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Adaptation & 
Policy
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Activities Emissions Air quality 

changes Impacts

CauseCause EffectEffect

• Provides a holistic description of environmental problems
under a policy-driven framework.

• Methodology for gaining insight about the complex
interactions between phenomena.

• Intended to satisfy the needs of a wide range of
stakeholders. Assuming CPU time for quick questions??

• Broader scope – description of phenomena is simplified.
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• European scale poorly catches local level phenomena.

• Not designed to support national policy – making.

• Relies on an emission inventory with a limited detail.

• Spain does not have an air – quality IAM so far.
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What is AERIS? What is AERIS? 
• AERIS is an air pollution Integrated Assessment Model
conceived for Spain and the Iberian Peninsula.

• Addresses air quality variations (policy-relevant indicators)
as a function of percentual variations in emissions against a
reference scenario.

• Multi – pollutant approach: SO2, NO2, NH3, PM10, PM2.5.
Describes formation of O3 and secondary particles.

• Based in the SIMCA – SERCA modeling system: WRF –
SMOKE – CMAQ (Borge et al., 2008).

• Constructed with emissions from the 2007 National
Emission Inventories of Spain and Portugal. Reference
scenario. Activity peak.
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Modeled domain Modeled domain 

• Domain size: 960 × 1200 km. 
• Cell size: 16 km. 4500 cells.
• Domain center: 40°N, 3°W 
• Spain and Portugal. Parts of 
France, Morocco and Algeria.
• Spain – NUTS3 (province).
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Emission InventoriesEmission Inventories

SNEISNEI PNEIPNEI EmissionsEmissions
SpainSpain PortugalPortugal Other countriesOther countries

EMEP/CORINAIREMEP/CORINAIR

SNAP SNAP 
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Specific transfer matrices developed for  AERISSpecific transfer matrices developed for  AERIS



Air Quality ModelAir Quality Model

WRF

SMOKE

CMAQ Concentrations

Initial Conditions
Boundary Conditions

Terrain

Meteorology

Emission Inventories
SNEI+PNEI+EMEP

Surrogates
Point Sources

Eulerian Air Quality 
modeling system

(Borge et al., 2008; 
2010)

Eulerian Air Quality 
modeling system

(Borge et al., 2008; 
2010)
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Construction of AERISConstruction of AERIS

• AERIS is based on a parameterization of the AQM system –
use of transfer matrices.

• For primary pollutants, air quality levels are proportional to
changes in emissions (Economidis et al., 2008). Linearity.
Systematic perturbations – linear regression.

• Changes in emissions were always referred to the baseline
scenario (year 2007).

• Transfer matrices were constructed according to Bartincki
(1999) and Amann et al., (2011).
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Matlab – based GUIMatlab – based GUIInput text filesInput text files

Desktop 
applications

Desktop 
applications
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Scenario definitionScenario definition

• Hypothetic scenario (HS) – Emissions likely to occur in
Spain in year 2014. Nine sectors were altered (feasible).

• Baseline scenario (BS) – Emissions reported for year 2007.

• Hypothetic scenario created with the Spain’s emission
projection model (Lumbreras et al., 2008).

• Four pollutants were followed: SO2, NOx, PM10, and NH3. O3
was also simulated. Annual means.

• The hypothetic scenario was also processed with the SIMCA
ensemble. Results – reference for comparison.
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Emissions at the hypothetic scenario (HS) as a variation percentage of the reference scenario (RS)Emissions at the hypothetic scenario (HS) as a variation percentage of the reference scenario (RS)

a Emissions are presented in annual metric tons (t • yr-1)a Emissions are presented in annual metric tons (t • yr-1)
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b P-AERIS results, M-AQM results, N-number of cells of the domain, s-standard deviation of the 
dataset
b P-AERIS results, M-AQM results, N-number of cells of the domain, s-standard deviation of the 
dataset

Evaluation through indicators for model benchmarking
(Thunis et al., 2011). IAM Prediction vs. AQM Prediction.
Evaluation through indicators for model benchmarking
(Thunis et al., 2011). IAM Prediction vs. AQM Prediction.
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Statistic Indicators:
MB = 0.95 μg/m3

ME = 0.48 μg/m3

MFB = 4.15 %
MFE = 13.11 %
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r = 0.9841

NO2 concentrations for the HS (μg/m3) NO2 concentrations for the HS (μg/m3) Scatterplot for NO2 concentrationsScatterplot for NO2 concentrations
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Statistic Indicators:
MB = 0.09 μg/m3

ME = 0.14 μg/m3

MFB = 3.35 %
MFE = 4.97 %
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Statistic Indicators:
MB = 0.08 μg/m3

ME = 0.22 μg/m3

MFB = 1.04 %
MFE = 2.37 %
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Statistic Indicators:
MB = -0.59 μg/m3

ME = 0.82 μg/m3

MFB = -0.61 %
MFE = 0.86 %
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• Although simplified, AERIS performs similarly to the
ordinary air quality model.

• Good correspondence levels of model benchmarking
indicators.

• Small scale phenomena are catched by AERIS (i.e. cities).
Finer scales and high-quality emission inventories.

• Uncertainty analysis is difficult to carry out. However, these
are being evaluated.

• AERIS does not intend to replace AQMs. It is only a
screening tool for answering “what if?” scenarios.
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• AERIS is still under development. New modules are being
constructed and tested. Full version to be delivered in 2014.

• New transfer matrices for sectors and pollutants are being
developed.

• Create a stand – alone version of the AERIS application.

• Circulate AERIS among stakeholders and policy developers
for feedback.

• Possibly reduce scale and create a version for Madrid.
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