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MotivationMotivation
A common problem of almost all urban areas in Europe is air-
pollution resulting from the cycle of photooxidation reactions -
summer photochemical smog with the tropospheric ozone (O3) as 
the main part. The smog episodes occur in summer months as a 
consequence of the high emission intensity of ozone precursors 
and specific meteorological conditions with the impact of solar 
radiation. 
To accept some appropriate measures that can prevent the high 
O3 concentration episodes it is necessary to know appropriate 
contribution of different sources, with respect to their type, 
height, distance etc. With respect to nonlinearity of the reactions 
and complexity of the problem this is not so easy task as, for 
example, it was for much easier sulphur dioxide pollution 
problem. 
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GoalsGoals
To study the contribution of individual parts of emission plumes –
so called “puffs” – to the places of interest. 
To estimate the role of emission intensity of individual sources,
chemistry along the trajectory from the sources and mixing of 
pollutants from individual sources as well.
To show how the different types and individual emission sources 
in particular can affect the O3 ground concentration.
To study the contribution of biogenic emissions to the 
anthropogenic sources in the places of interest. 
To estimate the role of emission intensity of biogenic  sources in 
plume of photochemical smog from urban areas.
To show the overall efffect in appropriate period how the biogenic 
emissions can impact long term averages and behaviour.

SMOG SMOG -- ChemistryChemistry ofof thethe modelmodel
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SMOG SMOG -- ChemistryChemistry ofof thethe modelmodel

•• compoundscompounds involvedinvolved: NO, NO: NO, NO22,VOC,VOC’’s, Os, O33,  ,  
HNOHNO33, NO, NO33

--, PN (, PN (pernitratespernitrates), RO), RO22 ((peroxyperoxy--
radicalsradicals), OH ), OH radicalsradicals
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SMOG SMOG -- ChemistryChemistry ofof thethe modelmodel

•• compoundscompounds involvedinvolved: NO, NO: NO, NO22,VOC,VOC’’s, Os, O33,  ,  
HNOHNO33, NO, NO33

--, PN (, PN (pernitratespernitrates), RO), RO22 ((peroxyperoxy--
radicalsradicals), OH ), OH radicalsradicals

•• emissionemission data:  NO, data:  NO, VOCVOC’’s s puffspuffs releasedreleased
withinwithin regularregular periodperiod

•• VOC`s VOC`s splittedsplitted on on sourcesource levellevel to to thethe
individualindividual groupsgroups ofof organicsorganics

SchemeScheme ofof chemicalchemical reactionsreactions
 

 
                                                                    
                                                                   
                                                               
 
 
                                                                                 
                                                             

 

 

 

 

                                                                        
 

                                

 

hν 
PN 

NO O3 NO2 HNO3 NO3
-
 hν 

H2O 

OH*
 RO2 

VOC 

HARMO-10
 C

ret
e 2

00
5



HARMO-10
 C

ret
e 2

00
5

5

REZZO 1,2 REZZO 1,2 –– point point sourcessources
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Basic Basic principlesprinciples ofof model model systemsystem

Basic Basic principlesprinciples ofof modelmodel

constructionconstruction ofof trajectoriestrajectories andand puffspuffs fromfrom
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drydry depositiondeposition: NO, NO: NO, NO22, HNO, HNO33, NO, NO33

--

Basic Basic principlesprinciples ofof modelmodel

constructionconstruction ofof trajectoriestrajectories andand puffspuffs fromfrom eacheach ofof
emissionemission sourcesource in in thethe windwind--fieldfield –– lagrangianlagrangian puffpuff
modelmodel
turbulentturbulent diffusiondiffusion ofof puffspuffs ((gaussiangaussian
approximationapproximation in tin twowo dimensionsdimensions perpendicularly perpendicularly 
to the trajectoryto the trajectory))
modellingmodelling ofof mixingmixing betweenbetween puffspuffs
drydry depositiondeposition: NO, NO: NO, NO22, HNO, HNO33, NO, NO33

--

wetwet depositiondeposition: HNO: HNO33, NO, NO33
--, PN, PN
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MModelodel system couplesystem couple ETAETA--SMOGSMOG

ttrajectorierajectories based on s based on ETAETA NWP model NWP model 
(meteorological preprocessor):(meteorological preprocessor):
SemiSemi--staggeredstaggered ArakawaArakawa EE--gridgrid
0.250.25°°x 0.25x 0.25°° horizontalhorizontal resolutionresolution ((rotatedrotated))
32 model 32 model layerslayers
centre centre ofof domaindomain 5050°°N, 15N, 15°°E,E,
+/+/-- 2020°° longitudelongitude, +/, +/-- 1515°° latitudelatitude

OtherOther ChoicesChoices

ETA (NCEP) ETA (NCEP) -- SMOGSMOG
MM5 (NCAR, PSU) MM5 (NCAR, PSU) –– CAMxCAMx
METRAS (METRAS (UniUni. . ofof Hamburg) Hamburg) -- SMOGSMOG
ALADIN/LACE (METEO France, CHMI) ALADIN/LACE (METEO France, CHMI) ––
SMOGSMOG

QUANTIFYQUANTIFY
RegCMRegCM –– CAMxCAMx
ALADIN/CLIMATE ALADIN/CLIMATE –– CAMxCAMx
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EC FPEC FP6 6 IntegratedIntegrated ProjectProject

Coordinated by RobertCoordinated by Robert SausenSausen
DLRDLR--Institut fInstitut füür Physik der Atmosphr Physik der Atmosphäärere

Oberpfaffenhofen, GermanyOberpfaffenhofen, Germany
httphttp://://www.pa.op.dlr.dewww.pa.op.dlr.de//quantifyquantify//

QUANTIFY QUANTIFY -- Quantifying the Climate Impact of Quantifying the Climate Impact of 
global and European Transport Systemsglobal and European Transport Systems

Objective: To quantify the climate impact of the global and 
European transport systems for the present situation 
and for different scenarios of future development.

Participants: 35 from 16 countries
Start: March 2005
Finish:              February 2010
Funds: 8.0 M€
Total costs 12.0 M€
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Impact of traffic emissions on Impact of traffic emissions on 
climateclimate

Change of the radiative forcing byChange of the radiative forcing by

the emission of greenhouse gases, including longthe emission of greenhouse gases, including long--lived lived 
species like COspecies like CO22 and Nand N22O, but also of water O, but also of water vaourvaour;;

the emission ozone precursors;the emission ozone precursors;

the emission of particles and their precursors;the emission of particles and their precursors;

triggering additional clouds (e.g., contrails contrail cirrus) triggering additional clouds (e.g., contrails contrail cirrus) 
and by modifying natural clouds (e.g., ship tracks).and by modifying natural clouds (e.g., ship tracks).

Quantify

Activity 1 
Emission Inventories

Activity 2 
Dilution & Processes

Activity 3 
Large-scale Chemistry

Activity 4 
UTLS Data Sets

Activity 5
Clouds

Activity 6 
RF & Climate Change

Activity 7
Metrics

Activity 8
Co-ord. & Synthesis

AC 1.2 
Future Transport

AC 1.3 
Validation Studies

AC 1.1 
Past & Pres. 

Transport

AC 2.4
Effective Emissions

AC 2.2 
Aircraft Plumes

AC 2.3 
Ship Emissions

AC 2.1 
Surface Transport

AC 3.2 
Model Improvement

AC 3.3 
Future Chem. Composition

AC 3.1 
Present Chem. 

Composition

AC 4.1 
Chem. Composition 

AC 4.2 
H2O & O3

Climatologies

AC 5.2 
Contrails and Contrail 

Cirrus

AC 5.3 
Indirect Aerosol 

Effects

AC 5.1 
Ship tracks

AC 6.2 
Climate Sensitivity 

AC 6.3 
Climate Modelling 

AC 6.1 
Radiative Forcing

AC 7.2 
Climate Projections

AC 7.3 
Metrics

AC 7.1 
Idealised GCM Integrations

AC 8.2 
Synthesis

AC 8.3 
Data Management

AC 8.1 
Strategic Planning

AC 8.4 
Dissemination & 

Information

AC 9.2
Administrative 
Management

Activity 9
Management

AC 9.3
Training

AC 9.4
GAP

AC 9.1
Project Office

StructureStructure
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Further informationFurther information

http://http://www.pa.op.dlr.dewww.pa.op.dlr.de//quantifyquantify//

(http://(http://www.quantify.euwww.quantify.eu/)/)

Example of results for Prague Example of results for Prague 
plume on 19 September 2003 plume on 19 September 2003 

–– about 3000 sourcesabout 3000 sources
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ConcentrationConcentration
((μμg/mg/m33) ) 

PuffPuff’’s contribution in 50.48N, 14.58Es contribution in 50.48N, 14.58E

Position of all the puffs contributing to the 
concentration of O3 in given point
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PuffPuff’’s contribution in 50.48N, 14.58Es contribution in 50.48N, 14.58E

Position of the puffs with more significant 
contribution to the concentration of O3 in 

given point

PuffPuff’’s contribution in 50.48N, 14.58Es contribution in 50.48N, 14.58E
Position of the puffs from 

significant point sources of 
REZZO1 (7% of total contr.)

Position of the puffs from 
traffic sources (64%)
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Example of results for remote Example of results for remote 
area of area of HrubyHruby JesenikJesenik

June 2002June 2002
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BiogenicBiogenic emissionsemissions
Example of estimateExample of estimate

• based on land use distribution 
below
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BiogenicBiogenic emissionsemissions
Example of estimateExample of estimate
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• for monoterpene and izoprene
• dependent on temperature and 

radiation (solar zenith angle and 
cloudness) – typical conditions

Impact of biogennic emissionsImpact of biogennic emissions

One day  surface ozone 
concentration in mg/m3 
based on simulation with 
and without biogenic 
emission
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Full June 2002 simulationFull June 2002 simulation
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Full June 2002 simulation Full June 2002 simulation 

Daily surface ozone concentration in μg/m3 for measurement point Cervenohorske sedlo
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ConclusionsConclusions
both traffic  and biogenic emissions  play  an important  
role  in  ozone formation
information on puff’s origin (individual emission 
source) on the output
with analysis of ozone precursors contributions as 
well the possibility to identify emission sources where 
appropriate measures could be applied to reduce 
emission impact
significant improvement of the comparison with 
measurement – impact of the biogenic emission more 
important than information on longer transport
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