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Direction of flow is given in degrees clockwise from magnetic north (°CW from MN).
Frequency of velocity measurements is given in hertz (Hz).
Salinity is given in parts per thousand (ppt).
Specific Conductance is given in microsiemens per centimeter (µS/cm).

CONVERSION FACTORS AND ABBREVIATIONS

Divide By To obtain

Length

millimeter (mm) 25.4 inch (in)

centimeter (cm) 2.54 inch (in)

meter (m) 0.3048 foot (ft)

kilometer (km) 1.609 mile (mi)

Velocity

centimeter per second (cm/s) 30.48 foot per second (ft/s)

Temperature

degrees (°C) 0.555(+32) degrees (°F)
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FLOW VELOCITY, WATER TEMPERATURE, AND CONDUCTIVITY IN
SHARK RIVER SLOUGH, EVERGLADES NATIONAL PARK, FLORIDA:
JULY 1999 – AUGUST 2001
Ami L. Riscassi and Raymond W. Schaffranek

ABSTRACT
A project within the U. S. Geological Survey Place-

Based Studies Program is focused on investigation of “Forc-
ing Effects on Flow Structure in Vegetated Wetlands of the
Everglades.”  Data-collection efforts conducted within this
project at three locations in Shark River Slough, Everglades
National Park, during the 1999-2000 and 2000-2001 wet sea-
sons are described in this report.  Techniques for collecting
and processing the data and summaries of daily mean flow-
velocity, water-temperature, and conductivity data are pre-
sented.  The quality-checked and edited data have been com-
piled and stored on the USGS South Florida Information
Access website.

INTRODUCTION
A major thrust of the current Everglades restoration ef-

fort, according to the Comprehensive Everglades Restoration
Plan (CERP) which is available on the World Wide Web at
http://www.evergladesplan.org, is to restore the natural func-
tioning of the ecosystem to pre-drainage conditions, an objec-
tive that requires knowledge of the hydrologic and hydraulic
factors that affect the flow of water.  The heterogeneous veg-
etation, small topographic gradient, and ridge-and-slough to-
pography of the landscape variously affect flows through the
vast mosaic of sloughs, marshes, and wet prairies that consti-
tute the Everglades.  Flow-velocity, water-temperature, and
conductivity data collected in Shark River Slough within Ev-
erglades National Park (ENP) during the 1999-2000 and
2000-2001 wet seasons and documented in this report are in-
tended to identify the temporal and spatial variability of the
extremely slow flow of shallow water through the low-gradi-
ent landscape and to provide insight into the hydrologic and
hydraulic processes that affect its behavior.

This project, which is part of the U. S. Geological Sur-
vey (USGS) Place-Based Studies Program, is focused on
providing information on the nature and behavior of flows
through the vegetated wetlands of the Everglades for the de-
velopment of newly improved hydrologic models to evaluate
water-management scenarios to restore the ecosystem.  The
flow data documented in this report were collected in direct
support of the development of the Tides and Inflows in the
Mangrove Ecotone (TIME) model (Schaffranek, 2001).  A
complementary project objective is to investigate and iden-
tify the internal and external forcing mechanisms that affect
wetland flow behavior for use in analyzing hydrologic condi-
tions in conjunction with related hydrologic investigations
being conducted within the USGS South Florida Ecosystem
Program (Schaffranek, 1999).

Description of Study Area and Monitoring Program
Shark River Slough is the dominant path of surface

water flow in ENP.  It conveys freshwater inflows released
from hydraulic control structures and discharged through
culverts along Tamiami Trail to the coastal mangrove
ecotone of the southwest coast of Florida.  The freshwater
wetlands of Shark River Slough are a mixture of tree
islands, sawgrass marshes, wet prairies, creeks, and ponds.

Three stations (SH1, GS-203, and GS-33) were
established in 1999 and 2000 to monitor flows and related
hydrologic conditions in differing vegetative communities
within Shark River Slough (fig. 1).  Flow velocities, water
and air temperatures, and conductivities were monitored
from July 1999 through August 2001.  At all three sites,
water and air temperatures were monitored at 5- or 30-
minute intervals in 5- or 10-cm increments above the plant-
litter layer using thermistors (thermally sensitive resistors)
cabled together in a string.  At two of the sites, velocities
were monitored hourly or bi-hourly at a fixed point in the
water column using acoustic Doppler velocity (ADV)
meters.  At one of the two ADV monitoring sites, conductivi-
ties and water temperatures were monitored bi-hourly near
the plant-litter layer using a water-quality meter.

Purpose and Scope of Report
This report describes the instrumentation used,

documents the deployment techniques, discusses the data-
processing methodologies, illustrates examples of raw and
filtered horizontal flow-velocity data, presents a sample
water-temperature profile, and identifies horizontal flow-
velocity magnitudes and directions at the monitoring sites.
Daily mean flow velocities, conductivities, and water tem-
peratures are presented.  Quality checked and edited data
are available for downloading from the Data Exchange
page of the USGS South Florida Information Access
(SOFIA) website http://sofia.usgs.gov/.

Acknowledgments
Tom Smith and Gordon Anderson, both of USGS,

provided initial logistical support and ancillary stage data
from their hydrologic monitoring station.  Kevin Kotun,
NPS/ENP, provided ancillary stage data from ENP
hydrologic monitoring stations.  Ed German and Sandra
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from their evapotranspiration monitoring station.  Michael
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MEASUREMENT TECHNIQUES

Acoustic Doppler Velocity (ADV) Meter
Flow velocities were measured using SonTek

ADVField units (SonTek, 2001) that consist of a processing
module and a conditioning module with an attached three-
dimensional (3-D) acoustic probe (fig. 2A).  The processing
module is a waterproof canister containing processor elec-
tronics, a circuit board for internal data recording, and bat-
tery packs for autonomous operation.  The conditioning
module contains the internal acoustic receiver electronics, a
built-in magnetic compass, a tilt sensor, and a temperature
sensor mounted in the end cap opposite the probe.  An exter-
nal conductivity/temperature meter optionally can be inte-
grated with the ADV unit.

The 3-D acoustic probe consists of three receivers
mounted on short stems positioned in 120-degree arcs
around an acoustic transmitter in a down-looking orientation
(fig. 2B).  The ADV meter measures the frequency shift be-
tween a short acoustic pulse of known frequency and its re-
flectance from particles moving with the flow in a remote
sampling volume.  A 10 MHz probe with a 5-cm distance

from the transmitter to the cylindrical sampling volume (≈
0.25 cm3) was used.  Local water temperature and salinity
data were used to compute site-specific sound speed, which
is needed to convert Doppler frequency shift to flow velocity.
The ADV meter records 3-D velocity components at a user-
specified sampling rate to a resolution of 0.1 mm/s with an
accuracy of 1% of measured velocity (SonTek, 2001).  The
internal magnetic compass and tilt sensor allow the instru-
ment processor to internally convert Cartesian coordinate
(XYZ) velocity components to Geodetic East, North, and Up
(ENU) coordinates.

Conductivity/Temperature Meter
Conductivity and temperature data were measured us-

ing a MicroCAT model SBE 37-SI meter developed by Sea-
Bird Electronics (1999).  The MicroCAT meter measures
conductivity to a 0.1 µS/cm (microSeimen/centimeter) reso-
lution with an accuracy of 3.0 µS/cm and temperature to a
0.0001 °C resolution with an accuracy of 0.002 °C (Sea-Bird
Electronics, 1999).  Conductivity and temperature data mea-
sured by the MicroCAT meter were integrated into the data
set recorded by the ADV unit.

Figure 1.  Satellite image of south Florida covering Everglades National Park, showing
locations of flow-monitoring stations GS-203, GS-33, and SH1, 1:500,000 scale.
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Thermistor String
Water and air temperatures were measured using glass-

encapsulated thermistors made by Yellow Springs Instru-
ments (YSI) having a standard 10K ohm resistance at 25 °C
and an accuracy (as defined by interchangeability) of ±0.1
°C over 0 to 70 °C (Yellow Springs Instruments, 1998).  The
thermistors were individually molded and cabled together in
a string.  Ten thermistors were grouped together in two sets
of five individually spaced 10 cm apart.  The two sets were
spaced 1 m apart to facilitate overlapping the cable to
achieve 5-cm spacing between thermistors.  An eleventh
thermistor was attached at the end of the string on a 1-m
length of cable or thin TV-type 2-conductor wire.  The elev-
enth thermistor was either deployed at a fixed elevation in
the air above the plant-litter layer or encapsulated in
styrofoam to float on the water surface.  The thermistor
string was wired to a Campbell Scientific Instruments (CSI)
CR10X datalogger programmed to sample the thermistors at

Figure 2.  Photograph showing ADVField system including
(A) processing module, conditioning module, and (B) 3-D
acoustic probe. (Red receiver is X-axis of probe.)

pre-determined intervals and perform the resistance to tem-
perature conversions.  Measured resistances were converted
to temperatures in the datalogger program using the Steinhart
and Hart equation (Yellow Springs Instruments, 1998):

1/T = a + b (ln R) + c (ln R)3

in which:

T = temperature in Kelvin units (°C + 273.15),
a, b, c = calibration coefficients, and
ln R = natural logarithm of resistance in ohms.

The coefficients a = 1.040312e-3, b = 2.370987e-4, and
c = 1.663151e-7 were determined in controlled measure-
ments over a range of 0-70 °C for the YSI thermistors.

SELECTION AND DESCRIPTION OF FLOW-
MONITORING SITES

Locations of the flow-velocity and water-temperature
monitoring stations SH1, GS-203, and GS-33 are shown in
figure 1.  Stations GS-203 and GS-33 are near established
ENP hydrologic monitoring stations, NP-203 and P33, and
SH1 is co-located with an existing USGS hydrologic moni-
toring station.  Thermistor strings were deployed at all three
sites.  ADV units were deployed at GS-203 and SH1.  The
ADV unit at GS-203 included an integrated MicroCAT con-
ductivity/temperature meter.

Each station was established within a different vegeta-
tive community.  The SH1 ADV probe and thermistor string
were deployed in an area dominated by spikerush
(Eleocharis cellulosa) on the edge of a sawgrass (Cladium
jamaicense) stand (fig. 3).  The GS-203 ADV probe and ther-
mistor string were deployed in an area of medium-density
sawgrass (fig. 4).  The GS-33 thermistor string was deployed
in a spikerush community with a heavy periphyton concen-
tration (fig. 5).  Geodetic coordinates, site descriptions, and
instrumentation lists for all three monitoring stations are pro-
vided in table 1.

DEPLOYMENT TECHNIQUES AND PARAMETER
SETTINGS

The ADV conditioning module with attached 3-D probe
(fig. 2), was suspended vertically from a rigid frame with the
acoustic sampling volume at a fixed position in the water
column above the plant-litter layer (fig. 3).  A pair of stain-
less steel rods, used to secure the conditioning module to the
frame, readily permitted vertical re-positioning (raising or
lowering) of the probe in the water column during field visits
in response to changing water depths (fig. 3).  Software pro-
grams were executed during probe installation and during
subsequent field visits to set site-specific parameters that ini-
tiate data collection, protect data integrity, verify meter per-
formance, and ensure the collection of high-quality data.  Pa-
rameter settings are user-specified values input to the ADV
processor that assign the duration and frequency of sampling
as well as specify the sound speed required for velocity de-
terminations.  ADV-deployment parameter settings at SH1
and GS-203 are provided in table 2.
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The MicroCAT meter, integrated into the GS-203 ADV
unit, measures and records data at the same frequency as the
ADV meter and therefore has no unique user-specified pa-
rameter settings.  The MicroCAT meter was deployed imme-
diately above the plant-litter layer near the ADV probe.

The temperature-string deployment techniques and pa-
rameter settings consisted of specification of the thermistor-
spacing increment and the recording interval.  The resis-
tance-to-temperature conversion equation and the recording
interval were stored in the CR10X datalogger using the
PC208W (V 3.0) communication and storage module soft-
ware (Campbell Scientific Inc., 1999).  The recording inter-
val can be readily modified using the CSI PC208W program-
ming software.  Thermistor positions, in relation to the top of
the plant-litter layer, and temperature recording intervals at
the SH1, GS-203, and GS-33 sites are listed in table 3.

ADV-Meter Deployment Procedures and Programs
The setting of data-collection parameters and initiation

of the ADV-meter deployment were typically accomplished
in the field by connecting the processor unit to the serial port
of a laptop computer.  A set of software programs provided
with each ADV unit facilitated design of the sampling strat-
egy, assignment of acoustic signal-processing parameters,
initiation of the data-collection sequence, and subsequent
downloading of data from the datalogger.  Prior to deploy-
ment of the ADV probe at each site, the ADV compass was
calibrated in accordance with the manufacturer’s instructions
and the ADFcheck diagnostic program (SonTek, 2001) was
executed.  The ADFcheck program is used to verify meter
performance and to identify hardware problems, such as a
bent probe or malfunctioning transmitter, which can cause
the loss or corruption of data.  The ADFcheck program pro-
duces a plot of the signal strength for the three acoustic re-
ceivers and a tabular summary of diagnostic parameters that
are useful in post-processing analyses.  Prior to probe de-
ployment, a log file was created on the laptop to record all
parameter settings assigned during field initiation of the
ADV meter.  This included recording of output from con-
figuration, setup, system, deployment, and sensor com-
mands.  A complete description of software programs and ap-
plicable commands to invoke and use the programs to make
parameter assignments is available in the manufacturer’s
documentation (SonTek, 2001).

During field visits, the water depth at the probe location
was measured, the signal pathway between the acoustic
transmitter and sampling volume was inspected and cleared
of vegetation if necessary, and the acoustic probe was cleared
of any biological growth.  The recording interval and loca-
tion of the sample volume in relation to the top of the plant-
litter layer are provided in table 4 for each ADV deployment.
Approximate minimum, maximum, and average water
depths determined from water levels recorded at nearby hy-
drologic stations also are listed in table 4.

ADV Parameter Settings
The ADV meter takes multiple flow-velocity measure-

ments per second, referred to as pings, to produce a single

Figure 3.  Photograph taken looking southwest towards
the ADV meter deployed at SH1 in a spikerush area on
the edge of a sawgrass stand.

Figure 4.  Photograph taken looking northwest at the
thermistor string deployed at GS-203 in a sawgrass area.

Figure 5.  Photograph taken looking north at the
thermistor string deployed at GS-33 in a spikerush
community.

Photograph taken 02/12/2002

Photograph taken 02/12/2002

Photograph taken 02/12/2002



5

Table 1.  Site locations and instrumentation for flow-velocity and water-temperature monitoring
stations

Table 2.  Deployment parameter settings for SH1 and GS-203 ADV units
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velocity estimate, or sample, each second.  The ADV probe
is designed to ping as frequently as possible.  The rate under
normal operating conditions ranges from 150 to 250 times
per second, but varies with the velocity range setting
(SonTek, 2001).  Standard velocity range settings for the 10
MHz ADV unit are ±3, ±10, ±30,  ±100, and ±250 cm/s; the
default range setting is ±250 cm/s.  Accurate velocity mea-
surements are dependent on setting a representative velocity
range anticipated during the deployment period.  Velocity
range settings specified for each deployment are listed in
table 2.  The number of pings averaged within a sample is set
to meet a user-specified sampling rate within the range of 0.1
to 25 Hz.

To reduce memory requirements and conserve battery
power, all autonomous deployments use a burst, rather than a
continuous, sampling strategy.  A burst is a collection of
samples taken over a programmable time or ‘burst’ interval.
Individual samples are stored for subsequent analysis.  Dur-
ing all deployments at both ADV measurement sites, veloci-
ties were sampled at 10 Hz in one-minute bursts yielding 600

individual 3-D component velocity samples at hourly or bi-
hourly intervals.

Representative constant salinity and temperature values
were input to the ADV processor for sound-speed calculation
for each deployment (table 2).  Although there is a deploy-
ment option to use time-varying water temperatures mea-
sured by the internal sensor of the ADV meter to compute
sound speed, the end cap of the conditioning module housing
the temperature probe was never submerged during the de-
ployments.  Therefore, an externally measured constant tem-
perature was specified.  However, post-processing allows for
overriding the specified constant salinity and temperature
with time-varying values, including those measured by the
MicroCAT meter, if the specified constant values subse-
quently are found to be unrepresentative of conditions over
the deployment period.

During deployment initiation, the coordinate system
was set to either XYZ for recording 3-D velocity component
data in Cartesian coordinates relative to the fixed probe posi-
tion or to ENU, which signals the ADV unit to use data from

Table 3.  Deployment specifications and parameter settings for SH1, GS-203, and GS-33 temperature strings
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the internal compass and tilt sensor to transform the velocity
data to Earth coordinates.  Any data initially recorded in
XYZ coordinates during the deployments documented in this
report were converted to ENU coordinates in post-process-
ing.  A complete list of parameters assigned for each deploy-
ment is provided in table 2.

The ADV unit has several data-recording options for
compass readings, internal and external sensor output, and
statistical information for the 3-D velocity-component
samples.  The ability to effectively analyze and quality check
the samples is dependent on obtaining ancillary information
about the acoustic signal processing that can be optionally re-
corded by the ADV unit.  Statistical correlations of the indi-
vidual acoustic pings within a sample were used extensively
in editing and analyzing the velocity data as discussed subse-
quently.  The default settings for recording this additional in-
formation vary for each option and are identified in the
manufacturer’s documentation (SonTek, 2001).  For the de-
ployments documented in this report, all available statistical
information was recorded for post-processing and analyses.

METHODS OF DOWNLOADING DATA
Downloading of the ADV dataloggers was typically ac-

complished using the manufacturer-provided software after
retrieving the processing module from the field.  Due to the

large quantity of data generated during each deployment,
downloading of files (up to 40 mb in size) required 4 to 5
hours, which would have made downloading in the field
problematic and impractical.  After the data were down-
loaded and the datalogger was formatted, the processing
module was returned to the field site for re-deployment.
Temperature-string data files (< 3 mb in size) were down-
loaded on site via a laptop computer using the PC208W com-
munication and storage module software (http://
cambellscientific.com).

ADV DATA-REDUCTION AND PROCESSING
TECHNIQUES

The processing methods described in this report for
data-collection efforts employing autonomous ADV units are
an extension of techniques and methods developed and docu-
mented previously for instantaneous data-collection efforts
employing non-recording ADV units (Ball and Schaffranek,
2000).  A preliminary data-inspection process, a pre-editing
data-conversion process, two complementary automated
data-editing processes, and a visual qualitative inspection
process were used to edit, verify, and otherwise process the
recorded flow-velocity, signal-quality, statistical-correlation,
and ancillary data downloaded from the ADV datalogger.
The entire set of ADV data post-processing techniques con-

Table 4.  ADV data-collections summaries for SH1 and GS-203
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ture and conductivity data measured by the MicroCAT meter
or obtained from nearby hydrologic stations.  (The
MicroCAT meter converts conductivity to salinity using the
1978 Practical Salinity Scale (Sea-Bird Electronics, 1999).
There is an option in the ViewHydra program to use time-
varying temperature and salinity values measured by the
MicroCAT meter to compute instantaneous sound speed;
however, a comparison of velocities computed using indi-
vidual sound speed values to those computed using a con-
stant mean value for the entire deployment period yielded in-
significant differences on the order of hundredths of a
millimeter-per-second, well beyond the ADV meter accuracy.
Generally, a temperature change of 5 °C or a salinity change
of 12 ppt results in a change in sound speed of 1 % (SonTek,
2001).  Specific deployment parameters and post-processing
correction values are listed in table 5.

Using the new sound-speed parameters, burst statistics
were recomputed and control, time-series, and header ASCII
text files were exported by the ViewHydra program.  The
control file contains the water-quality parameters and instru-
ment-specific information used to compute velocity compo-
nents and site-specific data for identification purposes; it is
not used in filter processing.  The time-series file contains 3-
D velocity, signal strength, and correlation component values
for each sample.  The correlation value is a general data-
quality parameter expressed as a percent that can identify
poor velocity data resulting from a variety of factors, such as
an instrument malfunction or a fouled probe.  Signal strength
values are a measure of the intensity of the reflected acoustic
signal and can be converted to signal-to-noise ratios (SNR)
by subtracting the ambient noise and converting to units of
decibels (dB).  The header file contains the mean 3-D veloc-
ity component values for each measurement, or ‘burst’ inter-
val, and all date and time information associated with each
burst.

The USGS-developed data-processing technique, de-
scribed herein, consisted of automated data editing and pro-
cessing at both sample and burst levels.  This technique in-
volved use of a filtering program, ADVFilter1.pl, available
for downloading from the manuals/software page of the
TIME website located at http://time.er.usgs.gov on the World
Wide Web.  The filter can be used with any ADV time-series
and header text files exported by the ViewHydra program
from the binary data file recorded by the ADV processing
unit or extracted by other SonTek programs.  The
ADVFilter1 program contains statistical-correlation, percent-
difference, and maximum-value functions with control pa-
rameters that can be set by the user based on individual ADV
data attributes.  The program computes burst-averaged 3-D
velocity components, horizontal magnitudes, and flow direc-
tions and also optionally calculates the value difference be-
tween successive velocity magnitudes.  The statistical-corre-
lation function consists of two processes that remove 3-D
velocity component samples and bursts from the exported
data file.  The first process removes all 3-D velocity compo-
nent samples composed of pings that have a statistical corre-
lation less than a specified minimum percentage for either

sisted of the following steps:
•    inspection of the downloaded data set to identify periods

when the probe was known to be out of the water or dis-
turbed followed by appropriate truncation of the data file;

•    pre-editing sound-speed correction and coordinate-system
conversion using the manufacturer’s software;

•    automated filtering based on statistical correlation and
number of samples per burst, flagging of suspect bursts
based on percent difference and maximum value, and ini-
tial calculation of burst-averaged 3-D component and
horizontal velocities and daily mean horizontal flow
speeds and directions including flagged values, using
USGS-developed software;

•    visual qualitative inspection of flow velocities using me-
teorological data and other available information and
subsequent flagging of additional suspect bursts; and

•    automated recalculation of burst-averaged 3-D compo-
nent and horizontal velocities and daily mean horizontal
flow speeds and directions excluding flagged suspect
bursts, using USGS-developed software.

Prior to initiating the automated data-editing process,
data were scrutinized to identify any values that might have
been recorded before the conditioning module and probe
were cabled to the processing module or the probe was sub-
merged.  Several situations occurred where it was necessary
to initiate an ADV meter for deployment using the program
software prior to gaining access to the field site to position
the probe.  Data recorded during site visits, when flow ve-
locities were affected by onsite arrival, departure, or cleaning
of the acoustic probe also were identified.  Affected data
were removed in an initial pre-data-editing process by appro-
priately assigning an exclusive burst range for the exporting
of time-series and header text files discussed subsequently.
(Alternatively, affected data could have been removed subse-
quently from the fully exported time-series and header files
using a text editor.)  Data collected when the probe was sus-
pected of intermittently being out of the water during the de-
ployment period due to low water levels were initially re-
tained for further inspection by automated and qualitative
means to ensure that no valid measurements were errantly
discarded.

The first data-processing technique, utilizing software
provided by the manufacturer, consisted of pre-processing
data at the sample level.  Data remaining after known initial
bad values were eliminated were first pre-processed with the
SonTek ViewHydra (V 2.71) program to re-compute veloci-
ties in ENU coordinates, if necessary, and to substitute more
representative temperature and salinity values for sound-
speed calculation, if appropriate.  Velocities were converted
to ENU coordinates in the ViewHydra program either by se-
lecting the appropriate velocity-coordinate-system option or
by entering an applicable probe axis rotation for the specific
deployment.  (User-specified input of the probe rotation was
necessary for those ADV meter deployments that were initi-
ated prior to gaining access to the field site).  The speed of
sound was recalculated based on constant mean temperature
and salinity values determined from time-varying tempera-
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their East/West or North/South component.  The second pro-
cess removes any burst having less than a specified mini-
mum number of samples that pass the statistical-correlation
filter.  The optional percent-difference and maximum-value
functions also flag data bursts for subsequent validation or
elimination from the exported data file.  The pre-processed
data files generated by the ADVFilter1 program subse-
quently can be reprocessed to exclude flagged values from
applicable computations, such as the evaluation of burst-av-
eraged and daily mean velocities.

The six output files, three of which are optional, created
by the ADVFilter1 program contain the following:
•    velocity samples and associated correlation, amplitude,

and SNR (optional) values for each 3-D component;
•    burst-averaged velocity and associated correlation, ampli-

tude and SNR (optional) values for each 3-D component;
•    daily mean horizontal velocity magnitude and flow direc-

tion plus water temperature, conductivity, salinity, and
specific conductance, if optional MicroCAT meter inte-
grated with ADV unit;

•    burst-averaged temperature, conductivity, salinity, and
specific conductance, if optional MicroCAT meter inte-
grated with ADV unit;

•    percent differences between successive burst-averaged
horizontal velocity magnitudes (optional); and

•    value differences between successive burst-averaged 3-D
velocity components (optional).

A visual, qualitative inspection of burst-velocity magni-
tudes and flow directions in conjunction with ancillary stage,

rain, and other meteorological data, also was conducted as a
final processing technique to isolate any additional suspect
velocity data that might have been affected by sporadic per-
turbations in the water column or otherwise contaminated.
Upon inspection of the data, anomalous velocities were iden-
tified and evaluated for potential correlation to a meteoro-
logical event.  If no meteorological event could be attributed
to an anomalous value, individual samples within the suspect
burst were inspected and the burst was flagged if the samples
were found to exhibit inexplicable fluctuations in velocity
magnitude and (or) flow direction.

Flagged data, including those identified by percent dif-
ference or maximum value filters as well as by qualitative
inspection, optionally are removed from the final data set us-
ing a second automated filter program ADVFilter2.pl, also
developed by the USGS and available at the TIME website
located at http://time.er.usgs.gov on the World Wide Web.
This program re-generates burst-averaged 3-D velocity com-
ponents excluding bursts that have been flagged in the initial
data set and re-calculates daily mean horizontal flow speeds
and directions with the reduced number of bursts.

PROCESSING ADV, CONDUCTIVITY, AND
TEMPERATURE DATA

The editing and filtering criteria used to process the
ADV data documented in this report included those sug-
gested by the manufacturer to detect suspect data attributed
to poor signal quality (SonTek, 2001) and those developed
during the processing and concurrent analysis of the flow-

Table 5.  Post-processing changes to ADV-deployment parameter settings for SH1 and GS-203
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velocity data.  Evaluation of the flow-velocity data during
each processing step, selection of editing parameters based
on data attributes, and analyses of detected data anomalies
are discussed and presented in this section of the report.  Pro-
cessing of the MicroCAT temperature and conductivity data,
calculation of specific conductances, and discussion of the
temperature profile data also are presented in this section.

ADV Data
Minimum SNR and statistical-correlation values of 5

dB and 70 %, respectively, are suggested as being indicative
of good acoustic signal quality (SonTek, 2001).  A minimum
SNR value of 5 dB is considered reliable for the computation
of mean velocities.  The high clarity of water at the ADV
measurement sites yielded reflections that were close to the
noise floor of the ADV meter, but still within acceptable lim-
its, ranging from approximately 5 to 15 dB at SH1 and from
5 to 20 dB at GS-203 during all deployments.  As a conse-
quence, SNR values were computed for each burst and in-
cluded with the filtered data made available for downloading
from the SOFIA website; however, they were not used as a
filter-editing criterion.

The initial automated data-editing process consisted of
the application of two filter criteria based on minimal statisti-
cal correlations and minimum number of valid samples per
burst.  A minimum correlation value of 70 % was used as the
statistical-filtering criterion.  Unfiltered and filtered horizon-
tal velocity magnitudes, determined from 3-D velocity com-
ponents measured at SH1 and GS-203, are illustrated for
comparison in figures 6 and 7, respectively.  Flow-speed dif-
ferences resulting from the statistical-correlation filtering
process are clearly evident.

A second criterion was employed subsequently to
evaluate the statistical-correlation-filtered data based on a
specified minimum number of valid samples required to
compute a representative burst-averaged horizontal flow ve-
locity.  The minimum number of samples required per burst
to produce a burst-averaged velocity was determined by ex-
amination and assessment of differences found using various
filter criteria on data sets from both SH1 and GS-203.  The
filter initially was applied using criteria of 600, 500, 400,
300, 200, 100, and 1 minimum samples per burst.  Differ-
ences between daily mean horizontal flow velocities com-
puted using the strictest samples-per-burst filter (all 600
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Figure 6.  Graphs showing flow speeds at SH1 in Shark River Slough, Everglades National Park,
during July 26–September 5, 2000, obtained from bursts containing (A) all samples and (B) only
samples with a 70 percent minimum correlation.
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Figure 7.  Graphs showing flow speeds at GS-203 in Shark River Slough, Everglades National Park,
during September 6-22, 2000, obtained from bursts containing (A) all samples and (B) only samples
with a 70 percent minimum correlation.

samples must pass) and three others (400, 200, and 1) were
minimal as shown in figures 8 and 9 for two sets of data re-
corded at SH1 and GS-203, respectively.  However, compari-
sons of burst-averaged horizontal flow velocities revealed
the various filter sensitivities illustrated in figures 10 and 11.
Burst-averaged horizontal flow velocities computed using
100, 200, and 300 minimum samples per burst are shown in
figures 10 and 11 for two sets of 70 % statistical-correlation-
filtered data recorded at SH1 and GS-203, respectively.
Whereas some low-velocity spikes in the SH1 data set (fig.
10) and some high-velocity spikes in the GS-203 data set
(fig. 11) were successively filtered out, none of the three
samples-per-burst criteria entirely removed all bursts that ap-
peared to yield unreasonable flow velocities.  The 100-mini-
mum filter criterion appeared to be too inclusive of suspect
data and the 300-minimum criterion appeared to be overly
exclusive of apparently valid data; consequently, a compro-
mise criterion of 200 was selected as the most appropriate
samples-per-burst filter and it was subsequently used to pro-
cess all ADV data sets.

Although the automated filtering processes provided a
first-cut in identification of anomalous data and identified

data of poor signal quality, the processes still did not always
detect all suspect data.  Suspect data do not necessarily imply
data of poor signal quality.  They might result from flow per-
turbations caused by a variety of factors influencing the sam-
pling volume, such as fish, rain, vegetation, and probe insta-
bility.  Extraneous perturbations can be readily transmitted
through the slowly moving water within the acoustic sam-
pling volume.

A secondary qualitative processing technique included
the generation of plots of filtered data to detect any remain-
ing anomalous horizontal flow speeds and directions.  Data
found to exhibit such anomalies were examined in conjunc-
tion with stage, wind, and other available meteorological
data.  In most cases, suspect bursts were not found to coin-
cide with any identified meteorological event.  These bursts
were analyzed further by inspection of individual velocity
samples within the suspect and surrounding bursts.  Bursts
containing anomalies found to be a result of inconsistent ve-
locity samples were flagged and removed from the data set.
If the individual samples within a burst showing evidence of
a flow anomaly were found to be consistent, the burst was
not removed from the data set.  Typically, the majority of
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such cases were anomalous flow directions associated with
the extremely small velocities (< 1 mm/s) recorded at GS-
203.  For all deployments at GS-203 for which valid data
were obtained (see table 4), all velocity data are available ex-

cept for two 5-day periods, one 7-day period, and 18 indi-
vidual bursts that were removed in the qualitative analyses.
The qualitative inspection resulted in the removal of 25 indi-
vidual velocity bursts from the deployments at SH1.  The

Figure 8.  Graphs showing daily mean flow speeds at SH1 in Shark River Slough, Everglades
National Park, during July 27–September 4, 2000, obtained from bursts containing 1-600, 200-600,
400-600, and 600 samples with a 70 percent minimum correlation.

Figure 9.  Graphs showing daily mean flow speeds at GS-203 in Shark River Slough, Everglades
National Park, during September 7–21, 2000, obtained from bursts containing 1-600, 200-600, 400-
600, and 600 samples with a 70 percent minimum correlation.
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percentage of bursts that did not pass the automated filter
and qualitative analysis processes for each ADV deployment
period is identified in the daily mean flow summaries re-
ported in appendix tables A, B, and C.  The removal of indi-
vidual velocity bursts by qualitative analysis did not change
the resultant daily mean velocity magnitudes or flow direc-
tions significantly.  The percent difference and maximum-

value filter options, as well as the value difference calcula-
tions, all of which are available in the ADVFilter1 program,
were not utilized in these analyses.

Conductivity/Temperature Data
The primary intent of integration of the external

MicroCAT conductivity/temperature meter with the ADV

Figure 10.  Graphs showing flow speeds at SH1 in Shark River Slough, Everglades National Park,
during July 26–September 5, 2000, obtained from bursts containing (A) 100-600, (B) 200-600, and
(C) 300-600 samples with a 70 percent minimum correlation.

A.

B.

C.
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unit was to accommodate use of the instruments in saline en-
vironments where time-varying salinity and temperature
measurements are needed for site-specific sound-speed cal-
culations.  A secondary use of the MicroCAT temperature
data at the GS-203 site was as a reference check for the ther-
mistor data.  Temperatures measured by the MicroCAT meter
near the top of the plant-litter layer at GS-203 were com-

pared to temperatures measured by the thermistor in the tem-
perature string located approximately 8-9 cm above the litter
layer.  Good agreement was found between the two sets of
data for all deployments, with the mean temperature mea-
sured by the MicroCAT about 0.01 °C greater than the mean
thermistor temperature.  No anomalies were found in the
MicroCAT temperature data; therefore, the data are made

Figure 11.  Graphs showing flow speeds at GS-203 in Shark River Slough, Everglades National
Park, during September 6–22, 2000, obtained from bursts containing (A) 100-600, (B) 200-600,
and (C) 300-600 samples with a 70 percent minimum correlation.
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B.

C.
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available on the SOFIA website as originally recorded.
Daily mean temperatures derived from data measured by the
MicroCAT meter are reported in appendix table C.

Conductivity data measured by the MicroCAT meter
were compared to conductivity measurements taken with a
hand-held portable meter during field visits.  No suspect con-
ductivity readings were detected during field visits.  All but
the first set of MicroCAT conductivity data contained reason-
able measurements.  The first data set contained two seg-
ments of unusually low conductivity readings (< 0.0300
seimens/meter), at the end of the deployment as well as one
period in the middle (fig. 12A).  Any foreign material or bio-
logical growth that passes through the conductivity cell of
the MicroCAT meter or air entrainment or sediment buildup
within the cell will contaminate the measurements (Sea-Bird
Electronics, 1999).  The uncharacteristically low conductiv-
ity readings recorded from 0711 to 1241 on August 8, 2000,
are characteristic of a cell-contamination problem and, as a
consequence, these measurements were arbitrarily increased
by 0.016 seimens per meter (S/m) to align the readings with
surrounding conductivity values (fig. 12B).  Data recorded
after 1711 on August 24, 2000, were discarded because a rea-

sonable constant offset value could not be determined and
applied to the suspect data.  Conductivity data concurrently
recorded at GS-203 are available on the SOFIA website.

Daily mean specific conductivity values are reported in
appendix table C.  Conductivity data are recorded in seimens
per meter (S/m) and converted to specific conductance in
microseimens per centimeter (µS/cm) for reporting purposes
using the following formula:

specific conductance (µS/cm) = (10000C)/(1+ A(T-25)),

in which:

A = 0.020, thermal coefficient of conductivity for natural
       salt ion solutions,
C = conductivity measured (S/m), and
T = water temperature at time of C measurement (°C).
(American Public Health Association, 1989).

Temperature Profile Data
All temperature profile data from the thermistor strings

were plotted and inspected for anomalies.  No suspect data
were found.  Times when all thermistors were out of the
water, thus measuring only air temperatures, are identified in

Figure 12.  Graphs showing conductivities at GS-203 in Shark River Slough, Everglades National
Park, during August 17–24, 2000, (A) as originally measured and (B) with adjusted values.
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table 3.  The measured and recorded temperature profile data
documented in this report are available on the SOFIA
website.

FLOW-VELOCITY, CONDUCTIVITY, AND TEMPERATURE
DATA

Flow-Velocity Data
Valid flow-velocity data were not obtained from five

ADV deployments during the 2000-2001 wet season (two at
GS-203 and three at SH1).  For the initial ADV deployment
at GS-203 on August 17, 2000 (table 2), the acoustic probe
was subsequently determined to be out of the water during
the majority of the deployment period due to unexpected low
water levels (table 4); therefore, no valid velocity data were
recorded.  During the second deployment at GS-203 on Sep-
tember 6, 2000 (table 2), the velocity range setting for the
ADV meter reverted to the instrument default of ±250 cm/s,
instead of a more appropriate setting of ±10 cm/s, making
the probe less sensitive to detecting the very small velocities
at the GS-203 site.  As a consequence, no valid data are
available from this deployment.  During three consecutive
deployments at SH1 (table 2), the ADV unit failed to record
data due to an instrument malfunction, a real-time clock fail-
ure, or a communication error between the laptop and the
unit during initiation; no data are available for these three pe-
riods.

Vectors showing velocity magnitudes and flow direc-
tions in the horizontal plane, relative to magnetic north, com-
puted for the remaining successful deployments during the
1999-2000 and 2000-2001 wet seasons at each site are illus-
trated in figures 13 and 14.  Horizontal velocity magnitudes
generally ranged from 1.5 to 2.5 cm/s at SH1 during the
1999-2000 wet season (fig. 13A) and from 2.0 to 4.5 cm/s
during the 2000-2001 wet season (fig. 13B).  Horizontal ve-
locity magnitudes ranged from 0.0 to 0.75 cm/s at GS-203
during the 2000-2001 wet season (fig. 14).  Horizontal flow
directions at both locations in both seasons generally ranged
from 200 to 250 degrees, clockwise with respect to magnetic
north.  The horizontal flow direction at SH1 averaged ap-
proximately 210 degrees in both 1999-2000 and 2000-2001
wet seasons.  The horizontal flow direction at GS-203 aver-
aged about 235 degrees during the 2000-2001 wet season.
Daily mean horizontal flow velocities, determined from the
remaning edited burst averages are reported in tabular format
in Appendixes A and B for SH1 and in Appendix C for GS-
203 deployments.

Conductivity Data
Specific conductance, which was calculated from mea-

sured conductivities, ranged from approximately 322 to 562
µS/cm.  Water temperatures recorded by the MicroCAT near
the top of the litter layer at GS-203 ranged from approxi-
mately 28 to 30 °C during the first three deployments
(August 17 – November 15, 2000, non-continuous) and from
15 to 25 °C in the last deployment (November 31 2000 –
January 12, 2001, continuous).  In all deployments, tempera-
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Figure 13.  Plots showing burst-averaged flow velocities,
shown as vectors relative to magnetic north, at SH1 in
Shark River Slough, Everglades National Park, during the
(A) 1999-2000 and (B) 2000-2001 wet seasons.

Figure 14.  Plot showing burst-averaged flow velocities,
shown as vectors relative to magnetic north, at GS-203 in
Shark River Slough, Everglades National Park, during the
2000–2001 wet season.
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tures fluctuated several degrees in a diel pattern.  Daily mean
water temperature and specific conductivity values are re-
ported in Appendix C for GS-203.

Temperature Data

Temperatures throughout the water column for all
deployments ranged from approximately 15 to 25 °C and
22 to 35 °C in the fall to winter and spring to summer sea-
sons, respectively, while exhibiting a highly dynamic behav-
ior and structure.  Temperature profile data, as recorded con-
currently by the thermistors, are needed to investigate the
relationship between flow velocity and daily temperature
patterns (Schaffranek and Jenter, 2001).  A typical diel pat-
tern can be observed in the horizontal flow velocities mea-
sured at SH1 during September 1-4, 2000, and is presented
in figure 15.  As indicated by the data in figure 15, which is
representative of most ADV deployments at SH1, data dur-
ing the late evening through early morning hours were typi-
cally filtered out due to low statistical correlations (< 70 %).

Temperature data measured and recorded every 30 min-
utes at SH1 during September 1-4, 2000, illustrate a typical
pattern found in most temperature profile data sets (fig. 16).
The submerged thermistors (10, 20, and 30 cm) indicated
that during the day, the water column became thermally
stratified and during the night, cooling of the water column
occurred.  The water column was thermally non-stratified
vertically twice during the day—just after sunrise and just
after sunset.  The effects of diel water temperature changes
on flow-velocity structure are currently under investigation.

DATA AVAILABILITY
The quality-checked and edited flow-velocity, water-

temperature, and conductivity data documented in this report
are available through the World Wide Web.  Three-dimen-
sional velocity component sample data (including associated
statistical correlation and SNR values for each component),
water-temperature and specific conductivity, and water- and
air-temperature profile data are available for downloading
from the Data Exchange page of the USGS South Florida In-
formation Access (SOFIA) website (http://sofia.usgs.gov).
Velocity data are also available for downloading from the
Data page of the Tides and Inflows in the Mangroves of the
Everglades (TIME) website (http://time.er.usgs.gov).

SUMMARY
The acquisition, processing, and evaluation of flow-ve-

locity, water-temperature, and conductivity data collected at
three locations (sites SH1, GS-203, and GS-33) in Shark
River Slough, Everglades National Park, during the 1999-
2000 and 2000-2001 wet seasons are documented in this re-
port.  Water-column temperatures were monitored at 5- or
30-minute intervals at all three sites, 3-D component flow
velocities were monitored at a fixed point in the water col-
umn hourly or bi-hourly at SH1 and GS-203, and conductivi-
ties and temperatures were monitored bi-hourly near the top
of the plant-litter layer at GS-203.  Techniques for measuring
and processing the data are documented and summaries of
daily mean horizontal velocity, temperature, and conductivity
data are presented.  Velocity vectors illustrating the horizon-

Figure 15.  Graph showing flow speeds at SH1 in Shark River Slough, Everglades National Park, during
September 1–4, 2000, obtained from bursts containing all samples, bursts containing 1–600 samples with a
70 percent minimum correlation, and bursts containing 200–600 samples with a 70 percent minimum
correlation.
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tal flow speeds and directions measured at the SH1 and GS-
203 sites also are presented.  The quality-checked and edited
data have been compiled and stored on the USGS South
Florida Information Access (SOFIA) and Tides and Inflows
in the Mangrove Ecotone (TIME) websites.
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Appendix A.  Daily mean flow velocity at SH1 station during the 1999-2000 wet season
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Appendix B.  Daily mean flow velocity at SH1 station during the 2000-2001 wet season
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Appendix C. Daily mean flow velocity, water temperature, and specific conductance at GS-203 station during the
2000-2001 wet season
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PERCENT PERCENT DATA DATA MISSINGMISSING

*  all bursts filtered out qualitatively, ADV probe determined to be out of water*  all bursts filtered out qualitatively, ADV probe determined to be out of water
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PERCENT PERCENT DATA DATA MISSINGMISSING

*  all bursts filtered out qualitatively, probe velocity range set to +-250 cm/s*  all bursts filtered out qualitatively, probe velocity range set to +-250 cm/s
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PERCENT PERCENT DATA DATA MISSINGMISSING

*  all bursts filtered out *  all bursts filtered out 
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PERCENT PERCENT DATA DATA MISSINGMISSING

*  all bursts filtered out*  all bursts filtered out
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