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1-Referee 2: The introduction, discussion and conclusions were considered incom-
plete..

1-Author: The introduction, discussion and conclusions will be modified in the revised
paper and now include relevant references which are given at the end of this response.

2-Referee 2: This submission is presented as a &#8220;methods&#8221; paper, but
really it is an analysis paper. The authors provide a through examination of different
spatial sampling strategies for providing robust estimates of river depth.
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2-Author: The paper we presented is a summary of the methodology we have used to
analyse the spatial, temporal and scale variability in rivers. The objective here is not to
present the results of the analysis or describe details on the conclusions reached but
just to describe the methods or analysis carried out to investigate the spatial, temporal
and scale variability. The work was so extensive that the authors prefer to present an
initial paper with a summary of the general methodology/analysis and then publish in-
dependent papers on each part of the analysis (ie: spatial analysis, temporal analysis
and scale analysis). The title will be changed to &#8220;A proposed methodology to
define guidelines for depth data collection in rivers when applying geostatistical inter-
polation techniques (kriging)&#8221;.

3-Referee 2: The temporal analysis has been found to be confusing and undeveloped.
Moreover, there were doubts about the validity of the analysis since it is only a com-
parison of two discharges in one river. More data was thought to be needed to obtain
general guidelines on river restoration.

3-Author: The temporal analysis was an initial study to assess the sensitivity of the
river habitat to small changes in discharge. Analysing the same stretch under different
discharge profiles; essentially observing the difference in the units at different points
in the flow duration curve. Its objectives were (i) to determine whether or not it was
possible to assess changes in habitat/hydraulic units due to small changes in discharge
over time and (ii) to determine which habitat/hydraulic units were more sensitive to
these changes. The reason for assessing small changes in discharge is simple: if it
is possible to find changes in habitat/hydraulic units for small changes then it is worth
analysing these changes for higher changes in discharge and further research in this
topic will be justified. For this objective two discharges collected at low flows at a river
sites was considered appropriate.

4-Referee 2: I don&#8217;t really follow the logic and structure of the last paragraph
in section 4.4. Are Fig. 5 and Table 6 supposed to show the same information (as the
text implies?). How are the means in Fig. 5 and Table 6 different?
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4-Author: Figure 5 and Table 6 do not show the same information. Table 6 shows
the absolute mean depth change, absolute maximum depth change and the standard
deviation of depth change observed for each of the mesohabitats (i.e habitat units)
studied. So for example, the mean change of depth in shallow glides when changing
the discharge from 0.52 m3s-1to 0.34m3s-1 is 0.048 m. To determine whether there is
a significant difference between mesohabitats in terms of depth change when decreas-
ing the discharge, it is necessary to carry out an Analysis of variance. Figure 5 is the
LS Means plot resulting from the Analysis of variance (ANOVA). As mentioned in the
text (p1080, lines 22-23) the LS means plot shows the least squares means which are
the best linear unbiased estimates of the marginal means for the design. The Figure
must be interpreted as follows: two mesohabitats will be different in terms of changes
in depth when their means and 95% confidence intervals do not overlap. In Figure 5
Shallow glides and Deep Glides do not overlap and therefore can be considered as
different in terms of depth change. Riffles and pools overlap and therefore their depth
changes are not significantly different. Table 6 will be removed from the revised paper
as it is confusing.

5- Referee 2: Referee 2 questions the validity of the &#8220;scale&#8221; analysis.

5- Author: The first step of river restoration projects is to assess the channel morphol-
ogy of the reach to define which types of changes are required. When long reaches
(e.g. > 2km) require restoration it is not possible to carry out the initial assessment
along the full reach as this will be highly time and cost consuming. Generally, selected
sub-reaches are sampled and conclusions are drawn from these results. Suggestions
on the length of the sub-reaches to be sampled have been made in previous guide-
lines for habitat/morphological assessment but results vary amongst authors . There is
a need for a methodology that helps to define the length of the sub-reach to be sam-
pled so the morphological/habitat characterisation is representative of the section to
be restored. We will include this clarification in the discussion.

6-Referee 2: what is the significance of the spatial repetition and how does this help

S1437

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/4/S1435/2007/hessd-4-S1435-2007-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/4/1069/2007/hessd-4-1069-2007-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/4/1069/2007/hessd-4-1069-2007.pdf
http://www.egu.eu


HESSD
4, S1435–S1446, 2007

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

EGU

define the sampling strategy?

6-Author: if there is spatial repetition in the river then it would be adequate to char-
acterise/sample a sub-reach which length includes one full cycle of repetition. In this
way one makes sure that the results/conclusions obtained from this characterisation
are representative of the river (e.g if the final assessment identifies a need for habi-
tat improvement this will be due to the analysis of a representative reach and not to
the characterisation of a section that presents reduced habitat conditions). The author
would like to discuss this in a different publication where scale issues will be the main
topic.but has included this in the discussion in the revised paper.

7-Referee 2: what is the significance of spatial repetition differences amongst rivers?

7-Author: rivers present different repetition patterns due to their catchment/reach char-
acteristics. Variables such as the discharge regime, geomorphology amongst other
will have an impact on the way the river develops and therefore, on its morphological -
hydromorphological characteristics. This defines the length at which the hydromorpho-
logical characteristics are repeated and therefore has an impact on the results from the
spectral analysis.- again see discussion in revised paper

8-Referee 2: some substantial conclusions are reached but it is necessary to clarify
few points. p1081, lines 25-28: is replication of measurement locations important? (for
example, how does this effect the time variability issue)

8-Author: We have not tried to combine the spatial and temporal aspects within this
methodology. This paper is a small step towards understanding the complex relation-
ships between space, scale and time &#8211; so we are unable to answer this question
until further research has been carried out &#8211; lines 25-28 were intended to indi-
cate issues for further research.

9-Referee 2: p1082, lines 1-12: where are these tables referred to?

9-Author: the tables are available in the PhD thesis and will be published in further
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articles. The reference is Rivas Casado, M.: The use of geostatistics for hydromorpho-
logical assessment in rivers. Thesis (Ph.D thesis) Cranfield University at Silsoe. It is
available online through the library catalogue.

10-Referee 2: Is one high density survey always required to assess the &#8220;hydro-
morphological uniformity and continuity&#8221;? What should be the data density of
this initial survey?

10-Author: The aim of this paper was to investigate whether the methodology de-
scribed could be used represent the variability in depth in a range of rivers, so that a
set of guidelines could be established for rivers with similar characteristics. This means
that the high density survey used to establish the spatial variability of a river would not
be required when designing a monitoring scheme for a new project and was used in
this paper to investigate the loss of information due to a reduction in sampling density
or change in sampling strategy. We will include this in the revised paper

11- Referee 2: Does the title clearly reflect the contents of the paper? No. The paper is
about a comparison of sampling strategies and application of geostatistical techniques
to uncover patterns.

11-Author: We suggest to change the title to &#8220;A proposed methodology to de-
fine guidelines for depth data collection in rivers when applying geostatistical interpo-
lation techniques (kriging).&#8221;

12-Referee 2: I am not sure that &#8220;scale&#8221; can be differentiated from
&#8220;time&#8221; and &#8220;space&#8221; as an independent variable.

12-Author: we are dealing with scale in space in this section. Scale refers to the length
to be sampled. &#8220;Space&#8221; refers to sampling strategy and density to be
applied within that length.

13-Referee 2: P 1072, line 9: is the channel simulated or is it artificial?

13-Author: the channel is artificial.- added to revised paper
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14- Referee 2: in Equation (4) units are not indicated. Do they cancel out correctly to
yield L in m?

14-Author: yes, they cancel. L=20(1/F)

Wavelength (in sampling intervals) = 1/Frequency

Example: The Frequency can be indentified by looking at Figure 4. The first peak
appears at a low frequency 0.057 cycles, which corresponds to a wavelength of
1/0.057=17.50 sampling intervals. Each sampling interval is 20 m, and therefore this
corresponds to a length of 350 m.

15-Referee 2: information in Table 2 can be included in Figure 2.

15-Author: yes. We separated the information as it is easier to read the numbers from
the table rather than from the figure. We will combine them in the revised version

16-Referee 2: what is &#8220;objective&#8221;? This is never discussed in the text.

16-Author: the variogram model is fitted via weigthed least squares: for the fitting of the
model the program proceeds to minimize the sum of the square residuals accordingly.
The objective function is the sum of the squares residuals. The model for which the
objective function is minimized is selected. The objective function is generally used to
compare the good of fitness of the model. In Table 2 it is possible to define which model
was better fitted by just observing the objective function column. The smallest objective
function corresponds to the original data set, followed by the regular transects and the
random grid sampling strategies. The objective does not provide any extra information
on which sampling strategy is best for the prediction of depth in rivers, therefore it can
be deleted from Table 2.-

17-Referee 2: What is the significance of the range, sill and nugget? This is never
discussed in the text.

17-Author: The nugget is the intrinsic variance of the variable under study and we will
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assume in this study that is represented by the measurement error. The nugget identi-
fies the variance of 2 points that are measured at the same coordinates: one expects
these measurements to have the same value but due to field conditions/equipment
these measurements may differ in value. The range is the distance at which the spatial
correlation between points is null. Prediction of the variable under study cannot be
obtained if the sample density is such that points are located further apart than the
range. Therefore, the sample density should be selected in such a way that the dis-
tance between consequtive pair of points is smaller than the range of the variable uder
study (i.e. depth). The sill is the expected variance (semivariance) of points located at
a distance equal to the range. Nugget, sill and range will vary depending on the level
of detail at which the reach is to be represented. The author would like to present and
discuss this information in a second and third publication where the issue of sampling
density and strategy will be discussed in more detail-however some explanation has
been added to the revised paper

18- Referee 2: Should &#8220;cycle&#8221; be &#8220;frequency&#8221; in Table
3? It can be combined with Figure 4.

18-Author: no, &#8220;cycle&#8221; means that one cycle of periodicity is complete at
the value given in the table. This value is the frequency at which the cycle is completed.
Table 3 and Figure 4 can be combined.

19-Referee 2: what is the vertical line on Figure 4 indicating?

19-Author: the vertical line in Figure 4 is the Bandwith as defined in Bloomfield, P.
(1976) Fourier analysis of time series: an introduction. Wiley. I copy the definition
below and has been added to the figure

&#8220;Bandwith is the ability of a spectrum estimate to represent fine structure in the
frequency properties of the data, such as narrow peaks in the spectrum. Because of
the averaging involved in computing a spectrum estimate, a spike or narrow peak in the
periodogram is spread out into a broader peak. This peak is roughly an image of the
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spectral window of the estimate, and its &#8220;width&#8221;, suitable defined, is the
bandwith of the estimate&#8221;&#8230; &#8220;If the spectrum of a series contains
two narrow peaks closer together than the bandwith of the estimate used, the resulting
broad peaks in the estimated spectrum overlap and form a single peak.&#8221;

20-Referee 2: What is the point of showing the parameters listed in Table 5 (never
discussed in the text)?

20-Author: parameters in Table 5 have not been discussed in the text one by one,
they are informative, easy to interpret and give information on the distribution of depth
changes.

21-Referee 2: In Figure 3, the eye is drawn immediately to the excursion in the Leigh
Q90 line in the upper panel. What is the cause?

21-Author: a poor variogram model fit and therefore an imprecise prediction of depth.

22-Referee 2: Figure 4 shows 4 peaks but the text indicates 3 peaks (p 1080 line 10).

22-Author: Figure 4 is just an example for one of the longitudinal profiles analysed for
the Sulphur river site. More longitudinal profiles were analysed for this river and all of
them shown peaks at 350 m, 87 m and 60 m but not at 87.5 m. This is why only 3
peaks are mentioned in the text. This can be due to the fact that 87.5 m and 60 m
are very close together and have been merged in one single peak in the other profiles
analysed.

23-Referee 2: Are the number and quality of references appropriate?

23-Author: the introduction, discussion and conclusions have changed. A list with the
references cited in the introduction and discussion is provided below.

References: Bash, J.S. and Ryan, C.M., (2002) Stream restoration and enhancement
projects: is anyone monitoring? Environmental management 29 (6): 877-885

Bernhardt, E.S., Sudduth, E.B., Palmer, M.A.m Allan, J.D., Meyer, J.L., Alexander,
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G., Follastas-Shah, J., Hassett, B., Jenkinson, R., Lave, R, Rumps, J. and Pagano,
L. (2007) Resteoring rivers one reach at a time: result from a survey of U.S. river
restoration practitioners. Restoration Ecology 15 (3) 482-493

Brasington, J., Rumsby, B.T. and MCvey, R.A. (2000) Monitoring and modelling mor-
phological change in braided gravel-bed river using high resolution GPS based survey
Earth Surface Processes and Landforms 25, 973-900

Bryant, M.D. (1995) Pulsed monitoring for watershed and stream restoration Fisheries
20 (11) 6-13

Carothers, S.W., Mills, G.S., Johnson, R.R. (1990) The cration and restoration of ri-
parian habitat in soutwestern arid and semi-arid regions (351-366) in Kuler, J. and
Kentula, M. Wetland cration and restoration: The status of the science. Island Press,
Washington, DC.

Downs, P.W. and Kondolf G.M. (2002) Post-project appraisals in adaptive management
of river channel restoration. Environmental management 29 (4) 477-496

Ebisemiju, F.S. (1991) Some comments on the use of spatial interpolation techniques
in studies of man-induced river channel changes. Applied Geography 11: 21-34

Florsheim, J.L., Mount, J.F. and Constantine, C.R. (2006) A geomorphic monitoring
and adaptive assessment framework to asses the effect of lowland floodplain river
restoration on channel-floodplain sediment continuity. River research and applications
22: 353-375

Follstad Shah, J.J., Dahm, C.N., Gloss, S.P. and Bernhardt, E.S. (2007) River and
riparian restoration in the southwest: results of the national river restoration science
synthesis project. Restoration Ecology 15 (3): 550-562

Frissell, C.A. and Nawa, R.K. (1992) Incidence and causes of physical failure of artificial
habitat structures in streams of western Oregon and Washington. North American
Journal of Fisheries Management 12: 182-197
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