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LONG-TERM GOALS
Improved understandgnof fundamentaprocesses of turbulence and air-sea axtgons.
OBJECTIVES

The standard model for deaiwith turbulence and air-sea indetions has three c@onents:

(1) The @ean srface can be characterizeylits tenperature and aergdamic roghness.

(2) Given (1) we can use the wingkgd and air teperature/humidit to determine the air sea
fluxes. All relevanproperties of theprofiles of the mean and turbulent fields in the soef lger can
them be computed with scalig parameters derivelom these fluxes usigpMonin Obukhov 8nilarity
(MOS) theoy.

(3) The small-scalproperties of the turbulence (structure functions and inertial sgbran
spectra) can be described sglél terms of the wavenumbepétial sgparation and the digsation
rates. This is the so-called Kolguyov hypothesis.

Our ohjective is to invesgate variougphysicalprocesses that lead to violations of the standard model
and to develp new models that more thorghly describe turbulergrocesses in the marine surface
layer. For examle, (1) is viohted ly sea pray, oceanic nearesface mixirg processes, and
interactions of the wind/stress vectors with Zadimensional ocearudgace wave gectrum; (2) is
violated ly intermittentprocesses associated withgar scale boundgidayer dynamics and coherent
structures; violations of (3) are chaterized B the "revised" Kolmgorov hypothesis that at least one
large scale variable introduces intettengy that influences small scalgrhmics and that this

influence increases with the order of fitecesses examined.

APPROACH

We have taken a combined theoretical, wied!l, and eperimental @proach to stuging these
problems. The theoretical workr{marily the bailiwick of R. J. Hill) has been @orous examination
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of various apects of thdundamentals of correlation functions, structure functions, pactis in
locally isotrgpic, inconpressible turbulence. The work has included certgrdas ofprocessig data,
various assuptions used ¥ previous invesgators to simlify the theoy, and fundamental
relationshps between lgher order velocit statistics and thpressure structure function. The
experimental and angtiical work (rimarily the bailiwick of C. W. Fairall and J. E. Hareyolves
anaysis of datgrom the standard modpbint of view to inprove the various dimensionless MOS
functions for @plication over the ocean, evaluation of these datagusinlinear (chaos) techques,
and investyation of coyling effects to BL-scale structures andface waves. The data used has
come from existig datafrom previous fieldprogramsplus the MBL-gonsored RASEX fielghrogram
in Denmark and the FLIP/Wecoma figdtbgram off the coast of California. For the MBL field
program, we combined with the ETL lidgroup to obtain measurements of boundkayer turbulence
profiles and coherent structures to gdement the near-surfacerbulence and wave measurements.

WORK COMPLETED and RESULTS

The theoretical work has been yg@roductive. In the lastear apaper has beepublished describm
acceleration arrelations for small scale turbulencellEdnd Thoroddsen 1997). Thaper has direct
application in aerosol and alid drglet coayulation theoy and models. Avaper has also been
published summarizgpthe stateof-the-art in scintlation methods to estiate sirface fluxes (Hill
1997a). Apaper has been submitted @urth-order veloci statistics (Hl and Wilczak1997) and a
technical r@ort written on veloci-velocity andpressuregradient structure functions (Hill997b).
Finally, apaper was submitted deriviran (pdated version of theythamic euation for homgeneous
turbulence (Hl 1997c).

The standard MOS aryais of existig databases is neagiconpletion. Pa@ers have been written on
MOS similarity over the ocean, oceanic ghuness relationsps, and air-sea flugarameterizations. An
algorithm is described thgroducesaccurate fluxerom bulk measurements for the zero to 10 m/s
wind geed rage (Fairall et al. 1996a; Glaon et al. 1996). paper was submitted summarigithe
analsis of two of our existipdatasets to obtain all terms of the TKE and scalar variangebud
equations over the ocean (Edson and Falr@dl7); no ginificant differences were found between over
land and over ocednnctions. All terms were found to opéhe theoretical MOS convectiienit. A
paper published on a new theoretical derivation of the conveditivie for the marine atmagbheric
bounday layer where we show thgtistiness associated with PBL-scale intermityeimoits the
instability of the surface lger andprevents scalar fluxes fronpproachirg zero values as the vector
wind goproaches zero (Grachev et al. 1997). Also, a new method was plEvédo estimatig the
surface lger stabiliy from bulk measurements that does nguie iteration (Grachev and Fairall
1997). Twapapers have ppeared on air-sea interaction measurement angas#tchrgues (Fairall
et al. 1997; Edson et al. 1997).

Work also continues on non-standardcesses. Aaper has beepublished on the cool skin
and the warm lger in the pper meter of the ocean; their influence on air-sea fluxes is cordee of
10 Wni* (Fairall et al. 1996b). A model was deyeld that allows bulk water tgrarature data to be
correctedor warm lgyer and cool skin effects. paper describig a nonlinear angsis for correlation
and embeddmdimensions of turbulence and radaean srface scattermtime series for velogit
stress retrievals from radaata has been submitted (Palmer e1887). In an angsis of RASEX
data, J. Hare deveded a similariy model for anafsis of wind-wave an@ressure-wave c@ling. It



was found that the assumederential decy of this cogling with heght is agood gproximation for
covariance statistics but nfar quadrature statistics (Hare et 8997).

IMPACT

The theoretical work opressure and bher-order velocyt turbulence mtistics is the first gnificant
advance in this area since the 50's. It is dyaelbvant to the kefeatures of the MBlprogram:
higher-order moments, structure functions, non-traditionalyaeal The bulk flux routine inqaorates
mary innovations gustiness, cool skin and warnyé&x effectsproper convectivdunctions, rain heat
and momentum flux, Webb eitt, and a critical Richardson number in unstableventions); it is
expected to become a commuyngtandard and should be inporated into perational weather
forecast models (@, the Nay’s). The work done on structure functions and gegson rates will
improve understandgof the TKE budet over the ocean vs over the land;ilt &lso lead to btter
inertial-disspation flux estimates. We alsomct future angises to addreatly to knowledye of wind,
wave, and flux relationsps. Workirg jointly with Jim Edson, eperimental techmgues to measure
fluxes from shps were advanced considenablver the last 4ears. Theystems develoed will
greatl improve air-sea flux information in future fieftograms.

TRANSITIONS

As discussed above, the new bulgoaithm and bulk Richardson numbgarameterization could be
adgted in Nay operational forecast models.

RELATED PROJECTS

This work is redited to several other reseaprbjects in the ETL air-sea interactigroup.
"Air-sea flux studies durmTOGA-COARE", NOAA Qimate and Global Chaye Pragram. This is an
investgation of fluxes and fluyarameterization mbods in the trpical western Pacific. The
enphasis is on short-ternlimate varialit y.
"Shipboard measurements of cloud-radiativeperties in the trpical western Pacific”, D@rtment of
Enegy ARM program, (DE-AI02-92ER61366). This is a syudf cloud forcirg of the oceanicisface
enegy budget.
"Environmental sensgi, DoD Advance Sensorgylication Prgram (P.ETL.2090). Invesggtion of
air-sea interaction gects of remote sengjof the sea surface.
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