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A solution to measuring near-surface currents via asingle-cell  reduction in rms speed values due to the existehtibbles

acoustic Doppler current meter with horizontally oriented created during increased surface wave activity.
acoustic beams positioned very close to the sea e is

presented. The current meter was deployed on a dace buoy on

the 25 m isobath of the west Florida continental s#f. Near- - 100 e
surface velocity observations from the current mete (1.1 m in the top ~10% of the water column because of-kitle

depth) are compared to estimates from a surface moted errors. ~ As dlrectlor_lal wave measurem_ents from oln_tl)tt
acoustic Doppler velocimeter (0.8 m depth) and thérst several ~ mounted current profilers become more widely uskele is
cells of a downward looking acoustic Doppler curren profiler an increased need for direct near-surface current
(4.0 m to 13.0 m depth). Rotary auto spectra andr@ss spectra Mmeasurements.
analyses are used to examine the velocity gain andering angle
at different frequencies as a function of water deg. Results |n 2005, Nortek modified the Aquadopp single-paiotrent
indicate that velocity measurements at 1.1 m were% higher in meter to achieve the purpose-built Aquadopp surfaceent
tmh:a'guzretr'g::]tgag? ‘;‘“g rlnS% ?Lger;‘;r \',ca;hen ;Sll?;igﬂec s:’g”giz meter (ASCM). The ASCM measures two-dimensionalju
velocity rotation in both the tidal band and the syoptic band C“”fe”t veIocn_y near the §urface by employing ehre
compared with measurements at 7.0 m. honz_ontally or_|ented acoustic bgams arranged ore on
hemisphere, with 60 degree spacing between thestcou
I. INTRODUCTION beams (Fig. 1). This design allows the ASCM tarmminted
on one side of a surface buoy with the acoustierisgaointing

Accurate measurements of near-surface currentseguéred Ut and away from the buoy. The measurement patiith of

for studying the dynamics of surface features swzh e ASCM is 1.5 m and the blanking distance to the
freshwater plumes, harmful algal blooms, and serfac measurement volume can be adjusted with the sadtieabe
contaminants, and may be used to corroborate H& mdps UP 10 5 m away from the transducers. The redundse of

of current velocity. Fresh water layers, thermuedi, and three horizontal beams to measure tvv_o componemalotl_ty
wind friction can cause the near-surface layer t@veh allows for an “error v.eIo_c.|ty" calculation t_hat Ipsl describe
substantially different velocity properties comghreo the the environmental variability at the study site.

underlying layer. However, near-surface curreribgity is } \

intrinsically difficult to measure.

Upward looking profilers cannot measure accuratecites

Downward looking acoustic Doppler current profilengss the
top portion of the water column because of the irequ
mounting depth and blanking distance. In deep wate
locations, long range current profilers must harge velocity
cells and necessitate a large blanking distan¢eetdirst valid
velocity cell; it is common for the first measureméo be as
deep as 10 m below the surface. Reference [1l]estgghat
velocity measurements from buoy-mounted downward
looking current profilers may exhibit small, buigsificant,

Transducers

Figure 1. Configuration of the Nortek Aquadopp
Surface Current Meter (ASCM) transducer head.
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The ASCM has internal memory, batteries, and cospas!
tilt (pitch & roll) sensors. The compass and siénsors are
capable of sampling at 1 Hz, which can resolve, eowlect,
for buoy motion during the current averaging period@he
ASCM can be configured to log data to the intemamory or
output current velocity measurements in binary ané&ScCl|
format for real-time observing systems.

The goals of this study were to evaluate the peréorce and
effectiveness of a new near-surface current méiest, it was
important to determine if the data quality fromeansurface
current meter was adequate for scientific and emging
requirements. Second, it was important to detegniirthe
new data obtained from the near-surface zone addgdew
information compared to velocity measurements atdel
from the traditional upward- or downward-lookingoastic
Doppler current meter.

Initial results from an ASCM, deployed on a larg®@MAD

buoy in the Chesapeake Bay, indicated that the dasdity
compared well with a bottom mounted upward-lookingrent
profiler [2]. However, the NOMAD buoy caused sugtal
near-surface flow disturbance, so the blankingadist was
required to be at least 3 m in order to measureable
velocities outside of the disturbed region. Alske large,

stable NOMAD buoy was acknowledged as an idyllic

platform for the near-surface current measuremémtshe
relatively calm conditions of the Chesapeake Baj.true
evaluation of the ASCM performance from a smalleoypin
an open ocean environment was necessary.

Il. EXPERIMENT

The surface current measurement experiment
collaboration between the Ocean Circulation GraDgG) at
the University of South Florida and NortekUSA. Aok
ASCM and Nortek Vector Velocimeter were deployedtiom
“C10” buoy located 35 km offshore of Sarasota, @y on
the West Florida Shelf (WFS) at the 25 m isobai#f [0.152'
N, 82° 55.552' W] (Fig. 2). The C10 buoy has a 5
diameter and displacement of 6000 pounds. The 2Ky
also measured current profiles with a downward-legk00
kHz ADCP (Fig. 3). The regional depth contourfirde an
along-shelf direction rotated 28° anti-clockwisenfr North.
The surface current meters were deployed on thg fmrol.5
months (28 June 2006 to 17 August 2006).

NortekUSA

was

Page 2 of 6

160

Gulf of Mexic

DMPS Surface B 5
DMPS Shore Statio
DMPS Bottom Mount

(o] 1]
nonn

Figure 2. The ASCM was deployed on the C10 bueg frox)
located on the 25 m isobath of the West FloriddfShe

Figure 3. Photo of C10 buoy being deployed in Giiflexico.
The locations of the ASCM, Vector and ADCP are d¢atid.

The Nortek ASCM was mounted on an underwater btawhe
the bridal of the buoy. It was positioned with tiensducer
head (and measurement volume) 1.1 m below the cairfa
The ASCM was configured to measure mean current
velocities every 20 minutes with a 60 second avatpg
interval. The internal ping rate was set to 6 bitz,a total of
360 pings were averaged to log a single currenbcitgl
measurement. The blanking distance to the starthef
measurement volume was set to 3 m, allowing current
measurements to be made away from any flow distaéda
caused by the buoy. A separate “diagnostics” mods
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enabled to sample a 2 minute burst of 120 measumsme
sampled at 1 Hz, every 3 hours. The diagnostia gedvides
high temporal resolution of instrument and buoyfgrenance
by logging such data at pitch, roll, heading, sigiigength and
current velocity. These data were used to deternhinoy
motion and appropriate averaging intervals.

The Nortek Vector Velocimeter was included in the
experiment to evaluate a different type of surfacerent
measurement. The Vector measures current velfrcity a
very small water parcel (~3 d&nlocated 15 cm below the
probe. The mounting location of the Vector posiéd the
measurement volume 0.8 m below the surface. Thetove
was configured to log 120 samples at 2 Hz (i.e. ihube
duration) every 20 minutes. In post-processinghea20
sample burst was averaged together to obtain @geptative
1 minute sample to provide comparable data withABEM
and ADCP.

A 600 kHz ADCP was deployed in the bridal of theopu
pointing downwards. The ADCP was configured to suee
current profiles in 1 m bins every 1 hour with 6notie

averages (360 pings at 1 Hz). After the 1 m blaglklistance,
the first valid velocity bin was located 4 m beltive surface.
However, due to bias issues described Ref. [1],athinors
believe the first bin of quality data was locatechbelow the
surface.

I1l. DATA

Pitch and roll data collected at 1 Hz with the diastic mode
of the ASCM provided an estimate of buoy motiong(F4).
The mean pitch and roll of the ASCM was about -2°
indicating that either it was mounted slightly dked, or the
buoy had a mean list. The pitch & roll were neastyual,
showing the circular buoy had a symmetric respaosgaves
and wind. During any given 2 minute measuremetarval,
the buoy would typically pitch and roll +2°-5° alidhe mean
position. The maximum excursion from the mean tmsi
was about 10°. The position of the measurementmeland
the geometry of the buoy dictate that, presuminiipasea
surface, the buoy would need to tilt more than iéfore the
far end of the measurement volume would touch théase.
An analysis of data quality suggests that the AS@Nbcity
measurements were not adversely affected by exeesi
and acoustic returns from the surface were rare caghchot
bias the velocity data.

The pattern of the raw 1 Hz (ASCM) and 2 Hz (Vegtor
velocity data indicate 60 sec averaging was noficsenfit to
remove buoy motion from all data; particularly cgritimes
with larger tilt variability (presumably larger was). There is
evidence of some lower frequency velocity signalghw
periods of 30 sec to over 60 sec that are not pippeeraged
out with a 60 sec averaging interval. These metioray be
due to the excursions and compliance of the sutfaicy and
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mooring line. Further examination in future anayss
suggested.
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Figure 4. Pitch and roll measurements collectethbyASCM at 1 Hz.

IV. RESULTS

A. Time Domain & Frequency Domain

Current velocity data from the ASCM and Vector westated
28° anti-clockwise from North to define an alongihand
across-shelf direction. The raw data (20 minut@asneement
intervals) are plotted in Fig. &and the 40 hour low-pass
filtered data are plotted iRig. 6. Both near-surface velocity
measurements show similar patterns of tidal andetow
frequency energy. The tidal currents are nhominallycm/s
and the lower frequency events can have larger iardpk.
The lower frequency events are primarily directed the
along-shelf direction.

Surface Current Measurements

04

02

J

f \
‘ 1%

I

‘ | 1
oh i
i {
/ )
-0.2 i
ASCM Vector

-0.4

AN

|

Across-shelf Vel (m/s)

07/02

07/09

0716 07/30 08/06 08/13

04
02

}' \“ |

ASCM Vector

-02

Along-shelf Vel (m/s)

07/02

07/09

07116 07/23

Time (2006)

Figure 5. Unfiltered across-shelf and along-shelbcity
components from the Vector (0.8 m) and the ASCM (i).
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Figure 6. Vector stick plot of 40 hour low padtefied from
the Vector (0.8 m), ASCM (1.1 m), and ADCP (7, 23,m).

Auto-spectra are presented for the ASCM, Vectod, ADCP

(at the 4 m depth cell) for both the along-shelf anross-shelf
directions (Fig. 7). The auto-spectra show peakgishelf
energy in the low frequency synoptic band and paeioss-
shelf energy in the M2 tidal band. Overall, itlear from the
raw time series and auto-spectra that the Vectoasores
more energy across all frequency bands comparethdo

ASCM and ADCP. The ASCM measures more energy tha

the ADCP across most frequency bands. Finally, ribise
floor of the ASCM and Vector is much lower than hBCP
measurements, indicating data quality is excellent.

Figure 7. Auto spectra estimates of the alongf stmel
across-shelf velocity components from the Vectec(¥0.8 m),
ASCM (aqu, 1.1 m), and ADCP (C10, 4 m).
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B. Rotary Auto Spectral Analysis

Rotary auto spectral analysis is a quantitativarémation of
the current velocity geometry as a function of treocy [1].
Decomposing a velocity vector sequence using Fourie
transforms results in an ellipse that pertainshe average
geometry of the motion. The Fourier transform hagative
and positive frequencies corresponding to clocky@#&/) and
anti-clockwise (ACW) components of the ellipse pedively.
The auto spectra describes the elliptical strucforeeach
mooring via the CW and ACW spectral density, thebsity
( 9, the axis ratio, the principal axis orientatior), (and the
semi-major axis. The stability is a measure of gbemetric
coherence of the ellipse, and the axis ratio and-seajor axis
are geometric properties of the ellipse. An agigorclose to
zero indicates rectilinear motion on the shelfuesal near unity
indicate circular motion, with the sign indicatitite direction
of rotation.

Rotary auto spectral quantities for the ASCM andGMX(at 7
m) are shown in Fig. 8 (low frequency) and Fig. Hogk
frequency). The low frequency plot shows the hgjhe
stability at the synoptic band of 8.3 days (0.0@B)c The
axis ratio is near zero, indicating rectilinear motconsistent
with other findings of low frequency motion on tWé&=S [3].
The principle axis orientation is +30 degrees (alickwise
from North), which is consistent with flow in théoag-shelf
direction.

The high frequency plot shows the highest stabdityhe M2
fldal band (0.081 cph). The axis ratio is near, th8icating
elliptical motion consistent with offshore tidal ttans. The
principle axis orientation is -60 degrees (clocleviFom
North) which is consistent with flow in the acrosself
direction.

Figure 8. Low frequency band rotary auto specith®@ ASCM
(aqu, 1.1 m) and ADCP (C10, 7 m). Top row: clodevCW) and
anticlockwise (ACW) auto spectra. Second rowi)lstability ( %)

and (right) axis ratio (minor/major, negative vawenote ACW

rotation). Third row: (left) orientation angles A€W with
respect to North) and (right) amplitude of semi-onaxis.
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Figure 9. High frequency band rotary auto spedita@ ASCM
(aqu, 1.1 m) and ADCP (C10, 7 m). Top row: clocdevCW) and
anticlockwise (ACW) auto spectra. Second rowi)Istability ( %)

and (right) axis ratio (minor/major, negative vawenote ACW

rotation). Third row: (left) orientation angles A&€W with
respect to North) and (right) amplitude of semi-onaxis.

C. Rotary Cross Spectral Analysis:

Rotary cross spectra adds more information by d#agrthe
frequency dependence of the velocity field betwebe
ASCM and ADCP measurements at different positionthe
water column. The quantities computed include \tbetor
correlation squared {), the vector phase lag)( the veering
angle (), the relative ellipse orientation), and the transfer
function (gain).

As the auto-spectra suggests, there are basieadlyrtodes of
motion at this site on the WFS: across-shelf motiothe tidal
band and along-shelf motion in the synoptic baftie visual
coherence of velocities in Figs. 5 and 6 (raw & |pass
filtered) can be quantified by examining the veatorrelation
amplitudes for the velocity between the ASCM andGRD(7
m) (Fig. 10).

The correlation square between the ASCM and ADGP
greater than 0.95 in the synoptic and tidal bartis also
above 0.80 at a band consistent with inertial tz@ins at this
latitude on the WFS. The subsequent analysis fagilis on
the synoptic and tidal bands of high correlation.

Figure 10. Rotary cross spectra estimates of letiva squared ¢) and
transfer function (gain) between the ASCM (1.1 mj ADCP (7 m)
for the low frequency band (left) and high frequeband (right).
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Assuming the relationships between the current oreasents
are linear, we can use the transfer function (gaim) the
observation from one depth level to provide a préah of
observations at the other depth levels. Tableminsarizes the
gain between the ASCM and the Vector (not plotted)
compared to velocity measurements from the ADCF at
depth.

Synoptic Band M2 Tidal Band
(0.005 cph) (0.081cph)
Observation Amplitude Gain Amplitude Gain
Vector (0.8 m) 13.3 cm/s 1.73 6.4cm/s 1.39
ASCM (1.1 m) 9.1 cm/s 1.18 49cm/s  1.07
ADCP (4.0 m) 7.5 cmls 0.97 43cm/s (.95
ADCP (7.0 m) 7.7 cmls 1.00 46cm/s  1.00

Table 1. Current amplitude (semi-major axis) aathg
(relative to ADCP at 7 m) for peak correlation ©%). at
tidal and synoptic bands.

The orientation with respect to North of the senaijon axis
was determined through standard harmonic analysigles
for the M2 tidal constituent and through a printigeis
analysis for the synoptic band (using 40 hour l@asgfiltered
velocity time series). A vector correlation stuffy], not
presented, indicated nearly zero temporal phaskerelifce
between velocities at the various levels. Thugexring angle
between any two time series can be computed byladileg
the difference in orientation angles. The veeramgle is
negligible (<2°) between the ASCM and the ADCP (J m
velocity at the M2 tidal band and the synoptic band

In the M2 band, the orientation at 1.1 m, 7 m aBdnrlis +32°
(x1°). The orientation at 0.8 m (Vector) is +29°The
orientation at 21.0 m is +34°. This shows a steA@W
rotation from top to bottom in the water column wlhiis
consistent with effects of bottom friction. Intstiagly, the
orientation in the surface-most bin (4 m) of the@®is +35°,

alwhich is not consistent with the directional pattér the rest

of the water column.

In the synoptic band, the orientation at 1.1 m, @md 13 m is
-35° (¥1°). The orientation at the 0.8 m (Vectisr) 23°. The
orientation at 21.0 m is -52°. This shows a steA@W
rotation from top to bottom in the water columnnsistent
with bottom friction. Again, the orientation inehsurface-
most bin of the ADCP (4 m) is -30°, which is nomnststent
with the directional pattern in the rest of the evatolumn.
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or some type of rotation and acceleration causedidoy
disturbance around the buoy. While the ASCM messur
velocity from regions well away from the buoy, tWector’s
measurement volume is directly below the buoy ary ime
more influenced by flow disturbance around the buaoyl
bridal.

Observation Synoptic Band M2 Tidal Band
(40 hr low pass filtered) (0.081cph)
Rotation Rotation
Vector (0.8 m) -23° +29°
ASCM (1.1 m) -35° +33°
ADCP (4.0 m) -30° +35°
ADCP (7.0 m) -34° +31°
ADCP (13.0 m) -35° +32°
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V. CONCLUSIONS

The purpose of this experiment was to evaluatev#tielity of [1]
using the Aquadopp Surface Current Meter to measese-
surface currents from a small buoy in an offshareation.

First, we were interested in learning if the datalgy would

be adequate to provide research-quality velocity
measurements in the near-surface region. Secomdvamted 2]
to know if there was anything to be gained by agdire near-
surface measurement capability to an already conipley.

Analysis of the raw velocity data indicate not @flithe buoy [3]
motion was averaged out during the 60 sec averagtegval,
especially during times of increased wave enerdyowever,

the time series and auto- and cross-spectral amlyslicate

the ASCM provides robust near-surface velocity
measurements that compare well with those of a s
looking ADCP.

Reference [1] suggests low-biased velocity measenésn [41
from the near-surface bins of downward-looking AD&;Ro
perhaps it is now more important to correctly chtedaze the
near-surface currents in order to accurately meashear for
transport calculations and model validation. Th&CM
observed near-surface currents (1.1 m) 7% higlmeth@ M2
tidal band) and 18% higher (in the synoptic bahd@ntADCP
velocity measurements at 7 m. The small gainénM2 band

is consistent with barotropic flows which shouldvédittle
vertical shear. The larger gain in the synoptimdas
consistent with the lower frequency barotropic flow
commonly found on the WFS.

The decrease in amplitude (gain<l) for both banfishe
ADCP measurements at 4 m depth is consistent wélsinall
reduction in rms speed values possibly linked todkistence
of bubbles created during increased surface watieitgcin
downward looking ADCP measurements, as found in Rgf

There was negligible near-surface velocity rotafioboth the
tidal and synoptic bands compared with measurenartsm
from the ADCP.

Near-surface measurements from the Vector veloeim@t8

m) indicate correct signs for rotation, but theyi&arotation and
shear suggests this is either a very strong su&osan layer,
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and recovery support.
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