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rate e of the turbulent regime containing the turbulent eddies
as [Gargett, 1999]

e ! s03

r
ð3Þ

i.e.

D z; rð Þ ¼ C2
v e

2=3r2=3 ð4Þ

where Cv
2 is a constant, which in atmospheric studies has

been found to be between 2.0 and 2.2 [Sauvageot, 1992].
[8] Equation 4 will hold for values of r within the inertial

sub-range, i.e. lK% r% lOwhere lK is the scale of dissipation
(Kolmogorov microscale) and lO is the vertical scale of the
largest energy containing eddies (Ozmidov scale in stratified
flow).

2.2. Data Processing

[9] For each acoustic beam the along beam component of
the water velocity is estimated from the Doppler shift in the
return signal for a series of heights above the transducer. The
water column is divided into depth bins and the along beam
velocity is calculated for each bin from a 1 or 2 second
ensemble average (depending on the dataset). The time series
for each bin is then averaged over a period long enough to
give statistical reliability but short enough that the time
series can be assumed stationary. For the instrument setup
and semidiurnal tidal conditions at the locations of interest, a
10 minute averaging period is selected. The temporal mean
is then subtracted for each bin, leaving the turbulent velocity
fluctuations, v0.
[10] A ‘centered difference’ technique is then used to

obtain the turbulent velocity difference for each height bin
of each acoustic beam. The turbulent velocity differences are
squared and then averaged over 10 minutes to obtain D(z, r)
(from Equation 1). Differences between adjacent bins are
discarded as the velocities are not totally independent as a
consequence of the weighted average used in the RDI ADCP
signal processing software [RDInstruments, 1996]. The fun-

damental limitations on r at the lower end is the Kolmogorov
microscale (i.e. for a low limit of dissipation of 10&6 W m&3,
the Kolmogorov dissipation scale is '5 ( 10&3 m, i.e. more
than an order of magnitude smaller than the smallest possible
bin size using current coherent Doppler technology). At the
upper end the limitation is the Ozmidov scale (in a stratified
environment) and theminimum distance to the boundary (in a
homogeneous environment). The value of r

2=3 fitted to the data
is limited to a length comparable to the largest eddies in the
inertial subrange. To examine the sensitivity of the technique
to the maximum value of r, the data was tested with a number
of maximum values for r, ranging from 4 to 12 m (in the
vertical). The results of this sensitivity analysis show a small
increase in estimates of ewith increased r by!10% per metre
for the up and downstream beams, and by!4% for the beams
oriented transverse to the mean flow. In a stratified environ-
ment, estimates of e would be expected to decrease as r
approaches the Ozmidov scale. However, in a well mixed
environment such as those studied here, the greater vertical
averaging increases the accuracy of estimates of e.
[11] The mean squared velocity difference D(z, r) is then

fitted to an equation of the form,

D z; rð Þ ¼ N þ Ar2=3 ð5Þ

(see Figure 1) in order to find a value for A. N is an offset
which represents an uncertainty due largely to inherent
Doppler noise and other errors in the ADCP velocity
estimates (or due to non-turbulent velocity fluctuations, e.g.
waves). Assuming that the uncertainties in the along beam
velocities can be accounted for by a variance, sN2 , which is
independent of height, then the noise will be independent of
the range r and the offset will be N = 2sN2 . The uncertainty in
the ADCP estimates will be dependent on the system
frequency, number of pings, bin size and other system
variables.
[12] Defining coefficient A as;

A ¼ C2
v e

2=3 ð6Þ

(where Cv
2 = 2.1, a value used in radar meteorology

[Sauvageot, 1992]) from which e is readily obtained, thus
providing estimates of e and the uncertainty in the along
beam velocity estimate (N = 2sN2 ).

3. Results

[13] The first data set was collected from Red Wharf Bay
off the north coast of Anglesey at a site (53!22.80N,
4!12.50W), where the water depth ranged from 19 m at low
water to 25m at highwater, and there is a rectilinear tidal flow
and maximum currents of order 1 m s&1. The water column
was homogeneous throughout most of the observational
period with weak stratification in the upper part of the water
column around low water. The location was selected as
having a flat bottom and being far from any major topo-
graphic features so that, to a first order, a local equilibrium
between the rates of production and dissipation of TKE can
be assumed (i.e. e ' P).
[14] A self contained 1200 kHz RDI workhorse ADCP

deployed on a rigid bed frame was set up with a 1 m vertical
bin size and ‘pinged’ at a rate of 2Hz. The data were ensemble

Figure 1. The r2/3 fit on along beamADCP data. The dotted
lines are the polynomials from equation 5 fitted to along
beam velocity data from a 2s ensemble (bold lines). The
x-intercept relates to the variable N from Equation 5, which
accounts for the inherent Doppler noise in the velocity
measurement. The upper line has a greater slope than the
bottom line and therefore gives a higher dissipation estimate.

L21608 WILES ET AL.: ESTIMATING DISSIPATION USING AN ADCP L21608

2 of 5

Dissipa'on	
  of	
  TKE	
  from	
  the	
  
Structure	
  Func'on	
  Method	
  

	
  (Wiles	
  et	
  al.	
  2006)	
  

  D(z,r) = (v '(z) − v '(z + r))2

3/2

3

( ( , ) ( ))( )
v

D z r N zz
C r

ε
−

=



Three	
  deployments	
  with	
  different	
  
stra'fica'ons	
  



Time	
  Series	
  from	
  July/August	
  

100

101

102

103

L N
D

ep
th

 (m
)

 

 4

6

8

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

07/24 07/26 07/28 07/30 08/01 08/03 08/05 08/07
10-10
10-9
10-8
10-7
10-6
10-5

� 
(m

2 /s
3 )



Time	
  Series	
  from	
  July/August	
  

100

101

102

103

L N
D

ep
th

 (m
)

 

 4

6

8

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

07/24 07/26 07/28 07/30 08/01 08/03 08/05 08/07
10-10
10-9
10-8
10-7
10-6
10-5

� 
(m

2 /s
3 )



Sample	
  of	
  Data	
  from	
  7/28-­‐7/29	
  

15:00 18:00 21:00 00:00 03:00 06:00
0

0.5

1

1.5

H
AB

 (m
)

 

 

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

15:00 18:00 21:00 00:00 03:00 06:00
0

0.5

1

1.5

H
AB

 (m
)

 

 

75

80

85

90

95

100

105

110

115



	
  	
   	
  	
  

Dissipa'on	
  lags	
  the	
  
Lake	
  number	
  by	
  ~	
  3hr	
  
at	
  1	
  cpd	
  

LN	
  and	
  ε	
  have	
  peaks	
  at	
  1	
  cpd.	
  



Turbulence	
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  as	
  LN	
  decreases.	
  



ε
νN 2 ∝ LN

−1.08

Turbulence	
  increases	
  as	
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  decreases.	
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Summary	
  

•  A	
  pulse-­‐coherent	
  acous'c	
  current	
  profiler	
  was	
  
deployed	
  under	
  varying	
  stra'fica'on	
  condi'ons	
  in	
  a	
  
lake	
  to	
  measure	
  dissipa'on	
  on	
  the	
  slope.	
  

•  The	
  typical	
  values	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  increased	
  as	
  the	
  Lake	
  
number	
  decreased.	
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