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1 

 
1  I n t r od u ct i o n , scop e  an d  ex p ect ed  o u t co m es o f  GVW - 1  
 
From  the workshop announcem ent :  
1.2 Scope of workshop:  
 To establish the requirem ents for ocean velocity  m easurem ents as part  of an observing 

system  for clim ate.  This is a sm aller task than a review of all possib le future 
operat ional use of ocean velocit ies 

 
1.3 Expected out com es:  
 1)   rev iew, docum ent  and characterize ocean velocity data present ly available or  

likely  t o becom e available in t he near future;  
 2)   rev iew current  dissem inat ion and storage of ocean velocity data st ream s and 

ident ify enhancem ents to m ake their  exploitat ion m ore effect ive;  
 3)   ident ify crit ical ocean velocity  data st ream s that  m ay const it ut e a global network;  
 4)   develop the scient ific j ust ificat ion and requirem ents that  define the need for the 

inclusion of ocean velocity  m easurem ents in t he suit e of ocean observat ions used 
in clim ate research and m onitor ing.   

 
2  Measu r em en t s 
The var ied uses of velocit y m easurem ents include:  const ruct ion of seasonal and longer- t erm  
fields of ocean velocit y, ver if icat ion of and assim ilat ion into m odels for  state est im at ion and 
seasonal to long- t erm  forecast s;  creat ion of near real t im e data bases for operat ional ocean  
m odels;  providing reference levels for box inverse m odels;  com par isons with hist orical  
m easurem ents.  I n all cases, users em phasized the essent ial need for  the m easurem ents t o be 
accom panied by inst rum ent  and representat ion error est im ates, and in par t icular , any potent ial  
sources of biases (e.g., wind slip, m ooring m ot ion rect ificat ion,  et c.)  as well as random  errors.  
These est im ates m ust  be m ade available t o the user com m unit y. 

2.1) Surface drifters 

The global dr if t er  array is com posed of ~ 1250 drift ers, ~ 1050 funded by NOAAÕs Office of  
Clim ate Observat ions, w ith a goal of five degree resolut ion of SST and 15 m  depth velocity.   
These dr if t ers dom inate the spat ial coverage of (near)  surface velocity m easurem ents in the 
Global Ocean Observing System  (GOOS) .  The GOOS (OceanObs99)  requirem ent  for current  
m easurem ents is one m easurem ent  per m onth,  per 5¡ box, wit h an accuracy of 2 cm / s.  The 
spat ial resolut ion of t his requirem ent  com es from  the SST requirem ent  t o reduce satellite SST 
bias, and does not  conform  to autocorrelat ion scales for velocity m easurem ents.  This is a topic 
that  should be re- evaluated in the com ing 2009 Ocean Observat ions m eet ing.  So long as a 
drift erÕs drogue (sea anchor)  rem ains at tached, it  m easures current s at  15m  depth, with a 
downwind slip of 1.2 cm / s at  10 m / s wind. Slip in larger than 10 m / s w ind and wave condit ions 
has not  been m easured.  Drogue detect ion is done w ith a subm ergence sensor or t ether st rain.  
The form er can be difficult  t o interpret  and cannot  be done in near real t im e.  Drift ers wit hout  
drogues exper ience considerably m ore downwind slip (~ 8 cm / s at  10 m / s wind) ,  quant ified in  
drogued/ undrogued studies in m oderate w ind condit ions.  Velocit y inform at ion from  undrogued 
drift ers can be recovered if th is slip is accounted, but  the larger  error  m ust  also be accounted.    
 
Present ly,  raw  drift er posit ions are dist r ibuted in real t im e on the GTS, and in delayed m ode 
with qualit y cont rol, int erpolated t o regular 6 hour int ervals, by the drift er Data Assem bly 
Center  (DAC)  at  NOAA/ AOML. Delayed- m ode data have a 2 to 4 m onth lag.   These data are 
also archived at  NODC and MEDS.  Service Argos provides posit ion fixes for each dr if t er at  a 
nom inal tem poral resolut ion of 1.2 hours globally.  Dr if ters collect  total velocit y m easurem ents 
that  are relat ively accurate,  but  are spat ially and t em porally  inhom ogeneous.     
 
Drift er data can m ap m ean ocean sur face circulat ion at  t he decadal t im e scale, and eddy  
kinet ic energy at  h igh resolut ion (50 km )  globally, for com par ison with alt im et ry est im ates.   
Drift er current s can be used to evaluate the global and/ or regional accuracy of m odels and 
dist inguish which m odels perform  m ost  realist ically.  Dr if t er velocit ies resolve seasonal and 
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int erannual d if ferences in circulat ion pat t erns, for exam ple the NAO and ENSO related 
pat t erns.  Because dr if ters m easure total currents,  including t he Ekm an com ponent , t heir data 
can be used t o test  param eter izat ions of wind-driven upper ocean m ixing.  Drift er data can be 
synthesized w it h alt im etry and satellit e w inds to prov ide global, hom ogeneously-gr idded  
current  t im e series of spat ially- varying and t im e-varying accuracy (e.g., see Òrem otely derived 
current sÓ below) ,  and for est im at ing t he geoid.     

Reco m m en d at i on : Careful evaluation of drifters’ water-following characteristics in high 
wind (>10 m/s) and wave conditions is necessary.  These conditions are experienced 
routinely at high latitudes and in hurricanes and typhoons, but current estimates of “slip” 
(movement of drifter relative to water at drogue depth) are based on extrapolation of 
measurements at lower wind/wave conditions. 

Reco m m en d at i on  : Drogue lifetimes should be as long as feasible for the drifters. 
Statistics should be gathered to identify any systematic difference in performance of 
drogue retention between manufacturers. A close working relationship should be 
maintained with drifter manufacturers to assure that the best methods of drogue 
attachment are used by each.  Drogue presence detection is critical, and should be as 
robust as possible.  Manufacturer diversity is encouraged to (1) ensure the Global Drifter 
Program is not unduly exposed to risk of failure by one supplier and  (2) direct 
manufacturers to respond to GDP requirements and to maintain cost effectiveness, 
performance and hardware quality control. 

2.2) Floats 

The Argo f loat  array reached the nom inal target  of 3000 act ive float s in Novem ber 2007,  
providing nom inal spat ial resolut ion of 3 degrees and generat ing approx im ately  100,000 
displacem ent  vectors per year. The m ost  com m on m ission profile has a float  drift ing at  1000 
decibars, with a 10-day cycle consist ing of approxim ately 9 days at  the drift  depth,  6 to 8 
hours for each of ascent  and descent ,  and 6 to 24 hours at  the sur face. Details of these 
t im ings vary between f loat  hardware types and depend on the m ission param eters selected by  
the float  operator. 
 
Float s t ransm it  data while at  the sur face. I n 2007, t he m ajor it y of act ive floats use t he Argos 
satellites for both posit ion and data t elem et ry.  A few exper im ental f loat s use I rid ium  for data 
telem et ry, and GPS for posit ion. These float s require m inutes rather than hours at  the sur face.  
I n 2007, the m ajority of new f loat  deploym ents were st ill Argos, so Argos w ill rem ain t he 
dom inant  technology of t he act ive fleet  for m any years int o the future. Any possib le t ransit ion  
from  Argos to I rid ium  w ill depend on the rate at  which float  operators choose to incorporate 
I r idium  in the f loat  hardware. Most  floats use t he Argos m ult isatellite serv ice, t o provide t he 
greatest  possible num ber of data t elem et ry opportunit ies and posit ion f ixes. Nevertheless,  
there can be per iods of up to a few hours between the actual sur face arrival(departure)  and 
the first ( last )  report ed Argos sur face posit ion. 
 
Float s provide the potent ial t o infer  velocit y at  the dr if t  depth and at  the ocean sur face.  The 
errors and unknowns cont ribut ing t o the dr ift  depth velocity are:  Argos posit ion error;  
unm easured displacem ent  during the par ts of surface cycle not  bounded by the Argos f ixes;  
unknown shear ( ! u/ ! z, ! v/ ! z)  during t he ascent  and descent  t im e. The single inferred drif t  
vector is an int egral of velocity  over  the dr if t  period.  Error in the sur face velocit y est im ate 
arises from  Argos posit ion error,  and the float s not  following t he water (ÒslipÓ) .  The lat t er can  
be caused by wind and wave act ion. Float s could thus be regarded as undrogued drift ers in a 
qualitat ive sense,  although the exact  slip is not  yet  known. 
 
Each of t he errors descr ibed in t he prev ious paragraph can be est im ated or corrected to som e 
extent , using knowledge of f loat  behaviour. The t echniques for  t hese correct ions require 
know ledge of all t he Argos posit ion reports for a float  sur face cycle. At  present , t he only f loat  
data t ransm it t ed on t he GTS are the ÔprofileÕ data. The profile m essages include T and S 
profiles and a single posit ion used to label the profile. Therefore if d if ferences in the GTS 
posit ion for successive profiles were to be used to infer dr ift  velocity, th is could only be done in 
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the crudest  m anner. Superior est im ates can be m ade by using t he full set  of Argos posit ions,  
which are available in real t im e at  the two Argo GDACs as t raj ectory data, and by t he 
applicat ion of algorithm s t hat  are under developm ent .   
 
Ocean velocit ies are t hus regarded as a ÔproductÕ in the Argo program . 
 
At  present , the m ost  widely circulated velocity product  from  Argo float s is YoMaHa 
(ht tp: / / apdrc.soest .hawaii.edu/ proj ect s/ yom aha/ index.htm l) .  YoMaHa includes subsurface and 
surface velocity est im ates. The product  is generated from  t raj .nc files at  the Argo GDACs and  
uses the full set  of Argos posit ion fixes. I t  does not  allow for sur face ext rapolat ion out side t he 
first  and last  fix, or for the shear dur ing f loat  descent / ascent . Upper bounds on these errors 
have been est im ated. Surface ocean velocit y error due to wind and wave slip have not  been 
est im ated. The ocean surface velocity is a single linear vector fit  to the reported posit ions, so it  
m ay be contam inated by non- st raight - line t ransients including inert ial,  t idal and other m ot ion. 
 
Algorithm s have been published that  allow for t he required surface ext rapolat ion to ascent_end  
and descent  star t  t im e,  and t o separate the sur face m ot ion int o a linear velocit y and a circular  
iner t ial m ot ion. I m plem entat ion of these algorithm s is under developm ent . Methods for  
handling the baroclinic shear have been discussed,  but  there are no agreed algorithm s.  I f  
there was an explicit  requirem ent , the sur face fit t ing algor ithm s could be run autom at ically, to 
generate a real- t im e velocity  product  available at  t he Argo GDACs. 
 
The Argo subsurface velocit ies have potent ial value for state est im at ion, assim ilat ion and 
inverse m odel use.  Assim ilat ion m odels are very sensit ive to bias errors:  system at ic error  
t ranslates into large t ransport  error. Som e assim ilat ion m ethods can m ake correct  use of  
Lagrangian data, i.e. allow for t he fact  t hat  the subm erged displacem ent  is an int egral over 10 
days.  The t echnology exist s for ocean basins to be ensonified with a m odest  num ber of  
subsurface sound sources. Float s could t hen list en and calculate their full subsurface t raj ectory  
with daily or even hour ly resolut ion. There are added cost s for m aintaining sound sources,  
float  hardware, and float  energy budget  leading to reduced float  lifet im e. Funding proposals 
could be developed if  t he user requirem ent  is dem onst rated.   
 
Su m m ar y :  Data reduct ion effort s to provide Argo-derived subsurface velocit ies are of h igh 
value for  a range of users. Surface velocit y products are of potent ial use in supplem ent ing  
drift ing buoy observat ions,  prov ided the error  due t o slippage was quant ified. 

Reco m m en d at i on : Resources should continue to support the evolution of Argo float 
velocity products, to incorporate improved error estimates and where possible correction 
for the effects of surface advection, baroclinic shear during float ascent/descent.  

Reco m m en d at i on : More rapid turnaround, towards the limit of near-real-time 
distribution, would allow these velocity fields to gain value in state estimation and ocean 
forecasting efforts. 

Reco m m en d at i on : The necessary investigation should be undertaken to improve value 
and confidence in the interpretation of Argo surface displacement vectors as ocean 
velocity, paying particular attention to float slip. Careful comparisons of floats, 
undrogued drifter and drogued drifter motion, along with wind and possibly wave 
products, should be conducted. This may enable Argo surface data to supplement drifters 
in an Integrated Ocean Observing System. 

Reco m m en d at i on : User requirements for products, such as gridded fields with error 
analysis reflecting spatio-temporal variations, should be monitored. Where GSOP 
becomes aware of such potential requirements, they should be communicated to the 
Argo Data Management Team, with a request that ADMT facilitates the generation of 
such products. 
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2.3) Moored instruments 

Moored current  m easurem ents are m ade w it h single point  current  m eters (CMs)  or  acoust ic 
Doppler  current  profilers ( ADCPs)  t hat  prov ide a profile over a ver t ical range t hat  can be as 
sm all as 5 m  or as large as a few hundred m eters. Measurem ent  error is a com binat ion of  
inst rum ent  error, t ypically 1 -  2 cm / s, and som et im es unknown m oor ing m ot ion;  thus, field 
accuracy is m oor ing dependent .  Acoust ic side- lobe inter ference m eans that  ADCP inst rum ents 
cannot  m easure near the boundary, whether the boundary is the sea sur face or the sea bed.  
Moor ings at  a typical depth of 300m  m iss the top 30 m  of t he water colum n.  I n several 
ATLAS- type m oorings, a point  acoust ic CM is included at  10 m  depth. This is different  from  the 
drift er- standard drogue depth of 15 m .    
 
The t ropical ocean observing array includes TAO in the Pacific, PIRATA in the At lant ic and t he 
grow ing I ndian Ocean array.  ADCP data are available only in delayed m ode, generally a few  
m onths aft er recovery.  Alt hough the point  current  m eter m easurem ents are t elem etered to 
shore via Service Argos and m ade available in near- real t im e t hrough 
ht tp: / / www.pm el.noaa.gov/ tao/ , these data are not  placed on the GTS.  Current  m eter  
m easurem ents are m ade at  a subset  of t he overall array.  I n the Pacif ic, four equator ial sites 
have included current  m easurem ents for  the long t erm .  Other current  m easurem ents are 
supported through research grant s and are not  part  of the sustained ocean observing system .  
At  present  t here are no current  m easurem ents on off-equator ial TAO m oor ings. 
 
Other m ooring sit es t hat  have current  m easurem ents include the OceanSI TES network 
(ht tp: / / www.oceansit es.org/ ) .  These data have uniform  standards for data form at , but  in 
som e cases, such as subsurface current  data from  the Hawaiian Ocean Tim e Series, the data 
havenÕt  yet  been released.   I n addit ion to being used in various different  dynam ical and 
therm odynam ical analyses, m oored current  m easurem ents can be used as a reference to 
evaluate m odels. The st rengths of the m oored current  m easurem ents are t hat  they are not  
aliased by diurnal j et s and eddy variability  Ð high resolut ion t im e ser ies at  a fixed point  resolve 
m ot ion associated wit h diurnal, int raseasonal, seasonal, and interannual variability -  and that  
the velocit y data oft en have concurrent  wind st ress, heat  f lux, st rat ificat ion, and other  
m easurem ents. Moorings w ith ADCPs and/ or sets of current  m eters can be used t o determ ine 
the vert ical shear;  m oor ing arrays can be used to m ap f ields and est im ate hor izontal  
gradients.  A set  of 5 current  m eters wit h t em perature sensors placed in the top 25 m  of a 
m ooring at  2¡N, 140¡W shows that  t he near-surface shear is ext rem ely sensit ive to the near-
surface st rat ificat ion. On average, during the afternoon weak st rat if icat ion averaging less than 
0.2¡C between 1 m  and 25 m  was associated with a diurnal j et  in the direct ion of t he wind w it h 
an average shear of m ore t han 10 cm / s between 5 m  and 25 m , while at  n ight t im e the water  
becam e unst rat ified and the average shear was less than 4 cm / s.  Sur face current  
m easurem ents which do not  resolve t he diurnal cycle can have signif icant  errors due to 
aliasing. 
 
I n addit ion to t he sustained observ ing system , m any regional, research- focused effort s, in the 
past  or ongoing, som e in crit ical western boundary regions and ocean choke point s, have 
included current  m eter m easurem ents.  Dur ing WOCE, m any of these data were assem bled by  
the Buoy Group at  Oregon State University  ( OSU) . 
 
The Br it ish Oceanographic Data Cent re ( BODC)  is ident if ied as t he CLI VAR m oored inst rum ent  
DAC.  However,  since it  doesnÕt  assem ble data from  som e of the big m oor ing program s (e.g.,  
the t ropical m ooring arrays) , it  does not  provide a one- stop-shop for users to access all 
m oored data.  Act iv it y at  the BODC is resource- lim it ed:  0.4 FTE confirm ed unt il 2012.  They  
are t hus lim ited to responsive, rather  than proact ive,  acquisit ion of data set s.   Workshop  
at t endees noted that  the WOCE OSU archive has not  yet  been integrated with the post -WOCE 
CLIVAR archive assem bled by BODC. Access to the WOCE data is essent ially through the 
st ructure of t he WOCE DVD.  A copy of the DVD is available online at  
ht tp: / / woce.nodc.noaa.gov/ woce_v3/ wocedata_1/ cm dac/ . 
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Ti m e l i n ess o f  d at a r e l ease 

There was extensive discussion of the issues surrounding t he t im ely release of m oored 
dataset s.  PMEL effort s with the t ropical ATLAS array dem onst rate the added value in releasing 
the data to a broad audience, where t hey are used in clim ate research, state est im at ion, and 
operat ional use such as num er ical weather predict ion.  I n cont rast , data w ithheld for  PI - only  
analysis beyond t he t im e when t hey have been cleaned up becom e m ore lim it ed in usefulness 
for t he overall clim ate research com m unit y. I n part icular, it  was noted t hat  adjoint  m odel state 
est im at ion proj ect s are run at  the lim it  of com putat ional resources.  They keep reasonably Ôup-
to-dateÕ with recent  observat ions, and t here is a lim it  to how oft en t hey can be re- run m ult ip le 
t im es as ext ra data becom e available.  Therefore data t hat  are m ade available w it h m any years 
delay m ay be om it t ed from  such effor ts,  and m ay not  be included in runs subm it t ed to IPCC, 
for exam ple.  I t  was proposed that  t im eliness of data availabilit y m ust  be int egral to being 
considered par t  of t he observ ing system  for  clim ate. 

Reco m m en d at i on :  A CLIVAR DAC for moored measurements needs the funding and 
associated manpower to gather datasets and assemble them in a uniform format with a 
uniform inventory.  This effort should include ICES, WOCE, pre-WOCE data, etc.).  
Recognising resource limitations, it is necessary to prioritise the datasets that will be of 
greatest value for climate science. These include key locations established in CLIVAR 
plans, such as boundary currents and low latitudes, with special emphasis on sites that 
will be maintained long term. 

Reco m m en d at i on :  The ocean observing system in the Pacific should include off-
equatorial current measurements in the equatorial wave band, to resolve the meridional 
structure of equatorial waves, tropical instability waves, wind-forced response in frontal 
regions, and more generally the role of advection in the off-equatorial evolution of mixed 
layer heat anomalies. 

Reco m m en d at i on :  Noting that the standard drogue depth for the drifter program is 
15m, but that some major programs deploy moored instruments at 10m, a better 
understanding is required of upper ocean shear; consideration should be given to 
including point current meters at 15m.   

Reco m m en d at i on :  Funding agencies should be asked to apply and maintain pressure 
on PIs, to ensure data are released in a timely manner.  Guidelines exist for this. 

2.4) Shipboard and Lowered ADCPs 

ADCPs use an act ive sound source in the range 38-300 kHz. Lowered ADCPs are either 150 or  
300 kHz. They work by acoust ic scat ter ing from  m ater ial in t he water. The m ot ion of water  
relat ive to the plat form  is inferred from  Doppler shift  of the return signal. Lower acoust ic 
frequency gives bet t er  range ( less acoust ic at t enuat ion)  but  worse spat ial resolut ion.  The 
m easurem ent  is rem ote from  the inst rum ent  w ith a range of 100-1200 m et res, depending on 
acoust ic frequency. I nstantaneous m easurem ents are m ade and data logged, at  intervals of a 
few seconds. The inst rum ents have m ult ip le beam s in four d irect ions. The beam s are 
separated wit h a conical half-angle of 20 or 30 degrees which m eans that  the Ôfootpr intÕ is 10s-
100s of m et res. The following table sum m arises and com pares aspect s of shipboard and  
lowered ADCP operat ions. 
 
 

 Shipboard Lowered 
Acquisit ion Ship underway Ship stat ionary 
Ext ra m easurem ents 
required to provide 
accurate velocit y 

Precise ship heading (bet t er 
than standard gyrocom pass)  
GPS ship navigat ion 

GPS ship navigat ion 

Data reduct ion 5 or  10-m inute averages All data from  one stat ion 
processed to single profile 

Hor izontal resolut ion 1-10 km  Determ ined by stat ion spacing;  
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typically 50 km  open ocean;  can 
be a few km  in boundar ies 

Vert ical resolut ion 
and coverage 

10-20 m et res resolut ion 
Upper ocean 200-1200m  depth 

10-20 m et res resolut ion 
Full ocean depth 

Universally adopted 
data reduct ion and 
report ing ? 

No No 

Reliable error  
est im ates 

Som et im es on research ships 
with expert  int erpretat ion 

No;  I nst rum ental random  and 
bias errors poorly  understood. 

QC procedure well 
defined and 
im plem ented ? 

Not  universal No 

Suitable plat form s Research ship (dedicated 
expedit ion)  
Research ship (unat t ended)  
VOS ( lim ited success)  

Research Ship (dedicated 
expedit ion)  

Real- t im e/ Delayed 
Mode ? 

Not  rout inely  t ransm it t ed in 
real t im e,  but  t his could be 
achieved if  it  was required 

Could be available in near real-
t im e ( few  hours lag)  

St rengths Low cost  on research ships;  
(but  significant  capital 
investm ent  on VOS) . 
Provides direct  m easurem ents 
of absolute velocit y w it h good 
spat ial resolut ion;  crit ical in 
boundary regions where other  
hydrographic m ethods are 
lim it ed. 

As for shipboard. Full ocean 
depth. Only technique t hat  
provides detailed spat ial 
descript ion of eg DWBCs. 

Weaknesses Contam inat ion with t ransient s;   
Uncertain errors;  

Contam inat ion with t ransient s;  
Uncertain errors  
Equipm ent  vulnerabilit y;  recent  
failures at t r ibuted t o changes in 
m anufactur ing process. Expected 
to be addressed in 2008. 

 

Assem b ly  o f  d at a  at  t h e Haw ai i  DAC 

The ADCP DAC at  University of Hawaii (UH) , otherwise known as the Joint  Archive for  
Shipboard ADCP (JASADCP) , a NOAA/ UH collaborat ion, is present ly supported by 15%  of Pat  
CaldwellÕs t im e. This is sufficient  to keep Ôt icking overÕ on the ingest ion of data that  arr ive in a 
recognisable form at  from  the PI , and which require m inim al QC. The assum pt ion is that  t he PI  
has done t he cleaning up and calibrat ion. 
 
The system  for ident ify ing and assem bling im portant  SADCP data was effect ive dur ing WOCE.  
Since then,  t he ADCP DAC has cont inued to work closely w ith t he CLIVAR and Carbon  
Hydrographic Data Office (CCHDO) .  As w it h CCHDO, success since WOCE has been chiefly w it h 
cruises in t he US CLI VAR program , and a sm all num ber of non-US partners. Out  of 17 CLIVAR 
cruises (Repeats of WOCE One- Tim e Lines)  received since 2004, 10 were from  US sources, 6 
from  Japan, and 1 from  the UK. The DAC is likely to receive all the SADCP data acquired on  
cruises in the US CLI VAR program . 
A Germ an in it iat ive w ill m ean t hat  the SADCP will be operated cont inuously on their research  
ships.  Som e other  count ries have sim ilar  init iat ives in p lace,  or  are considering them . 
 
Data reduct ion:  When shipboard ADCP were added to t he US NODC archive in 1993, it  was 
decided that  an ASCI I  subset  (hour ly averages at  10 m  depth bins)  would facilitat e access and 
sat isfy m ost  request s.  A 5 m / s cruise speed gives 15 km  spacing.  The hour ly subset  as ASCI I  
and NetCDF becam e the basis for t he WOCE Global Dataset .  For CLI VAR, this reduct ion should  
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be re- evaluated;  for exam ple, 20 m inute averages (5 km  spat ial resolut ion)  could be 
advantageous.  Another opt ion is t he highest  resolut ion in t im e and depth as m ade science-
ready by data or iginators.  Present ly at  the JASADCP, highest  resolut ion data are stored in 
Com m on Oceanographic Data Access System  (CODAS)  form at , which is part  of t he US NODC 
archive.  This is a binary form at  t hat  requires software for access.  I t  has the advantage that  
all ancillary data are stored, which allow  data quality  evaluat ion as a funct ion of t im e and 
depth.  I t  also has a flagging system  to ensure no or iginal data are over-writ t en.   I t  com es 
with a detailed m anual for processing, calibrat ing, accessing, and analyzing shipboard ADCP 
set s and has a wide dist ribut ion,  prim ar ily w it hin t he US.  However, a m ore readily accessib le 
form at , such as ASCI I  or NetCDF, would facilit ate use of t he high resolut ion data.  There are 
no plans at  the US NODC to change t he archive standard, CODAS and the ASCI I  hourly subset .   
But  for the CLIVAR program , the JASADCP is willing t o provide finer resolut ion as NetCDF.   
This targeted resolut ion needs to be defined by the ocean velocity  com m unity . 

Ex p lo i t at io n  o f  ADCP d at a 

Exploitat ion is m ainly through providing reference level velocit y for hydrographic sect ions,  
especially  boundary current s;  inverse calculat ions. 
 
SADCP prov ides Ôspat ially cont inuousÕ sam pling to aid interpolat ion and interpretat ion of 
ÔdiscreteÕ hydrographic sect ions. 
 
Var iabilit y can be obtained from  repeat  sect ions (especially ÔchokepointsÕ & ÔjetsÕ) . For exam ple 
repeat  sect ions can be com bined wit h upper ocean t em peratures from  XBT to prov ide t he 
seasonal var iat ion of Ekm an heat  t ransport . 
 
ADCP data seem  to be regarded m ainly as a ÔresearchÕ data t ype. Generally, the data are used  
by the PI s who acquired the data, or their collaborators. This ensures a good level of expert ise 
in exploitat ion of the data, which is especially im portant  for LADCP data because there is no 
system at ic agreem ent  on the appropriate error fields. However,  the lim ited exploitat ion of the 
data cent re holdings ( in ocean state est im at ion for exam ple)  also leads to a percept ion of 
lower urgency to subm it  data to the data cent re. Com pared with other data t ypes, there is less 
ext ract ion of data from  DACs so t he data delivery system  is not  ÔexercisedÕ, nor st im ulated to 
m ake im provem ents. 

Lo w er ed  ADCP 

LADCP data were an ÔorphanÕ during WOCE and cont inue to be so, wit h no uniform  agreed 
procedure for QC, data reduct ion, m etadata storage and error est im ates. The longer th is 
situat ion cont inues, t he harder it  will be to assem ble the dataset s, even though these datasets 
can prov ide crit ical inform at ion in undersam pled boundary regions. Although som e useful  
discussion took place late in WOCE about  LADCP archiving, t here rem ain cr it ical unresolved 
quest ions about  what  is needed. 
 
The archive of LADCP data will not  be secure unt il the expert  PI s responsible for acquiring the 
data reach agreem ent  on what  should be archived. I n addit ion t o Ôprocessed profilesÕ, PI s 
should agree the am ount  of raw  data and m etadata required to enable future reprocessing as 
m ethodology im proves. The goal of a velocity  product  com plete with agreed reliable error  
est im ates will not  be achieved w ithout  a specific in it iat ive involving a range of PI s. 

Recom m en dat io n : The CLIVAR Ocean Velocity community, especially shipboard 
ADCP experts, should provide guidance to the JASADCP regarding (a) the 
resolution in time (and related horizontal distance) and depth appropriate for the 
archiving of modern SADCP data; (b) whether a new NetCDF product should be 
generated; (c)whether selected ancillary data (percent good, amplitude/gain, 
error velo city, etc.) should be included.  This “new” product will supplement the 
hourly subset, which will continue as a standard. 
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Recom m en dat io n : The DAC should consider what steps could be taken, and 
what resources would be required, to pursue missing data more proactively. If 
greater resources are required, a proposal should be generated. One action 
would be funding for JASADCP staff to attend CLIVAR meetings with ADCP data 
originators in attendance, in order to personally provide guidance for data 
submission requirements. The priority datasets are from regions with multiple 
repeats and an expectation of long-term support. Also those required for 
interpreting the long sections in the repeat hydrography program.. 

Reco m m en d at i on : The DAC should identify ship operators that keep the SADCP ‘always 
operating’ with a view to acquiring the data. Proposals by the UH Firing Lab and/or other 
NOAA data center entities (JASADCP), should seek to acquire resources for creating 
research-quality (science-ready) data sets.  This specifically means support for staff to 
process and calibrate the data. 

Reco m m en d at i on : An international effort is required to enable PIs to reach agreement 
on the processing and archiving of LADCP data, and the generation of agreed processing 
protocols, QC procedures and error estimates. 

2.5) Remotely derived currents 

Gridded surface current  product s, eit her geost rophic, wind-driven, or total currents, are being 
derived from  a synthesis of dr if t ers, satellit e alt im et ry, w inds, and SST.   An exam ple of this 
synthesis is the Ocean Surface Current  and Analyis in Real t im e (OSCAR,  
ht tp: / / www.oscar.noaa.gov) , which uses gridded AVISO alt im et ry, gridded COAPS 
scat t erom eter w inds, and Reynolds SST to generate gridded sur face currents from  1999 to the 
present , at  5 day t em poral resolut ion.  This product  is updated every 5Ñ 7 days.  Another  
product  being developed at  CLS is SURCOUF, which also uses AVISO, Scat t erom eter winds,  
and also direct ly  adds drift er  velocit ies t hrough m ult ivariate object ive analysis. 
 
Coeff icients in OSCAR are tuned using drift er velocit ies, and the ongoing product  is evaluated  
against  independent  drift ing and m oored buoy current  m easurem ents.  Near the equator,  
OSCAR has less sk ill in deriving m eridional current s;  at  h igh lat it udes, OSCAR current  
m agnitudes are system at ically sm aller t han dr if ter velocit y m agnit udes.  By incorporat ing the 
drift er data into hom ogeneous satellit e-derived calculat ions, a product  like SURCOUF becom es 
a t im e/ space heterogeneous product . Tim e ser ies at  fixed locat ions have heterogeneous t im e-
vary ing accuracy, while m aps have heterogeneous spat ially- vary ing accuracy. Com par isons 
between t he SURCOUF and OSCAR product s w ill be undertaken soon. 
 
OSCAR is based on a m uch sim pler dynam ical m odel and tuning t han data assim ilat ion 
system s (DAS)  such as ECCO or GODAS ( t he NCEP data-assim ilated OGCM) . St ill,  from  on-
going evaluat ions of DAS product s, OSCAR fidelit y to velocit y m easurem ents such as m ooring  
and drift er data is at  least  equivalent  or higher. Satellit e-der ived product s such as OSCAR 
therefore provide a useful tool to assess sources of discrepancy between DASs and 
( independent)  velocit y  observat ions,  but  are st ill not  w idely ut ilized for  such purpose. 
 
Som e of t he data st ream s used by OSCAR and sim ilar satellit e-der ived products are 
vulnerable, especially those from  satellit e m issions subj ect  t o uncertainty.  Calculat ion of high-
resolut ion and global surface velocity  f ields, regardless of the m ethod ( OSCAR, ECCO, NCOM, 
et c.)  requires the cont inuat ion of alt im et ry satellite m issions.  Evaluat ion and im provem ents 
require m aintenance of the global dr if t er  array and t ropical m oored array.    
 
OSCAR m aps show the evolut ion of surface current s in the t hree ocean basins, and notably in 
the t ropical Pacif ic during past  and on-going El Nino/ La Nina event s.   OSCAR current s can be 
used to evaluate the role of heat  and salt  advect ion in upper ocean budgets ( com pared t o 1D 
term s) .    Satellit e-derived product s including OSCAR now can prov ide a cont inuous descript ion 
of h igh- resolut ion surface current s over at  least  15 years, and can be used for decadal 
var iability  studies.   Work in progress includes an operat ional processing system  being 
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delivered to NOAA for NCEP Ocean Predict ion Center operat ional uses.  Ongoing upgrades and 
research focus on im proved wind-dr iven current  m odel and wind product , ongoing validat ion  
with in- situ buoy m easurem ents, incorporat ing de-biased m erged dr ift er and satellit e-der ived 
fields, pseudo-Lagrangian stat ist ics, generat ing nowcast  SSH fields (and thus current s)  based 
on AVI SO and Navy products, im prov ing spat ial resolut ion t o 0.5 degree,  and focusing on 
along- t rack alt im eter analysis.   OSCAR is used for wind speed correct ions, oceanographic 
process studies, assim ilat ion in m odels, anim al m igrat ion and fishery studies, and educat ional 
purposes ( e.g.,  NASAÕs ht tp: / / www.oceanm ot ion.org) .   
 
The OSCAR dataset  can be v isualized and downloaded from  the NOAA web server  
ht tp: / / www.oscar.noaa.gov, and is also available from  the NASA PO.DAAC web sit e 
(ht tp: / / podaac.jp l.nasa.gov) . The OSCAR product  is stored at  the NOAA and NASA sites above,  
and also both at  the NOAA/ NESDI S Laboratory for Satellit e Alt im etry and at  Earth & Space 
Research, where t he dataset  is generated. The dataset  can easily be com pletely re-generated 
if  necessary ( e.g.,  in case of loss of all archived files) . 
 
The OSCAR product  is funded year-by-year by NOAA, pending funds availabilit y in Research to 
Operat ions earm arks and the Off ice of Clim ate Observat ions.   I t  also has funding through  
2008 from  NASA, v ia the Ocean Surface Topography Science Team  and t he Ocean Vector  
Winds Science Team , wit h an addit ional proposal to NASA seeking t o secure funding through 
2012.  OSCAR also benefit s from  collaborat ions with Gary Mitchum  (USF)  and Mark Bourassa 
(FSU)  

Reco m m en d at i on : Mesoscale-resolving ocean surface circulation products are valuable 
tools for a number of uses. In order to support the continued ability to create and 
improve these products, a number of ongoing efforts must be continued. Ocean surface 
topography and vector wind satellite observing systems are essential to resolve 
mesoscale motion and wind-driven transport; continuity of these satellite missions is 
critical for the continuation of near-real time high-resolution surface currents, as well as 
for the build-up of a consistent multidecadal surface current record.  The surface drifter 
array must be maintained, as it provides key synergy with satellite-derived currents, 
essential data for improving satellite-based dynamical models, opportunities for global 
validation and error analysis, robust statistics (>1000 drifters), and the data needed for 
de-biasing and optimal interpolation.  Moored current meter data are essential for 
quantifying and improving the skill of satellite-based currents at fixed locations, 
particularly near the equator. 

Reco m m en d at i on : A systematic intercomparison between data assimilated systems, 
satellite-derived currents and in situ observations must be undertaken to assess the 
current progress in generating high-resolution surface velocity output. 

2.6) Gliders 

Several t ypes of gliders are present ly being operated.  Gliders m easure vert ically-averaged 
absolute velocity , analogous to the ship-drift  m ethod.  Glider CTD profiles are used t o calculate 
geost rophic shear. There is the technical capability for g liders to carry ADCP, but  as w ith all  
inst rum ents ext ra payload im pact s on cost  and energy budget .  Gliders m ake closely spaced 
(~ 5 km )  dives to ~ 1km ;  their speed capabilit y is ~ 1/ 2 knot  and m ission durat ion is up to ~ 4Ñ
6 m onths.  I nt erpretat ion of data can be challenging:  gliders can be swept  over considerable 
distances in, e.g., western boundary currents;  t em poral var iabilit y can be super im posed on the 
Ôm ean f lowÕ.  SI O and UW gliders are operat ing in m any areas.  At  present , there is no 
coordinated plan for global, sustained observat ions from  gliders.  Current  operat ions are 
exploratory.  Som e t racks are start ing to be repeated rout inely, for exam ple in t he California 
Current  area.  At  present ,  act ive int ervent ion is required t hroughout  a glider  survey.  
 
Gliders are an order of m agnitude m ore t echnologically sophist icated than float s, m eaning that  
m ount ing a glider survey requires considerable expert ise and investm ent .  I t  is very hard to 
im agine an internat ionally- coordinated effort  wit hin t he next  few  years, because t he 
techniques are st ill in research and developm ent .  There are effor t s by count r ies such as 
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Aust ralia to include a glider facility as part  of a regional observ ing network, but  we know of no 
sim ilar in it iat ives elsewhere.   I tÕs a labour- int ensive problem , and the com m unity m ay not  be 
big enough at  present  t o generate a coordinated sustained program . NOAAÕs Off ice of Clim ate 
Observat ions is int erested in support ing glider init iat ives, wit h a budget  placeholder for 50 or  
100 gliders. 
 
An exam ple was shown of ver t ically-averaged absolute velocit y from  glider t racks between  
New Caledonia and t he Solom on I slands,  show ing the North Vanuatu and North Caledonia j et s. 

Reco m m en d at i on :  Glider observations are an important new development in measuring 
velocity that should be encouraged by the various funding agencies. 

 
3 )  Ex p l o i t at i on  o f  v el oci t y  m easu r em en t s 
 
3.1) Velocity measurements in adjoint assimilation efforts 
Two adjoint  assim ilat ion effort s were represented at  t he m eet ing:  ECCO and GECCO.  The 
com putat ional cost  in including ext ra data in such m odels is negligib le. Modellers want  access 
to all possib le data.  Current ly, GECCO uses drift er m ean velocit ies, hydrographic sect ions,  
TAO tem perature profiles, global XBT data set , P-ALACE and Argo T, S profiles, and SSS 
observat ions;  m ean wind st ress, and SLA from  alt im et ry  with Grace geoid.  GECCO could also 
use subsurface velocit y, e.g. , from  Argo float s. I n ECCO, the only velocit y m easurem ents 
assim ilated at  present  are t he TAO m oored m easurem ents. 
 
I ssues wit h using velocity  observat ions in state est im at ion effor ts:  

o Technically, velocit y observat ions are no m ore difficult  to fit  than T or  S observat ions.   
o The ocean m odelÕs m em ory w ith respect  t o velocity is signif icant ly shor t er  than for T or  

S. 
o New velocit y observat ions need to have an uncertaint y specif ied, which m ust  include 

both m easurem ent  error  and unresolved processes. 
 
Will addit ional velocity  m easurem ents be used in ECCO?  Yes, but :  

o The data should be as instantaneous and raw as possible (assum ing conversion to 
oceanic unit s, e.g., m / s as opposed to an inst rum ent  voltage) .  The m odel can per form  
any necessary int erpolat ion, consistent  w it h m odel physics.  I n cont rast , gr idded and 
t im e-averaged data product s der ived from  instantaneous velocit ies are of lesser value,  
because inform at ion has been discarded in the process of creat ing such a product .   Use 
of such product s in t he m odel require t hat  t he m odel m ust  be averaged in t he sam e 
way, before appropriate const raint s can be applied.  Modelers have lim ited resources to 
ident ify unresolved ( in the m odel)  processes in t he observat ions.  I nstantaneous 
velocity  m easurem ents should be accom panied by est im ates of the m agnitude of 
int ernal waves, t ides, et c. to facilitate assim ilat ion.  These signals need not  be rem oved 
from  the data:  unbiased errors can be accounted for by prescribing a representat ion 
error .  However, there are exam ples ( such as t ides in alt im et ry)  where rem oval of 
unresolved processes great ly  facilitat es the use of the data in the m odel. 

o Accurate error  est im ates are needed ( inst rum ent , sam pling, unresolved processes) . 
o Great  care m ust  be taken t o account  for system at ic b iases in observat ions ( e.g., wind-

driven slip) . 
 
Unresolved processes are a m ajor lim itat ion on the potent ial value of observat ions that  include 
t ides, int ernal waves, et c.,  and m esoscale dynam ics in non-eddy- resolv ing m odels.  Biases 
such as slip m ust  be addressed by observat ionalists.  Error bars m ust  include unresolved 
processes, e.g. , vary ing EKE field associated wit h unresolved m esoscale f ield.    
 
The assim ilated t im e- m ean SSH in GECCO was com pared to Niiler & Maxim enkoÕs absolute 
SSH.  Differences between m odel-der ived and GRACE absolute sea level are focused in 
boundary regions, western boundar ies in par t icular.   Are these errors in GRACE?   Velocity  
fields can address th is discrepancy.    I m provem ents in the t im e m ean and vary ing dynam ic 
topography and t ransport s need t o be t ested against  in- situ m easurem ents. 
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I m p act  o f  v el oci t y  d at a  i n  ad j o i n t  assi m i l at i on  e f f o r t s:    
The biggest  im pact  m ay be for m ean current s and the seasonal cycle, especially in boundary  
current s.   Velocit ies at  1000 or 2000m  depth would pr im arily im pact  the t im e m ean and  
m aybe t he seasonal cycle.  Velocit y analyses m ay need synthesis result s for t em poral de-
aliasing, for  exam ple recent  work by Russ Davis in Argo velocit ies.   
 
Ob st acles t o  u si n g  v el oci t y  d at a :   
Concerns of potent ial biases in the data are lim it ing aggressive use of the data in ECCO.  M.  
Mazloff presented a com parison of ECCO surface current s and dr if t er-derived current s,  
com par ing currents from  a 1/ 6¡ Southern Ocean run t o slip- rem oved six- hour ly dr if t er  current s 
for 2005Ñ 2006 ( Kim  and Niiler) ,  and a 1¡ global run t o drift er-der ived, slip- rem oved  
clim atological current s (Lum pkin)  and OSCAR m ean velocit ies (Bonj ean) .   I n m uch of 
theSouthern Ocean dom ain, system at ic biases (up to ~ 9cm / s)  were seen, w it h drift er speeds 
consistent ly larger.  For the global run, the drift er zonal m ean current s were consistent ly offset  
from  the ECCO 15 year averaged result s in the Southern Ocean and t ropics, with t he 
differences (data m inus m odel)  m atching the sign of t he zonal w ind.  System at ic dif ferences 
with OSCAR were concent rated in the t ropics.   Mazloff expressed concern that ,  while m odel 
biases are likely a par t ial source of t hese biases, the drift er data m ay contain undiagnosed  
downwind (or downwave)  slip, and t hat  assim ilat ion of biased data would int roduce ar tefact s 
such as spur ious m agnif icat ion of the Antarct ic Circum polar Current  t ransport .  Niiler and 
others noted that  slip has been carefully quant ified in lower w ind condit ions, seen in m any of 
the t ropical one-degree bins of the global run, and that  a num ber of indirect  t est s ( e.g., global 
absolute sea level from  drif ters and alt im et ry, est im ates of Ekm an plus geost rophic currents,  
com pared t o independent  data such as Lev it us clim atology, vort icit y balances, et c.)  have 
supported the accuracy of t he dr if t er data.  Niiler pointed to potent ial m odel errors in  
param eter izing upper ocean m ixing and the st ructure of velocity  shear.  I t  was suggested t hat  
the Southern Ocean result s be recalculated for  the subset  of drift ers that  experienced wind 
speeds < 10m / s, to elim inate the role of undiagnosed slip in high-wind condit ions, or poor 
sim ulat ion of upper ocean physics in int ense wave break ing, bubble layers, et c.   The overall 
conclusion of the discussion was that  drift er velocit ies would im prove the m odel result s when  
either (a)  m odel param eter izat ion of upper ocean m ixing im proves, and/ or (b)  downwind slip 
is fully rem oved from  the drif ter  data ( including in h igh wind condit ions) .  Regardless, an 
im portant  point  is t hat  the m odels and data do not  agree at  present  É  if  t hey agreed fu lly in 
the absence of assim ilat ion, the data would br ing lit t le added value to t he m odel. 

3.2) Regional models and Operational Forecasting 

Coastal radar and ADCP-derived velocit ies are current ly being used in regional m odels such as 
ROMS.  Tropical m ooring velocit ies are also com pared to m odels and used t o opt im ize them .  
The value of TAO for Pacific regional m odels was highlighted, as these observat ions are in a 
region of surface divergence ( e.g. , few dr if t er  m easurem ents)  where geost rophy breaks down. 
 
Velocity  is an analysis var iable in the Navy ocean data assim ilat ion system ,  but  velocity  
observat ions are not  yet  being assim ilated.  The assim ilat ion is based on a 3D m ult ivar iate 
opt im um  interpolat ion, w ith plans to im plem ent  variat ional schem es (both 3DVAR and 4DVAR)  
in 2008/ 2009.  Observat ions are passed through ocean data QC procedures ( inst rum entat ion  
error  checks, com par ison to predict ion fields or clim atology, et c)  before being used in t he 
assim ilat ion, w ith potent ial feedback t o other  observat ions in the form  of adapt ive sam pling 
guidance.  At  this point , velocit y data QC needs to be int egrated into t he system  for velocit y  
data assim ilat ion.   
 
The system  com putes geopotent ial from  tem perature and salin it y profiles,  and the m ult ivariate 
error  correlat ions com pute balancing geost rophic velocit y increm ents from  the geopotent ial 
innovat ions as par t  of the assim ilat ion.  When velocity observat ions are assim ilated t he error  
correlat ions will com pute geost rophically  balanced geopotent ial increm ents from  the velocity  
innovat ions,  which in t urn w ill be used to update the m odel t em perature and salinity  m ass 
var iables t hrough the equat ion of state.  Assim ilat ion of velocit y data requires est im ates of 
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inst rum ent / m easurem ent  errors from  the observat ionalist s, and knowledge of the space/ t im e 
sam pling characterist ics of the data (e.g.,  instantaneous values vs. daily averaged) .   
Representat ion errors ( e.g., inert ial current s, t ides and internal waves not  resolved by the 
m odel)  are state dependent  and will be der ived at  the m odelling end,  given inform at ion from  
the data providers on velocit y observat ion m easurem ent  and any subsequent  processing, such 
as filt ering and averaging. 
 
Tim eliness:   With every 24-hr update cycle, the NavyÕs global 1/ 12¡ HYCOM analysis/ forecast  
system  perform s a hindcast  t o Ð120-hr and a forecast  to + 120- hr .  Velocit y data can be 
received w ith up t o 5 days delay for use in th is schem e.  The need for a 5 day hindcast  is 
driven pr im ar ily by t he lat ency of the alt im eter sea sur face height  data, which aft er 5 days are 
st ill not  m ore t han ~ 90%  com plete.   

US Navy system s w ill look to assim ilate all sources of velocit y observat ions.  The near real-
t im e global sur face drift er velocit ies w ill be incorporated im m ediately into t he global HYCOM 
system .  I n addit ion, t he need for velocit ies at  the reference level for the geopotent ial 
calculat ions will dr ive assim ilat ion of Argo t raj ectories.  At  present , a m oor ing in the Flor ida 
St raits is collect ing velocit y data that  will be used to develop som e of the velocit y data QC 
infrast ructure and assim ilated into a 1/ 25¡ degree regional HYCOM m odel in the Gulf of Mexico.   
The relat ive value of various velocit y m easurem ents can be quant ified in data-w ithholding  
experim ents,  ongoing in t he GODAE context . 

3.3) Box inverse models 

Box inverse m odels use ext rem ely sim ple physics, nam ely conservat ion of m ass, salt ,  heat  and 
net  silica, to derive a plausib le set  of values for unknowns:   reference velocit ies for  
hydrographic stat ion pairs, and diapycnal t ransfers of the propert ies from  one densit y layer to 
another, in a quasi- st eady state solut ion.  The latest  generat ion of global m odels incorporate 
diapycnal t ransform at ion from  air- sea f luxes in out cropping layers, and have been used to 
infer the basin-scale dist ribut ion of int erior m ix ing.  Because these m odels seek solut ions to an 
underdeterm ined system , solut ions are generally sensit ive to t he start ing point ;  im proved 
init ial (pre- inversion)  condit ions can great ly dr ive down error bars on the solut ion and help 
resolve t ransport  and m ix ing est im ates.  Such m odels can serve as a tool to propagate 
inform at ion from  a regional set  of velocit y  est im ates in a globally  consistent  m anner. 
 
R Lum pkin noted that  there are key regions where m easurem ents of velocity in density layers 
( t ransports)  are m ost  im portant , generally regions where the barot ropic com ponent  plays a 
crucial role.  Specif ic recom m endat ions for m easurem ents in these regions m ay rest  w it h 
regional panels.  Regardless, som e key sit es can be noted in par t icular:   choke point s such as 
the Ber ing St rait ,  Denm ark St rait ,  Faroe Banks, Florida Current , and the Drake Passage;  
western boundary current s ( sur face and deep)  such as the Gulf St ream , Kuroshio, Agulhas,  
Kerm adec Ridge and the Kerguelen Plateau;  bot tom  water  chokepoint s and cul-de- sacs in  
var ious ocean ridges and r ises;  and dense f low out  of t he Weddell and Ross Seas and past  
Cape Farewell,  Greenland. 
 
Regional inverse m odels have incorporated ADCP m easurem ents for im proved resolut ion of  
current  st ructures;  error est im ates for t he lowered ADCP are dom inated by representat ion 
errors,  in par t icular  t he presence of high frequency and ageost rophic m ot ion.    
 
4 )  Co n clu si o n s an d  r eco m m en d at io n s 

 
There m ay be an opportunit y to assem ble and publish t he capability and requirem ent  for a 
velocity observ ing system  as par t  of the OceanObs09 conference, scheduled for lat e 2009. The 
OceanObs planning group next  m eets in early 2008, aft er which there will be m ore inform at ion  
available about  t he papers that  will be solicit ed for the conference. I f a paper is solicit ed on  
velocity m easurem ents in a clim ate observing system , t he process of prepar ing it  will take 
over from  this workshop the task of defining the requirem ent .   
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I n that  case, it  is expected that  GSOP would ident ify  a collect ion of invest igators wit h the 
necessary expert ise t o undertake t he task. Thus t he need for a furt her m eet ing of the group 
at t ending th is workshop, or of an alt ernat ive group focussed around an OceanObs paper, will  
be decided by GSOP as OceanObs planning develops. 
 
This workshop was m ainly successful in descr ibing the capabilit y of t he present  observing 
system s. The interact ion between invest igators involved in acquiring and dist r ibut ing velocit y  
data, and t hose involved in global- scale synthesis, is expected to st im ulate a num ber of 
valuable developm ents in data assem bly and delivery . Pr iorit ies were defined or restated.  
Som e short com ings were ident ified. Of these, som e can be addressed wit h exist ing resources;  
others w ill require successful proposals to generate ext ra resources. 
 
The workshop discussion and th is report  of it  fall short  of Ôdefin ing and j ust ifying t he 
requirem ent  for ocean velocit y m easurem ent  for clim ate research and associated act ivit ies 
over the next  ten yearsÕ. Such docum ents are not  sat isfactorily w r it t en by com m it t ee. An 
OceanObs09 paper would be a powerful and t im ely  tool for  prepar ing such a docum ent . 
 
The workshop regular ly  returned to the them e of western boundary current s and equator ial 
current  system s as a gap in the velocit y observing system . I t  is unclear whether the 
oceanographic com m unity  knows precisely what  should be observed,  or how those 
observat ions should be m ade.  Analyses from  process studies in t hese regions ( e.g. KESS,  
CLIMODE, SYNOP) ,  however, m ay provide som e guidance. 
 
The m ain conclusions from  the discussion have been highlighted in the body of the report  as 
Ôrecom m endat ionsÕ. Since the workshop has no self- standing authorit y, we consider t hese 
recom m endat ions to be for  t he at t ent ion of GSOP, t o generate act ion as they see fit .  
 
This workshop report  was circulated to at t endees in draft  form  in the week aft er the m eet ing.  
Revisions were addressed by Decem ber 21, when t he final report  was sent  to the GSOP 
cochairs for  t heir considerat ion.   
 
The workshop closed at  1200 on Fr iday 7 Decem ber 2007. 
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An n ex  Ð 1   
 
Li st  o f  w or k sh op  p ar t i cip an t s 
 
Fabrice Bonj ean,   bonj ean@esr.org,   Ear th & Space Research,  Seat t le, USA 
Pat  Caldwell,   caldwell@hawaii.edu,   NODC/ SOEST,  U.  of Hawaii,  Honolulu, 

USA 
Bruce Cornuelle,   bdc@ucsd.edu,  SI O,   La Jolla,  USA 
Meghan Cronin,  Meghan.F.Cronin@noaa.gov,  NOAA PMEL,  Seat t le, USA 
Jim  Cum m ings,  jam es.cum m ings@nrlm ry.navy.m il,  Naval Research Laboratory,  Monterey,  

USA 
Peter  Hacker,   phacker@hawaii.edu,  IPRC/ SOEST, U. of Hawaii,  Honolulu,  

USA 
Br ian King (Co- convener) ,  b.king@noc.soton.ac.uk,   NOC, Southam pton,  UK 
Rick Lum pkin (Co-convener) , Rick.Lum pkin@noaa.gov,   NOAA AOML,  Miam i, USA 
Mat t  Mazloff,   m m azloff@m it .edu,   MIT,  Cam br idge, USA 
Mary Mowat ,   m m ow@bodc.ac.uk,   BODC, Liverpool,  UK 
Peter  Niiler,  pniiler@ucsd.edu,    SI O,  La Jolla, USA 
Dean Roem m ich,  droem m ich@ucsd.edu,   SI O,  La Jolla, USA 
Det lef Stam m er,  det lef.stam m er@zm aw.de,   I nst itut  fŸr  Meereskunde,  Ham burg, 

Germ an 
Hiroshi Yoshinari,   hyy@affrc.go.jp,   Nat ional Res.  I nst .  of Fisheries 

Science,  Yokoham a,  Japan 
With assistance from 
Nico Caltabiano,   caetano@noc.soton.ac.uk,   ICPO, NOC, Southam pton, UK 
Tom om i Ushii,   tom om i@ucsd.edu,   SI O,  USA 
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An n ex  Ð 2   
 
Fi r st  GSOP W o r k sh op  on  Ocean  Velo ci t y  M easu r em en t s an d  t h ei r  Ap p l i cat i on  ( GVW 1 )  

Con v en o r s:  Rick  Lu m p k i n  ( AOML,  Mi am i )  an d  Br i an  K i n g  ( NOC, So u t h am p t on )  
 

Mar t i n  Jo h n son  Ho u se, Scr i p p s I n st i t u t io n  
Decem b er  5 t h , 6 t h ,  &  7 t h  ( u n t i l  1 5 4 5  i f  n eed ed ) , 2 0 0 7 . 

 
This second announcem ent  includes t he provisional agenda. 
 

Ag en d a 
W ed  5  Decem b er   
1  I n t r od u ct i o n  ( Lu m p k i n , K i n g , St am m er )  [ 0 8 4 5 - 0 9 0 0 ]  
1.1 Local arrangem ents 
1.2 Scope of workshop:  

 To establish the requirem ents for  ocean velocity  m easurem ents as par t  of an 
observ ing system  for clim ate.   This is a sm aller  t ask t han a review  of all possible 
future operat ional use of ocean velocit ies 

1.3 Expected out com es:  
 rev iew, docum ent  and characterize ocean velocity  data present ly available or  likely  to 

becom e available in the near future;  
 rev iew current  dissem inat ion and storage of  ocean velocity  data st ream s and ident ify  

enhancem ents t o m ake t heir exploitat ion m ore effect ive;  
 ident ify crit ical ocean velocity  data st ream s that  m ay const it ut e a global network;  
 develop the scient if ic j ust ificat ion and requirem ents that  define the need for  t he 

inclusion of ocean velocit y m easurem ents in the suite of ocean observat ions used in 
clim ate research.   

 
2  Measu r em en t s  [ 0 9 0 0 - 1 7 0 0 ]  
For  each m easurem ent  t he discussion should cover:  

 (a)   what / how the inst rum ent  m easures velocit y. 
 (b)   accuracy,  t im e & space resolut ion of m easurem ents, etc.  st rengths/  weaknesses/  

advantages/  d isadvantages from  a CLIVAR perspect ive 
 ( c)   how the data are used. 
 (d)   data reduct ion issues:  quality  cont rol,  int erpolat ion, assigning error  bars. 
 (e)   data archiving,  dist ribut ion,  availabilit y/ t im eliness. 

 
After  discussing each m easurem ent  type,  t he workshop should be able to evaluate and agree 
on the ÔadequacyÕ of the observing system  for th is data st ream . Since the adequacy depends in 
som e sense on the desired use of t he data, this evaluat ion will depend on Sect ion 3 of the 
Agenda. We should also establish ideas about  the future ( funding)  secur it y  of the observing 
system s and data m anagem ent  system s.  I s t he m easurem ent  undertaken by research PI s 
using research budgets or  is it  under f inancial cont rol of Ôoperat ionalÕ agencies? Will the answer 
to th is quest ion change over  t he next  5-10 years? 
 
Presentat ions (approx im ately 1 hour each,  with addit ional t im e for d iscussions)  
2.1 Surface dr if t ers (Niiler [ a,b,c] ,  Lum pkin [ d,e] )  
2.2 Profiling float s (Hacker/ Yoshinari [ a- e] )  
2.3 Moored current  m eters (Cronin [ a,b,c] ,  Mowat  [ d,e] )  
2.4 ADCPs Shipboard and Lowered (King [ a,b,c] , Caldwell [ d,e] ,  Okam aki [ d,e] )  
2.5 Rem otely-der ived current s ( Bonj ean/ Lagerloef [ a-e] )  
2.6 Others 
  
I f  t here are m ajor  data st ream s that  are of im portance to CLIVAR that  have not  been 
discussed,  the workshop needs to ident ify them  and propose a st rategy for  f il ling the gaps. 
Areas not  covered in 2.1 t o 2.6 at  present :  gliders, acoust ically  t racked subsurface f loats,  
invert ed echo sounders, coastal radar arrays. 
 



 

16 

Th u  6  Decem b er  
3  Ex p lo i t at io n  [ 0 8 3 0 - 1 4 0 0 ]  
Types of exploitat ion 
Modelling and Assim ilat ion ( int roduct ion:  Stam m er)  

 Mazloff:  use of velocit y  m easurem ents in ECCO 
 Cornuelle:  velocity  m easurem ents in ROMS 

Forecast ing ( int roduct ion:  Cum m ings)  
I nverse m odelling, budgets and t ransport s ( int roduct ion:  Lum pkin)  
3.4 Clim ate m onit or ing:  direct  com parisons between new and old data ( int roduct ion:  

Roem m ich)  
For  each type of data use we should t ry  to establish:  
a)  Num ber of user  groups involved 
b)  Requirem ents for  access 
c)  Dependence on par t icular data st ream s 
d)  Capacity  of data exploitat ion to refine sam pling st rategy 
 
4  Reco m m en d at i on s ( d i scu ssio n  led  b y  Lu m p k in / K i n g )  [ 1 4 0 0 - 1 7 0 0 ]  
We will need to produce a m eet ing report .  This should, am ongst  other th ings, 
 Define t he requirem ent  for  ocean velocity  m easurem ent  for  clim ate research and 

associated act ivit ies over  the next  t en years. 
 I dent ify and docum ent  present  capabilit y  to m eet  t he requirem ent . 
 I dent ify inadequacies in present  observing/ data delivery system . 
 I dent ify gaps in the workshop discussion ( were t here th ings we couldnÕt  resolve 

because we didnÕt  have t he right  know ledge?)  
 Establish t he possib le requirem ent  for a future workshop:  When m ight  one be 

required,  and what  expert ise m ight  be needed 
 
Fr i  7  Decem b er  ( m or n i n g )   [ 0 8 3 0 - 1 2 0 0 ]  

5  Pr ep ar at io n  o f  d r a f t  m eet in g  r ep o r t  
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