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1. Introduction
• Air pollution: a long-standing health concern
• Madrid’s Plan A

2. Methodology
• General approach
• Air quality modelling system and scenarios
• Concentration-Response Functions (CRF), population and mortality

3. Results
• Health impact assessment

4. Conclusions and further work
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•Significant abatement efforts and positive air
quality trends (for most pollutants) in Europe

•Still over 500,000 premature deaths attributable
to PM2.5, NO2 and O3 exposure

1. INTRODUCTION

Air pollution: a long-standing health concern
PM2.5

NO2 O3

EEA, 2020



20th International Conference on Harmonisation within
Atmospheric Dispersion Modelling for Regulatory Purposes

14-18 June 2021, Tartu, Estonia

•Further need to design and implement
urban air quality plans such as the Air
Quality and Climate Change Plan for the
city of Madrid (Plan A)

•Approved in 2017, horizon 2020 (AQ)
and 2030 (GHG)

•Objectives:

- Meet AQD air quality standards (including NO2)

Madrid City Council (MCC), 2021

- Meet WHO guidelines for PM

- 40% reduction in total GHG emissions
relative to 1990

- 50% reduction in GHG emissions
caused by urban mobility relative to
2012

- reduce climatic vulnerability and risks
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•Most of the 30 measures are related to sustainable mobility, since road traffic is the main
contributor to PM, but mostly NO2 ambient concentration levels:
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•Contribution of local road traffic (SNAP 07) to annual average concentration in the Madrid
municipality

PM2.5NO2

%



20th International Conference on Harmonisation within
Atmospheric Dispersion Modelling for Regulatory Purposes

14-18 June 2021, Tartu, Estonia

•Measures in the sustainable mobility area expected to reduce NOX emissions from road traffic by
40% (consistently with the local inventory methodology)
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General approach

• Standardized HIA methods based on mortality relative risks and concentration changes from 2012
(reference scenario) and 2020 (Plan A temporal horizon)

2. METHODOLOGY

Where:
- ΔY is the change in the mortality between a future

scenario and the current situation (refernce scenario),
2020 and 2012, respectively

- Y0 is the mortality rate at the reference scenario (for
each specific health endpoint and age group according
to applied concentration-response functions, CRF)

- β is the coefficient of the CRF for an increase in air
pollution concentrations of 1 µg m-3

- Δx is the change in the pollutant concentration between
the baseline (2012) and projected scenario (2020) (µg
m-3)

- P is the projected population for year 2020.

USEPA, 2015
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Air quality modelling system and scenarios

• Four nested domains up to 1
km2 resolution, 38 vertical levels

• Two annual model runs
(baseline and future): identical
except for local emissions

+ BEP

CB05 mechanism, aero6

Plan A effect by comparison 
(future-baseline)
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• Very detailed traffic modelling system and emission computation

Madrid city council 
TDM (VISUM)

• Distance travelled by 
vehicle type 

• Running vehicle fleet

Vehicle fleet study

- EMT buses

- Other vehicle types

• Traffic counts

• Specific statistics

COPERT 4.11
Total emissions by 
zone, process and 
vehicle type (405 

categories)

Zone-specific aggregated 
emission curves = f(v)

Temporal profiles 
(weekly, diurnal)

Hourly emissions 
at link level

Surrogate data

Gridded annual emissions 
(1 km2)

Chemical speciation 
(NOX, COVs)

Mesoscale air 
quality modeling

• Distance travelled 
by zone (veh*km)

• Average speed by 
zone

Mesoscale road traffic emission 
computation scheme

Borge et al., 2018
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∆x: pollutant concentration change between the baseline (2012) and projected scenario (2020)

PM2.5
annual 
mean

PM2.5
annual 
mean
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• PM2.5 annual mean expected to improve more than 2 µg·m-3 in Madrid downtown

• Urban background levels reduced by 13%; higher in heavily trafficked areas
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NO2
annual 
mean

NO2
annual 
mean
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NO2 annual mean 
variation

NO2 19th highest 1‐
hour concentration 

variation

• NO2 annual mean expected to improve more than 10 µg·m-3 in Madrid downtown

• Urban background levels reduced by 25%; higher in heavily trafficked areas

• NO2 peaks reduced up to 30 µg·m-3
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O3
annual 
mean

O3
annual 
mean
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• O3 annual mean expected to increase around 3 µg·m-3 in Madrid downtown

• Urban background levels increased by 5%; up to 10% in the city centre

O3 annual mean 
variation

O3 26th highest 8‐
hour concentration 

variation

• Negligible effect on 8-hour daily maxima (increments around 0.4%)
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• Variations of relevant metrics (those of C-R functions) averaged at district level (using grid centroids)

• Concentration changes averaged over the whole Madrid municipality:

PM2.5 ~ - 0.6 μg m-3 NO2 ~ - 4.0 μg m-3 O3 ~ + 1.0 μg m-3
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Concentration-Response Functions (CRF), population and mortality

Pollutant metric

• PM2.5 annual mean
concentrations

• NO2 annual mean
concentrations

• O3 summer months'
(April–September)
average of daily
maximum running 8-h
means above a 70 μg m-3

Health endpoint 
(ICD-10 code)

Respiratory mortality in 
adult populations (age 

>30) (J00-J99)

Reference

All-cause (natural) 
mortality in adult 

populations (age > 30) 
(A00-R99) 

• Health risks of air pollution in Europe (HRAPIE)
• Review of evidence on health aspects of air pollution (REVIHAAP” (WHO)

Relative Risk (95% 
CI) per 10 μg m-3

increment

Hoek et al., 
2013

Atkinson et al., 
2018; Hoek et 

al., 2013

Jerrett et 
al., 2009

1.062 
(1.040–1.083)

1.055* 
(1.031–1.080)

1.014 
(1.005–1.024)

* long-term NO2 effects might overlap with effects of long-term PM2.5 (up to 33%) 
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• Population data and projections for 2020
provided by the Department for Statistics of
Madrid City Council according to the official
census

• Baseline number of deaths (corresponding ICD-
10 codes) diseases for 2012 were provided by
the Madrid Regional Statistical Office

• Both at disctrict level (21)

Izquierdo et al., 2020
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•88 (57, 117) attributable deaths avoided

•Crude mortality rates reduced up to 14 (by 100,000 populations) in the city centre

3. RESULTS

Health impact assessment
Sex Deaths in absolute numbers

(95% CI in brackets)
Total −88 (−57, −117)
Men −41 (−27, −55)

Women −47 (−30, −62)
PM2.5
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•519 (295, 750) attributable deaths avoided

•Crude mortality rates reduced up to 57 (by 100,000 populations) in the city centre

Health impact assessment
Sex Deaths in absolute numbers

(95% CI in brackets)
Total −519 (−295, −750)
Men −244 (−139, −353)

Women −275 (−156, −397)
NO2
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•0 (0, 0) attributable deaths avoided

•Crude mortality rates increases lower than 1 (by 100,000 populations)

Health impact assessment
Sex Deaths in absolute numbers

(95% CI in brackets)
Total 0 (0, 0)
Men 0 (0, 0)

Women 0 (0, 0)
O3
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•The effective implementation of Plan A in Madrid city would lead to better air quality and more than
500 all-cause premature deaths could be postponed annually

•Mostly related to the reduction of NO2 levels due to emission abatements in the road traffic sector

•Positive effects concentrate in the city centre, targeted by many measures (e.g. LEZ)

•No significant effects due to O3 increase

4. CONCLUSIONS AND FURTHER WORK

•Need to address health inequity in the review of Plan A to yield larger benefits all over
the city

•Additional research into O3 dynamics in Madrid is needed in order to design improved
and more comprehensive air-quality control strategies

•Consider climate-related benefits
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Thank you for your attention!

Air-quality modelling was funded by the Madrid City Council within the 

framework for the development and assessment of Plan A.

rafael.borge@upm.es

HIA study funded by the European Project ICARUS (Integrated Climate forcing 

and Air pollution Reduction in Urban Systems; Horizon 2020, GA N° 690105) and 

SaludAire-España (Contaminación atmosférica y salud en España: morbilidad en 

atención primaria y mortalidad; Carlos III Health Institute, AESI grant

PI18CIII/00022)

Friday 18th

Topic 6: Use of modelling in health 
and exposure assessments


