Model for simulation of the sea salt aerosol atmospheric cycle
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There is an increasing interest in simulating various impacts of sea salt on the atmosphere, such as direct
radiation effects and indirect effects on cloud formation. Sea salt aerosol is produced over the air-sea interface as
a result of the air momentum transfer to the sea surface. The sea salt atmospheric process starts when strong
winds generate whitecaps of the breaking waves with a high concentration of bubbles. Their bursting releases
salt aerosol into the marine boundary layer. Once injected into the atmosphere, the sea salt is transported
vertically and horizontally and it is deposited on the ground by wet and dry deposition.

In this article we describe a model for simulating the sea salt aerosol atmospheric cycle. This model
(DREAM-SALT) is based on the DREAM dust aerosol model (Nickovic et al., 2001), which was adapted to
function for sea salt aerosol. The NCEP/Eta regional atmospheric model (Janjic, 1994; Janjic, 2001; and
references therein) drives the aerosol. The aerosol emission scheme is based on the viscous sublayer model
(Janjic, 1994) in which energy and mass transfers above the air-sea interface critically depend on turbulent
conditions. The Janjic viscous sublayer scheme is based on the following assumptions: (a) there are two distinct
layers: a thin viscous sublayer immediately above the surface, and a turbulent layer above the viscous sublayer;
(b) at the top of the viscous sublayer all fluxes are continuous. In the viscous sublayer, it is assumed that (1) the
vertical transport is determined entirely by the molecular diffusion; and (2) vertical profiles of variables are
linear since the viscous diffusivity is assumed to be constant. In the turbulent layer, the vertical transport is
entirely defined by turbulent fluxes.

Depending on the Reynolds roughness number Re =zu, /v, the viscous sublayer scheme is assumed to

operate in three different regimes: smooth and transitional; rough; and rough with spray. Here, 7, u, and v are
the roughness height, friction velocity and the air viscosity, respectively. When Re exceeds a prescribed critical
valueRe , the flow ceases to be smooth and enters the rough regime. The rough regime is characterized by

combined viscous and turbulent mixing. In the rough regime with spray, the mixing becomes fully turbulent.
Here, the breaking waves provide a mass exchange, which is more effective than that of the two previous
regimes. The values of ¢, at which the transitions between the different regimes occur are y, =0.225 ms™ and
u, =0.7ms™.

Following Janjic (1994), the sea salt fluxes are defined by
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in the viscous and turbulent sublayers, respectively. Here, K. is the Monin-Obukhov bulk turbulent mixing
coefficient; Css Cpr and C,,, are sea salt concentrations at the sea surface, at the top of the viscous sublayer

and at the first computational model layer, respectively; and z,,, are the heights of the top of the viscous
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sublayer and the first computational model layer, respectively. The depth of the viscous sublayer is calculated as
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(Janjic, 1994). Here, §_is the Schmidt number; the constant M has the value of 30 in the first regime and 10 in
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the second regime. The viscous sublayer depth z ;5 decreases as the turbulence increases. The viscous sublayer
vanishes in the last, rough regime with spray. From the requirement for continuity of the viscous and turbulent

fluxes at the viscous/turbulent interface, it follows that Cpur = m, where ;, _ Kezinr . Here
I+ v(zim —2ivr)
o plays the role of a weighting factor. Note that @ vanishes with the disappearance of the viscous sublayer in the

rough regime with spray. As a consequence, it follows thatC,, = C, at z = z,. In the Janjic scheme, the interface

value ¢, . is considered as the lower boundary condition for the surface turbulent scheme in the NCEP/Eta

INT
model.

In our approach, the aerosol concentration at the top of the viscous sublayer is used as the lower boundary
condition, in contrast to most other sea salt models that use a flux form for the emission function (e.g. Monahan,
1986; Gong et al., 2003). In our ‘concentration’ boundary condition approach, effects of the viscous sublayer
model are fully taken into account. Based on such concept, we have developed two alternate emission schemes.



The first emission scheme defines the lower boundary condition using the source function of Erickson et al.
(1986):
Cl=10"a’exp(0.16U,, +1.45)  for U, <15ms™'; j=1,N
C{=10"a’exp(0.13U,,+1.89)  for U, >15ms™; j=1,N
Here, U, is the 10m wind intensity; a; e (0,1) is an array describing the source particle size distribution. In our

model setup, we use N = § particle categories with sizes ranging from 1-8 s . All variable units are given in the

MKS system.
In the second emission scheme, the sea salt concentration on the top of the viscous sublayer is used as the
lower boundary condition. It is assumed here that C,  is proportional to the salinity of the predicted specific

humidity ¢, . at the same height:
CIJ[.VT = 1073aqu1NTpair
where, § is the sea water salinity; p is the air density. Again, variable units are in the MKS system.

Preliminary experiments with the sea salt model based on real-time atmospheric forecasts indicate that both
emission schemes proposed in this study reproduce major observed features of sea salt aerosol, such as
horizontal and vertical concentration distribution. Figure 1 shows 24-hour predicted horizontal distributions of
surface sea-salt concentration and wind at 3000 m over the Mediterranean region on August 2, 2006. In Figure 2,
time evolution of the sea salt concentration over the sea near the west coast of Africa is displayed. More
extensive tests in the future will demonstrate which of the two proposed schemes more accurately simulate the
sea salt process.
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