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L O N G -T E R M  G O A L S 
 
To contribute to  the understanding of the dynam ics of m arginal seas such as the M editerranean by 
collecting and interpreting accurate Lagrangian observations of currents and satellite m easurem ents of 
w ater m ass properties (e.g ., tem perature, salinity , chlorophyll concentration). In  particular, to  study the 
variability  of the surface velocity and tem perature/chlorophyll fields in  selected basins of the 
M editerranean at the m eso-, seasonal and interannual scales and to assess the im pact of the w ind 
forcing and fresh w ater runoffs. 
 
O B JE C T IV E S  
 
1) To quantify the instrum ental and sam pling errors associated w ith velocity statistics derived from  
Lagrangian data sets. In  particular, to  assess the w ater-follow ing characteristics of com m only-used 
surface drifters by m aking direct m easurem ents of the relative flow  around their body under various 
w ind and w ave conditions. To use advection-diffusion statistical m odels of trajectory prediction to  
estim ate im portant sam pling errors, such as the so-called “array” bias affecting the estim ated m ean 
flow . To find design criteria for optim izing drifter deploym ent strategies. 
 
2) To describe the spatial characteristics and the tem poral evolution of the surface circulation, the sea 
surface tem perature (SST) and the surface chlorophyll concentration in  selected basins of the 
M editerranean, e.g ., in  the Ionian Sea, from  m eso- to  interannual scales. To investigate som e aspects 
of the response of the surface circulation and SST/chlorophyll to  atm ospheric (e.g., w inds) and 
boundary (e.g., river runoffs) forcings. In  particular, to  study the characteristics of w ind-driven 
currents (i.e., upw elling events). 
 
A PPR O A C H  
 
1) D irect m easurem ents of the relative w ater flow  around surface drifters in  various w ave and w ind 
conditions. Interpretation of the m easurem ents using m ulti-variate regression analyses to  find sim ple 
m odels of drifter slip  versus w ind speed and direction and versus w ave significant height and 
direction. 
 
2) Estim ation of Lagrangian sam pling errors, and in particular of the im portant “array” bias error, 
using statistical m odels. A ssessm ent of the validity  of D avis (1999)’s form ula using num erically  
sim ulated drifter trajectories produced by a “random  flight” m odel (G aussian-M arkov process). The 
use of the sam e m odel to  seek an optim ized drifter deploym ent strategy to m ap the m ean flow  and 
eddy variability  and to quantify particle dispersion (Lagrangian statistics). 
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3) The analysis and interpretation of historical Ionian surface drifter data sets collected betw een 1990 
and 1999 by various organizations, m ostly by the SA C LA N T U ndersea R esearch C entre 
(SA C LA N TC EN ), by the N aval O ceanographic O ffice (N A V O C EA N O ) and by the N aval 
Postgraduate School (N PS). Eulerian and Lagrangian statistics of the Ionian surface circulation and 
SST are com puted. Sam pling random  and bias errors on the m ean flow  estim ates are estim ated. 
 
4) The use of satellite im ages concurrently w ith the drifter data to  describe the variability  of the 
surface currents, SST and surface chlorophyll fields in  coastal areas of the Ionian Sea (Strait of S icily  
and of O tranto, near the C retan islands and along the A frican coast). A V H R R  im ages archived by 
SA C LA N TC EN  and processed by the Satellite O ceanography Laboratory of the U niversity  of H aw aii 
(D r. P . F lam ent) are used to  study the SST variability . SeaW iFS im ages dow nloaded from  the G oddard 
D A A C  are utilized to  create m aps of surface chlorophyll concentration during periods of large drifter 
concentration. 
 
W O R K  C O M PL E T E D  
 
1) Two commonly-used surface drifters, the CMOD (without case) and the CODE, and a new drifter 
design (MICROSTAR) w ere equipped w ith acoustic velocim eters and w ith G PS receivers, w ithout 
changing significantly their hydro-dynam ical characteristics (e.g ., size, buoyancy and drag area; see 
F ig. 1). The velocim eters m easured the relative w ater flow  at 1-2 locations near the body of the drifter 
w ith an accuracy of about 1 cm /s and w ith sam pling frequency of 1 H z. The G PS receivers provided 
high accuracy (~  1 m ) position data at 1  H z. A ll the data w ere recorded on a datalogger and m em ory 
board inside the drifters.  The three drifters w ere deployed in the vicinity  of a w averider buoy in 
M onterey B ay on 5, 6 , 7 , 8 , 11 and 12 D ecem ber 2000. The w averider buoy provided significant w ave 
height and w ave direction data every 30 m in. Each day, the drifters rem ained in the w ater for 3-5 hours 
before they w ere recovered. The ship used for the deploym ent/recovery operations w as fitted w ith a 
m eteorological station to  collect w ind data close to  the drifters w ith a sam pling interval of 10 m in. 
W ind speeds w hen the drifters w ere in  w ater ranged in 0.5 - 8  m /s w hereas significant w ave height 
varied betw een 0.8 and 2.5 m .  
 
2) The sam e drifters w ere operated in  the northern A driatic in  M arch 2001, in  the vicinity  of a 
w averider buoy just outside the G ulf of T rieste (12, 14, 20, 21 and 22 M arch 2001) and near the 
“A cqua A lta” oceanographic tow er off V enice (26, 28 and 29 M arch 2001). The w averider buoy and 
pressure gauges at the tow er provided significant w ave height and w ave direction data. The ship used 
for the deploym ent/recovery operations w as fitted w ith a m eteorological station to  collect w ind data 
close to  the drifters w ith a sam pling interval of 1  H z. W ind and sea conditions w ere relatively calm , 
w ith w ind speed sm aller than 8 m /s and significant w ave height inferior to  0.5 m . 
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Fig. 1. CODE drifters ready to be deployed in Monterey Bay in December 2000: Two standard 
designs with Argos antenna are shown to the right (brown and blue); the drifter equipped with two 

acoustic velocimeters and GPS antenna is shown to the left (yellow). 
 

 

RESULTS 
 
1) D rifter tests, M onterey B ay, 5-12 D ecem ber 2000 
 
O ver the 3-5 hour drift, the drifters deployed at the sam e location dispersed by less than 500 m  
(relative separation) w ith an obvious tendency of the C M O D  to m ove m ore dow nw ind that the others.  
The relative speeds m easured by the acoustic velocim eters and averaged over 10 m in intervals w ere as 
large as 10 cm /s for the C M O D  w ith r.m .s. variability  of about 15 cm /s. For the C O D E and 
M IC R O STA R  drifters, the 10-m in averaged slips w ere bounded by 5 cm /s and their typical r.m .s. 
variability  w as 5 cm /s. Substantial values of shear betw een the top and bottom  of the C O D E and 
M IC R O STA R  drifters (~  1 m  apart) w ere m easured (up to  5 cm /s). 
 
R egression w ere perform ed betw een the 10-m in averaged relative flow  data, the w ind and w ave 
observations. It w as found that the C M O D  drifter slips dow nw ind (0.3%  of w ind speed) and to the 
right of w ind (0.9% ). The slip  of the C O D E (Fig. 2) and M IC R O STA R  drifters has no significant trend 
in the dow nw ind direction w hereas it increases like 0.1-0.2%  of the w ind speed in the cross-w ind 
direction (to  the right). The regressions of slip  versus w ave height did not provide significant linear 
trends, m ostly because of the short range of w ave heights and the dom inance of w ind effects, but a 
general tendency of upw ave m otion can be noted for the C O D E/M IC R O STA R  drifters. F inally ,  
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Fig. 2. Mean down-wind (top) and cross-wind (bottom; positive to the right) slip speeds 
versus wind speed measured for the CODE drifter in Monterey Bay (5-12 December 

2000). Mean slips were obtained by averaging the relative flows measured by the acoustic 
velocimeters at the top and at the bottom of the drifter. 
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regressions of shear (velocity  at the top m inus velocity at bottom ) versus w ind and w ave data revealed 
that the shear is dow nw ind and to the right of the w ind (com patible w ith Ekm an spiral), and increases 
w ith w ind speed w ith a slope of 0 .3-0.5%  of the w ind speed. R egressions against w ave data w ere 
inconclusive, although m ost estim ates of shear w ere dow nw ave (com patible w ith S tokes drift). 
 
In  brief, the C O D E and M IC R O STA R  w ere dem onstrated to  follow  relatively w ell the surface w ater 
w ith an accuracy of about 1 cm /s in  10 m /s w inds. In  contrast, the C M O D  design (w ithout case) w as 
show n to slip  dow nw ind by about 0 .3%  of the w ind speed. 
 
2) D rifter tests in  the N orthern A driatic 
 
The data collected in the Northern Adriatic between 12 and 29 March 2001 are still at the 
processing/analysis stage. More measurements are scheduled near the “Acqua Alta” tower in 
November 2001. 
 
IM PA C T /A PPL IC A T IO N  
 
The scientific im pact of this project w ill be to  increase our understanding of the M editerranean 
dynam ics and of the m ajor forcing m echanism s. Future application could be the assim ilation of the 
drifter data into num erical m odels in  the fram ew ork of the anticipated M editerranean Forecasting 
System  (M FSTEP). The assessm ent of the w ater-follow ing capabilities of the surface drifters is 
im portant for future drifter experim ents, e.g ., the Lagrangian com ponent of the A driatic M esoscale 
Experim ent (A M EX ) planned in 2002-2003. 

 
T R A N SIT IO N S 
  
This program  quantifies the w ater-follow ing characteristics of the drifters that N A V O C EA N O  has 
been (and is currently) using to  obtain environm ental observations during sea operations (both C M O D  
and C O D E). This inform ation is also very helpful for various past, present and future scientific 
program s involving surface drifters. 
 
It is planned to assim ilate the drifter data (velocities and SST) into various num erical m odels of the 
circulation in  the M editerranean to im prove forecasting skills. 
  
R E L A T E D  PR O JE C T S 
 
1) This project is strongly related to  current and future drifter program s in w hich I am  involved (B lack 
Sea, Tyrrhenian Sea, A driatic Sea). 
 
2) The drifter data collected w ill be used by D rs. A . G riffa and T . O zgokm en to validate their 
theoretical studies of particle dispersion (O N R  supported project). 
 
3) I have contributed to  four chapters of an upcom ing book on the physical oceanography of the 
A driatic Sea (“Physical O ceanography of the A driatic Sea – Past, Present and Future”, by C ushm an-
R oisin, G acic, Poulain and A rtegiani, Eds.). 
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