selected urban areas. At this scale the Computational 
Fluid Dynamics (CFD) model called the MICROSYS 
is applied with 10 meters of resolution. 
Outputs from the Community Earth System Model 
(CESM) version 1.0 were used for global climate data. 

CESM 1.0, is the state-of-the-art global climate model 
developed by the NCAR, is composed of four major 
components including atmosphere, ocean, land surface 
and sea ice. 

 
Fig.1. Conceptual overview of the model chain used in dynamical 

downscaling tool. 
  

For the regional and urban scale we use the 
meteorological-chemistry transport model 
WRF-Chem [7]. The European air quality simulations 
covered all Europe with 25 km spatial resolution and 
33 vertical levels up to 50 hPa. WRF-Chem (version 
3.4.1, September 2011) has been used to develop the 
first level of the downscaling. It includes the RADM2 
gas phase mechanics, the MADE inorganic aerosol 
scheme, and the SORGAM aerosol module for 
secondary organic aerosols (SOA). Model 
configurations follow the next physical 
parameterizations, namely the Noah Land Surface 
Model [8], Morrison double-moment microphysics 
scheme [9], RRTMG long-wave and shortwave 
radiation schemes (Rapid Radiative Transfer Model 
for Global), Grell 3D ensemble cumulus 
parameterization [7], Yonsei University Planetary 
Boundary Layer (YSU; [10]) and Monin-Obukov 
surface layer.  WRF-Chem has been setup to cover all 
Europe and a portion of Southern Africa as well as 
large areas affected by the Russian forest fires. The 
set-up was recently evaluated under COST 1004 
action, and it was concluded that the WRF-Chem, 
simulations using climate model outputs were able to 
capture the major features of the observed distribution 
of surface O3, NO2 and PM over Europe [11]. with the 
emissions produced by EMIMO (UPM)  (EMIssion 
Model) [12] model for 2011 
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The urban climate model UCM (urban canopy model) 
was used inside of the WRF/Chem model  for 
investigating the impact of the climate projections on 
the local urban climate and air pollution for urban 
scale level. The UCM is based on the Town Energy 
Budget approach by Masson [13]. The UCM adopts the 
turbulent flux resistance network approach in the 
canyon as described by Harman et al. [14] which takes 
into account air re-circulating and venting for 
turbulent heat flux calculation within the canyon. 
Shadowing is represented in terms of sky view factors 
that depict the area of each urban surface and the sky 
that is visible by other urban surfaces (e.g., walls and 
road). The UCM is coupled to WRF/Chem every 
simulation physics time step. WRF (meteorological 
model)  and the UCM exchange radiation, sensible 
heat, latent heat and momentum fluxes, which couples 
to the WRF planetary boundary layer turbulence 
closure parameterization. 
MICROSYS is based into the MIMO CFD model, 
which takes into account buildings obstacles. The 
model includes steady three-dimensional system of 
Reynolds equations, k-ε model of turbulence and the 
‘advection-diffusion’ equation to simulate pollution 
transport on-line coupled with a simple chemistry 
mechanism for O3-NOx relationships. 
The IPCC report [15] identifies up to four climate 
scenarios, r from very strong mitigation scenarios 
(RCP2.6) to a business-as-usual scenario (RCP8.5). 
Due to CPU-limitations, we have only simulated  
climate projections using the RCP 4.5 and 8.5 
scenarios.  The 8.5 pathway arises from little effort to 
reduce emissions and represents a failure to curb 
warming by 2100. It is characterized by increasing 
greenhouse gas emissions over time and represents 
scenarios in the literature leading to high greenhouse 
gas concentration levels [16]. RCP 4.5 is similar to the 
lowest-emission scenarios (B1) assessed in the IPCC 
AR4 ). 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. This can be 
considered as a weak climate change mitigation 
scenario [17]. 
 
III. RESULTS 
 
In order to investigate the impact of the climate 
projections, simulations for the urban climate and air 
pollution were carried out using the described tool. 
Fig.2.shows the projections for changes in annual 
mean surface temperature over Europe, 25 km of 
spatial resolution, for 2100 versus 2011. This figure 
shows a tends of warming over full domain based on 
RCP 8.5, (+5ºK). A strong cooling effect (-6ºK) is 
observed for year 2100 based on RCP 4.5, especially in 
the North of Europe.  
Fig.3 shows the spatial distributions of the changes in 

annual mean O3 between the period 2030, 2050 and 
2011 years. With the RCP 8.5 climate change scenario, 
O3 mean values increase in south-west of Milan.  For 
RCP 4.5 little increases are located around city center 
of Milan..   In general terms, O3 concentrations tend to 
decrease with RCP 4.5 and increases are detected with 
RCP 8.5 due to increases of the temperatures. 

 
Fig.2. Spatial distribution of the differences in  annual mean air 
temperature (Kº)  for 2100 respect to 2011  following RCP 4.5 
(upper) and RCP 8.5 (bottom) scenarios with WRF-Chem over 

Europe with 25 km. resolution. 
 
Steady state simulations of airflows and pollutant 
concentrations over Madrid and London have been 
carried out using the CFD model described above with 
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10 meters of spatial resolution. Sample results in Fig.4 
and Fig.5 are presented. 

 
Fig.3. Spatial distribution of the differences in  annual mean 
ozone (ug/m3)  for 2050 respect to 2011  following RCP 4.5 

(upper) and RCP 8.5 (bottom) scenarios with WRF-Chem over 
Milan with 1 km. resolution. 

 
For Madrid, the wind is south-easterly for both 
scenarios but its speed is bigger in the scenario 4.5 
than the 8. . The simulated wind is strong in some 
regions around tall building, however in most regions 
the simulation wind speed close to building is lower 
than the wind speed in open areas, indicating that 

buildings act to retard wind speed. 

 
Fig.4. Spatial distribution of the wind vectors and wind speed 

(m/s)  for 2100 following RCP 4.5 (upper) and RCP 8.5 (bottom) 
scenarios with WRF-Chem-MICROSYS over Madrid with 10 m. 

resolution over 1km by 1km area. 
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Fig.5. Spatial distribution of the wind vectors and NO2 

concentrations (ug/m3)  for 2100 following RCP 4.5 (upper) and 
RCP 8.5 (bottom) scenarios with WRF-Chem-MICROSYS over 
Kesington&Chelsea with 10 m. resolution over 1km by 1km area 

of London. 
 

For London, Weak pollutant dispersion is observed in 
the east part of the domain under scenario 4.5 but in 
the scenario 8.5 the maximum values are observed in 
the centre part due to different wind patterns between 
4.5 and 8.5. 
Finally, the tool is capable to calculate more complex 
climate indicator, for example number of the heat 
waves. The heat wave definition recommended by the 
World Meteorological Organization is when the daily 
maximum temperature of more than five consecutive 
days exceeds the average maximum temperature by 5 
°C , the normal period being 1961–1990. In case of 
Madrid, the threshold temperature has been set up to 
24.5 based on the data from the Retiro monitoring 
station. The results for the year 2100 respect to 2011 
for Madrid with 1 km of spatial resolution are showed 
in the Fig.6. 
 

  

 
Fig.6. Spatial distribution of the differences in  annual number of 
5-day heat waves events  for 2100 respect to 2011  following RCP 

4.5 (upper) and RCP 8.5 (bottom) scenarios with WRF-Chem 
over Madrid with 1 km. resolution. 

 
We can clearly see how an increase in heat waves by 
2100 under the RCP 8.5 scenario is expected for the 
stage while 4.5 have reduced heat waves by lower 
temperature. We recall that 4.5 is a scenario where 
measures for reducing greenhouse gases are taken. 
 
CONCLUSION 
 
A micro climate and air pollution coupled simulation 
assessment tool was proposed and applied to study the 
future climate and air pollution over three European 
cities under two IPCC RCP possible scenarios, 4.5 and 
8.5. 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.The modelling system tool use a CFD model with 
boundary and initial conditions from the WRF/Chem 
model. The tool has been applied to examine the future 
urban flow and pollutant dispersion in densely buil-up 
urban areas. Representative examples of impacts of 
future IPCC RPC climate scenarios 4.5 and 8.5 respect 
to 2011 are showed. At European level (25 km) we can 
see that by the year 2100 expected changes in 
temperature. Significant heating occurs in the cities 
with the RCP 8.5 and RCP 4.5 is seen cooling effects. 
In the high resolution simulations we have observed 
that the building influence is very important to detect 
hot spots or sensible areas to be affected by the climate 
change.Complex urban flows are manifest in the 
presence of the buildings. To improve the simulation 
tool, further validation studies are required by 
comparing simulation results with field 
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