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Abstract. The aging of soot is one of the key uncertain-
ties in the estimation of both the direct andindirect climate
effect. While freshly emitted soot is initially hydrophobic
andexternally mixed, it canbe transferred into an internal
mixtureby coagulation,condensationor photochemicalpro-
cesses.Theseagingprocessesaffect the hygroscopicqual-
ities andhencethe growth behaviour, the optical properties
andeventually the lifetime of the sootparticles. However,
dueto computationallimits the agingof soot in global cli-
mate modelsis often only parameterisedby an estimated
turnover rateresultingin a lifetime of sootof several days.
Hence,theagingprocessof sootis oneof thekey uncertain-
tiesgoverningtheburden andeffect of black carbon. In this
study, wediscussthetimescaleonwhichdieselsoot is trans-
ferredfrom an external to an internal mixture basedon the
resultsof our simulationswith a comprehensive mesoscale
model.For daytimeconditionsduringsummercondensation
of sulphuric acid is dominant andthe aging processoccurs
onatimescaleof τ=8h closeto thesourcesandτ=2h above
thesourceregion. During winter comparabletime scalesare
foundbut ammonium nitratebecomesmoreimportant. Dur-
ing night time condensation is not effective. Thencoagula-
tion is themost importantagingprocessandourresultsshow
timescalesbetween10h and40h.

1 Introduction

Soot particles are an important constituent of the atmo-
sphericaerosol,sincethey participate in tropospheric chem-
istry (Saathoff et al., 2001), affect humanpulmonaryhealth
(Popeand Dockery, 1996)and scatterandabsorblight (Hor-
vath, 1993). The size distribution of soot particles peaks
in the accumulation range,therefore dry deposition veloc-
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ities are small and soot particlescan attain long lifetimes
andbe transported over long distances.The sourceof soot
particlesis the incomplete combustion of carboncontain-
ing material, which meansthat except for natural biomass
burning all sourcesof soot are anthropogenic. In cities of
thenorthernhemispherethe combustion of fossil fuel dom-
inates the sources. Typical concentrations of soot range
betweenseveral hundredsof nanograms per m3 in unpol-
luted areasto several microgramsper m3 in urban regions
(Heintzenberg, 1988; Brémond, 1989; Baltensperger et al.,
2002). While freshly emitted sootparticlesarehydrophobic
andpresentin anexternal mixturetheirhygroscopicqualities
canchangedueto thecoagulationwith solubleaerosols,con-
densation, and photochemical processes (Weingartner et al.,
1997).Herebytheparticlegrowth in responseto ambient rel-
ativehumidity, theopticalproperties,andtheability of being
activatedascloudcondensationnuclei aredetermined.Mea-
surementsshow thatboththeexternalandtheinternalmixing
stateexist in theatmosphere(Okada,2001)and that thehy-
drophobic portion of the aerosolsdecreasessignificantly as
thedistancefrom thesourcesincreases.

It is well recognized thatsootparticlescontribute to both
the direct and indirect climate effect. While Lesins et
al. (2002) and Jacobson (2000) recently studied the direct
effect; Neneset al. (2002) highlightedthe indirecteffect. A
numberof studiesin the pasthave beendevotedto the rep-
resentation of soot in global scalemodels (Liousse,1996;
Cooke et al., 1996, 1999;Lohmann et al., 2000)and theim-
pactof sootaerosolonglobalclimate(Jacobson,2002).Due
to computational limi tstheagingof sootin globalscale mod-
elsis oftennot represented explicitly but parameterised.For
example,Liousse(1996) assume that soot is hydrophilic as
soonas it is emitted. Myhre et al. (1998), in contrast,hy-
pothesizesoot to be hydrophobic. Tsigaridis and Kanaki-
dou(2003)assumethattheagingprocessoccursdueto pho-
tochemical reactions.Cooke et al. (1996)parameterisethe
aging processby an estimatedturnover rate of 1.25%h−1,
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whichtranslatesto anexponentialli fetimeof 80h. Lohmann
et al. (2000) assumean exponentiallifetime of 40h empha-
sizinghowever, that themodelresultsarehighly sensitive to
theturnover rate.Koch(2001)comesto asimilarconclusion
comparing threedifferentmethodsfor the parameterisation
of theagingprocess.

Recently, Wilson et al. (2001) have provided a morede-
tailedrepresentationof theagingprocessin a global model.
In their approachthey explicitly calculatethe aging of soot
depending on the abundance of sulphuricacid. Neverthe-
less,parameterisationsof certainprocessesarestill necessary
whensuchglobalmodelsarerun in theclimatemode,thatis
whenseveralhundredsof yearsaresimulated.

Since the aging process is one of the key uncertainties
governing the burden and effect of black carbon,we find
it worthwhile to carry out 3D simulations with the coupled
mesoscale-γ modelKAMM/D RAIS (Vogeletal., 1995)that
providesa highly resolvedboundary layer andallows for an
explicit treatment of the aging processof soot by coagula-
tion andcondensation to investigatethevariability of theag-
ing time scale of soot in moredetail. The particle phaseis
treatedwith the aerosol model MADEsoot (Riemeret al.,
2003b)andcalculatesboth thecompositionandthesizedis-
tribution of the aerosolparticles.Basedon theresultsof our
simulations,wediscussthetimescaleon whichsootis trans-
ferredfrom anexternalto an internal mixture, and calculate
theturnover ratesfor adomainsizethatcomparesto thegrid
size of a global climate model. In doing so, we focus on
continental conditions in an industrialisedenvironmentand
investigate two differentmeteorological scenarios,that is a
summer andawinterepisode.

2 Model description

The comprehensive model systemKAM M/DRAIS couples
the non-hydrostaticmeteorological driver KAMM and the
submoduleDRAISthatcalculatesthetransport anddiffusion
of thereactivetracegasesandtheaerosolparticles.Sincethe
modelsystemKAM M/DRAIS hasbeendescribedin detail
in previouspapers(Vogel et al., 1995; Hammeret al., 2002)
and hasbeenextensively validatedagainst observations in
thepast(Vogeletal., 1995;Nesteretal., 1995; Fiedler etal.,
2000;Corsmeieret al., 2002;Hammeret al., 2002)we only
give a short summarywith the focuson the aerosolmodel
MADEsoot(Riemeretal., 2003b).

In MADEsoot, several overlapping modesrepresent the
aerosolpopulation, which are approximatedby log-normal
functions. Currently, we usefive modesfor the sub-micron
particles. Two modes(if and jf ) represent secondary in-
organicparticlesconsisting of sulphate,ammonium,nitrate,
secondary organiccompounds,andwater, onemode(s) rep-
resentspure soot and two moremodes(ic and jc) represent
particles consistingof sulphate, ammonium,nitrate,organic
compounds,waterand soot. Themodesif , jf , ic andjc are

assumedto be internally mixed. Thus,themodes if andjf

representsoot-freeparticleswhereasthemodesic andjc rep-
resentsoot containing particlesor, in other words, the aged
soot particles. All modesare subject to condensationand
coagulation. Thegrowth rateof theparticlesdueto conden-
sationis calculatedfollowing Binkowski andShankar(1995)
depending on theavailable massof thecondensable species
andthe size distribution of particles. With coagulation, the
assignment to the individual modesfollows Whitby et al.
(1991): (1) Particlesformedby intramodalcoagulationstay
in their original modes. (2) Particles formedby intermodal
coagulation areassignedto themodewith the largermedian
diameter. Furthermore,a thermodynamicequilibrium of gas
phaseandaerosolphaseis applied to calculate the concen-
trationsof sulphate,ammonium, nitrate andwater (Kim et
al. 1993). The calculation of the thermodynamic equilib-
rium follows a bulk approach.This means that the aerosol
concentrationssummedover all modesenterthecalculation.
After the equilibrium concentrationsare obtainedthe con-
centrations of ammonium, nitrateandwater aredistributed
over themodesdependingon themass fractionof sulphate.
Thesourceof thesecondaryinorganicparticlesin modesif
andjf is thebinarynucleation of sulphuric acid andwater.
The secondaryorganic compoundsare treated according to
Schellet al. (2001).Thesootparticlesin mode s aredirectly
emittedinto the atmosphere. The sourceof the particles in
modesic and jc is dueto theaging processdescribedbelow.
Additionally, sedimentation,advection and turbulent diffu-
sioncanmodify theaerosoldistributions.

In this framework, two processescan impact the transfer
of soot from the external into the internal mixture, namely
coagulation andcondensation.Coagulation of sootparticles
in modes with particlesin modesif , jf , ic or jc transfers
the massof mode s into the modes ic or jc. As a second
process,condensationof sulphuric acidon thesurfaceof the
soot particles and the subsequentformationof ammonium
nitratecantransfersoot into an internalmixture aswell. To
retainthesootmodefor puresoot particles,acriteria mustbe
chosenthatdetermineswhentheagedsoottogether with the
solublemassis moved to themodesic andjc. Weingartner
et al. (1997) show, thatatmospheric particlescanbedivided
into “more hygroscopic” and“less hygroscopic” depending
ontheirgrowth behaviour whenthey areexposedto arelative
humidity above 90%. Basedon their findingswe definethat
all material of mode s is moved to modesic and jc if the
solublemassfraction of modes rises above the threshold
valueε=5%.

We do not considertheaging processdueto photochemi-
calreactionsin thisstudy. This is justifiedsinceit wasshown
by Saathoff etal. (2003) thatthesereactionsdonotcontribute
significantly to this process.

We apply themodelto anareain south-western Germany.
It covers main partsof Baden– Württemberg and the ad-
jacentregions (248×248km2). The horizontal grid size is
4×4km2. ThebiogenicVOCemissionsarecalculatedonline
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Fig. 1. Horizontal distribution of theexternally mixedsoot at20m above thesurface, 12:00CET, day2 (left: summer, right: winter).
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Fig. 2. SameasFig. 1, but for internally mixedsoot.

depending on the land use,the modelledtemperatures and
themodelledradiative fluxes (McKeenet al., 1991, Lambet
al., 1987,Vogel et al., 1995).WeparameterisetheNO emis-
sionsfrom the soil according to Ludwig et al. (2001). The
anthropogenicemissions of SO2, CO, NOx, NH3, 32 classes
of VOC and dieselsoot are pre-calculatedwith the spatial
resolution of 4×4km2 anda temporal resolutionof onehour
(Obermeieret al., 1995; Wickert et al., 1999;Preggeret al.,
1999;Seieretal.,2000). Thedieselsootemissionsrepresent
thesourcesby traffic. In addition to thesourcestrength, we
mustprescribethe mediandiameterand the standarddevi-
ation of the emitted soot particle distribution. The median
diameter is fixed to 60nm and thestandarddeviation to 1.8

accordingto measurementsby Vogt et al. (2000). We in-
vestigate two scenarios. First, we simulate a typical sum-
mersituationwith a geostrophic wind of 4.5ms−1 blowing
from East.Second,weconsiderawinterdaywith awesterly
flow with a geostrophic wind of 4 ms−1. Three consecu-
tive dayswere simulatedin eachcasewherethe first day is
usedasspin-up andwe only considerthe resultsof thesec-
ondandthe third day. Considering furtherdetailsabout the
initialisation andboundaryconditionswe refer to Riemeret
al. (2003b).

www.atmos-chem-phys.org/acp/4/1885/ Atmos.Chem. Phys.,4, 1885–1893,2004
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Fig. 3. Vertical crosssection of theexternally mixedsootconcen-
tration for thesummercaseat y=80km, 12:00CET, day2.

3 Calculation of the turnover rate

In the following we will explain theapproachwe useto de-
terminethe turnover rate of the externally mixed soot and
how a turnover rate for adomaincomparableto thegrid size
of a global climatemodelcanbecalculated. In MADEsoot
thetemporal developmentof the massdensity ms of theex-
ternallymixedsoot is determinedby thefollowing equation:

∂ms(x, t)

∂t
=

A(x, t) + S(x, t) + D(x, t) + E(x, t) − T (x, t) (1)

A, S, D, andE describetherateof changedueto advection,
sedimentation,turbulentdiffusion,andtheemission,respec-
tively. The bar indicatesthat the operatorsA, S, D andE

areapplied to the Reynolds-averaged quantities representing
a typical spatial andtemporalscale.T is theturnover rateof
theexternallymixedsootand thesumof two processes:

T (x, t) = Ca(x, t) + Cn(x, t) (2)

Ca describesthe transfer due to the coagulationof the ex-
ternallymixedsootparticleswith soot containinginternally
mixed particles or soot free internally mixed particles. Cn

describesthe transfer dueto condensation of sulphuric acid
andorganic compounds. Theexternally mixedsootparticles
aretransferredinto internally mixedsoot if thesoluble mass
fraction of mode s rises above the threshold value ε=5%.
In our mesoscalemodel systemKAMM/ DRAIS both pro-
cessesare explicitly determinedas describedin Riemer et
al. (2003b).

Typical applications of the model simulations of
KAMM /DRAIS cover areasof about 250×250km2. This
equalsmore or less the typical grid size of a global cli-
matemodel. In the ideal caseaveraging a variableover the
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Fig. 4. SameasFig. 3, but for internally mixedsoot.

mesoscaledomainA should give the variableof the global
climatemodel(assignedby a tilde).

ã(z, t) =
1

A

∫ ∫
a(x, y, z, t)dA′. (3)

In the global climate model the equivalent equation to
Eq.(1) would readas:

∂m̃s(x, t)

∂t
=

Ã(x, t) + S̃(x, t) + D̃(x, t) + Ẽ(x, t) − k̃(z, t) · m̃s(x, t). (4)

Here the transfer from the external to the internal mode
is alreadyparameterisedas a first order reaction since in
global climatemodels the aerosol processesusuallycannot
be treated asdetailedas it is donein regional scale model.
The problemis now reducedto the parameterisation of the
ratecoefficient k̃. Following theideasexplainedso far k̃ can
be derived from resultsof the mesoscalesimulations. This
means:

k̃(z, t) =

∫ ∫
A

t+1t/2∫
t−1t/2

T (x, y, z, t ′)dt ′dA′

∫ ∫
A

t+1t/2∫
t−1t/2

ms(x, y, z, t ′)dt ′dA′

. (5)

with 1t=1h. This time interval waschosenasit is compara-
ble to the time steps thatareusedin globalclimatemodels.
In this way we determinetime-dependentvertical profilesof
k̃. The time scalethat representstheexponentialtime scale
for thedecayof externallymixedsootis givenby

τ(z, t) =
1

k̃(z, t)
. (6)

4 Results

Figures1 and2 show the horizontaldistributionsof thesoot
concentration in externalandinternalmixturesat20m above

Atmos. Chem.Phys.,4, 1885–1893, 2004 www.atmos-chem-phys.org/acp/4/1885/
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Fig. 5. Compositionof thetotalaerosolconcentrationaveragedover
themodel domainat12:00CET at25m above thesurface.

thesurfaceat12:00CET(day2) for thesummerandthewin-
ter episode. Thedistributionsof thesoot in externalmixture
reflect the distribution of the sources,i.e. the main motor-
waysandurbancentresin the modeldomain. In theplumes
of the urbanareas and at somedistancefrom the sources,
sootis internallymixed. Comparingthewinter andsummer
resultswefindthatthetotalsoot concentrationsreachsignif-
icantlyhighervaluesin winterdueto theshallowerboundary
layerand thereducedverticalmixing in winter.

Figures3 and4 show theverticalcrosssectionsof thesoot
concentration at y=80km for the summercase. In the ele-
vatedlayerssoot exists mainly internally mixed. The val-
uesfor the total soot concentrationsrangebetween 0.1 and
2µgm−3 nearthe surfaceat 12:00CET (day 2). However,
higherconcentrations (up to 10µgm−3) arereached in the
morning hours. Figure5 displays an overview of the com-
position of theaerosolphasefor thesummerand thewinter
case. Shown is the aerosol concentration summedover all
modesandaveragedover thewholemodeldomainfor 12:00
CET (day2) and25m above thesurface.

During summer, the averaged sulphate concentration
reachesa value of 6µgm−3. Due to temperaturesaround
27◦C the nitrate concentration is low during the afternoon
reaching only 0.3µgm−3.

During winter the sulphateconcentration is much lower
and reaches only 0.7µgm−3 since the production via ho-
mogeneousoxidation of SO2 in the gas phase through re-
actionwith OH is lessefficient. We do not considercloud
processes;hencetheeffect of theheterogeneousreactionof
SO2 in aqueoussolution with ozoneand/or peroxides is not
included. Nitrate is muchmore abundantduring the winter
and reachesa value of 11.5µgm−3. The order of magni-
tudeof our modelresults for theaerosolcomposition arein
agreementwith measurementsfor continentalEuropeasthe
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Fig. 6. Vertical profiles for the aging time scale for summer (top)
andwinter(bottom) atday 2.

comparison with measurementsshows (e.g.Neus̈usset al.,
2002;Zappoli et al., 1999; Mehlmann andWarneck, 1995).
On the basisof the simulation resultsfor both episodeswe
derive the agingtime scaleas described in Sect. 3. As ex-
plainedthere, τ may depend on heightand time. Figure6
shows time heightsections of τ for the summerandwinter
episode,respectively. In both casesτ is below 2h during the
day and above 250m above the surface. During the same
time interval andbelow this height τ variesbetween1hour
during the morning and up to about 20h in the afternoon.
During night time τ is much larger than during the day at
all heightsandthereis a strongincreaseof τ from midnight
of day 2 to midnight of day 3 in the summerandthe win-
ter case.While τ is almost constant with heightduring the
night in thesummercaseit decreaseswith heightin thewin-
tercase.Consideringthetemporalandspatialvariationsof τ

in Fig. 6, it becomesobviousthattheparameterisationof the
agingprocessof sootusing a fixed turnover raterepresents
anoversimplification.
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Figure 7 (top) displaysthedaily cycle of τ in threediffer-
entheightswithin theboundarylayerfor thesummerepisode
(day2) in moredetail. At theheightsof 250m and1100m,
wecanclearlydistinguishbetweenthedaytimeand thenight
timeregime.During daytimeat theseheights, τ is veryshort
(∼1h). From detailedprocessstudiesbasedon our model
resultswefind thatcondensationof sulphuricacidis veryef-
ficient in transferring externallymixedsootinto the internal
mixture whensulphuricacid is abundant. During thenight,
the production of sulphuric acid ceases. Once the avail-
able sulphuric acid hasbeendepletedby condensation on
the existing particles, condensationof sulphuric acid there-
fore stops to occur. Under theseconditions coagulation is
theonly processfor the transfer into internalmixture,oper-
ating very slowly. This leadsto much higher valuesfor τ

duringthenight comparedto theday.
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Fig. 8. Composition of theinternally mixedsootparticlesaveraged
over themodel domainat 12:00CET at25m above thesurface.

At the heightof 25m, which is identical with the source
heightusedfor our simulations, thedistinction betweenday
andnight is notasapparentandτ remainsatarelatively high
level of about20h in theafternoon. Thereasonis thatat this
height,freshsootis permanently emittedandtheconcentra-
tion of externallymixedsootreachesits maximum. Givena
certainamountof condensablespecies,it takesa longertime
until the shell masshas grown to the certainthreshold that
marksthetransition betweenexternally andinternallymixed
sootwhich eventually resultsin thehigh valuesfor τ .

At all heightsacharacteristictrend of thetimescaleis ob-
vious. This trendcanbeattributedto the fact that thecoag-
ulation ratedepends on the particles number densities. The
particle number densities of the mode s are largely domi-
natedby theemissions.However, thenumberdensitiesof the
modesif , jf , ic andjc aredecreasingwith timein our simu-
lation,becausenucleationon thethird dayis weaker thanon
the second day dueto the meteorological conditions. Con-
sequently, sincethesearetheparticles thatprovide thecoag-
ulationpartner for theexternallymixedsootfor the transfer
into the internalmixture, the time scaleincreases. Similar
arguments apply to thewinter episodeasdisplayed in Fig. 7
(bottom).Comparedto thesummerconditions,however, im-
portantdifferences concern thefollowing issues:Obviously,
the daytimeis shorter, solar radiation lessintenseandtem-
peraturesare significantly lower. This causesa shallower
boundarylayer anddeceleratedphotochemistry, in particu-
lar a lower production rateof H2SO4. However, the lower
temperaturesfavour the formationof ammonium nitrate. It
turnsout that ammonium nitratecontributessignificantly to
the aging of soot in winter during daytime and hence com-
pensatesthelackof H2SO4 leading to timescalesduring the
day that are comparable to the summercase. To underline
thesefindingsFig. 8 shows the averagemassdensitiesof
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the individual species for the internally mixed sootaerosol
(modesic andjc) at12:00CET(day2) at 25m abovethesur-
face.While thesolublemassfraction of theseaerosolparti-
clesis clearlydominatedby sulphatefor thesummercaseni-
traterepresentsthemaincontribution for thewinter case.Of
coursethe formationof ammoniumnitrate alsooccurs dur-
ing thenight whenthegasphase precursorHNO3 is formed
dueto theheterogeneoushydrolysisof N2O5 (Riemeret al.,
2003a). However, sincetheformation andhencetheconden-
sationof H2SO4 ceases during the night dueto the lack of
sunlight, the sootparticlesthat are emitted during the night
cannotbecoatedwith sulphate. Sincein our currentmodel
formulationthe total amount of nitrateis distributedover the
modesaccording to thesulphatecontenttheavailablenitrate
endsup in the modesif , jf , ic andjc and not in modes.
This meansthat theagingof sootdueto condensationis not
effectiveduringthenight, bothin winterandin summer. Fig-
ure9 whichdisplaysatimeheightsection of thesoottransfer
dueto condensation (winter caseonly) shows this fact.

We are aware of the fact that this treatmentof aerosol
chemistry representsa limitation of our model.With this as-
sumption it is not possible to form ammoniumnitrate on the
sootparticleswithout sulphatebeing involved. In reality this
processmightoccurwhichmeansthatwemightoverestimate
the time scale for thesituationswhereammoniumnitrate is
present. This issuewill beaddressedin futurework.

The pronouncedminimum for the time scale in 25m
(Fig. 7, bottom)can be attributed to the interactionof two
processes that act in the oppositedirection: First, the con-
densation of sulphateand the formation of ammonium ni-
tratesets in, which leadsto a decreasein τ . Concurrently,
the surfacearea of the particlesin the modesif , jf , ic and
jc increasescomparedto thesurfaceof theparticlesin mode
s. Thereforethe low valueof τ cannot besustainedandin-
creasesagain.
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Fig. 10. Correlation of τ and the number density of the internally
mixed particles. The solid line shows the fit according to Eq. (7).
The blue dots indicatethe resultsfor the winter day, the red ones
thosefor thesummerday.

Summarizing our findingswecanstate thefollowing:
Our model results suggest to distinguish between two
regimes,adaytimeandanight timeregime.Duringdaytime,
condensation of sulphateand nitrate is thedominantprocess,
andan additional separation accordingto the heightabove
the source region appearsto be appropriate. Above 250m
τ is approximately2h, regardlessof the season.In orderto
derivethetimescaleduring daytimeandbelow 250m weap-
ply thefollowing procedure.Thetimescalesshown in Fig. 6
areaveragedbelow 250m andfor thetimeinterval wherethe
globalradiationis abovezero.Wefind anaveragetimescale
of 9.38h for thesummercaseand 6.89h for thewinter case.

For the night time coagulationhasbeenfound to be the
governingprocess. Comparedto thedaytimeresultsthetime
scalesduring thenight show a muchhighervariability with
heightandespecially with time, with a clear increasefrom
night to night. Apart from otherparameterssuchasthemean
diameters, the coagulationcoefficients, the temperature co-
agulationdependson the numberdensities of the internally
mixedparticles. ThereforeFig. 10 shows thesimulatedval-
uesof τ versusthe numberdensityof the internallymixed
particlesfor thesummerdaysandthewinter days. All grid
pointsareshown for heightsbelow 1100m abovethesurface
duringnight time. As expecteda decreaseof τ with increas-
ing number densityis obvious. For thesedatawe calculate
thefollowing fit, the resultof which is depictedin Fig. 10:

τ =
a

N
+

b

N2
(7)

with a=6×104hcm−3 andb=3×108hcm−6

N is thenumberdensityin themodesif , jf , ic and jc in
cm−3 andthedimension of τ is h.
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The limitations inherent to our casestudiesshould be
statedclearly:
Weonly includesootemissionsfrom traffic. While they con-
tributea largefraction of theemissionsin denselypopulated
areas,more sourcescontribute to the total soot than diesel
carsalone,especially in winter. However, we did not have
emission datafor theseemissioncategories.

Cloudandwetdeposition processesaswell ascloudchem-
istry are not includedin the model. Again, this introduces
uncertaintiesmainly for thewinter simulation. It is impossi-
ble to estimatetheoverall effect of cloudson theaging pro-
cessdueto the competingeffectsof sulphateproductionin
theaqueousphaseand theremoval by wet depositionashas
beenshown by Kochetal. (2003).

Despite theselimitationsthediscussionof ourcasestudies
revealstheimportantissuesthatthetime scaleof sootaging
is highly variable with respect to time and height and that
nitratecanplayan important role for theagingprocess.

5 Conclusions

Weperformedthree-dimensionalmodelsimulationswith the
coupled mesoscale-γ model KAMM/DRAIS to derive the
timescaleτ that characterizesthetransferof diesel sootfrom
external into internalmixture. Fromthetwo casestudiesthat
we considered we arenot ableto derive a parameterisation
thatwil l hold for theglobalscale.However, themethodthat
wepresentedto derivetheagingtimescalesaregenerallyap-
plicableandcanbeusedasatool in thefutureto improvethe
parameterisationfor globalmodels.

Generally, the aging time scales that we derived are
smaller than most of the values that are currently usedin
global climate modelsand show a considerable variability
in spaceand time. Hence,parameterisingtheaging process
of soot with a fixedturnover raterepresentsanoversimplifi-
cation.

During daytimein summer, condensation of sulphuric acid
is thegoverningprocessfor theagingof soot. In wintertime,
theformationof ammonium nitrategainsin importance.To
our knowledgethe role of ammonium nitrate for the aging
of soot hasbeenhighlighted for the first time. Overall, the
time scalesfor daytimein summerandwinter arecompara-
ble, about2h above 250m and8h below during night time,
condensationstops beingtheimportantprocess.Instead,co-
agulationbecomesmoresignificant,actingvery slowly. This
leadsto a timescaleduringnightof 10–40h.
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Urbanandrural aerosolcharacterization of summersmogevents
during the PIPAPO field campaignin Milan, Italy, J. Geophys.
Res.,107, 8193 doi:10.1029/2001JD001292,2002.

Binkowski, F. S. and Shankar, U.: The regional particulatematter
model,1. Modeldescription andpreliminaryresults,J.Geophys.
Res.,100, 26191–26209,1995.
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