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Introduction
This report details the methods used in the W_ADV and W_ALTUS Matlab® routines to calculate
hydrodynamic and wave parameters from in situ measurements, either from ADV [p,u,v,w] or ALTUS
[p] data. Several methods are compared and briefly discussed. The report is not strictly structured
from the routines (see comments in the m files) but focuses on the mathematical formulations and
their efficiency.
Some routines were downloaded from the internet, such as:
• the pressure correction routines written by Urs Neumeier [urs_neumeier@uqar.qc_ca] and
available for download at : http://neumeier.perso.ch/index.html
• the DIWASP routine maintained by Metocean [http://www.metocean.co.nz/cms/software]
• Additional PUV routines were provided directly by Chris Sherwood (USGS), especially the
rapid wavenumber calculation routine (from Soulsby, 2006), see Wiberg and Sherwood, in
press
Figures are provided to illustrate the main results and some points of discussion. A large data set was
used to cover most of the situations potentially encountered on field: data from the Seine Estuary
(Verney, 2006; Verney et al., 2006, 2007), from the Marennes Oléron Bay (S. Kervella, Pers. Com.),
and from the Channel Islands waters (Blanpain et al., 2007).
Formatting I/O data
The routines were written specifically for S-ALTUS (NKE) and ADV vector data (Nortek). However,
hydrodynamic and wave routines can be used for all [p,u,v] data with low coding efforts : formatting the
matrix and initialization of key deployment parameters. The first task made when running the routines
is to read raw ASCII data files and create a Matlab file (myfile.mat). At this step, data are not
processed but only formatted and saved to get a faster accessibility for further re-processing. For ADV
bursts files, the header file is read and each burst is cut such as its size fits the largest 2n value. In
case of continuous sampling, fictive bursts are created (burst duration set by users). It is also possible
to sub-sample data, to examine sampling frequency effects (Figure 4 and 8).
Output data are structured as netcdf files, but text output is available for the main parameters.
Processing data: data correction & data conversion
Pressure correction
This step is required to correct sea-surface time-series for pressure depth attenuation (linear wave
theory). The routine used was written by Urs Neumeier and is available for download at:
http://neumeier.perso.ch/index.html. Also the height of the pressure sensor above the bed is set by the
user and added to the pressure.
Velocity correction
Velocity data can be biased by sound speed variability, due to salinity and temperature variations. A
correction can be made if salinity and temperature are known or assumed. This correction is also
applied to correct ALTUS distances. The following relationship is used:

Vsound = 1449.05 + 4.57 T − 0.0521 T 2 + 0.00023 T 3 + (1.333 − 0.0126 T + 0.00009 T 2 ) * (S − 35)

where T is the temperature in Celsius degrees and S salinity in PSU. In general, temperature is
measured by ADVs and sound speed is automatically corrected. If salinity correction is required, this
results in rather small discrepancies and will affect bed shear stresses with error below 10%.
Data despiking
A rough despiking method [filter_adv.m] is available to remove spikes or weak points that could be
observed and bias turbulent parameters computations. If one variable of the triplet (u,v,w) exceeds a
given threshold around the burst-average value, the flagged value is identified and removed and
replaced from a linear approximation of its closest neighbours. This processing can be interesting if
bed height changes (erosion/deposition) and weak points appear. However, the method is not efficient
in case of strongly noisy data (Figure 1).

Figure 1: Removing spikes and weak points : efficiency and limits of the method

Data conversion
ADV acoustic backscatter can be used to estimate SPM concentration after calibration. This is
available in the routine from pre-formatted file [adv_snr.cal and open_snr_cal_adv.m]. This file
contains previous conversion relationships obtained from laboratory calibrations from sorted or in-situ
collected sediment. This relationship is given as a linear regression law in log/log space of suspended
particulate matter concentration (CSPM) and ADV backscatter (Signal Noise Ratio – SNR) (Figure 2).
Similar relationships can be found from the acoustic amplitude:
log10 (C SPM ) = a log10 (SNR ) + b

It must be noted that the regression law used to convert acoustic backscatter to SPM concentration is
in log/log space, which imposes careful use of concentrations obtained as large relative errors are
associated, mainly from 10 to 50%.
Similarly, when OBS data are stored in the ADV logger, these data can be converted in SPM
concentration through a linear relationship [adv.obs_cal]:
C SPM = a VOBS + b

Figure 2: Calibration of ADV backscatter (SNR) with SPM concentration : natural sediment and sorted sediments
(Verney, 2006 – Verney et al., 2007)

Processing data: hydrodynamic parameters – current alone
Mean hydrodynamic parameters are calculated for each burst [wadv_burst.m]: (u,v,w) velocities,
current velocity U 1 , current direction Udir, water level h, velocity fluctuations (u’,v’,w’) along the three
axis. Turbulent parameters are also calculated, validated for current alone situations.
Turbulent shear stress calculation
Several turbulent parameters are calculated from (u,v,w) measurements (Figure 3). The Inertial
dissipation method (Huntley, 1988; Huntley and Hazen, 1988) is not presented here as several tests
showed a strong sensitivity to data quality, and large variability when compared to the methods listed
below.
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The viscous shear stress τviscous
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Note: all calculations are made on the basis that (u,v,w) are measured in ENU coordinates

•

The Turbulent Kintetic Energy (TKE) K, and the related shear stress τTKE where CTKE is a
constant fixed at 0.19 (Soulsby, 1983; Kim et al., 2000, Verney et al., 2006).
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τ TKE = C TKE ρ K
In absence of waves or when currents are dominant, all bed shear stresses (Log, TKE and Reynolds)
are equivalent except the viscous shear stress, that can be always neglected (Figure 3).
As currents are measured “close to the bed” and not strictly at the sediment/water interface, a linear
correction can be applied to estimate the bed shear stress (Figure 4) (Voulgaris and Meyers, 2004):
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z
h

This correction must be carefully used as the linear approximation is only valid close to the bed. It can
be noted that for ADV data collected near the bed (<10cmab) corrected and raw signal are nearly
identical. Therefore depth correction could be neglected.

Figure 3: Water level, current velocity and current shear stresses (viscous, Reynolds, TKE, LP) Blanpain et al.,
2007

Figure 4: TKE shear stress with and without “depth” correction

Sub-sampling is available, in order to investigate the influence of sampling frequency on results
quality. This exercise was made on data acquired at 32Hz and sub-sampled, and results and TKE and
Reynolds shear stress are shown Figure 4. Results show that in the present case, TKE and Reynolds
shear stress show similar patterns up to a sampling frequency of 1Hz. However, Discrepancies could
be observed when tidal current are strong and significant energy can be contained in high frequency
bands (Verney 2006).
While sampling frequency is not a key issue as results are similar with sampling frequency from 32Hz
to 1Hz, results can depend on burst length, especially for TKE measurements, when waves are
superimposed to the turbulent signal. This issue is discussed in Figure 5.
Related turbulent parameters

Some convenient turbulent parameters used in other studies are calculated (Manning and Dyer,
1999):
the shear rate G

τ Re ynolds U
ρ
νh
and the Kolmogorov Microscale η
G=
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ν
G

Figure 5: Investigations on the choice of the sampling frequency (upper panel) and burst length (lower panel) for
shear stress calculations.

Estimating bed roughness length

Bed roughness length can be estimated in current-alone situation: in this case, all shear stresses are
equivalent and therefore, the Prandtl-Karman (Law of the wall) formulation gives

τ Re ynolds = τ TKE = ρ u * 2
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Therefore the bed roughness length z0 is given by (Figure 6):
⎛ κU(z ) ⎞
⎟
z 0 = z * exp⎜⎜ −
u * ⎟⎠
⎝

Figure 6: Z0 calculated values from TKE and Reynolds shear stress (Upper panel Blanpain et al., 2007) and daily
averaged roughness length calculated over 11 tides – currents alone (lower panel Verney et al., 2007)

Processing data: hydrodynamic parameters – wave alone
This section presents the methods applied to calculate wave parameters, i.e. wave height, wave
period, orbital velocities and wave shear stress, from pressure or current measurements
[fft_wave_spec.m, puvq.m wadv_diwasp]. These methods were recently reviewed by Wiberg and
Sherwood (in press) and most of the formulations given below can be found from this paper. These
methods can be applied for the full spectrum or for separated spectra (through a cutoff frequency set
by users) to separate long and short waves.
A spectral analysis of all available variables (p,u,v,w) is processed through a Fast Fourier Transform
on each detrended burst and gives the spectral densities (Sp(f), Su(f),Sv(f),Sw(f)). Next these spectra
are used to calculate wave parameters.
Chris Sherwood’s PUV routines are also used in the WADVxx routines. While the mathematical
formulations are identical, computation and coding are different. In particular, wave parameters are
calculated within an frequency band defined by users, here fixed by default to [0.02Hz-0.5Hz] while
other calculations are made over the whole spectrum.
Wave height
Several wave heights can be computed, and two are presented here: the mean wave height Hrms and
the significant wave height Hsig (average height of the highest one-third of waves during a sampling
interval). Only Hsig calculations will be detailed as a simple relationship exists between the two
parameters if a Rayleigh distribution of waves is assumed:

H sig = 2 Hrms
H sig = 4 m 0 = 4
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where m0 is the variance of the water surface

elevation (previously corrected from depth attenuation).
Wave period
Several wave periods can be calculated: the peak wave period (Tp), the mean wave period (Tm), the
zero-crossing period (Tz), the representative wave period (Tr) (Figure 5).
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where m2 is the second moment of the wave spectrum
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Tr (representative wave period at the bottom) is calculated from the velocity spectrum such as:
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•

∑S
∑ fi S

uv ( fi) Δfi
uv ( fi) Δfi

with S uv = S u + S v

By analogy, a second Tz (bottom) value can be calculated from velocity spectrum:
Tz =

∑ S (fi) Δfi
∑ fi S (fi) Δfi
uv

2

uv

Figure 7: upper panel : Comparison of all wave periods : Tp, Tz, Tm, Tr from pressure spectrum, Tr from (u,v)
spectra and lower panel : Pressure spectral density

In the present case, i.e. multi-spectral waves, Tm and Tz are representative of short-period waves. Tp is
highly variable and may be sources of uncertainty (Figure 7). Representative bottom periods (Tr and
Tr_uv) are equivalent, and representative of the long-period waves, less attenuated than short waves.
Wave orbital velocity
Wave orbital velocities are calculated from the linear wave theory, which gives the maximal orbital
velocity over a wave period as:

Ub =

πH

T sinh(kh)

where k is the wave number and h the water depth

From this relationship, different orbital velocities can be computed from Hsig, Hrms, Tp, Tz, Tm, Tr…The
mostly used are a combination of Hsig/Tp or Hrms/Tp. If only these parameters were available,Wiberg
and Sherwood described a method to calculate full spectrum parameters from theoretical spectra
(JONSWAP, Pierson and Moskowitz and modified), but this is not detailed hereafter.
Representative wave orbital velocities (equivalent to the rms value of orbital velocities) can also be
calculated from pressure and velocity spectra considering the analogy with wave amplitude and wave
spectrum:
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If current velocities are available, the representative orbital velocity can be calculated from the
variances of velocity fluctuations. However, this assumes a pure wave signal without any currents and
noise, and low turbulence:
Ubr = 2⎛⎜ u' 2 + v' 2 ⎞⎟
⎝
⎠

As an analogy with Hsig and Hrms, a significant wave orbital velocity can be calculated such as:
Ubs = 2 Ubr

Figure 8 shows a comparison between 4 calculated wave orbital velocities: Ub[Hrms – Tp], Ub TKE], Ubr[p]
and Ubr[u,v]. Results for all the velocities are very close, especially few differences are observed
between Ub TKE], Ubr[p] and Ubr[u,v]. In relation to wave periods, Ub[Hrms – Tp] mainly overestimates wave
orbital velocity and can drop when bi-modal wave spectra are observed and Tp is characteristic of
short wave periods.

Figure 8: Comparison of computed wave orbital velocity : Ub [Hrms – Tp], Ub [TKE], Ubr [p], Ubr [u,v]

Wave shear stress
Wave shear stress is calculated from wave orbital velocities and wave period, assuming a bed
roughness length. This parameter is the sum of different roughness lengths z0: the grain roughness
(the Nikuradse grain roughness), the ripple roughness, the hummocky-bed roughness and the
movable bed roughness (Trembanis et al., 2004).
Estimating roughness length is still a debate, and no consensus exists. Soulsby (1997) made
roughness measurements in current flumes with different natural sediments. He found some values
that can be used to estimate the total shear stress 1 . However, this certainly overestimates the skin
shear stress, which controls sediment erosion.
Type of
sediment

Mud

Mud/Sand

Silt/Sand

Sand
(unrippled)

Sand
(rippled)

Sand/shell

z0 (mm)

0.2

0.7

0.05

0.4

6

0.3

Table I: Mean values of bed roughness for different bottom types (Soulsby, 1997)

The formulation used was proposed by Soulsby (1997):
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2

Wave shear stresses are compared in Figure 9 and conclusions are identical to wave orbital velocities:
very good correlation between τ[TKE-Tr], τ[Ubr-Tr (p)] and τ[Ubr-Tr (u,v)], fluctuations observed for τ[Hrms-Tp].

1

For rippled beds, predictors are available (See for example Nielsen, P. (1992). Coastal bottom
boundary layers and sediment transport, World Scientific, Singapore)

Figure 9: Comparison of wave shear stress obtained from : [Hrms-Tp], [TKE-Tr], [Ubr-Tr (p)], [Ubr-Tr (u,v)]

The question of the influence of sampling frequency and burst length can also be addressed for wave
calculations. In the present case, both the choice of sampling frequency and burst length did not
significantly change the results (Figure 10)

Figure 10: Investigations on the choice of the sampling frequency (upper panel) and burst length (lower panel) for
wave calculations.

.

Separating long waves and short waves
When bi-modal wave spectra are observed, it can be interesting to investigate separately long and
short waves, and estimate the effective importance of each wave component. Separation is made from
a cutoff frequency, specified by users (typically ranging from 3 to 5s – check the pressure spectrum).
The example below illustrates the impact of boat waves in the Seine Estuary (Figure 11 - modified
from Verney et al., 2007).

Figure 11: Wave separation, focus on the influence of boat waves (modified from Verney et al., 2007)

Processing data: hydrodynamic parameters – wave-current interactions
In many cases, waves and current are present in estuarine and coastal environments. Therefore
current fluctuations are the combination of turbulent fluctuations and wave orbital velocities. According
to Soulsby and Humphery (1990), these fluctuations can be dissociated from the velocity spectra.
Processing waves and currents parameters
This method is based on the separation of the wave-induced (u’w, v’w, w’w) and turbulence-induced (u’t,
v’t, w’t) variances of each fluctuating velocity components u’, v’ and w’. During wave events, the energy
spectrum consists of the superposition of the conventional turbulent spectrum featured by the
Kolmogorov -5/3 roll off in the inertial subrange and a typical wave spectrum, identified as a peak of
energy in the wave frequency range (typically between 1 and 0.1Hz for wind waves). According to
Soulsby and Humphery (1990), the energy spectrum is split in two parts at the base of the wave peak.
This method is performed automatically on the full u, v and w dataset where, according to the
Kolmogorov theory, the separation line corresponds to an interpolation of the -5/3 slope (in log space),
with a reference point at f =3Hz (outside the wave frequency range). The area below the interpolation
line therefore corresponds to the turbulent kinetic energy of the velocity component considered
(respectively u’2, v’2 or w’2), and the area above the line to the wave variance contained in the
fluctuating part of the velocity component.
The TKE shear stress (τTKE) is determined from the turbulent kinetic energy K (Figure 12):

τ TKE = ρ C TKE K = 0.5 ρ C TKE ⎛⎜ u t ' 2 + v t ' 2 + w t ' 2 ⎞⎟
⎝

⎠

Figure 12: Comparison of current shear stress obtained from : Reynolds method , TKE method and Filtrated TKE
method

Similarly, one can estimate wave orbital velocity either from pressure spectrum or from the waveinduced velocity fluctuations:
Ubr = 2⎛⎜ u w ' 2 + v w ' 2 ⎞⎟
⎝
⎠

Wave direction (Ubr_dir) can be calculated from:
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In this case only the orientation can be found, the direction is still missing.

Figure 13: Wave calculation in case of strong current (Blanpain, 2007)

Important:
When currents and current-induced turbulence are low, wave parameters estimated from
velocity spectra can be used. However, strong currents will induce velocity fluctuations and
turbulence that will be considered as wave orbital velocities, and bias all wave calculations
(Figure 13). Using the spectral separation based on Soulsby and Humphery’s works allows to

isolate wave orbital fluctuations and to calculate wave orbital velocity and wave shear stress
from (u,v) measurements (Figure 6 and 7).
Processing wave-current shear stress

Soulsby et al. (1993) proposed a formulation to estimate total 1 wave-current shear stress from current
alone shear stress (τc) and wave alone shear stress (τw). He introduced an additional term to account
for non linear interactions between waves and current averaged at the wave scale, τm:
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And therefore

τ wc =

(τ m + τ w * cos(ψ ))2 + (τ w * sin(ψ ))2

with ψ the angle between waves and current

Therefore, one can assume that
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2
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The main issue is next to estimate current-induced shear stress, or τm. Three options are available:
• Assimilating τc to τLOG, with a given z0 value and calculating τm
• Assimilating τc or τm (?) to τReynolds
• Assimilating τm to τTKE-fw, the orbital velocity fluctuations being removed…or τTKE-fw to τwc
As orbital velocities estimated from TKE (wave removed) are well correlated with orbital velocities
calculated from pressure spectra (Figure 8), τTKE-fw could be assumed to contain all turbulent
fluctuations induced by currents and waves and non-linear interactions between currents and waves,
and therefore to be equivalent to τm.
Another way to face the question is to explore the notion of turbulence. In current-alone situations, bed
shear stresses are calculated from the whole velocity spectra, from high (2Hz) to low frequency
(0.01Hz), and all fluctuations are considered to participate to turbulence and shear stress. It should be
noted that most of the energy is present in the low frequency bands…Next velocity fluctuations
spectral density contributions from all frequency bands are summed and bed shear stresses are
estimated. Does it mean that velocity fluctuations at these frequencies participate to shear stress?
Methods for current shear stress calculations detailed above seem to confirm this assumption. But the
spectral densities of wave orbital velocities are mainly in the frequency range [0.01Hz 2Hz]. Therefore
should they be removed from velocity fluctuations or accounted for when estimating bed shear stress?
The problem hidden behind is the unknown on the apparent bed roughness: the following example
shows the variations of bed shear stresses with three roughness values: 0.2, 0.7mm and 2mm (Figure
14). If the lower roughness is considered, τLOG and τReynolds are equivalent at the first tides, which may
confirm that the choice of the roughness length is correct for current alone situations. In this case τTKE
strongly overestimates τwc. If z0=2mm, τTKE and τwc are very close during wave events.
The apparent bed roughness is controlled by the grain roughness (not prevailing) and the form
roughness (which is a combination of ripples and bedforms) and a movable bed roughness, a function
of the near bed sediment concentration and associated stratification close to the bed (Wright et al.,
1

Note that here the skin shear stress is not discussed, but only the total shear stress, observed
effectively by ADVs as measurements are made several centimetres above the bed.

1999; Friedrichs et al., 2000; Trembanis et al., 2004). Therefore, the apparent bed roughness is not a
fixed value in time, but changes with hydrodynamic situations if sediments are resuspended, if
bedforms are generated or destroyed...
Therefore, estimating wave-current shear stress with a fixed value during a fortnightly cycle for
example is not correct, especially if hydrodynamics situations varied strongly.
However, if the TKE assumption is consider as valid, i.e. all velocity fluctuations participate to bed
shear stress without dissociating wave-induced and current-induced fluctuations, an iterative method
can be used to search for the apparent bed roughness value such as :
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Results of the iterative method are compared with the direct estimation of z0 if i) current-induced shear
stress is neglected (τTKE~τw) and ii) τTKE filtered from wave is removed from τTKE (Figure 15). Results
are comparable, and show that the apparent bed roughness varies from 0.8 to 3mm, which is
acceptable. They also tend to confirm the use of τTKE to evaluate total wave-current shear stress.
It is still difficult to close the discussion and give a final conclusion. Debate is open…Everyone who
wants to contribute to the discussion is welcome…

Figure 14: Bed shear stress comparison for three bed roughness lengths : z0=0.2mm (upper panel), z0=0.7mm
(middle panel and z0=2mm (lower panel)

Figure 15: Apparent bed roughness calculation from the iterative method and the two direct methods (from τTKE
and τTKE-τTKE-fw

Figure 16: Time-series of bed shear stress (upper panel), SPM concentration (middle panel) and apparent bed
roughness (lower panel)

