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hA ria R tThe Mucilage Adriatico-Tirreno (MAT) The combination of these large, multi-in-N orthern A driatic Response to project conducted monthly physical and vestigator programs and numerous smaller
biological measurements along three northern efforts provide a unique, multi-faceted view of

a W intertim e Bora W ind Eve nt Adriatic sections~while other studies focused the northern Adriatic. Measurements included
on bottom-layer hypoxia.The Adriatic Sea half-year moored time series at several loca-
Integrated Coastal Area and River Basin Man- tionsextensive surface drifter deployments,

During winters,the northern Adriatic Sea the Adriatic CirculafionWest lstria, and East agement System (ADRICOSM) pilot project coastal high-frequency radars, regular hydro-
experiences frequent, intense cold-air out- Adriatic Coastal Experiments (ACEWISE, employed measurements and extensive mod- graphic surveys, high-resolution towed profiler
breaks that drive oceanic heat loss and in- EACE). European Margin Strata Formation eling to establish a near-real-time forecast sys- surveys during bora events, microstructure
print complex but predictable patterns in the (EUROSTRATAFORM) investigators worked tem. High-resolution ocean and atmosphere profiles, remote sensing (advanced very high
underlying waters.This strong,reliable forcing to understand how sediment transport pro- simulations conducted by the US. Naval resolution radiometer (AVHRR),ocean color,
makes this region an excellent laboratory for cesses produce observed deposition patterns Research Laboratory supported many of the
observational and numerical investigations off the P) and Apennine river systems. projects. Bora cont.ori page 163
of air-sea interaction,sediment and biological
transport, and mesoscale wind-driven flow

Narrow sea surface wind jets, commonly (a)
known as"bora:occur when cold, dry air () 3 RADARSAT Derived Wind Speed
spills through gaps in the Dinaric Alps (the Tta 12 Febrary 2003, 05:19
mountain range situated along the Adriatic's 45.6- W-RAsites
eastern shore).Horizontal variations in these 0 Drifter positions 45.5
winds drive a mosaic of oceanic cyclonic 45.4 A ADCP moorings
and anticyclonic cells that draw coastal
waters far into the middle basin.The winds 45,2
also drive intense cooling and overturning, V
producing a sharp front between denseverti- 45
cally homogenous waters (North Adriatic 45 t

Dense Water, or NAdDW) in the north and
the lighter (colder, fresher),stratified waters 4.
ot the Po River plume. Once subducted at 4

the front, the NAdDW flows southward in a 44.5

narrow vein following the isobaths (contours 44.6- -it

of constant depth) of the Italian coast. In
addition to governing the basin's general 44.4
circulation, these processes also influence
sediment transport and modulate biological 44

and optical variability 44.2

Building on a long history of scientific in- S Wind
vestigations [Cushman-Roisin ct al., 20011, 44 - 20 rate
scientists from several countries condlucted 435 N Cunent
intensive multi-disciplinary studies of the
northern and central Adriatic during 2002' 0.5 INS

-and 2003.The U.S. Office of Naval Research, Ship track Obseiva Current
NATO, the Croatian Ministrv of Science an(, 43.6 :-0.5 MI/S
Technology, and the Italian Ministry of the 43
Environment and Ministry of Universities 12.5 13 13.5 14 14.5 12.5 13 M5 14 14.5 15
and Research supported large observational ") E)
and numerical modeling programs. 6 8 10 12 14 16 0 2 4 6 8 1'0 1'2 1'4 16 18 20

The Dynamics of Localized Currents and SST (0c)
Eddy Variability in the Ad riatic ( DOLCEVITA) m/s
program investigated the eresoscale and sub-
mesocale response to strong atmospheric FI. / lo. ,(iv t -in lurolA VHRR sea 'irfnce temperature with curre't re<tors and dritler tracks illustrating mony of the observations collected
andl riverine forcing within the context of tiugnii the Il -1) lNebriarv 200.'3 bora. (len' lines miik part of the R//V Knorr cruise track. ivith white arrows shhoiing 12-nm velocity measured
large-scale circulation studies conducted by from the shiplssrd acoustic Doppler current pritiler iADCP). Bl/ck linies trace drirter tracks, withl whiie circles marking locations at the end of this

period. Black asterisks andwariros indicate nrtlri'ui'lrkl(1.91.-1in uun relicities rinaisired bh bottom-mounted ADCPs and current meter moorings.
Tie fie Id blrfiPik anrirs betiveen 44"N antI II I N depictsti .t-due iv ian surface i'elocitv field measured by twuo Wave Radar (WERA) high-fre-

BY C. M. LEE, EAsKAI, J. Bir.. S. C.ARNtsL. r qrnvIne uoistal r•dlns iilu ed of? l te h Italian coust (it the ed circles)A..-I bhl/k (lot utirks the AGIP Amelia platform, and a magenta line marks the
B. Clst i%\IAN-Rilts1N, C. Di iRMANJ. Du CYLE. location of the" sectiolishoin in Figui 2-ll I velohity iectois (r'e scoled according to the red vector in the upper left corner (bo) RADARSAT wind
PFi-\sir.Tr.C.K.HeRIsB.H.JoNi•.SM.Ki z11 eli speed I, o ) 12 -,'rlaarv it"ith -Ilii-hour areii "'( 12-9 14 Fbririury) Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS) wind
PMkAR'IN,A.)lsT( iN. M. )Pcs-, 1t. t)KINS. i,'(,tor, €luuhck. iteussuuuoite (5 in) vcuvy Coustal Ocean Model (NCOM) currents (green), and measured currents (magenta).A magenta circle
P-M. D I[1IN. j. PI lJEN.A. Ri nsio,C.Si iem1' arsi, iiiiiks tie AGIP Amelia phltform. The , kin (fI kin) COAMPS (NCOA't) vectors are shown at 16 km (6 km) intervals for clarity Large-scale bora

R-tids from the northeast oren aitensified by coastal topographic gaps ia seasurface indjet that can tend across most of the Adriatic. ,



Bora range of temporal and spatial scales, providing a Center, La Spezia, Italy; Jeff Book, Naval Research

coant. from page 163 "four-dimensional" (space and time) depiction LaboratoryStennis Space Center, Miss.; Sandro

of bora response that will facilitate detailed CarnielNational Research Council, Institute of Ma.

dynamical investigations of response to small- rise ScienceVenice, Italy; Benoit Cushman-Roisin,
cold, fresh waters of the front's north side. small, but noticeable fraction of sediment to scale wind forcing, dense water formation, and Dartmouth College, Hanover, N. H.; Clive Dorman,

The absence of a near-bottom suspended the northeast (not shown). Adriatic general circulation. Likewise, multi-dis- Scripps Institution of Oceanography La Jolla, Calif.;

particulate maximum suggests that these high Modeled wave orbital velocities and sedi- ciplinary measurements and modeling prom- James Doyle, Naval Research Laboratory, Monterey,

concentrations were not produced by local ment concentrations capture the dynamics of ise to characterize the biological and sediment Calif.; Pierre Flament, University of Hawaii, Manoa;
resuspension, but may instead have been bora-induced transport (Figures 3b and 3c). response to bora-induced dynamics. Courtney K.Harris,Virginia Institute of Marine Sci-

advected from the region surrounding the Model results for the 9-month winter period encesGloucester Point; Burton H.JonesUniversity

coastal islands to the east and southeast.The show that several mechanisms contribute to Acknowledgments of Southern California. Los Angeles; Milivoi Kuzmic,

physical and bio-optical variables were highly southward alongshore sediment transport in Rudjer Boskovic Institute, Rovinj,Croatia: Paul Mar-

correlated on eitherside of the front, indicating a narrow coastal band in the western Adriatic. Cedric Chavanne,,Jason Gobat,Vlado tinNaval Research LaboratoryStennis Space Center,

that the physical processes dominated the dis- These include buoyancy-induced coastal flow Malacic, Mauro Marini, Elena MauriZoran Miss.;Andrea Ogston, University ofWashington,Se-

tributions of the bin-optical properties, associated with river-derived sediments,wind- Pasaric,Viasta Tutis, Laura Ursella, and Damir attle; Mirko Orlic University of Zagreb, Croatia; Henry
enhanced coastal flow coupled with wave- Vilicic assisted with data, analysisand figure Perkins, Naval Research Labomton;Stennis Space

Sediment Transport resuspended sediments under both strong preparation. Center, Miss; Pierre-Marie Poulain, Istituto Nazionale
winds,and persistent counter-clockwise flow di Oceanografia e Geofisica SperimentaleTrieste,

Bora winds affect sediment distribution by driven by basin-scale estuarine circulation References Italy; Julie PullenNaval Research LabortorytMon-

enhancing waves and strengthening currents, and mean wind stresses. In these simulations, Cushman-Roisin, B M. Gacic. P-M. Poulain, and A. terey, Calif.; Aniello Russo. University of Ancona, Italy;

The Po River in the north and small, episodi- these mechanisms produced depositional Artegiani (Eds.) (200l)tPhysical Oceanographv Christopher Sherwood and Richard PSignell, U.S.
cally flooding rivers that drain the Apennine patterns similar to the observed late Holo- of the Adriatic Sea, SpringerNewYork, Geological Survey Woods Hole.htass.: and Dietmar

Mountains to the Adriatic central basin are cene deposits, suggesting that event scale Penzar, B. 1. Penzar and M Orlic (2001)t, Weather and ThalerAustrian Military Weather Service.Airien/

the major sources of sediment.Though most models can provide insight about sedimenta- Climate of the Croatian Adriatic (in Croatian).258 EAustria

Po River sediment appears to settle on the tion on geologic timescales. pp.,Croatian Hydrographic Institute. For additional information.contact C.M.Lee;
bed within hours of reaching the coastal sea, The unprecedented suite of research activi- E-mail: craig@apl.washington.edu.

much is redistributed before ultimately being ties that focused on the Adriatic in winter 200;3 Author Information
buried.Transport within the bottom boundary provided a nulti-faceted view of bora events
layer (-10 ma thick) usually dominates sedi- and the resulting oceanic response. Observa- Craig M.Lee, University of Washington. Seattle;
ment flux.Although sediment flux variability tional and numerical efforts spanned a broad FaridAskari. NATO SACLANT Undersea Research

is highon average bora events drive sediment
southward along the shelf with little across-
shelf transport.

The 11-19 February bora produced sedi-
ment transport patterns consistent with larger
brra events on record. Elevated sediment con-

centrations measured at sites along the Italian
coast are associated with waves generated Fifty years of research and service has made Rafter

during bora events (Figure :3). Wave heights Radiocarbon Laboratory the leader in radiocarbon
on the Po delta reached approximately 1.1 In. analytical techniques. We provide both Accelerator
with peak suspended-sediment concentra- Analytical Services Mass Spectromelry and liquid scintillation services
tirrns approachirg 11.5 g/L at 30 cm above bot- Ma rnecof dici lines.

tomr Figure3). to a range of disciplines.

Betveen 15and 19 Februan; etsediment Multi-disciplinary Team
flux on the Po delta was dominated by a 22-hourrr
period when the currents were consistently
southward,along the bathymetrv Althoutgh Client Service Our cients enjoy superor consultative services.

sediment concentrations were equally high competitive prrces, rodd turnaround times on analysis.
during the rest of the bors period.tluctuating and results backed by continuing, world class research in
current direction produced little net flux. Established History the geochemistry of a wide varrety of sample types.

Synthesis Provided by Numerical Results On-line Service Recent work undertaken by our team of multi-disciplinary
Several grupcndcvdic scientists includes:

Several groups conducted high-resulu- - Analysis of organic materials associated with
tion ocean (2 kinlatmosphere (4 km),and
sediment transport sinmulations that provide poleosersmic activity

critical tools for assessing Adriatic dynamics. Tracer studies in biologrcal research

Coulruter-rotating gyres, cyclonic in the far I improving the analysis of bone. pollen, and marine shell
north and anticyclonic nestled against the Refining paleodietory studies
Istriau pen instla. are a generic response to * Water and sediment analysis in oceanographic
bora forcing thal strongly affects the biology research I
and sediment (Figure lb. The gyres help -

maintain frontal Iroundaries and drive cross-
basin transport.Tle WAC acts as a conduit The Rafter Laboratories o:so offer a wide range of
for riverine waters and sedirnent.A paucity associated analytical services including, stable isotopes

of observations impedes the unrlerstanding (6: 3C. 6:
5

N, 6'0l amino acid profiling, PIXE/PIGME. x-ray
of small-scale circulation along the Croatian If11io p o an plyoigy
coast.although these features say participate visit our website at diffraction, petrology ana palynology.
in wintertine derise water fotrration.Tlie cy- www.RafterRadiocarhon.co.nz
clonic gyre located off the Pr mouth transports a
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