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LONG TERM GOALS

The goal is to investigate, theoretically ahtbugh analyzing existingadia, the role that sea
spray plays in transferring heat and moisture across the air-sea interface. Ultimatelpevte
develop simple parameterizatidios these air-sea fluxes for use in large-scale models.

OBJECTIVES

The biggest impediment to progress in this area is poor knowledge atéhat which sea spray
droplets of various sizes are produced at the air-seaaingerfThus, the first objective is to better
guantify the sea spray generation function. Two classes of spray droplets exist: those derived
from bursting bubbles (eitheitrh or jetdroplets) and those torn datly from wave crests by the
wind (spume droplets). The spray generation functioedoh class likely depends on wind
speed, water temperature, sea state, aridce contaminants. The sexl obgctive is to

develop parameterizations, based ornrogbysical modeling, for theate at which individual

spray droplets exchangedit and moisture with their enonment. The third obftive is then to
couple the spray generation function with the microphysical modeling toaéstilre integrated
contribution of all spray droplets to the sagé heat and moisture fluxes. A related objective is
to quantify how the feedback between the elevated spray heat and maistees alters the
interfacial transfer (the turbulent air-sea transfer that obtains in the absence of spray).

APPROACH

This work is theoretical and analytical; there has been no experimental component.
Microphysical theory establishes how rapidly spray droplets can exchaagard moisture in a
given environment. Theoretical considerations also predict how the sea spray generation
function should depend on wind speed. The analytical part involves developing
parameterization®r the various processes under consideration by simplifying model results or
by synthesizing various data sets and observatigustesl in the literature. Checking the
parameterizations being developed against available data is also another aspect of what | call
analytical work.
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A lot of work has been done on the physics of air-seaaotien and the details of the

atmospheric surface layeb@ve the sea swte. None of this ark, however, has shown

conclusively that spray affects air-sea exchange. But few measurements have been made in
winds above 20 m/s, where my modeling suggests that spray finally becomes a significant transfer
mechanism. Consequently, anothereasmf my @proach is to make certain that predictions

from my spray model are compatible with previous observations of aires¢@hd moisture

fluxes.

WORK COMPLETED

The spray generation function that | developed (Andreas, 1992) has yielded useful results (e.qg.,
Fairall et al., 1994) but ignited to wind speeds of 20 m/s or less. | have, thus, developed a new
spray generation function, based on the model reported in M. H. Smith et al. (1993gdtsat tr
winds up to 32 m/s. That is, this new model can predict spray generation in winds of almost
hurricane strength, where the hurricane community (e.g., Emanuel, 1986, 1997; R. K. Smith,
1997) has long been invoking an unidentified sourcatehk heat to maintalmurricanes. | have
submitted a manuscript describing this new spray genefatation (Andreas, 1997) and am
currently revising that in light of reviewer comments.

The difficulty in identifying sea spray's contribution to the air-sea heat and moisture fluxes is that
this contribution is not predicted to be larger than the signabtse ratio of eddy-correlation
measurements for those fluxes until the wind speadhes at least 15 m/sndeas, 1992;

Andreas et al., 1995). d8ause of the difficulty in measuring thelulent fluxes at sea in such

winds, there is thus scanty data with which to test theryheThe flux éta collected in the

North Sea during HEXOS (Humidity Exchange over the Sea Experiment; DeCosmo et al., 1996)
is one of the few sets with any flux measurements in winds above 15 m/s. Janice DeCosmo and |
(Andreas and DeCosmo, 1997) reported oulipirgary analysis of herata in the context of my

spray model with the purpose of looking for a sea spray signature in the HEE&Oflkes.

To treat the ultimate goal of my spray researparaneterizing spray effect®r use in large-

scale models—Jim Edson and | have completed|engrary comparison obur individual spray
models in two case studies (Edson and Andreas, 1997). Edson's model is fairly complex and
computationally intensive; mine is less so. If redutisn the two models can be made to agree
(they could), a simplified version of my model becomes a catelidr use in large-scale models.

RESULTS

An implicit theme in this work is learning how the total air sea fluxes of sensipig) @hd latent

(Hrtot) heat partition between spray amddulent (or interfacial) contributions. That is, eddy-
correlation instruments positioned above the droplet evaporation layer (Andreas et al., 1995; say
at 10 m) would measuresi:and H w1, which actually resulirom both the interfacial sensible

(Hs) and latent (Id) heat fluxes and the spray sensible)(@d latent (Q heat fluxes. | am

attempting to quantify this partitioning as

H . = H —aQ_, (1)



Hs,tot = HS+BQS+(G_V)QL1 (2)

whereaq, [3, andy are presumably constants of order 1.

A bulk flux algorithm such as the TOGA-COARE version (Fairall et al., 1996) of the LKB (Liu,
Katsaros, and Businger, 1979) model is currently in vogue for predicting the turbulent fluxes H
and H. My spray model (Andreas, 1992) predictsa@d Q. In the context of (1) and (2), the
HEXOS data and theQGA-COARE algorithm suggest = 3 =y =3 (Andreas and DeCosmo,
1997). But applying an alternative bulk flux algorithm—namely, &#s(1992)—to the

HEXOS data suggests = 3 = 0.5 andy = 0 (Andreas and DeCosmo, 1997). That is, &tsr
model automatically accounts for some of the spragcgdfad, thus, may be mowcurate at

high winds than the TOGA-COARE algorithm. In a third attempt to(Lisand (2) to partition

the spray and interfacial fluxes, Edson and Andreas (1997 fmfi = 1 andy = 0. Here we

used Edson's (Edson and Fairall, 1994; Edson et al., 1996) smaibidtspray model to predict
Hs.wtand H o, the TOGA-COARE algorithm (Fairall et al., 1996) to predicahd H, and
Andreas's (1992) spray model to predigta@d Q.

In summary, if spray contributions were negligible—as they are currently assumed to be in all air-
sea interaction models—we would hdeend a =3 =y = 0 in these three sets of calculations.
Because we did not, we suggest there is at last hard evidence that sea spray does mediate air-sea
heat and moisture transfier winds less than 20 m/s. For winds of hurricane strength, our

models predict that spray dominates the air-sea trapisieess.

IMPACT

The TOGA-COARE bulk flux algorithm is widely presumed to be the best modekfandHH.

| find, however, that though this may be the best model for the western equatorial Pacific, where
the winds are generally light, it underesdies the measured HEXOS fluxes, which were

obtained in higher winds. There are two ways to interpret this result. Either an alternative bulk
flux algorithm, such as Garrat{$992), has wider applicdity than the TOGA-COARE

algorithm, or another, unmodeled process—namely, transfer through sea spray—is coming into
play at these higher wind speeds. In either case, the TOGA-COARE algorithm requires
reevaluation.

My analysis suggests that sea spray becomes an important vehicle for transéatriagoh
moisture across the air-sea interfémewinds above 20 m/s. In other words, as the winds
approach hurricane force, sea spray plays an essential role in generating and maintaining
hurricanes by providing thatent heat that modelers find neces$arynaintaining these storms.
That's why developing a simple spray parameterizéioase in large-scale models is the
ultimate goal of this research.

RELATED PROJECTS

With Janice DeCosmo at the University of Washington, | have been reanalyzing her HEXOS data
in light of my spray model (Andreas, 1992). | have also been working with Jim Edson of the



Woods Hole @eanographic Institution on simplifying our respive sea spray moddts use in
large-scale air-sea interaction models. We, in fact, h&vgesar proposal currently under
consideration at ONR to formalize and focus this research.
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