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Presentation 

› Air pollution assessment system 

› Emission assessment 

› Air quality assessment 

› Health impact assessment and external costs 

of air pollution 

› Impact assessment of policy measures 

 



AirQGoc Workshop                        September 23, 2014  

Aarhus University 
Department of Environmental Science 

Air Pollution Assessment System 

› Decision-support for policy makers and administrators 

within: 

› spatial distribution of air quality levels  

› comparison with air quality limit values 

› past, present and future emissions and air quality 
levels 

› total emissions and their distribution on different 
sources 

› the attribution of emissions to air quality levels 

› impact assessment of different policy measures on 
emissions and air quality levels 
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Modelling intra-urban variability 
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u regional  
background  
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AQ models 

› Regional background concentrations 

› DEHM (Danish Eulerian Hemispheric Model) 

› Adjusted for PM mass closure 

› Geographic resolution 5,6 km x 5,6 km in DK 

› Urban background concentrations 

› Urban Background Model (UBM) 

› Coupled to DEHM in one hour time step 

› Geographic resolution 1km x 1km 

› Street concentrations 

› OSPM (Operational Street Pollution Model) 

› AirGIS (automatic generation of input data to 

OSPM about traffic and buildings) 

› Geographic resolution: address level 

Roof level wind

Recirculating air

Direct plumeLeeward
side

Windward
side

Background pollution

NO + O3         NO2 

NO2 + hv       O3 + NO 
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AirGIS 
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Automatic generation of 

street configuration data 

from digital maps and 

databases for OSPM: 
 

1. General building height 

2. Building height 

    in wind sectors 

3. Width of street 

4. Street orientation 

5. Distances to street 

    intersections 

6. Traffic data 

 

Avenue program (ArcView 3x) 

more than 10.000 lines 

(Jensen et al. 2001;Jensen et al. 2009)) 
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Assessment of emissions 

› Urban emission inventories for UBM provide information 

about: 

› total emissions and their distribution on different 
sources 

› visualise spatial distribution on a grid 

› may be available for different scenario years for 
future predictions 

› COPERT emission module of OSPM® provides 

information about: 

› different vehicles classes 

› engine size and emission classes 

› fuel types 

› different scenario years 



AirQGoc Workshop                        September 23, 2014  

Aarhus University 
Department of Environmental Science 

Emissions on 1x1 km2 for UBM 

› National emissions of 

all emissions sources 

are spatially 

distributed based on 

geographic criteria 

(SPREAD model) 

› e.g. road emissions 

are distributes based 

on km travelled in 

grid cells based on 

GIS network with 

traffic data 

(Plejdrup & Gyldenkærne 2011) 
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NOx apportionment at busy street in CPH 

› Heavy-duty vehicles 

have much higher 

emissions factors than 

light-duty vehicles 

 

› 4.7% heavy-duty 

vehicles contribute 

about 40% of NOx in 

2015 

 

(Jensen et al. 2012) 

COPERT emission 

Module in OSPM 
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NOx emissions by Euro classes at HCAB in 2015 

› Possible regulation of   

<=Euro 3 (diesel) and 

<=Euro 1 (petrol) 

› Limited contribution 

 

COPERT emission 

Module in OSPM 
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Source attribution to urban background 
concentrations in Copenhagen 

Contribution 

from emission  

sources in 

Copenhagen to 

urban background  

conc. in Copenhagen 

µg/m3 

(Jensen et al. 2013) 

DEHM/UBM 
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Air quality and health impact assessment 

› AQ information at the regional scale, urban background 

scale and street scale 

› past, present and future air quality levels  

› visualise spatial distribution of air quality levels  

› validated models can provide comparisons air quality 

limit values or guidelines can be carried out and an 

assessment of exceedances of limit values 

› impact assessment on health effects and related social 

costs of air pollution 
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NO2 exceedances in Copenhagen 2012 

(Ellermann et al. 2013) 

DEHM/UBM/OSPM/AirGIS 
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Predicted NO2 exceedances in 2015 

(Jensen et al. 2012) 

DEHM/UBM/OSPM/AirGIS 
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Website for Air Quality at Your Street 
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Urban background concentrations of NO2 

DEHM and UBM 
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Street concentations of NO2 

DEHM/UBM/OSPM/AirGIS 
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3-day forecast of air quality in Copenhagen 

Ålborg 
København 

DEHM/UBM/OSPM plus meteorological forecast 
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External costs of air pollution 

› External costs are defined as the costs that are attributed 

to others and not accounted for (welfare economic costs) 

› External costs for air pollution (excl. CO2) are related to 

health effects and estimated based on the ”impact 

pathway” method (EVA-system) 
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EVA – Economic Valuation of Air pollution  

› Emissions sources 

› Concentration (DEHM) and 

(UBM) and population exposure 

Health effects based on 

exposure–response relations 

› External costs based on pricing 

of health effects 

› Output:  

› Health effects 

› External costs 

› Unit costs 

› Applications: 

› Assessments, cost-benefit  

 

(Brandt et al. 2011) 
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Premature deaths in Copenhagen region 

2010 › total of ~1500 premature 

deaths for the whole area due 

to all domestic and foreign 

emissions or about DDK 12 

billion per year 

› ~540 in inner city 

(Municipalities of Copenhagen 

and Frederiksberg) or about 

DDK 4 billion per year 

› local emissions in Copenhagen 

and Frederiksberg contribute 

only about 11% 
(Brandt et al. 2013) 
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Impact assessment of policy measures 

› Impact assessment of different policy 

measures on emissions and air quality levels 

› urban planning 

› transportation schemes 
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Impact assessment of urban planning 

› Impacts of land-use changes (UBM) 

› moving industrial areas to outskirts of cities 

› optimal location of new industry given different location 
alternatives 

› urban sprawl versus densification 

› Detailed studies of single or many streets (OSPM) 

› impacts to emissions and air quality of changes in traffic 
(total flow, vehicle distribution, travel speed) 

› changes in the street geometry like street width or 
larger changes to the building facade e.g. openings or 
change in building height 
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Impact assessment of transportation 
schemes 
› Road network and associated traffic (e.g. based on 

traffic modelling) 

› Traffic (total flow, vehicle distribution, travel speed) in 

an existing road network  

› Traffic due to policy measures such as toll ring, road 

pricing or other traffic management schemes 

› Vehicle emissions due to: 

› dieselisation of the vehicle fleet 

› Low Emission Zone (LEZ) that ban older vehicles (older emission 

classes) to enter a zone 

› scenarios for introduction of electric vehicles 

› etc. 
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Existing Low Emission Zone 
› Particle filters on diesel-powered 

heavy-duty vehicles > 3½ ton  

› Euro II and older by September 1, 

2008 (vehicles<=2001) 

› Euro III and older by July 1, 2010 

(vehicles<=2006) 

› Etablished in Copenhagen in  

Sept. 2008) 

› Particle filters in average assumed 

to reduce exhaust PM by 80% 

› Impacted assessed with UBM-

OSPM and regional measurements 

 

 (Jensen et al. 2011; www.miljozonen.dk) 

Low emission zone in Copenhagen, 

equal to municipal border 

u Other cities 

– Aalborg (Feb, 2009)  

– Odense (Jul, 2010) 

– Aarhus (Sep, 2010) 
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Impacts of LEZ in Copenhagen 

› PM exhaust emission from HDT is reduced by 60% in 2010 

corresponding to 16% for all traffic (HCAB) (due to shift to 

EEV/Euro5 and re-profit of DPF on <=Euro 3) 

› LEZ reduces PM10 street concentrations with 0.2 µg/m3 

(1%) and PM2.5 also by 0.2 µg/m3 (1.5%) modest change 

due to significant non-exhaust and regional contribution 

› NOx reduction of about 25% due to a partly shift towards 

Euro 5 vehicles instead of equipping all heavy-duty 

vehicles with particle filters (Euro 3 or older) 

› Total NOx emission reduced 8% in 2010 

› No. of exceedances of the NO2 limit value in 2010 47 to 

29 (out of 138 streets) 
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Impacts of proposed LEZ to 
EC concentrations in CPH 

Reference in 2015 Proposed Berlin scenario in 2015 

(Jensen & Ketzel 2014) 

UBM/OSPM/AirGIS 

Berlin scenario: Diesel-dreven passenger cars and vans <= Euro 3 

and petrol-dreven passenger cars and vans <= Euro 0 are banned in 

LEZ  
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Proposed toll ring in Copenhagen 

 

 

(Jensen et al. 2012) 

u Congestion charging 

– impact assessment showed 

reduction in traffic by 19% and in 

NOx emissions by 10% 

– reduction in No. of NO2 

exceedances from 11 to 6 in 

2016 (out of 138 streets) 

– proposal turned down due to 

opposition 
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Thank you for 
 your attention 
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Supplementary slides 
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(Jensen et al. 2004;2006;2010;Ellermann et al. 2009;Berger et al. 2009;Wang et al. 2009) 
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Urban background variations 

› Traffic sources and 

ships emissions 

clearly visible 

› Dominated by long-

rang and local sources 

hardly visible. Sea salt 

visible. 

› Dominated by 

long-rang and local 

sources hardly 

visible. Gradient 

from south. 

NO2 PM10 PM2.5 
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Geografic variation at address level 

NO2 
PM2.5 

PM10 



AirQGoc Workshop                        September 23, 2014  

Aarhus University 
Department of Environmental Science 

Scenarios to reduce NO2 exceedances in 2010  

(Jensen&Ketzel  2009) 
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Compliance for NO2 in 2015? 

 

 

(Jensen et al. 2012) 

u Congestion charging 

– part of government agreement of 

new minority government in 2011 

– impact assessment showed 

reduction in traffic by 19% and in 

NOx emissions by 10% 

– reduction in No. of NO2 

exceedances from 11 to 6 in 

2016 (out of 138) 

– proposal turned down due to 

opposition 
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36 

Overall control strategies 

› Permanent control 

› permanent control measures to ensure good air quality at all times 

› Emergency control 

› emergency control measures when variations in meteorological 
conditions or other reasons cause there to be a concern of a serious 
deterioration in air quality 

› e.g. burn ban for wood stoves in US or temporary closing down of 
factories in Beijing during Olympic games 
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37 

Overall abatement strategies 

› Emission reduction 

› Dilution 

› Separation between source and receptor 

› Cleaning the environment 
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Different types of abatement measures for 
road transport 

› Technology 

› end-of-pipe, cleaner vehicle and fuel technology, in-use control 

› Economic instruments 

› toll ring, road pricing, fuel and vehicle taxes 

› Planning 

› urban planning, traffic planning, air quality planning 

› Behaviour 

› information campaigns e.g. promoting bicyling 
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x 

› x 


