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Welcome to the first edition of the TECNAIRE newsletter. TECNAIRE
(innovative technologies for the assessment and improvement of urban
air quality) is a scientific programme funded by the Directorate General
for Universities and Research of the Greater Madrid Region
(S2013/MAE-2972). In this issue we present the project and show some
results from the first year of work.
This research project ultimately aims to solve air quality issues in the
greater Madrid region (CM) by bridging the gaps among the modelling
and measuring techniques to consistently assess air quality in urban
environments. The expected output from this research effort is a
significant contribution to atmospheric science with a decided focus on
providing useful information and tools to air quality managers and
decision-makers, so that the project is also relevant policy-wise, bringing
benefits from the economic and social point of view. The consortium is
integrated by:
• Technical University of Madrid (UPM)
• Energy, Environment and Technological Research Centre (CIEMAT)
• Complutense University of Madrid (UCM)
• Spanish National Research Council (CSIC)
• Local administrations (air quality service of Madrid City Council and
Greater Madrid Region)
• Associate companies
This collaborative Programme intends to develop technologies helpful to
tackle local air quality issues but it also pretends to be the first step in
the establishment of a technological and scientific network relevant
internationally. I would like to acknowledge the CM and all the members
of the project that believed in this initiative and also encourage other
research groups and companies and other stake-holders to collaborate
with TECNAIRE to enhance opportunities for research and improve our
understanding of urban air quality and its implications.
Rafael Borge
TECNAIRE coordinator
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Introducing the TECNAIRE project

www.tecnaire‐cm.org

The main aim of the TECNAIRE Programme is the development and test of new technologies capable of
describing urban air quality issues comprehensively and therefore useful for the assessment of
improvement strategies. The activities to achieve this general aim are distributed in seven working areas
or Objectives. Firstly, a series of experimental field campaigns will be carried out (Objective 1) in several
places of the Madrid city, representatives of different types of urban hot-spot. Observational data from
these campaigns will be used to feed and validate the modelling techniques to be developed in
TECNAIRE. Conventional monitoring techniques are unable to provide the information requirements for
these models, so alternative measurement methods, including microsensor networks, will be tested
under Objective 2. Transport patterns will be reproduced by the application of microscale air quality
models based on Computational Fluid Dynamics (CFD) methods (Objective 5). Besides high temporal
and spatial resolution observations, the development and application of CFD models for urban hot-spots
require equally resolved (meters, seconds) microscale emission inventories. Instantaneous emission
models will be coupled to microscale traffic simulation models for this purpose (Objective 4). Boundary
conditions constitute another crucial input for air quality microscale modelling. An effective linkage
between microscale and mesoscale, urban level air quality processes must be made by generating
dynamic boundary conditions, both for the chemical composition of the atmosphere and the relevant
meteorological parameters. Therefore, a highly-detailed and specific mesoscale air quality modelling
system will be applied (Objective 3). The mesoscale system will include updated, high-resolution
emission inventories for the Madrid urban areas and optimized meteorological setup (boundary layer
scheme, urban parameterizations) for this region. Besides these activities, monitoring of urban
background concentration levels will be made throughout the Programme (Objective 6) based on
conventional techniques, sensors and optical methods (LP-DOAS and Multi-Axis DOAS) to identify
relative contributions of the main emission sources and influences from different scales so the results
from experimental campaigns can be better understood and to validate the different models involved in
this research (Objective 7).
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Management committee
TARINDUSTRIAL

GMCA
Fernando Martín obtained his PhD in
Atmospheric Modelling in 1988 in the
Complutense University of Madrid, where
he was Assistant Professor in the
Atmospheric Physics Department from
1989 to 1991.

Rafael
Borge
leads
the
Laboratory of Environmental Modelling
at the Department of Chemical and
Environmental Engineering of the
Technical University of Madrid (UPM).
Associate professor at this same
University, he runs courses on
environmental engineering, air quality and environmental
modeling. He holds a degree on Forestry and
Environmental Engineering and a Ph.D. on atmospheric
modeling from UPM (2006).
rborge@etsii.upm.es
Adolfo Narros PhD in Analytical
Chemistry at the Complutense
University of Madrid. Associate
Professor in the Industrial Engineering
School of the Technical University of
Madrid. Main research area is
Environmental Chemical Analysis.
adolfo.narros@upm.es

Since 1991 he has worked in the Research Centre for Energy,
Environment and Technology (CIEMAT) as scientist. He is the
Head of the Atmospheric Pollution Division of CIEMAT.
fernando.martin@ciemat.es

GCCA
Begoña Artíñano is Head of the
Atmospheric Pollution Characterization
Unit at CIEMAT and responsible of the
Climate Change Programme of this
public research organism.

MICROMET
Carlos Yagüe obtained his BSc degree
in Physics at the Complutense
University of Madrid (UCM) in 1988, and
after a scholarship for postgraduate
studies at the University of Cambridge
(UK)
in 1990 obtained his PhD in 1993 at UCM. From 1992 to
1996 he was an assistant lecturer on atmospheric physics
and in 1996 he joined the National Meteorological. Service
(AEMET) working as operational forecaster as well as
researcher. Since 2003 he is professor at the Department of
Geophysics and Meteorology at UCM.
carlos@ucm.es

METALAB
Francisco J. Gómez Moreno is
graduated in Chemistry and PhD in
Physics. He currently works at the Unit
of Atmospheric Pollution and POC at
CIEMAT. He has 27 years of
experience in the field of aerosol
behavior, the last 13 applied in air pollution. Since 2003 he is
involved in the area of atmospheric pollution: secondary
aerosol formation, aerosol size distribution and their
hygroscopic properties. He worked previously in developing
instrumentation to characterize aerosols and in validation of
filtration systems.
fj.gomez@ciemat.es
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She is more than 30 year experienced in atmospheric sciences,
in the fields of meteorology, micrometeorology and atmospheric
pollution. During the last 15 years, she has focused her activity
on particulate matter/atmospheric aerosol field (air pollution
assessment and study of microphysical and chemical aerosol
properties). She has leaded or participated in more than 50
research projects on these areas focused on urban and
industrial emissions and their air quality and climate change
impact.
b.artinano@ciemat.es

AC2 - CSIC
Alfonso Saiz-Lopez studied Chemistry
in Ciudad Real, Spain. In 2005 he
received his Ph.D. degree in
Atmospheric Physical Chemistry at the
University of East Anglia, focused on
absorption
spectroscopy
for
atmospheric measurement and
marine boundary layer halogen chemistry. After a brief
postdoctoral stay at the University of Leeds, he was a NASA
Postdoctoral Scholar at the Jet Propulsion Laboratory and
Research Associate at the Harvard-Smithsonian Center for
Astrophysics. Since 2009, he is a Senior Research Scientist at
the Spanish National Research Council (CSIC) and an Affiliate
Scientist at the NCAR.
a.saiz‐lopez@ciac.jccm‐csic.es
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The consortium
The consortium is integrated by six research
groups from two public universities and two
public research institutions as well as two
public administrations, ten collaborator
companies

TARINDUSTRIAL
Technical University of Madrid (UPM)
The Technical University of Madrid (UPM) is the oldest
and largest Spanish technical university, with more than
4,000 faculty members, around 38,000 undergraduate
students and 6,000 postgraduates in 21 Schools of study
including most of engineering disciplines. The industrial
engineers' school dates from 1809 and is host to the
UPM research group on Environmental Technologies
and Industrial Resources (TARINDUSTRIAL), framework
for the research activities of the participants involved in
this project.
This group has promoted and participated in tens of R&D
projects, mainly in the air quality modelling field, funded
by public administrations (national, regional and local) as
well as private companies including the development and
analysis of atmospheric emissions, impact assessment
studies and Life-Cicle-Assessment (LCA) studies. Within
the research group on Environmental Technologies and
Industrial Resources, the Laboratory of Environmental
modelling has a long experience in the assessment of air
quality via multiscale modelling techniques including online models as well as model inventory development and
integration for both anthropogenic and biogenic sources.

UPM
ISSUE Nº 1, SEPTEMBER 2015

GMCA
Research Centre for Energy
Environment and Technology (CIEMAT)
GMCA Group is a National benchmark for simulation of air
quality, with over 20 years experience and leadership of
the thematic network on Air Pollution Modelling
(RETEMCA).
GMCA aims to deepen the understanding of the
processes of air pollution. Pollution processes are being
modelled on several scales to supplement the
experimental approach to characterization. Work is
ongoing in development and improvement of emission,
meteorological and dispersion models, as well as
computerized pollution prediction and control systems. All
of this makes it possible to provide technical assistance to
government and private companies in air quality
assessment, control, prediction and improvement.
It includes projects aimed at developing atmospheric
models at different scales and their practical application in
the investigation of the processes of air pollutants and the
air quality assessment, monitoring, prediction and
abatement.

MICROMET
Complutense University of Madrid (UCM)
The Complutense MICROMET group belongs to the
UCM consolidated Research group “Micrometeorology
and Climate Variability” which was founded in 2005,
being actually integrated by 24 members (including 6
permanent University Professors). This consolidated
group has published in the last six years more than 60
papers in different peer-reviewed international journals,
and has presented more than 100 contributions to
Conferences and Workshops. Moreover it has been
granted with 12 research projects (MINECO; UE, etc),
and since 2008, ten PhDs have been presented and
more than 25 MSc projects have been supervised within
the ‘Meteorology and Geophysics’ Master.

UCM
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The consortium
GCCA

METALAB

Research Centre for Energy
Environment and Technology (CIEMAT)

Research Centre for Energy
Environment and Technology (CIEMAT)

This group is hosted by the Atmospheric Pollution
Characterization Unit belonging to the Department of
Environment of CIEMAT (Center for Research on
Energy, Environment and Technology). The research
team is highly skilled in techniques of measurement and
analysis of a wide variety of ambient parameters related
to atmospheric pollution and meteorology. This capacity
allows the group to address different issues related to
the experimental characterization of atmospheric
pollutants, in some cases through novel and state of art
techniques (SMPS, HTDMA, ACSM, DOAS, LIDAR)
which provide nonstandard parameters and a deep
knowledge on processes involved in the formation and
transformation of pollutants in the atmosphere.

This laboratory belongs to the Department of
Environment of CIEMAT (Center for Research on
Energy, Environment and Technology). METALAB is at
charge of the meteorological probes and the
atmospheric aerosol characterization, being able to
study their physical and chemical properties. To this aim,
it is possible to determine the particle mass and number
concentration (High-volume samplers and particle
counters), the mass distribution (cascade impactors), the
particle size distribution (SMPS and optical devices), the
particle hygroscopic properties (HTDMA), the chemical
composition (ACSM) and the optical properties
(nephelometers, aethalometers,…).

CIEMAT

AC2 - CSIC
Spanish National Research Council

CSIC

The Atmospheric Chemistry and Climate group (AC2)
belongs to CSIC's Institute of Physical Chemistry
Rocasolano (IQFR), and its research is focused on the
role of atmospheric composition and chemistry in the
climate system. The goals of the group are to explore
and analyse the interactions between natural and
anthropogenic emissions, and the biosphere, as well as
the numerical description, through mathematical models,
of the variables involved. Within this scientific
framework, AC2 provides an integrated research
approach combining atmospheric measurements
(satellite- and ground-based), modelling (microphysical
to global chemistry-climate) and laboratory studies
(photochemistry).
www.tecnaire‐cm.org

Scientific and Technical Committee. May 2015
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Working program

The activity to develop the research objectives in the first year
has focused on the Fernández Ladreda square “hot-spot”
 1. Intensive measurement campaigns in
urban hotspots
 2. Selection, configuration and test of
air quality sensors
 3.
Mesoscale
modelling
system
implementation
 4. Implementation of an emission
model coupled to a micro scale traffic
model

 5. Development and integration of
micro scale modeling system (CFD)
 6.
Characterization
of
urban
background pollution and analysis of its
evolution
 7. Validation of the multi scale
atmospheric model systems

MADRID CITY

OBJECTIVE 1
Program activity for this first objective is focused in
Fernández Ladreda square in Madrid (Figure 1). It is a
challenging example of hot spot:
 heavy traffic conditions causes high pollution levels
 area with complex urban geometry with a strong
interaction between emission sources and
pedestrians

Figure 1. Madrid municipality
map showing the location of the
air quality monitoring network
and the
Fernández Ladreda square area
of study

 Measurement of gaseous pollutants: technologies
selected in Objetive 2 have been tested (Figure 2) in
real conditions. Air quality and meteorological
sensors were placed in the air quality monitoring
network station to evaluate its response during the
campaigns compared with the reference techniques.
In addition, a dense network of NO2 passive
samplers (Figure 3) was deployed in order to
understand spatial concentration gradients, confirm
the data
provided by sensors network and
determine the average exposure of the people
moving through the area during longer periods of
time.
Temperature

Spatial characterization of NO2 levels was carried out in
two campaigns (summer and winter campaign) using 200
“Palmes” type passive samplers (Figure 3) distributed in
the square and surroundings. The exposure period of the
campaigns were 18 and 21 days respectively.

Humidity

Pressure
O3 sensor

NO2 sensor

USB

Micro SD

2 red 1 green LEDs

Switches

1 green LED

Figure 2 Examples of electrochemical and metal oxides sensors
tested in the experimental campaigns
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Figure 3 Passive samplers and resulting NO2 concentration map
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Working program
 Particulate matter: online continuous measurement
of different size PM fractions (PM10, PM2,5 y PM1)
have been measured throughout the monitoring
campaings in two spots within the study area (Figure
4).
 Meteo / micrometeorology: measurements of
temperature and of the three components of the wind
were performed with sonic anemometers (two units
for each campaign) in order to calculate turbulent
flows of momentum and heat. An additional full
station was used to characterize meteorological
conditions over the urban canopy at roof level.

Figure 4 Measurement of particulate matter
and micro-meteorological parameters

OBJECTIVE 2
Different types of commercial sensors have been tested in this working package. In a first stage, sensors were located at
different stations of Madrid City Council air quality monitoring network. Values provided by the automatic station analyzers
were used as reference for comparison and benchmarking (Figure 5). These tests will be expanded to different seasons of
the year and to different types of monitoring stations (urban, suburban and background traffic) and different approaches to
combine measurements from sensors and air quality monitoring stations will be developed.
As a second stage, sensors performance is being analyzed in the laboratory where they are exposed to different pollutants
concentration levels to develop calibration algorithms. From the results of these tests, appropriate sensors will be selected
and a network will be deployed in particular hot-spots of interests in the scope of the experimental campaigns considered
within Objective 1. This will allow the assessment of the actual capabilities of this technology to provide the information
needed to understand microscale air quality dynamics and to validate the modelling activities within Objective 5.

Figure 5. Preliminary comparison of air quality measurements of different types of sensors against reference methods

OBJECTIVE 3
The work in this area is focused on the development of
a comprehensive system to simulate atmospheric
pollution in urban environments. To do this, some tests
were carried out to determine the optimal WRF model
configuration in urban environments and by this,
generate weather conditions to feed both, the chemicaltransport mesoscale model (CMAQ) and the micro
scale model (objective 5).
The simulation covers the whole city (figure 6) with 1
km2 resolution, although even finer resolution
subdomains are being used to fully test different urban
canopy models and nesting strategies.
A high-resolution bottom-up emission inventory is being
developed to perform the annual air quality simulations
needed in the project.
ISSUE Nº 1, SEPTEMBER 2015

Figure 6. Upper
panel: WRF
modelling domains
(48,16,4,1km
resolution).
Lower panel: some
results of predicted
wind speed and
direction
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Working program
OBJECTIVE 4
This Objective consists in the development of a micro
scale emission model suitable for the develpments of
Objective 5 and consistent with the emissions model
included in the mesoscale urban simulation system
(Objective 3).
A microscale traffic simulation model (PTV VISSIM)
which include pedestrian simulation (PTV VISWALK) will
be coupled to a high resolution emission model (TNO
VERSIT+micro through ENVIVER interface) for this
purpose (Figure 7).
The first milestone of the research in this area has been
the implementation of the VISSIM model in Fernández
Ladreda square, incorporating detailed information
regarding all the necessary traffic variables to feed and
validate the model (signaling and regulation, traffic
schedules and types of vehicles, etc.). These detailed
simulations provide essential information about the
speed-time profiles of the vehicles along their trips which
is crucial for high resolution emission calculations.
Once the traffic model was properly set up a first estimate
of road traffic emissions calculation at micro scale was
obtained. Temporal and spatial resolution of emissions
have to meet the requirements of the CFD model used for
OBJECTIVE 5
Micro scale processes are simulated by models of
computational fluid dynamics (CFD) which provide wind
and concentration data to a very high spatial resolution
(meters) for a 1km2 domain, which coincides with the
maximum horizontal resolution of the multi-scale models
used in Objective 3. We used a model with RANS
approach (Reynolds Averaged Navier Stokes).
The activities of this objective have been focused on the
development of realistic geometry (Figure 8) and
implementation of the model in the study area. Several
simulations have been carried out with different
scenarios, wind directions and traffic emissions.
The model has been tested with the concentration results
recorded by the passive samplers Objective 1.
Alternatives to consistently link microscale simulations
with emissions from Objective 4 and boundary conditions
from Objective 3 are being investigated.
OBJECTIVE 6
To characterize the background pollution in the city and
accurately assess of the impact of different scales
processes, an analysis of the time series during the
campaign period was carried out.
ISSUE Nº 1, SEPTEMBER 2015

micro scale simulations (Objective 5). Speed and instant
acceleration provided by the traffic model are used to
generate very high resolution emissions (1 sec and 5 m).

Figure 7. Traffic cameras used to capture information regarding
traffic fluxes and detailed fleet composition (A). 3D view of
microscale traffic simulation (B) and model setup (C). Preliminary
results of road traffic emission estimates at microscale (D)

Figure 8. Real geometry, domain setup, modelled wind fields and
pollutant distribution in the area of study

This analysis is aimed at the understanding of the
temporal variations of different pollutants, which enables
us to deepen our knowledge of the urban pollution
phenomena, and identify the changes that may be related
to the variations produced in the main sources that
generate them. Also a number of aerosol physicochemical properties or particle material will be analyzed to
identify or make assumptions about possible variations in
its main properties.
TECNAIRE NEWSLETTER
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This Objective involves several activities:
1) Time-series and trends analysis, episodic situations
and areas affected
2) Source apportionment studies
3) Continuous measurement of air pollution relevant
parameters in an urban background area (CIEMAT
facilities) and campaign specific measurements
(Objective 1):
• Size distribution of the atmospheric aerosol
(mass and number of particles)
• Simultaneously mass concentration of the
fractions (PM10, PM2.5 and PM1) (Figure 9)
• Characterization of chemical composition of
particles (nitrate, sulfate, organic carbon,
ammonia, chloride, black coal) (Figure 10)

Figure 9. Size-resolved PM concentration measured at a bus stop

This Objective also includes the study of the
concentration profiles of several trace gases and
aerosols, and the subsequent analysis of these results.
In order to do that, we are going to use a MAX-DOAS
(Multi-Axis Differential Optical Abs Spectrometry), which
makes use of the DOAS technique (Figure 11). This
instrument is being build and install at CSIC facilities.

Figure 11.
MAX-DOAS
instrument on
the rooftop of
CSIC

Figure 10. Aerosol chemical composition during the winter campaign.

OBJECTIVE 7
This objective intends to establish and apply
methodologies to understand whether models precisely
reflect the observed data as well as the reasons for
discrepancies. This work is carried out for both, the
entire city (mesoscale) and for a few streets and squares
at the micro scale. The validation process will be
undertaken in two stages:
• Validation of the mesoscale modelling system
(WRF/CMAQ) used in Objective 3. Meteorological
stations data and the info registered by the different
air quality stations networks will be used. It is
especially relevant to test the WRF model urban
settings and parameterization
• Microscale Validation of the CFD model coupled to
mesoscale suite. It will be focused on the comparison
ISSUE Nº 1, SEPTEMBER 2015

of the simulations for urban areas and periods
covered in the experimental campaigns (Objective 1).
The ability of the model to reproduce the atmospheric
flows will be assessed through the comparison with
measurements of wind speed, direction and
turbulence. In addition, simulations will be compared
with the measurements of air pollutants concentration
registered by the different monitoring techniques
tested.
Despite developing validation methodologies, innovative
methods to assess measurements and models
representativeness to estimate the exposure of pedestrians
to air pollution are being proposed and tested within
TECNAIRE.
TECNAIRE NEWSLETTER
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Recent events
Diffusion activities (2015)
-2015 International Emission Inventory Conference “Air Quality Challenges: Tackling the Changing Face of Emissions”
(San Diego 13-16 april). Borge et al., 2015. Development of road traffic emission inventories for urban air quality
modeling in Madrid (Spain)
-2nd Healthy-Polis workshop (Kunshan 30 may). Borge et al., 2015. Experimental campaign in a heavily trafficked
roundabout in Madrid for the assessment of air quality monitoring station representativeness in terms of population
exposure to NO2
-Urban Environment Symposium UES2015 (Oslo 1-3 june). Artíñano et al., 2015. Experimental characterization of the
ambient particulate mass concentration field in complex urban areas
-Iberian Meeting on Aerosol Science and Technology RICTA (Elche, 29 june-1 july). Artíñano et al., 2015. Microscale
variations of ambient particle concentration levels in an urban traffic hot spot
- Alonso et al., 2015. Hygroscopic Properties of Atmospheric Aerosol Measured with an HTDMA in an Urban
Background Site in Madrid
-9th International Conference on Urban Climate jointly with 12th Symposium on the Urban Environment (Touluse 20-24
July). Santiago et al., 2015. Evaluation of a CFD modelling approach by means of an intensive experimental campaign
using passive samplers in an urban area of Madrid.
Upcoming conferences (2016)
-10th International Conference on Air Quality – Science and Application (Milano, 14-18 march)
-Harmo 17 - 7th International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory
Purposes (Budapest, 9-12 may)

FOR MORE INFORMATION, PLEASE VISIT OUR
WEBSITE:

www.tecnaire-cm.org
• Groups, companies and scientific program

• Latest news

• Results

• Formation and job opportunities
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