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Abstract. The aging of sootis one of the key uncertain-
tiesin the estimaton of both the directandindired climate
effect. While freshly emitted soot is initially hydrophobic
and externally mixed, it canbe transferre into an internal
mixture by coaguation, condensatin or phoochemicalbpro-
cesses.Theseaging processesifect the hygroscopicqual-
ities and hencethe grownth belaviour, the opticd properties
and eventually the lifetime of the soot paticles. However,

dueto computationallimits the aging of sootin global cli-

mate modelsis often only paraneterisedby an estimated
turnover rateresultingin a lifetime of sootof several days.
Hence theagingprocesof sootis oneof thekey uncetain-
tiesgoverningthe burden andeffect of black carlon. In this
study we discussthetime scaleonwhich dieselsod istrans-
ferredfrom an externalto aninternal mixture basedon the
resultsof our simulationswith a comprehesive mesacale
model.For dayime conditionsduringsummercondenation
of sulphuic acid is dominantandthe agnhg processoccurs
onatime scaleof t=8h closeto thesouresand r=2h abose
the sourceregion. During winter comparabldime scalesare
found but ammorium nitrate becomesnoreimportant. Dur-

ing night time condensatia is not effective. Thencoayula-
tion is themostimportantagingprocessandour resultsshav

time scalesbetween 10h and40h.

1 Introduction

Soot partides are an important constiuent of the atmo-
sphericagosol, sincethey participat in tropospheid chem-
istry (Saathof et al., 2001, affect human pulmonaryhealth
(Popeard Dockery, 1996)arnd scatterandabsorblight (Hor-
vath, 1998). The size distribution of soot particles peaks
in the accumuation range,therdore dry depositin veloc-
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ities are small and sod particlescan attain long lifetimes
andbe transpoted over long distances.The sourceof soot
particlesis the inconplete comtudion of carboncontan-
ing mateial, which meansthat exceptfor natual biomass
burning all souccesof sootare anthromgenic. In cities of
the northernhemispherehe comtustion of fossil fuel dom-
inatesthe sources. Typicd concentations of soot rarge
betweenseveral hundredsof nanograns per m® in unpol-
luted areasto several microgramsper m? in urban regions
(Heintzerberg, 1988 Brémord, 1989; Baltenspeger et al.,
2002). While freshly emitted sootparticlesarehydropholic
andpresentn anexternal mixture their hygroscopicqualities
canchangedueto thecoaguhtionwith solubleaerosolscon-
densationand photochenical processe (Weingartrer et al.,
1997).Herebytheparticle growth in responséo ambient rel-
ative humidity, theopticalpropeties,andtheability of being
activatedascloudcondensatiomuclé aredetemined. Mea-
surementshaw thatboththeexternalandtheintemalmixing
stateexist in the atmasphereg(Okada,2001)ard thatthe hy-
drophobct portion of the aerosoldecrasessignificarily as
thedistarcefrom the sourcesncreases.

It is well recogrized that sootpartides contribute to both
the direct and indirect climate effect. While Lesins et
al. (2002) and Jacolson (2000) recently studied the direct
effect; Neneset a. (2002) highlightedtheindirecteffect. A
numberof studiesin the pasthave beendevotedto the rep-
resentatia of sootin global scalemodels (Liousse,19%;
Cooke et al., 199%, 1999;Lohmam etal., 2000)and theim-
pactof sootaeiosolon globalclimate (Jacobson2002).Due
to computationlimitstheagingof sootin global scde mod-
elsis oftennotrepresente explicitly but parametased. For
example,Liousse(1996) assune that sootis hydrophilic as
soonasit is emitted. Myhre et al. (1998, in contrast,hy-
pothesizesoot to be hydrophobic. Tsigaridis and Kanak-
dou(2003)assunethatthe agingprocessoccursdueto pho-
tochemich reactions. Cooke et al. (1996) parameterisehe
aging proaessby an estimatedturnover rate of 1.2%%h1,
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whichtranslatego anexponentiallifetimeof 80h. Lohmann
etal. (2000) assumean exponentiallifetime of 40h enpha-
sizing however, that the modelresultsarehighly sensitve to
theturnoverrate.Koch(2001)comego a similar conclusion
compaing threedifferentmettodsfor the parameteriation
of theaging process.

Recaently, Wilson et al. (2001) have provided a more de-
tailedrepresatationof the agingprocessin a global model.
In their apprachthey explicitly calculatethe agng of soot
depenéhg on the alundaice of sulphuricadd. Neverthe-
less parametdsationsof certainprocesssarestill necessary
whensuchglobalmodelsarerunin theclimatemode thatis
whenseveralhurdredsof yearsaresimulated.

Since the aging proces is one of the key uncertanties
governing the burden and effect of black carbon,we find
it worthwhile to carry out 3D simulations with the cowled
mesosalesy modelKAMM/D RAIS (Vogeletal., 1995)that
providesa highly resolved bourdary layer andallows for an
explicit treatmen of the aging processof sod by coaggula-
tion andcondensatin to investicatethevarialility of theag-
ing time scde of sootin moredetail. The particle phases
treatedwith the aersol model MADEsoot (Riemeret al.,
2003b)andcalcuatesboth the compositionandthe sizedis-
tribution of the aerosolparticles. Basedon theresultsof our
simulatons,we discus thetime scaleon which sootis trans-
ferredfrom an externalto an internal mixture, and calaulate
theturnover ratesfor adomain sizethatcomparego thegrid
size of a global climate model. In doing so, we focuson
continental condtions in an industialised ervironmentand
investicate two differentmeteaological seenarios,thatis a
summe andawinter episale.

2 Modéd description

The comprehensie model systemKAM M/DRAIS couples
the non-hydrostatic meteordogical driver KAMM and the
submalule DRAISthatcalculaesthetransmrt anddiffusion
of thereective tracegasesand the aercsol paticles. Sincethe
model systemKAM M/DRAIS hasbeendescribedn detail
in previous pagers(Vogel etal., 1995 Hammeretal., 2002)
and has beenextensvely validated againg obsenationsin
thepast(Vogeletal., 1995; Nesteretal., 1995 Fiedle etal.,
2000;Corsmeiertal., 2002;Hammeretal., 2002)we only
give a shortsummarywith the focus on the aerosolmodel
MADEsoot(Riemeretal., 2003b).

In MAD Esoot, several overlappng modesrepresentthe
aerosolpopulation which are approxinatedby log-namal
functions. Currently, we usefive modesfor the sub-mcron
particles. Two modes(iy and j¢) represehisecondry in-
organic paticles consising of sulphate,anmonium,nitrate,
secondry organiccompounds,andwater onemode(s) rep-
resentgure soot and two more modes(i. ard j.) represent
particles conssting of sulphde, amnonium, nitrate, organic
compaunds,waterand sod. Themodesiy, j¢, i andj. are
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assumedo beinterrally mixed. Thus,themodesi and ¢
represensoot-fregparticleswhereaghemodesi,. andj. rep-
resentsoot containing particlesor, in other words, the aged
soot particles. All modesare subjectto cordensationand
coagulatio. The growth rateof the particlesdueto conden-
sationis calaulatedfollowing Binkowski andShankar(199%)
dependig on the available massof the condensale speces
andthe size distribution of particles. With coagulatio, the
assignmento the individual modesfollows Whitby et al.
(1991): (1) Particlesformedby intramodalcoaguétion stay
in their original modes. (2) Particles formedby intermodl
coagulatiom areassignedo the modewith the larger medan
diameter Furthermore,a thermalynamicequilibrium of gas
phaseand aerosolphaseis applied to calculde the concen-
trationsof sulphate,ammonium nitrate and water (Kim et
al. 1993). The calculaton of the thermodynanic equilib-
rium follows a bulk approach.This mears tha the aerosl
concentréonssummedbver all modesenterthe calculation.
After the equlibrium concentations are obtainedthe con-
centratiors of ammonium nitrate and water are distributed
over the modesdependingon the mas fraction of sulphae.
The souce of the secadaryinorganic particlesin modesi ¢
and j ¢ is the binary nucleaton of sulphuic acid andwatet
The secondaryorganic compaindsare treaed acording to
Schellet al. (2001). The sootparticlesin moce s aredirectly
emittedinto the atmosphere The sourceof the paticlesin
modesi,. and j. is dueto theagng processdescribedbelow.
Additiondly, sedinentation,adwectionand turbulent diffu-
sioncanmodify the aerosoHdistributions.

In this framework, two procesescan impact the transer
of sootfrom the externalinto the internal mixture, namey
coagulatiom andcondensation.Coaguladion of sootparticles
in modes with particlesin modesis, j, ic or j. transkers
the massof mode s into the modesi, or j.. As a second
processgoncensatiorof sulphuric acid on the surface of the
soot partides and the subsequentormationof ammoniun
nitrate cantrarsfer soot into aninternalmixture aswell. To
retainthe sootmodefor puresod particles, acriteria mustbe
choserthatdeternineswhenthe agedsoottogetter with the
solublemassis movedto the modesi. and j.. Weingartner
etal. (1997 shaw, thatatmospheic particlescanbedivided
into “more hygroscojic” and“less hygroscopic” dependig
ontheirgrowth behaiour whenthey areexposedo arelative
humidity above 90%. Basedon their findingswe definethat
all materal of mode s is moved to modesi,. and j. if the
soluble massfraction of modes rises above the threshold
valuee=5%.

We do not considerthe aging processlueto photochenix
calreactionsn thisstudy. Thisis justifiedsinceit wasshavn
by Saathof etal. (2003 thatthesereactionsdonotcontritute
significarily to this process.

We apdy themodelto anareain sauth-westen Germayy.
It covers main partsof Baden— Wirttembeg and the ad-
jacentregions (248x248km?). The horizontd grid size is
4x4km?. ThebiogenicVOC emissionsarecalculatednline
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Fig. 1. Horizontal distribution of the externdly mixedsoot at20 m above the surface 12:00CET, day2 (left: sunmer, right: winter).
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Fig. 2. SameasFig. 1, but for internaly mixedscot.

depenéhg on the land use, the modelledtemperatues and
the modelkdradiative fluxes (McKeenetal., 1991, Lambet
al., 1987,Vogd etal., 1995).We paraneterisethe NO emis-
sionsfrom the soil acording to Ludwig et al. (2001). The
anthropgenicemissios of SO,, CO, NOy, NH3, 32 classes
of VOC and dieselsoot are pre-calculatedwith the spatial
resoluton of 4x 4 km? andatempora resolutionof onehour
(Oberneieretal., 1995 Wickertetal., 1999; Preggeretal.,
1999;Seieretal., 2000. Thedieselsootemissionsreptesent
the sourcesby traffic. In addition to the sourcestrength we
must prescribethe mediandiameterand the standard devi-
ation of the emitted sod partide distribution. The median
diameer is fixed to 60nm and the standarddeviation to 1.8
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accordingto measurmentshy Vogt et al. (2000). We in-
vestigate two scenarios. First, we simulae a typical sum
mer situationwith a geostropic wind of 4.5ms~1 blowing
from East.Second,we considerawinter daywith awestety
flow with a geostophic wind of 4 ms~1. Three conseu-
tive dayswere simulatedin eachcasewherethefirst day is
usedasspin-up andwe only considerthe resultsof the sec-
ondandthethird day Consideing further detailsabou the
initialisation andbourdary conditionswe referto Riemeret
al. (2003h.

Atmos.Chem Ptys.,4,1885-183,2004
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Fig. 3. Vertical crosssecton of the externally mixed sootconen-
tration for the summer cae aty=80km, 1200CET, day 2.

3 Calculation of theturnover rate

In the following we will explain the approachwe useto de-
terminethe turnover rate of the externally mixed sootand
how aturnover rate for adomaincompaableto thegrid size
of a global climatemodelcan be calculated In MADE soot
the temporal developmentof the massdensty m; of the ex-
ternallymixedsaoot is deteminedby thefollowing equaion:

oms(x, 1)
ot -
Ax, )+ Sx, )+ D(x,t)+ E(x,t) — T(x,1) (1)

A, S, D, and E descrbetherateof charge dueto advection,
sedimetation,turbulentdiffusion,andthe emission,repec-
tively. The barindicatesthat the operatorsA, S, D andE
areapgied to the Reynolds-areragel quantities represeting
atypical spatal andtemporalscale.T is theturnover rateof
the externally mixed sootand the sumof two processes:

T(x,t) = Ca(x,t) + Cn(x,1) 2)

Ca describesthe transfe due to the coagulationof the ex-
ternally mixed sootparticleswith sod containingintemally
mixed particles or sootfree internally mixed particles. Cn
descrilesthe tramsfer dueto condensatia of sulphuric acid
andorganic compound. The exterrally mixedsootpatticles
aretransferrednto interndly mixedsod if the sduble mass
fraction of modes rises above the thresold value £=5%.
In our mesoscalenodel systemKAMM/ DRAIS both pro-
cessesre explicitly determinedas describedin Riemer et
al. (20@3b).

Typical applications of the model simulations of
KAMM /DRAIS cover areasof about 250x250km?. This
equalsmore or lessthe typical grid size of a global cli-
matemodel. In the ideal case averagirg a variableover the
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Fig. 4. SameasFig. 3, but for interndly mixedsaoot.

mesoscalelomain A shoud give the variable of the global
climatemodel (assigiedby atilde).

1
az,t) = 1 / /E(x, v, z,)dA’. (3)

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

g (x, 1)
ot o
A, 1)+ 8@, 1)+ D(x, 1) + E(x, 1) —k(z, 1) - g (x,1).  (4)

Here the transkr from the externalto the internalmode
is alreadyparametrisedas a first order reacton sincein
global climate modéds the aerasol processesisually canrot
be treded asdetailedasit is donein regional scde model.
The problemis now reducedto the paraneterisatio of the
ratecoeficientk. Following theideasexplainedso fark can
be derived from resultsof the messcalesimulations. This
means:

t+At/2

[ [ T, y,z1t)di'dA
At—At/2

t+At/2

[[ [ mg(x,y, z.t)dr'dA’
At—At/2

k(z,1) = (5)

with Ar=1h. Thistimeinterval wascho®nasit is compara-
ble to the time stegpsthatareusedin global climate modés.
In this way we deteminetime-dependntverticd profilesof
k. Thetime scalethatrepresentshe exponentialtime scde
for thedecay of externallymixedsootis givenby

t(z,1) =

= . 6
k(z,1t) ©)

4 Results

Figuresl and2 show the horizontal distributions of the soot
concentréon in externalandinternalmixturesat20 m above

www.atmoschem-plys.og/acpg4/1885/
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Fig. 5. Compostion of thetotalagosolconcentationaveragel over
the mocel domain at 12:00CET at 25m above the suface.

thesufaceat12:00CET (day?2) for thesummerndthewin-

ter episoct. Thedistributionsof the sootin externalmixture
reflect the distribution of the sources,i.e. the main motor

waysandurbancentresn the modeldoman. In the plumes
of the urbanareas and at somedistancefrom the souces,
sootis internally mixed. Comparingthe winter andsunmer
resultswe find thatthetotal soot concentationsreachsignif-

icantly highervaluesin winterdueto theshalowerbourdary
layerand thereducedvertical mixing in winter.

Figures3 and4 shaw thevertical crosssectiors of thesoot
concetration at y=80km for the summercase. In the ele-
vatedlayerssod exists mainly internally mixed. The val-
uesfor the total sod concentratbnsrangebetwesn 0.1 and
2ugm~3 nearthe surfaceat 12:00 CET (day 2). However,
higher concentréions (up to 10.gm~3) arereache in the
morning houss. Figure5 dispgays an overview of the com-
position of the aerosolphasefor the summerand the winter
case. Shawn is the aerosl concentratiom sunmed over all
modesandaveragedver thewhole modeldomainfor 12:00
CET (day 2) and25m above the surface.

During summey the averaged sulprate concentation
reachesa value of 6 .gm~2. Due to temperéuresaround
27°C the nitrate concentation is low during the afternoon
reachirg only 0.3gm=3.

During winter the sulphateconcertration is much lower
and reactes only 0.7,.gm~2 since the prodiction via ho-
mogereousoxidation of SO, in the gas pha® throudh re-
actionwith OH is lessefficient. We do not considercloud
processs; hencethe effect of the heterogneougeactionof
SO, in agueoussoluion with ozoneand/a peroxides is not
included. Nitrate is muchmore abundantduring the winter
andreachesa value of 11.5,gm~2. The order of magni-
tudeof our modelrestts for the aerosolcompgsition arein
agreenentwith measuementsfor continental Europeasthe

www.atmos-chermphys.olg/acp/4/185/
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Fig. 6. Vertical profiles for the agng time scak for summe (top)
and winter (bottom) atday 2.

comparisa with meaurementshows (e.g. Neudisset al.,
2002; Zappdi etal., 1999; Mehlmam andWarned, 1995.
On the basisof the simulatian resultsfor both episodesve
derive the agingtime scaleas describe in Sect 3. As ex-
plainedthere, t may depend on heightand time. Figure 6
shaws time heightsectims of ¢ for the summerandwinter
episoderespetively. In both cases is belov 2h during the
day and abore 250m above the surface. During the same
time interval andbelaw this height ¢ variesbetweenl hour
during the morning and up to abou 20h in the afternoa.
During night time ¢ is much larger than during the day at
all heightsandthereis a strongincreaseof r from midnight
of day 2 to midnight of day 3 in the summerandthe win-
ter case.While 7 is almost constat with heightduring the
nightin thesumrer caseit decreasewith heightin thewin-
tercase.Corsideringthetemporalandspatial variationsof ¢
in Fig. 6, it becomesobviousthatthe paraneterisatiorof the
aging procesof sootusing a fixed turnover raterepresets
anoversinplification.

Atmos.Chem Plys.,4,1885-183,2004
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Fig. 7. Daily cyclesof theagingtime scale(day 2).

Figure 7 (top) displaysthe daily cycle of t in threediffer-
entheghtswithin theboundarylayerfor thesunmerepisode
(day2) in moredetail. At the heightsof 250m and1100m,
we canclearlydistinguishbetweenthe daytimeand the night
time regime. During daytime atthes heights t is very short
(~1h). From detailedprocessstudiesbasedon our modé
resultswe find thatcondesationof sulphuricacidis very ef-
ficientin tranderring externally mixed sootinto theinternal
mixture when sulphuricacid is abundant. During the night,
the production of sulphuric add ceases Once the avail-
able sulphuric acid has beendepkted by condenation on
the existing particles condasationof suphuric acid there-
fore stopsto occur Underthesecorditions coagulation is
the only processfor the transfe into internalmixture, oper
ating very slowly. This leadsto much higher valuesfor
duringthenight comparedo theday.

Atmos Chem.Phys.,4, 1885-18932004
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Fig. 8. Conposition of theinternally mixed soot partides averaged
overthe model domain at 12:00CET at 25 m above the suface.

At the heightof 25m, which is identicd with the sourcce
heightusedfor our simulatiors, the distindion betweerday
andnightis notasapparentand r remairs atarelaively high
level of about20 h in theafternoon The reasoris thatat this
height,fresh sootis permanerly emited andthe concenta-
tion of externally mixed sootreachests maximum. Givena
certainamountof condersablespecies,it takesalongertime
until the shell mass has grown to the certainthrestold that
marksthetransition beweenexterndly andinternallymixed
sootwhich eventudly resultsin the high valuesfor .

At all heightsa characteristidrerd of thetime scaleis ob-
vious. This trendcanbe attributedto the factthatthe coag-
ulation rate depeimls on the partides numkber densties. The
particle number densties of the mode s are largely domi-
natedby theemissims. However, thenumberdensitiesof the
modesy, jr, i. and j. are decreasigwith timein our simu-
lation, becaus nucleationon thethird dayis weakerthanon
the secand day dueto the meteorolgical conditions. Con-
sequentlysincethesearethe particles thatprovide the coag-
ulation paitnerfor the externally mixed sootfor the transkr
into the internal mixture, the time scaleincreases. Similar
argumens apply to thewinter episodeasdisplayel in Fig. 7
(bottom).Compaedto the sunmerconditiors, however, im-
portantdifference concen the following issues:Obvioudy,
the daytimeis shater, solar radiatin lessintenseandtem
peraturesare significarlly lower. This cawsesa shallaver
boundarylayer and deceleated phototemistry in partiau-
lar a lower producton rate of H,SO4. However, the lower
temperateesfavour the formationof ammonum nitrate. It
turnsout thatamnonium nitrate contibutessignificantly to
the agng of sootin winter during daytime arnd herce com
pensateshelack of HoSOy leadng to time scdesduring the
day that are compardéle to the sunmercase To underlne
thesefindings Fig. 8 shavs the averagemassdensities of

www.atmes-chem-plis.og/acpg4/1885/
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Fig. 9. Time heightsetion of the masstransfe rate of pure sod
from theexterral to theinternal mixture by condenséon only aver-
agedoverthewholemodeldomainand integraedfor atimeinterval
of onehour.

the individual spedes for the internally mixed sootaeosol
(modes, and j.) at12:00CET (day?2) at 25m above thesur-
face. While the solublemassfraction of theseaerosolparti-
clesis clearlydomindedby sulphatefor thesummercaseni-
traterepresentshe maincontribution for thewinter case.Of
coursethe formationof ammoniumnitrate alsooccus dur-
ing the night whenthe gaspha® precursoHNOj is formed
dueto the hetergeneousydrolysis of N2Os (Riemeretal.,
2003a) However, sincetheformation andhencethe conrden-
sationof H,SOy ceass during the night dueto the lack of
sunlight, the sootparticlesthat are emitted during the night
cannotbe coatedwith sulphde. Sincein our currentmodel
formulationthe totd amount of nitrateis distributedover the
modesaccading to the suphatecontentthe available nitrate
endsup in the modesi ¢, jr, i. and j. and notin modes.
This meanghatthe agingof sootdueto condensatioris not
effective duringthenight, bothin winterandin sumner. Fig-
ure9 which displaysatime heightsectia of thesoottransfer
dueto condensabn (winter caseonly) shows this fact.

We are aware of the fact that this treatmentof aeosol
chemigry representsalimitation of our model. With this as-
sumptonit is not possilte to form amnoniumnitrate on the
sootparticleswithout sulphratebeng involved. In reality this
processnightoccurwhichmeanghatwe might overestimate
thetime sale for the situgions whereanmoniumnitrate is
present Thisisswe will beaddresseth futurework.

The prorounced minimum for the time scalein 25m
(Fig. 7, bottom) can be attributed to the interactionof two
processsthatactin the oppositedirecion: First, the con-
densatn of sulphateand the formation of amnonium ni-
trate sds in, which leadsto a decreasen t. Corcurrently
the sufacearea of the particlesin the modesi s, jr, i. and
Je increassescomparedo the sufaceof the pariclesin mode
s. Thereforethelow valueof ¢ canrot be susténed andin-
creasesain.

www.atmos-chermphys.olg/acp/4/185/
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Fig. 10. Corrdation of  and the numbe density of the interrally
mixed partides. The solid line shavs the fit accading to Eq. (7).
The blue dotsindicate the resultsfor the winter day, the red ones
thosefor the summer day.

Summaizing our findingswe canstae thefoll owing:
Our model resuls suggestto distinguish beween two
regimes,adaytimeandanighttime regime. During daytinme,
condenstion of sulphateand nitrate is thedominantprocess,
and an additinal separatia accordingto the heightabove
the souce region appearsto be appropriate. Above 250m
T is approxmately 2 h, regardlessof the season.In orderto
derive thetime scaleduring daytimeandbelow 250m we ap-
ply thefollowing procedure . Thetime scalesshown in Fig. 6
areaveragedbelon 250m and for thetime interval wherethe
globalradiationis above zero.We find anaveragetime scde
of 9.38h for the sumner caseand 6.89h for thewinter case.

For the night time coagulation hasbeenfound to be the
governingproces. Comparedto thedaytimeresultshetime
scalesduring the night show a much higher varigbility with
heightand espedlly with time, with a clearincreasefrom
nightto night. Apart from otherparametersuchasthemean
diametersthe cogyulation coeficients, the temperatre co-
agulationdependson the numberdensities of the interndly
mixed particles. ThereforeFig. 10 shavs the simulatedval-
uesof t versusthe numberdensityof the internally mixed
particlesfor the summerdaysandthe winter days. All grid
pointsareshawn for heightsbelow 1100m above thesurface
duringnighttime. As expecteda decreaseof t with increas-
ing numbe densityis obvious. For thesedatawe calculde
thefollowing fit, the resultof whichis depictedin Fig. 10:

a b

_a_ b 7
~ N7 (7)

with a=6x10*hcm™3 andb=3x10Phcm°

N is the numberdensityin themodesi s, jr, ic and j. in
cm~2 andthedimengon of 7 is h.

T
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The limitations inherent to our casestudiesshould be

statedclearly:
We only include sootemissionsfrom traffic. While they con-
tribute alarge fraction of the emissionsin denselypopuated
areas,more sourcescontibute to the total sootthan diesel
carsalone,eecially in winter. However, we did not have
emissim datafor theseemissioncategories.

Cloud andwetdepo#ion procesesaswell ascloudchem-
istry are not includedin the model. Again, this introduces
uncertanties mainly for the winter simulation It is impossi-
ble to estimatethe overall effect of cloudson the aging pro-
cessdueto the competingeffects of sulphateproductionin
the aqueusphaseand the removal by wet depositionashas
beenshown by Kochetal. (2003).

Desjite thesdimitationsthe discussionof our casestudies
revealstheimportantissueghatthetime scaleof sootaging
is highly vanable with respect to time and height and that
nitratecanplay an importent role for theagingprocess.

5 Conclusions

We perfamedthreedimensimal modelsimulationswith the
couplal mesosaley model KAMM/DRAIS to derive the
time scaler that charaterizesthetransferof diesé sootfrom
externd into internalmixture. Fromthetwo casestudieghat
we consideed we are not ableto derive a parameteriation
thatwill hold for the globalscale. However, the methodthat
we presentedo derive theagingtime scalesaregenerallyap-
plicable andcanbeusedasatool in thefutureto improvethe
paraméerisationfor globalmodels.

Gererally, the aging time scalesthat we derived are
smallerthan most of the values that are currenty usedin
global climate modelsand show a considerale variability
in spaceand time. Hence,paraméerisingthe agng process
of soot with a fixedturnover raterepresats anoversinplifi-
cation.

During daytimein summer, condenston of sulphuic acid
is thegoverning processfor theagingof sod. In wintertime,
the formationof ammaium nitrategainsin importance.To
our knowledgethe role of amnonium nitrate for the aging
of sod hasbeenhighlighted for the first time. Overdl, the
time scaksfor daytimein summerandwinter areconpara-
ble, about2 h above 250m and8h below during nighttime,
condersationstops beingtheimportantprocess.Instead co-
agulaton becoma moresignificant,actingvery slowly. This
leadsto atime saaleduring night of 10-40h.
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