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The comments made by Bernard O. Bauer et al. are
constructive and provide additional references for the study:
some of these were not available previously to the authors
(e.g. BAliElt et al.. 1992; BERC;ERON and ABRAHAMS, 1992).
Three particular questions were raised in the Discussion,
which concerned: (1) the equations used for calculating the
shear velocities t u.) and roughness lengths (z,,); (2)
inaccuracies introduced into the estimation of u. and z,,; and
131 problems associated with the analysis of data collected
over the intertidal zone and the conclusions drawn. Our
responses to' the various observations made are outlined
below.

(I) Equations Used

In terms of their mathematical derivation, equations (2)
and 1;3) presented by BAllER et al. (1995) are correct. How­
ever, equations (2), 131 and (41 of KE et al. (1994) can provide
approximate results if the correlation coefficient (r) between
lnz and u is high i.e. the curves based upon backward and
onward regressions are close to each other, eventually cor­
responding when r = I.

In terms of representation of the physical processes in­
volved, errors associated with the measurement of both x and
y can exist. Therefore, both the backward and onward re­
gression approaches are only approximate derivation and
cannot satisfy perfectly the requirement of a Gaussian re­
gression. With improvement in the measuring technology, we
believe that instantaneous velocity profiles throughout the
whole of the water column can be obtained; this may provide
much higher certainty in the data interpretation and corre­
lation coefficients (r l, Alternatively, a new method of linear
regression which takes both X and Y as independent vari­
ables can provide another solution (GAO, 1995). Under such
conditions. it will then be irrelevant if height above the bed
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(Inz ) or velocity (u) is taken as the X axis or Y axis in the
regression procedure.

Based upon equation (4) presented in the Comments and
when r" = 0.8, the potential errors caused by backward re­
gression of u, should be 25%; this compares with more than
50%, which has been claimed.

Backward regression, not onward regression, was used in
the study as it is consistent with the approach adopted in
earlier studies elsewhere cf DYER (1986). The results of the
present study would be comparable then with those of earlier
investigations in other marine environments.

(2) Inaccuracies in the Analysis

Although a critical correlation factor (r-') of 0.8 was used in
the study as being representative of logarithmic flow condi­
tions, most of the backward regressions have r-' > 0.9 (e.g.
mean r" are 0.96, 0.91 and 0.97 for Stations 1, 2 and 3, re­
spectively) (see Table 2, KE et al., 1994). Using the data col­
lected at Station 3 as an example, the mean potential errors
for z., and u. caused by backward regression, compared to
onward regression, are 16.6% and 3.3%, respectively. Adop­
tion of the two different methods of analysis results in mean
z., and u. values of 0.32 em and 0.80 em/sec, and 0.28 em and
0.78 em/sec, respectively, for the sandflat at Freiston Shore
in The Wash (Table 1). Thus, the errors introduced by the
use of backward regression in this particular study are not
as large as BAUERet al. (1995) have suggested, particularly
in the case of u..

(3) Problems Associated with Data Analysis and
Conclusions

The equations of LETTAU (1969) and WOODING et al. (973)
have been used to derive z., from the scales of the bedforms
in other investigations. Satisfactory results have been ob­
tained, in comparison with z., values derived from velocity
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Table 1. Onward an d back ward regressions of the velocity profiles for derivation of roughne ss length (z; in em) and shea r velocity (u : in em/sec) at Station 3 (Freiston. Sho re, The Wash).

Time Depth
Velocity (em/sec) at ztcm) above bed Backward regression'" Onwar d regression'" Er1'ors(7< )'

(BST) (em ) u" u" U i 1 U7 A B r z, u. b, m, r z, u. z, u.

6:35 10 22 .1
6:45 45 13.8 11.0
1:00 15 16.1 14.0 12.1 9.3 -1.50 0.31 0.99 0.22 1.09 4.01 2.1 1 0.99 0.22 1.08 0.4 0.1

e.,
1:15 100 14.5 13.8 11.1 9.2 - 2.19 0.44 0.99 0.11 0.91 5.11 2.2 1 0.99 0.10 0.88 13.1 2.40

c
1:30 125 9.9 8.8 1.8 6.3 -2.46 0.10 0.99 0.09 0.51 3.54 1.43 0.99 0.09 0.51 0.1 0.3:J

g. 7:45 140 7.8 6.5 6.0 5.0 - 2.42 0.90 0.98 0.09 0.45 2.85 1.07 0.98 0.07 0.43 27.8 4.2
0 8:00 150 6.5 5.8 5.7 4.0 - 2.06 0.96 0.96 0.13 0.42 2.39 0.96 0.96 0.08 0.38 55.9 8.6...,
o 8:15* 150 8.2 7.1 6.0 4.7 - 1.36 0.71 0.99 0.26 0.56 1.94 1.40 0.99 0.25 0.56 2.8 0.70

'" 8:30 150 8.4 7.1 5.4 4.6 - 0.62 0.61 0.97 0.54 0.66 1.33 1.55 0.97 0.42 0.62 27 .1 6.3V>

[
8:45 140 a 10.3 7.0 5.3 3.9 0.81 0.37 0.95 2.25 1.09 - 1.39 2.47 0.95 1.76 0.98

~ b 7.0 5.3 3.9 -0.23 0.57 0.98 0.79 0.70 0.58 1.68 0.98 0.11 0.67 11.3 3.6

I

~V>

'"'" 9:00 125 11.9 10.1 8.3 6.3 -0 .79 0.44 0.99 0.45 0.91 1.86 2.24 0.99 0.44 0.90 37 1.0
'" ~..,
" 9:15 120 13.2 11.3 8.9 7.8 -1.14 0.43 0.97 0.32 0.94 3.14 2.20 0.91 0.24 0.88 33.3 6.6 :2-",..

9:30 80 a22.0 11.9 10.9 7.1 1.29 0.15 0.90 3.63 2.65 -4.51 5.38 0.90 2.31 2.15<
~ b 11.9 10.9 1 .1 - 0.64 0.35 0.98 0.53 1.14 2.12 2.74 0.98 0.46 1.10 15.0 3.8

."" 9:45 70 15.9 13.0 10.2 -1.24 0.32 0.99 0.29 1.27 4.11 3. 11 0.99 0.27 1.24 8.2 1.9

Z 10:00 35 16.2 12.8
9 10:10 25 16.0
.....,.. Mean Valu es Fl ood tide 0.15 0.66 0.13 0.32 16.8 2.7
<D

Eb b tide 0.45 0.88 0.32 0.85 14.5 3.4<D
0>

Co-t idal cycle 0.32 0.80 0.28 0.78 16.6 33

Note :
*HW time
a . Obse rved results ; and b. da ta set used in th e calcula t ion: U 82 at 8:45 was dis carded in ord er to obtain an improved corr elat ion coefficient between the data se t ; and u., at 9:30 was discarded as
the current meter was only just under water during the reading
+Errors are calculated in te rm s of [{(2) -(1 )}/(l)] x 100% ((1) and (2) are the values of z, a nd u. through onward regres sion a nd backward regressio n, respect ively)



profiles let: SOliL"HY, 198:3; DYEI{, 1986). Hence, it is inter­

esting- to examine the application of such models to intertidal

flat environments within the context of the present investi­

g-ation, as z., values both from the velocity profiles and ill situ
measurements 01" bedforms have been obtained. For this geo­

graphicul area, the z., values derived from the velocity profiles

are much higher than those derived on the basis of the ob­
served scale-s 01" the bedforms, particularly for the LETTAl!

\ 1969 I equation. Even the deduction of an assumed 50% over­

estimation 01" ;.", in response to the usc of backward regres­

sion, will not eliminate such differences. Moreover, it has not

been our intention to provide a 'universal coefficient' for these

equations, so that they can be used in intertidal flat studies;

rather. to describe and compare a series offield observations.
Other n-prc-entations of roug-hness length (e.g. GRANT and

lV!All"I·:r-;. 19821 and sources of seabed roughness are outside
the original objectives of the study.

The main roug-hnpss clements on the mudflats of the area

under investigation an' t.he large-scale topographical fea­

tures. For confirmation of this investigation, the results ob­

tained from two new survey stations lin 199:) on the upper
mudllat at Frciston Shore I The Wash) showed logarithmic

profiles \With I' (Uli over 60-90'lr of'the tidal cycles and a

mean z" of bet ween :1.2:1-:1.47 em (using, in this case, back­

ward regn'ssionl IKE, 199[) l. This pattern is similar to that

derived for t he lower mudflat I in 19921, as the associated to­

pogruphic.rl fcat.uros an- very similar (spe Plate I, KI': ei al.,
19~J41. Th us, 11wconcl usion 121of KI': 1'1 al. I 1994) is valid, but

II should bc notvd (hat such a flow structure pattern may not

nen-ssarilv Ill' n-venk-d during- every tidal cycle.

'I'ho 'spi kc- in t hr z., val uo at HW + O.!"i hr at Station :3 is

PI'csl-nl onlv iI' all four l'urrcnt meter observations are used

I S'-l' Figun- filb I, KI' ('/ (II .. 19~H I. However, because the read­

ing \',IS particularly high, in comparison with the' observa­

tions befo!'l' and arter, t his mt-asurcnu-nt 1M2, 82 em above

sealll'd I was re-moved in t h« plotting and calculation of the

\'l-!ocity protil« and boundary laver parameters Isee Figure

61 a I and Table 2, KI': ('/ ([I .. 19941. A similar procedure was

adopted for t lu- dat n at IIW + 1.2[) hr as the upper current

mcu-r ! t\1:21 was just within till' surface of the water column

during the !'loading. l h-nce. t he current speed measured may

huv« I)('l'n afft,ctl'd by wmd/wave action ITable I I.

Tho k.-v to various CUITl'nt muter observations on the top

diagram of Flgun- ()!I)i was shown incorrert.ly. i.e. in wrong

order. f(JI' which \\l' apnlogiz«. Nonetheless, the spike (or

higlll'r val up 1of r.; alu-r IIW has been observed at the bound­

ary' lut wovn t h« Arenicol« sandflat and the upper mudflat at

Frl'iston Sho!'l' not only m 1992, but also in 199:3, This char­

.icu-rist i« is considvrc-d to bl' caused by changes in the direc­

tion of t h« tidal CUITl'nt flow, in relation to the orientation of
the bl'dfill'll1S I KI':. 199[) I.

There should not han' been any confusion concerning the

calculations undertnkr-n on the field data collected at Station

2. The removal of rl'adings collected by current meter M2 was
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for the purpose of checking any improvement in the correla­
tion coefficient and changes in the derived boundary layer
parameters. With or without the inclusion of M2, apart from

changes in the correlation coefficient, there are no large dif­
ferences in the derived boundary layer parameters (e.g. z.,
values are similar and u. values are 2.22 ern/sec and 2.32 cml

sec, respectively) (see Table 2, KE et al .. 1994).
In conclusion, the aim of the research undertaken and the

paper published was to introduce the concept of flow struc­

ture within the boundary layer to intertidal flat areas, where

sediment transport processes are very active. Likewise, the
study is based upon field observations; these have been de­

scribed and analysed. On the basis of the present discussion
(see above), errors associated with derived mean values of z.,
and u. (through the application of backward regression) are

relatively small. Consequently, the results are representative

of conditions prevailing at the sediment-water interface with­

in the area investigated.
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