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l.INTRODUCTION
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Meteorologicalry, the land-sea transition will result in a non-homogeneous conditto changes in surface rougïness, surface temperature, and surface fluxes ofmomethe wind, temperature and humidity fields, ånd the thermal ,,*iir."ì¡"" will evbeen reached. The influence of the rand-sea rransirion ,"y .;;;;-;i to t0o_200meteorological feature is the development of surface *uu", in ,"rionr" to tt 
"dependent wave field. and surface drág or friction velocity, ;h,b-;rå an internalresponse to the changing thermal structure and roughness.

Effects of meteorological parameters-and fetch on the aerosol size distribution in c,data obrained, e.g., ar the North Sea3, rhe Danish coasrar ,;;;¡ -Ion rhe Irishthat may contribute to. the observed wind speed dependence of the size distrildispersion and deposition with wind speed cannot eiplain the experimentar resrestimate the effect ofremoval on the concentrations orsu.r_p.oau."ã-u".orol,. sio,inclusion of extended surface sources' the developm.n, or ,n" coura-l A".orol rransport Model (cAT) was started. cATdescribes the evolution of the aerosol size distributiolald 
"åÃo*i,j"ì with ferch in a column rhat is advected our over rhesea' The processes that are presently included in cAT -";;il;i mixing rhrough ¿itrusion and gravirarion, surfaceproduction' ¡emoval by dry deposition and condensation/"tup"*ioì'"r water vapou-r. elt itrese processes depend on themeteorological situation. cAT is still under development 

"^"¿ "itrài 
aerosol processes such as the interaction betweenaerosols and gases may be taken into account, whiie also u ,no."-"*,"nsive àescription of meteorological processes isplanned.

some preliminary results.from CAT are presented which are focused on an analysis of the contribution of surf aerosol to thetotal sea spray size dist¡ibutions. The reiults are applied ,o quunriry ,ie contributions of surf- and surface_produced aerosolpheric in d g_l2 pm). Results are25km c
aerosol th of modern IR detection

is discussed.
cAT is under development and will be severely tested. In this contribution the preliminary resulrs are presented. Full resultswill be presented in Vignari (199Ð6.

2. MODEL DESCRIPTION

In cAT, the aerosol is composed of continental and sea spray particles. Each component screte sizedistribution with 26 classes ranging from about.' .o+ to lz.sé rr,o ¿ry L¿¡"s. The geome ch class isgiven by r¡=0'01 x l0(il10), where i is an integer. The choice or tnË .xt 
"ies of t],e interval is tion of theparameterisations used in the model, as wiil be described below.

The aerosol' an external mixture of continental and sea spray particles, is distributed over an air column divided in l0vertical layers' In each layer the particle concentration ir h";";;;;rt 
ry aeptn oreaclluy". in"r"ur"s with heighttoallow for a ltner resolution close to the ground where the i"fl";;; o-f-th" su{ace has a relatively targe effect on the particlepopulations' The air column is advectedãlong a horizontal path n", ìr J"".*ined by the local wind field.

In the model, the fate of the
diffusion, gravitational settlin 

a series of physical processes su hrbulent
I for continentar particles and 

time evolution of the particle con i (type =escribed in the generic layer L by

dN.rypc.l,L _Â I r
d, = Òryp.,zòl,rEi -(Kl-, +Kr)N,*,,,, +Kr,Ntype,i,r-+r *K¡--rN,yp",i,r_r +Styp.,i,L+lNtype,i,L+l 

(l)- S,yp",i,l N,yp",i,l- - ô l,l À typ.,i N type,i,L

where E is the sea spray production rate, K¡ ls â parameter dependent on the exchange coefficient, S is the rate of particlegravitational settling, and L is the deposition .ut". b i, the Kronåcke. runoion.

This set of equations is solved numerically using the fully implicit crank-Nicholson methodT.
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rn orr-shore winds the continental,i:Ï':*,:tvected 
across the surf ':Ï,#ïi:;ï'"*þ:ïij$"#î*'T

tn off-shore winds the.":*i":1il-,:::t:L:#*""d across the surl'l' 
',on of sea spray-aerosol in the surf' Recent

dist¡ibution and chemicÏ""'I--^-.''^' 'hânqe il;it;-r-rti*{9t:.î::""::*Hi:ii"T:iltiii:i #i:ffi ' --^-:',^ñ -hânqe ää¿ãir", ,ni 
'u'.r 1u* 

is presenred in Neere et

experimenrs have shown ñï.;; á"riue¿ rr"i'*tã "^p"rimental 
datar'dist¡ibution and chemrc modet lor fnË surr 'ï;;;;;p"rimenral data ,

;;"d;;s have shown entrations derived fro

al.) ln this contribution'

as ¿escriUe¿ in section 3'
as described in section J' r rr-. ..,:rL rptnh 

^'e 
to removal by dry deposition

rhe concenrrations in the i::;"î::trii:i;il"lii:n,li"',",i"'","äïi;"""ä'",iJ 
;'

rhe concenrrations in the i::Xi::trffi:^*ilui'i 
^ñ';;T time sea sprav aerosols are

(wet deposition and enrr rated parricre. il iä;iltiJn ot s*ittt et al'8 is used:Ihe concenrratrur!ù r¡r urY rnto account, et al.8 is used:
,ï, 

"n;t*n 
and entr rated particles the formulation of Smith

produced at the sea surtace' ror trrs r¡u^' ¡ ' "- ---

| ( ,l'l Q)
dF 

= t,t, expl-ftl hi- I Iã: *4^r^' 
"''L -'\ ro,/ I

whereristheparticleradius,andtheamplitudesA¡arewindspeeddependentcoefficientsgrvenby:

Log(A¡) =O.06'16rJ+2'43 
(3)

t-og(42) =o.959lJtt2 -14?6 
(2) is valid for actuar radii

,:ii,il:',fi::i"',,'":ååT,31 3T#iifxi:;1:Xi:l
tuting tt't iotmula to larger sizr 

of 0'07 pm'

titu)ln CAT Equation (2) is ext

crose ro the ground, parricres are deposited with a rate depending-on.the wind sneed..Td:ll*tttt" size' The deposttton

velociries *" pru*",.îr.îiri"g tt" t*o-tuyri;"åï"iIit* "r¿ 
sri"""t. rirJv Le different for the two types of aerosols'

because rhe actuar nu,å'j" itr.ïr"¿"t".rin.¿-by the chemical composition'

sivitv formulation' The

verricar transport Ji: iïiïï:ï,îï;ri:,åi
comPutations Prese coast
marine boundarY la 

layer
in the surface laYer (4)

- :;" ;":.arman constan, r"q*l '-:911i,:.,ï ,':1 'åiiï;:f:Ï1.ål$íl 
j','.l;î:if i¡;.1,r;::'lîä k å:î:: 

.':

height the diftusivity .ã"i¡.i.ì, is constant "o-," 
iää .n'uJ-tn"n o.l.å"îíi"'"r'ï'* ti" ipper boundarv of the column

(Figure 1).
300

E

Figure 1. Profile of the eddy diffusivity coefficient used in the simulations'
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The relative humidity varies with height above the
variations cause a change in rhe aerosol size distrib llllswrtSa between different layers, these
of the particles to the variarions in relarive humidity .::T::,1tT" 

of water vapour. The response
)mposttlon.

In the model the particles are supposed to be. alwa.ys in equilibrium with the relative humidity in each layer. The
.irtnïti'liilåj$: irîtij: n-ti"t' to reach 

"quiiib,ium,'ur-iun"tion or ui. t"*f"ìuiu." und rerarive humidity, was
pafiicle to attain its equilibrium radius ridity, the more time is needed for a sea salt
of l0 ¡.rm needs lOs to attain the equ: particle emitted at the surface with a radius
lower limit of the time step that can ì

which is a fast process and therefore ne
to increase this low number to a value
been chosen' This is the time it takes for a particle emitted at the surface with a wet radius of 50 Fm to come to equilibrium.This means that the particle populatio large sizes, or the equilibrium condition is not fulfilled. Thedry panicle radius corresponding to a circa 12.5 pm. onty parti"r", *¡,¡ dry radius not larger thanthis value can be included in the mode it is uncertain *r,"tt Ë, o.oprets witr, initial radius larger than40 pm stay in the air long enough to transfer moisture. T¡is uncertaintlgfl annlies to particles belonging to the last class.wirh this upper limit of the particle size, also the proper application of (2) is insured.

The equilibrium between the droplets and the ambient rerative humidity is calculated by'

s = a. .*ol tt-o I" ^ (RTp*r/ (s)
where s is the saturation ratio, aw the water activity, M* and p* the molecular weight and density of water, o the surface
;ä1':t:'åji:i"ï.:"H;rî:iT 

the temperature, and rthe equitibii".."äi"r. wu,". *ñui,yììir".r*" rension depend on the

The choice of the continental aerosol chinventories. t measurements at the site or on emission
hygroscopic sulphate). Sea salt particles are more
ammonium s t sea salt particles are larger than wet
particles this ¿low 75Vo, while for urn-oniurn sulphate

The range of validity for the application of thermodynamic parameters used in the model determines the choice of thesmaller particle class.

3. MODEL RESULTS

Preliminary results are presented from

alr temperature, wind speed, friction veloc

The results presented here focus on
distributions, t¡"refo.. continental aer 

f produced aerosols to the evolution of the sea spray size
m above the sea level. All results are plott, 

the calculations' Results are shown for the layer 
""n["ãui'rz

Aerosols produc
Environment) ex cal Propagation-Assessment in Coastal
wind speeds up n March 1997t't2. Data are available for
function of wind analysed to obtain size dist¡ibutions as
concentrations of surf-produced sea spra¡ I results are used as inputs for the initial

:or 8 ms-r. Also, to show the .onoìlr,
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Figure 2' Initiat sea spray size distributions over the surf'

-producedaerosolwasdescribedwithaJungedistributionthatishomogeneously
30 m' The Junge distributi"t;i';;;t ñ; *":l-':t^":l"t specrum in which the
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Figure 3. sea sprav size distributi""' "'Tf;i;ih:lH,"f;Ii,:läiï'Ëårïåå:îï: " 
8 ms'r' Initiar conditions represented

rn risure 3 the evolurion of the sea sprav size disuibution is illr ltJ,"Jiifili"?åft:t'ii:å:
ä, 

"ä 

ilì;; initiar il'1;:lT;;*#', il'ä:":ï,1
larger particles' the concentratlons 1I

.iíitiuution of surface-produced at 
-

also another on" atZ-Z'S ¡rm' At 25 km the two modes are ver)

production ""0 'åãtîi*!;t '" 
be reached' since the particl(

little' 
-^^-.,-omanrq ^re 

used as initiat conditions' The

::'"".#i,'"î",i:jLï#:i",i:,î"'l';;jj:Ë:,ïi""1åY"å?'"ffå'ÏïffS;ffi:i"ffiJ;åÏ"*u;' 
the previous case
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Figure 4' Particle concentrations as function of distance from the coastline_forparticles of 0.5, l, 5, and l0 ¡rm. wind speed is g
ms-r' Initial conditions represented by a) a Junge ¿irtnuution ãnJfiË'oroa, ¿ata. Not"ttrl ãiff"r"n". in horizontal scares.In Figure 4, particle concentrations al

For the larger particles there is a dij
concentrations ofparticles of5 and 10 p the Junge distribution (Figure 4a), theconcentrations at fetches of about 25 r hey start to increase and exceed the initiarproduced aerosol dominares the effect ol rat at larger fetches tt" 

"rr"aï,;;;"..r with a low surf production.
th a large surf production as
dominates the concentrations Jolla. In this
sizes change only little, indi 5 h of travel

far from the
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Figure 5. Sea spray size distributio", ^,oT I l:lx;3t [î,ff,i1T"'."friäiftå'r:ï* 
3 ms-r' Initiar conditions represented
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Figure 6 particre.*"nîï:i,-fr:îiîi:lJåll:'ffiffi#ïiJi'äåfi;X,fJnî\'ri¿J^'¿#.1ål¡rm 
wind speed is 3

pm.rheconcentrationiåh'åÏ::[Ïrïi",ît:1"1î:.t"""'"::i
into the uPPer laYers' an

km the number "on""nt*tions 
decline to the initial concentra

constant' r '^- .,,:-ã cnecds of 3 and I ms ''

As a preriminary test for cAT, size distribution-s calculated with the model at a fetch of 25 km, for wind speeds of 3 and.8 m 
-1

are compared *i,h -;;;;"o ,"p".r"¿ ¡, ,"ri,-iäìîi ir." rig*" 8). il';;;;i'" tr'" *rru"" produced conrribution' the
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model was ini
Comparing the of the large ow.
the sea surface, r 0,5 and l0 ove
consistent with arger, but the 

are
overestimation of the concentrations, spec .vary 

with th an
approximations used in the model, the iesu :tng into account the simple meteorological
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Figure 7. Mean particle size distributions as initialised in
Lh" loy_o five levels, derived from measure..nãã*ing
the EoPACE experimenrs for wind;;;;Ë;r , Ti.Ievels are identified by their -"un t 

"igf,i.

4. EFFECTS ON EXTINCTION

lengrhs. infia-red (IR) a
tions usi ¿",r. n"r"ìrrä.
:re they ction offetch atbecause in various kinds

iCE surf size distribution show verv
gure 2)' Fitting or u po*ã."r;;jlt due to the small
t -2.7 to -2.4. Thus the Ångström on results in an

:lose to zero. on between the

In all cases the extinction initially decreas,
the wind speed, of up to more than one or vari
continues over large distances from the co the
ls an integrated effect over the whole size the
in the variation of the extinction .oefrrci"n of

'o ,.oiur lrrj 
oo tooo

Figure 8. Comparison of model results with
measurements reported by Smith et al.8
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5. DISCUSSION AND CONCLUSIONS

oder (cAr) has been developed and :;îj:i;,:î'J äffï::
one and at the surface by breaking w 

r ior *i"¿ speeds of 3

he surf on the aerosol size dist¡ibuti

and 8 ms'r were derived from size disributions.measured d

using these data were tornp*"a with results-using an hypotht

concentrations in the ,op"ïl-i"ron range. For both cases, the infl

several km. when ,h" Jï;;å;;tiãn-i, l"*, tt e eir""t or surface production of the large parücres (rss

for 5 and 10 pm) b""orn"r'dominant. mro *t * ä" model is usËd *i;l ;;" ,n"urur"J surf-produced concentrations' the

effects of surface p."¿"rïä"ä^"iritr"* the size dist¡ibutions. Ho*"u.r, in that case the concentrations at fetches of up to

25 km are srill much higher than in the case;;;rf;rodu""a ae.oiî^rì"*.iu"d with the Junge distribution' This

indicates 
- on the sea spìay concentrati;t;A;;;tes from the coast of at least 25 km' the

largesr fe h"i;'ì;fù;";" íi'"xtend #; il;;;:iize distributions carcurated with cAT

at a fetch "*p"''it*"ì"idata 
measured in similar wind speeds'

Extinction coefrrcients were carculated from _the 
size distributions obtained with cAT' At short fetches' the extinction

coefficients ." ,ignirr.unì^;h""-,h" ..urur"¿ Ë-opÃcf ,*f ,our.. f;;'rir"r';; used, but they decrease fast with fetch'
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l.

This fast decrease is initially mainly due to diffi:sion of the aerosol in the vefical, whire later deposition and surfaceproduction determine the variation of¡ottr the aerosol concentrations and the extinction.
The present simulations were in the firr
aerosols were not included in the calcu rrf_produced aerosols. Hence, continenþl
uniformìy and homogeneously distribute ntinental aerosols may be assumed to be
not occur for the coitinental aerosol, ar ritial strong decrease due to diffusion will
processes. Thus, also the extinction due t ' be due to deposition and other removal

much less with fetch.
Effects of continental aerosols on the total extinction will be included in future work. As indicated in the introduction, cATT"å::,iÏåiJ::,È:î:'.*îiîï.äffiïlî#i¡*ffi;;ä'"* lÏn u" 

"on,i¿",.ã;;;;-;sefu, toor ro study coasra,
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