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Air quality monitoring and modelling in 

Germany 
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Senate Department for Urban Development 
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Why AQ monitoring & modelling? 

 AQ monitoring in Germany and Berlin 

Model applications supporting AQ management 

 Examples from Berlin’s AQ planning exercise 

 Conclusions & emerging recommendations 



Martin Lutz | TAIEX Workshop Podgorica Oct 2014 2                                                                                                                                      
Senatsverwaltung für Stadtentwicklung und Umwelt | Abteilung IX Umweltpolitik 

Requisite issues to be dealt with in an Air Quality Plan ….  

■ Is there a problem with air pollution? 

 assessment of the air pollution against the AQ limit values 
 Area of non-compliance, trends 

■ Where does it come from, who’s to blame & for how much? 

 source analysis 
 scales: local, urban, regional, continental 

 source apportionment 
 source sectors: transport, industry, domestic, … 

■ Are current measures sufficient for compliance ? 

 Estimate impact of current measures and legislation 
 includes effects of national and EU-wide measures 

■ If not, which extra measures to take? Will limit values be met? 

 Forecast the effect of additional measures planned  

■ Further possible long-term measures & their benefits 

 

Air Quality Plans     

   Structural template 

Scope/need for 

AQ monitoring 

Scope/need for 

AQ modelling 
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why measure?      

   reasons for AQ monitoring 

■ air quality assessment for checking compliance with the 
AQ standards 
 supplemented by modelling and objective estimation techniques 

■ underpinning the development of action plans 
 analysis of the man-made sources of air pollution 

 analysis of other external factors on pollution levels, like  
 meteorology and air chemistry 

 natural sources (biogenic PM & VOC) 

 analysis of the impact of control measures 
 trend analysis 

■ validation of dispersion models 

■ basis for granting operation permits to larger 
installations 
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Germany’s federal structure 

   16 “Länder” 
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who needs to measure ?  

  AQ monitoring in Germany 

 the Federal Environment 
Agency (UBA) 

 operates monitoring sites only in 
remote areas, aimed at... 
 capturing the large scale background 

concentration 

 compliance assessment with AQ standards 
to protect ecosystems & vegetation 

 contribute to international monitoring 
programmes (EMEP, GAW) 

 Routinely collects all AQ monitoring data  

 operates one of two national 
reference laboratories 
 Maintains the national calibration 

standards, takes part in EU-wide 
comparisons of the national standards with 
the EU-standard 

 organises regular comparisons with the 
calibration standards of the „Länder“ 
networks and their reference instruments 

 

 



Martin Lutz | TAIEX Workshop Podgorica Oct 2014 6                                                                                                                                      
Senatsverwaltung für Stadtentwicklung und Umwelt | Abteilung IX Umweltpolitik 

who needs to measure ?  

  AQ monitoring in Germany 

 The Federal States („Länder“)  
 run monitoring networks in rural, 

suburban & urban areas for … 
 AQ assessment according to EU 

legislation 

 Compliance assessment with AQ 
standards, with focus on human health  

 underpinning local air quality planning 
with source analysis 

 Operate the second national 
reference laboratory  
(North-rhine Westphalia) 

 municipal authorities 
 conduct additional measurements 

for their own purpose and as a 
basis for granting permits for 
operation of larger installations 
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Low emission zone 

Automatic monitoring site in residential areas and at the cities’ periphery 

Automatic monitoring site in busy roads at the kerbside 

monitoring site with miniaturised sampling devices 

 passive samplers for NO2 

 active PM10 mini samplers for EC/OC analysis 

AQ monitoring in Berlin  
 Focus on hot spots & urban exposure & source analysis  
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AQ monitoring in Berlin  

  Focus on source analysis 

regional 

background site 

in rural area 

40 km regional 

background site 

on bottom and 

top of tower 

324m above 

ground 

traffic site 

urban  background site 

Low emission zone 

Automatic monitoring site in residential areas 
and at the cities’ periphery 

Automatic monitoring site in busy roads at the 
kerbside 

monitoring site with miniaturised monitoring 
devices for traffic related pollutants in busy roads 

traffic mini-sampler 
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Where to measure?             

   Example Berlin: typical urban background station 

■ located at the margin of a 
kindergarden 

■ in a densely populated residential 
area close to the city centre  

■ in a dead end road with little traffic 

 used as reference site for comparison 

with other roadside stations 

■ pollutants  
 SO2 (stopped ), CO (stopped 2007) 

 NO, NO2, NOx  
 automatic & passive 

 PM10, PM2.5 
 ß-gauge & LowVol sampler 

 speciation analysis (SO4, NO3, NH4, 

HM, EC, OC, Na, Cl, K, Mg, Ca)  

 EC/OC by mini-sampler 

 heavy metals, PAH 

 benzene, toluene 
 automatic with GC 

 ozone 
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PM10 

PM2.5 

using AQ data for source analysis   

           impact from construction works 
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Where to measure?             

     Example Berlin:  typical urban roadside station 

■ located on the paveway of a busy 

arterial road (65.000 veh/day)  
 used as reference traffic site with 

extended monitoring programme 

■ in a densely populated area close 
to the city centre  
 house with flats 

 shopping  

 small businesses 

■ pollutants  
 SO2, CO  

 NO, NO2, NOx  
 automatic & passive 

 PM10, PM2.5 
 ß-gauge & LowVol sampler 

 speciation analysis (SO4, NO3, NH4, 

HM, EC, OC, Na, Cl, K, Mg, Ca)  

 EC/OC by mini-sampler 

 heavy metals, PAH 

 benzene, toluene,  
 automatic with GC 
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Where to measure?          

  examples from Saxony Anhalt 
 industrial site 

traffic site 

remote background site 

on mountain top 
traffic site 

http://www.mu.sachsen-anhalt.de/lau/luesa/stationen/brocken-foto.html
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Example: monitoring sites in 

Rostock 

urban background 

site in residential 

area 

rural  background 

site 

traffic site 

traffic site 

traffic sites  

rural background sites  

urban background sites  

Where to measure?          

 examples from Mecklenburg-Vorpommerania 
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Episode Jan/Feb 

2014 with high PM 

concentration in 

Germany 

use AQ data for source 

analysis  regional scale 

transport of PM10 

AQ monitoring in Germany 

        data collection & mapping by UBA 
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Air quality monitoring & assessment in Germany 

  conclusions and recommendations 

■ AQ monitoring is the main tool for successful AQ management 
 compliance assessment with AQ standards 

 source analysis 

 information & awareness raising of the public 

 impact analysis of control measures 

■ important pre-condition is proper siting 

 representative recording of pollution exposure of the (urban) 
population 

 includes roadside monitoring, urban background  

 includes rural background stations for source analysis 

 common siting criteria needed  

■ use of simple und cheap indicative measurement supplementary to 

automatic continuous measurements 

 passive samplers, mini-samplers 

 random measurement with mobile units 

 comparisons with standard technique important for QA/QC 
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using AQ data & fitted results of a complex model                

     compliance assessment 
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Model application 

 Relevance of model resolution for urban scale 

 Example 

Berlin 

agglomeration 

16 x 14 km² 
2 x 2 km² 

8 x 7 km² 

Source: PAREST 

final report, 

Builtjes et. al, 

2010 
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4x4 km2 

regional background 

~30x30 km2 

large scale background 

1x1 km2 

urban background 

AQ management 
         scope for model application 

street canyon scale 

Objectives:  

■ AQ assessment  

■ Source apportionment  

■ Scenario analysis 

 Will AQ limit values be met in the future? 

Needs: 

■ Reliable projections into the future 

 polluting activities, specific emissions 

■ Robust forecast of the impact of 
current legislation & extra measures 

 EU, national and local 
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dispersion models   

 classification according to spatial scales 

■ regional – continental scale (1000 x 1000 km2) 

 application purposes 

 get large-scale background levels for assessment & projections 

 assessment/quantification of interregional/transboundary pollution 

transport 

 source apportionment for distant emission sources 

 requisite features of such models 

 treatment of major chemical/physical atmosheric processes  

 photochemistry, secondary aerosol formation, wet/dry deposition 

 full-scale 3-dimensional simulation of pollution transport  

 large-scale emission inventory, incl. natural emissions 

 output: NO, NO2, NOx, SO2, NH3, O3, VOC, PMxx, secondary PM 
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% share of German sources of primary 

PM: zero emissions of surrounding 

countries 

estimating the share in primary PM of domestic and external sources 

% share of German sources of total PM: 

zero emissions of surrounding 

countries 

Source: UBA/R.Stern 
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regional scale models    scenario runs 

Ozone exceedances 1999 Ozone exceedances 2010 

Source: UBA/R.Stern 
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dispersion models   

      classification according to spatial scales 

■ regional – continental scale (1000 x 1000 km2) 

  exemplary models used in Germany 

 EURAD (www.eurad.uni-koeln.de) 

 REM/CALGRID developed by FU Berlin for German EPA 

  requisite conditions for application  

 need significant computer resources 

 handling needs specific expertise 

 input data (emissions, meteo, land use, etc) required on a European scale 

predestined for National Ennvironment Agencies to 

operate such models as a support for local authorities 

or  

use MACC-II services …. 
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The MACC  

Services: 

Routine 

operation of 

several 

European 

Chemical 

Transport 

Models  
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Source: 

Vincent-

Henri 

Peuch 

The MACC-II Services 
 Routine operation of several European Chemical Transport Models  

 

CHIMERE 

  SILAM 

    Lotos-Euros 

      EURAD-IM 

        MOCAGE 

          MATCH 
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The MACC-II Services 
 Routine operation of several European Chemical Transport Models  

Example: Smog-Episode in February 2014 
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observed* 

24h mean 49 µg/m³ 

observed*  

24h mean 77 µg/m³ 
observed*  

24h mean 52 µg/m³ 
observed*  

24h mean 34 µg/m³ 

*measured PM10 averaged over 5 road-side stations 

 Example: EPSGrams of the model ensemble results 

for Berlin 

     Note: Urban scale not yet well resolved,     

 roadside levels grossly underestimated 

 

The MACC-II Services 
 Routine operation of several European Chemical Transport Models  



Martin Lutz | TAIEX Workshop Podgorica Oct 2014 29                                                                                                                                      
Senatsverwaltung für Stadtentwicklung und Umwelt | Abteilung IX Umweltpolitik 

MACC-II model simulations 

    application for source analysis 

Example: MAC-II simulation of City Contribution 

Source:  Michael Gauss 2013 

 City contribution 

underestimated , 

because model 

does not yet 

resolve urban 

scale 
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Source:  

Hugo Denier 

van der Gon, 

TNO 
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■ urban scale (area ~100x100 km2, resolution ~ 1x1 km2) 
  application purposes 

 urban background levels for AQ assessment & projections 

 urban background levels as boundary conditions for local/micro-scale 
or street canyon modelling 

 source analysis/apportionment on an urban scale 

 calculation of the impact of single stationary sources for licensing 
purposes 

 environment impact assessment of infrastructure and development 
projects  

 features of such models 

 treatment of atmosheric chemistry only for reactive species with short 
life-time (ozone, reactive VOC, NO, NO2)  

 simplified 3-dimensional simulation of pollution transport  

dispersion models   

      classification according to spatial scales 
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■ urban scale  
 exemplary models used in Germany 

 simple: 

 AUSTAL 2000 developed by German EPA for issuing permits to 
operators according to German TA Luft 2002 

 TALBO, IMMISnet: Gaussian multiplume-models 

 complex: 

 CALGRID developed by FU Berlin for German EPA 

 EURAD (Nest 4 with 1x1 km resolution)  

  requisite conditions for application  

 PC sufficient for simple models 

 limited expertise, but depending on the complexity of the model 

 detailed emission data matching the model resolution 

 2-D wind, vertical temperature profile or stability class, 3-D wind for 
complex chemical transport models 

 
 

dispersion models   

      classification according to spatial scales 
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all sources traffic on main roads 

traffic on secondary roads industry 

domestic sources & small business 

other sources 

Air Qualiy Assessement & SA in Berlin 

  applying models: simulated  

 urban background NOx - pollution 
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street canyon scale   

   schematic of pollution distribution 

source: Plamgren 2003) 
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■ local/street canyon scale (extension ~100m – 1000m) 
  application purposes 

 screening of hot spot pollution (with simple models) 

 AQ assessment & projections of hot spot concentrations (traffic)  

 source analysis/apportionment of local sources 

 environment impact assessment of infrastructure and building 
projects  

  requisite features of such models 

 parametrisation of chemical processes for reactive species with 
very  short life-time (ozone, NO, NO2) 

 simple: parametrisation of the dispersion in a street canyon 

 medium complexity: simplified simulation of the wind flow in a 
typical street canyon 

 high complexity: detailed modelling of the air flow around complex 
building structures 

dispersion models   

      classification according to spatial scales 
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dispersion models   

    classification according to spatial scales 

■ local/street canyon scale 

 exemplary models used in Germany 
 IMMISluft, PROKAS-B simple screening models for street canyon  

 IMMIScpb: simplified version of a canyon plume box model 

 MISKAM: air flow model for complex situations 

  requisite conditions for application  
 Personal Computers sufficient 

 limited expertise depending on the complexity of the model 

 Data on traffic volumes, traffic quality, vehicle fleet composition 

 vehicle emission factors (e.g. Handbook Emission Factors HBEFa 3.2) 

 Street geometry  

 2-D wind, vertical temperature profile or stability class 
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exemplary application 

of an air flow model 

(MISKAM) for a detailed 

calculation of a HDV 

ban scenario 

NOx-concentrations 

base case HDV ban 

Source: W. 

Müller,  
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 >30 km of main road sections in non-attainment 
with more 25ooo people living there 

2009 

Exemplary application of a street canyon model 

     simulated PM10 - pollution in Berlin 

 modelled PM10  

levels in main 

roads  

excess of  

24h-standard 
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Trend scenario 
2015 

trend scenario plus: 

ban of solid fuel for 

house heating & 

retrofit of mobile 

machinery 

excess of  

24h-standard 

 >9 km of main road sections in non-attainment with 
more 8500 people living there 

Exemplary application of a street canyon model 

     simulated PM10 - pollution in Berlin 
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scenario analysis  
  impact of various measures on AQ in Berlin 

impact of 

different bundles 

of measures (MB) 

on NO2 and PM10 

pollution  

road lenght and number of residents in excess of the 

NO2-limit value

0 10 20 30 40 50 60 70

2009

Trend 2015

MB speed limit 30kmph at all hotspots 2015

MB vehicle technology 2015

MB traffic flow optimization 2015

Euro 5 as Euro 6 2015

Trend 2020

road lenght [km]

thousand residents

road lenght and number of residents in excess of the 24h 

PM10-limit value

0 5 10 15 20 25 30 35

2009

Trend 2015

MB speed limit 30kmph at all hotspots 2015

MB vehicle technology 2015

MB machinery & heating 2015

MB traffic flow optimization 2015

Euro 5 as Euro 6 2015

Trend 2020

road lenght [km]

thousand residents
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source apportionment with models 

  NO2 & PM10 source contribution at AQ roadside stations 2009 

regional background  

PM from remaining 

urban  traffic 
other sources 

local 

vehicle 

emissions  

NO2 local 

direct 

vehicle 

emissions  

secondary NO2 from  

local NO vehicle 

emissions  

NO2 from remaining 

urban traffic regional  

background  

NO2 PM10 

other 

sources  
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Share of various vehicle 

categories in the 

incremental traffic-related 

NO2-pollution polluted road 

sections  in 2015 assuming 

a trend scenario  

Busses 

Heavy trucks 

Coaches 
Passenger 

cars 

Light goods vehicles 

scenario analysis  

  relevance of different vehicle types for NO2 
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AQ modelling 

 Resumé and a few recommendations 

■ AQ modelling is an indispensible tool for full scale 
compliance assessment, source apportionment and AQ 
projections 

■ Regional scale modelling:  

 use MACC-II products for background level simulation 

■ Urban scale: As a starting point … 
 Set up a proper emission inventory data base  
 use simple models without complex chemistry  

■ Street canyon scale: As a starting point … 
 Collect traffic volumes & street geometry data for most trafficked roads 
 Use HBEFa emission factors database & fleet data 

■ Build a national competence centre on modelling to 
support development of national strategies and local air 
quality management 
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model 

documentation 

system by the 

EEA 
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MDS   select model scale  
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MDS      select specific models from the list 
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MDS         select type of desired information  
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MDS         obtain requested model description 
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Source WHO newsletter, 

M. Wagner  

Thanks 

 for 

 listening ! 
martin.lutz@senstadt.berlin.de 

Information Sources: 

EEA Model Documentation System: http://acm.eionet.europa.eu/databases/MDS/index_html 

MACC-II Services: http://www.gmes-atmosphere.eu/services/aqac/policy_interface/?op=get 

German monitoring network database: http://www.umweltbundesamt.de/tags/luftmessnetz 

http://acm.eionet.europa.eu/databases/MDS/index_html
http://acm.eionet.europa.eu/databases/MDS/index_html
http://www.gmes-atmosphere.eu/services/aqac/policy_interface/?op=get
http://www.gmes-atmosphere.eu/services/aqac/policy_interface/?op=get
http://www.gmes-atmosphere.eu/services/aqac/policy_interface/?op=get
http://www.gmes-atmosphere.eu/services/aqac/policy_interface/?op=get

