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General comments:

The topic of this manuscript is potentially inteneg for publication in HESS. Yet, | identify
number of weakness in the manuscript, at diffel@rgls, as explained below. The whole
manuscript should be carefully revised.

1. Spatial patterns analysis using non-linear act&l analysis is getting more attention in a
wide range of disciplines. This manuscript applieés approach to characterizing patterns
relevant for urban pluvial drainage. The idea behims manuscript can be seen as an
interesting contribution to the hydrological modwedl of rainfall-runoff processes in urban
basins, and therefore to the hydraulic design gredation of sewer systems. | encourage the
idea of using scaling, (multi)fractal tools to sopphydrolog-ical studies and appreciate the
attempt in this study to conduct this applicatiorurban hydrology.

2. However, | see several weaknesses in this vemdk they are of different origin, e.g.: i)
technical issues; ii) description of data and medé) presentation and interpretation of
results; iv) insight into the relation between thathematical exercise of determining the
fractal dimension for a geometrical entity and phesical entity that it represents (in this case
vital for the hydrological/engineering applicatiparsued); v) conclusions that are not
supported by evidence in the text.

3. In general, the manuscript is written only faitlearly and there are typos. The overall
structure is standard, but there are parts thdtddmimproved. Across the manuscript many
parts/paragraphs run in new and new informatiohauit a clear main point/focus, which
makes the reading difficult and weaknesses the agess the text. The selection of figures,
and the figures themselves, should be revised@lesv). The literature review could be
improved; it misses to include important contribas in the literature related to using scaling
frameworks in hydrology.

Specific comments:

4. Data:

- The study areas are not adequately describethigearmind the type of study and
application. Key properties of the drainage arewkreetworks (e.g., sewer density,
impervious surfaces, slopes) are also not clea$gibed, the methods used for its
characterization are unclear.”

Following the reviewer remark, we chose to be nexfeaustive and to include a figure of all
three available data sets for the 10 studied uabeas. Hence Fig. 2 was completed. This
should give the reader the additional insight ndede

“- The definition given for the catchment slope Ifleal, footnote 2) suggests that the
information in the GIS and available Digital Eleioait Models is not fully explored, since it
would to be expected that such tools would leaa touch better estimate of catchment slope
than the extremely simple one described.”

The reviewer is correct that the catchment sloaisxtremely simple indicator. It is indeed
only an average indicator at the scale of the bhsihwas designed for a previous analysis



involving the same catchments with other goals @@eRodriguez et al. 2015). It was re-used
here as an indicator of whether the catchment é&shstrong slopes on average. Other types
of studies such as ones of surface runoff wouléeadrequire more refined analyses of the
topography but they are outside the scope of thpep This point was clarified in the caption
of Table 1. Furthermore refined DEM was not avaddbr all the catchments.

“- After referring to 10 pilot/study areas, there éigures where some of those areas are
unexpectedly split in different parts (e.g. W/ESIN/and there are situations when simply
some of the announced basins are ignored. Thiddbevclarified.”

This is actually a technical reason associated thighfractal analysis. In this implementation
mode, the analysis requires the use of square atease size should be a power of 2. This
was actually explained in section 3 on methodolddpe terminology “study area” was
adopted to avoid confusion. The analysis of imparsness representation in operational
models was not done for the Jouy-en-Josas cased®ena model was available. This was
stated in section 2.

“- There are basic elements missing: for example definition of sub-catchment (SC) is
crucial for the study.”
The definition given in section 2 was completedd@ing the reviewers remark.

“- The reference to the basins is not consistemtekample, in the legend of Figure 10, the
reference to “Centrum” is inadequate.”

Thank you for your careful reading! This was chekkend captions of figures 7, 10 and 11
were updated.

“5. Methodology: - This section needs to be muchproned; there are many confusing
sentences. - Proper credit to the methods intratlskeuld be given. For example, a reference
for Universal Multifractals is not given (page td 18).”

As suggested by the reviewer the whole sectionimpsoved and additional references were
added for each of the methods introduced.

“6. Results and discussion:

- One technical issue is related to the interpi@tatf the results obtained with the box-
counting method to find the (central, here) fradiatension. The box-counting plots should
be more adequately discussed, including an intexfooe for the straight sections in the plot,
the cross over between them, the critical scales”

That is actually what we had tried to do beforethig is now improved in section 4.1 and
4.2. An interpretation for each scaling regimeasvrsystematically provided. As an example,
for the sewer system small scales only reflectitiear structure of the pipes while large
scales regime reflects the space filled by the agtw

“— the material presented should be carefully chddir misinterpretations. When applying
the box-counting method to complex drainage sysi@aitsiral or/and artificial drains), there
are different issues that need to be better adellegsissues related to the resolution of the
data set (for example, that only drains above taicesize are displayed) that are known to
interfere with the pattern “recognized” by the bmunting algorithm; ii) the space filling
character of complex drainage channels that aoraly distributed over the plane and
therefore lead to a fractal dimension 2 (all boxesfilled above a critical size; thus, a (box-
counting) power-law dependence with a fractal disn@m D=2 contains the same level of
information as a scale invariant regime with D<2ii))what would the interpretation be for



D in the limit size -> 0? iv) how would the scalirgnge change with map resolution?
Overall, what is the information indeed useful tiois urban hydrology application?”

Thanks to the reviewer suggestions, these impoidanes are now discussed in the new
version of the manuscript (section 4.1). i) Inddselreviewer is correct. This point is visible
in this analysis through the location of the saalimeak in the sewer analysis. Considering
only larger pipes will lead to shifting this scélieeak to larger scales. ii) It was clarified that
scaling regime with Df <2 are found for the dates studied. iii) For pixel size» 0, in the
case of the sewer system it would simply extendnticéh of the range of scales for the small
scales regime with Df=1. In the case of distributagderviousness one can expect the unique
scaling regime to continue down to the physica sizthe structures below which Df=2
would be found. iv) Changing the initial resolutiohthe map would extend or shrink the
width of the small scales regime for the seweresysand not affect the estimates of Df for
the distributed imperviousness (see limitationi)) $ince a unique scaling regime is
retrieved. The added value to urban hydrology leydéfinition of robust indicator of the
level of urbanization was clarified.

“- In my view, there is now no clear evidence ie thanuscript of the added value of this
framework. The authors are not successful in takiegexercise of applying the box-counting
method to a geometrical entity - that is highly eleglent on the definition of the urban
drainage system itself - beyond it: more discussiuould be provided that clarify the
usefulness of the approach as a practical toatHaracterizing (urban, periurban) drainage
networks. Examples should provide insight; the agiesn are, in my view, not discussed at
length. The physical properties of the drainagevosis should be given and this is important
for the sake of comparability; the fact that paoeas/case studies have different origins might
imply differences that need to be well establisidthough | understand that the authors
might have found important to give many differexamples (different urban environments,
from different countries), for full understandinfytbe results the physical interpretation
should be allowed — and this implies a good definibf the systems. Per se, a list of fractal
dimensions estimated for not well understood dgergystems is of very limited interest to
the community.”

Showing that fractal dimension can be used to cbariae the drainage network of an area is
indeed one of the results of the paper. But anather(and more innovative) is that the fractal
dimensions found on sewer network and distributgglerviousness are similar for all the
studied areas. We believe that the confirmatiotiisfsimilarity on “many different

examples” (as mentioned by the reviewer) actuaiyforce it. This point was clarified in
section 4.1 and the conclusion.

“- It also does not help the manuscript the sebectif figures included therein. The selection
of figures should be better though. The preserictien of figures does not allow the reader

to follow the analysis and characterization for ohéhe study areas. Every time (i.e. for
different figure’s content, methods) different caggtudy areas) are show, in an apparently ad
hoc mix, which does not allow one to attempt reaspabout one single drainage system,

and therefore to interpret results.”

The initial idea was to display a graph for eackthefstudy areas. However following the
interesting reviewer comment, the strategy was detaly changed and figures re-plotted. In
the revised version, all the curves are plottedfee study area (Torquay North). Additional
ones for other areas are provided when needetidatiscussion.



“- For comparison purposes, there is clearly a mismbetween having aprox. 2000 SC or 9
SC in different study areas; this should have loagefully discussed because there is no
evidence in the manuscript on the origin of suchendifference that can be thought as
resulting from differences in the geomorphologyha basins or simply from the definition of
the study unit (SC). The practical implications ch@gore attention.”

The choice of this paper was to analyse the inpilutsodels that are actually used
operationally by the people managing urban draimadfeese areas (Ochoa-Rodriguez et al.
2015). They have various approaches leading inttediiferent choices of typical sub-
catchment sizes. This was clarified in the datagm&ation. As pointed by the reviewer this
has practical implications on the analysis caraaet] basically limiting the possible
interpretation of the curve Df vs. T. This pointisw reinforced in the new version (section
4.2). A discussion on the practical implications, making a case for higher resolution
modelling was also added in section 4.2.

“-There is no attempt to validate if the assessmémnperviousness proposed in this work is
more successful than the approach routinely uséteimodel.”

Contrary to other formalisms such as the use aiglespercentage of imperviousness defined
with data at an arbitrary scale, this fractal disien is a quantity valid across scales and
furthermore based on the characterization of tvpeeis related to urbanization (namely the
sewer network and the distributed imperviousnes$sghvmakes it robust. This was clarified

in the discussion of section 4.1.

“-It should be clarified if the same hydrodynamioael was used for all study areas, or if
there are different models being applied. In fagth model(s) is(are) not described. The type
of model would highlight the relative importancetié input, such as the description of the
fractal dimension of the drainage network or tteetal dimension of the impervious soll

cover spatial pattern. It is not discussed at wéstlution should the hydrodynamic model (or
models) run for adequate output. The evaluatioth@imodel performance is also not carried
out or discussed.”

The models are not the same for all the pilot siteéghey all function with the same
underlying principles. The description of the fuantng of these semi-distributed models was
refined in section 2. The evaluation of model perfance is outside the scope of this paper
which focuses on the use of fractal tools to charaze urban environment with an extension
to the representation of imperviousness of oparatimodels. The model “validation” was
carried out previously by the practitioners usingn. Interested reader can found results with
simulation outputs in Ochoa-Rodriguez et al. 201%s was clarified in the data presentation
section.

“- For the hydrologic/engineering application inndj qualitative assessments (e.g., page 4,
line 5-6, “slight difference” or “more pronouncedhould be converted to quantitative
assessments.”

The reviewer in correct that qualitative assessmsinbduld be avoided. With regards to the
example mentioned (p.5 1.5-6), it was clarifiedtttree comments were made based on visual
inspection of the figures and furthermore addedttthey are actually consistent with the scale
break at 64 m that is identified and discussecatisn 4.1.

“- There is (apparently) too much reliance on tregmtude of the regression coefficient (r2)
and not enough attempt to explain the “meaningsarhe results (e.g., page 10, line 4).”



Indeed in this example the differences of r2 aregneat enough to enable an interpretation.
Hence the sentence was rephrased to simply sath#hatonfirm the quality of the scaling
behaviour.

“- The reference (last paragraph in section 4)r&eg roof tops is marginal to this work, this
reference is not well embedded in the text.”

This discussion was added because green roofsiaref@ahe main tool to act on urban flow if
needed. This is now clearly stated in the mentiqgraedgraph (section 4.3).

“8. Conclusions: - This section includes statemémas lack support from results and
discussion, as they are presented in the manuscbeispite the attempt to include this work
in a framework of applied hydrology, in my opinitire work is not successful in providing
insight into the application of the scaling anadysroposed in the context of the physical
characteristics of an urban pluvial sewer systehchvare key in engineering applications.”

Following the reviewer's comment, the conclusiorswhanged and now clearly
distinguishes the findings supported by the resafltis paper and the perspectives for future
work. In the initial version, this distinction wasleed not sufficiently straightforward and
could lead to misinterpretations.

“0. References: - There is mismatch between thereates’ list and the works cited
in the text. - Many references in the list are carnplete, there is missing information
about the publication (e.g. journal name). - Whewvesal references are given in the
text, they are not organized alphabetically foroctmlogically.”

This was checked and updated.

“Technical corrections
(not exhaustive list) - Page 2, line 18. Shouldlweejoy and Mandelbrot, 1985.”
This was done

“-Page 2, line 28: the reference to fractal analgdisoil features is not relevant for this
study.”
We included it to show the variety of use of thectal dimension in the field of hydrology.

“- Page 4, line 5: revise “: : :the values of impeusness are uniform: : :”; also, Fig. 2 shows
“proportion of imperviousness™
This was done and caption of Fig. 2 updated.

“- Page 4, line 15-16: - Table 1: Numbers usedalbfootnotes can be confused with powers
— change notation. Within each column, there shbaldonsistency in the way the values are
presented.”

The notation for footnotes was changed to letsvbid confusion. We do not really
understand your point on consistency. The caseeotdmputation of “Length” for Rotterdam
is explained in a footnote.

“- Tables 1 and 2: The two tables organization &hauatch, to allow easy cross reading.”
Actually Table 1 describes pilot sites and tabt#zly areas (see explanation in a previous
answer). Table 2 is sorted with decreasing ordénefractal dimension of sewer network.

- Figure 2: the distortion introduced by the diéfiet scales used in the 2-directional axes



is confusing, for the sake of comparability betwésndifferent panels in this figure.
Also, the reference in the caption that “The a@saspond to the number of 2 m
pixels” might be confusing: does this mean thatdiséance along one axis between
0 and 100 corresponds to 200 m? One expects todistaeces along the axes. -
Figures 3 to 6: Units for the axes are missinggufe 6: in the caption, The reference
is to Eq. 1. As one expects distances to be repiedén the upper panels, it is
unexpected to have the bottom panels referringstamces (1024 m) that are larger
than the (origin) data represented above (?). @heesoccurs in other figures. Maps
should provide distances.

All the figures were updated and re-plotted toude axes expressed in m to avoid the
confusion pointed out by the reviewer.

- Captions of the figures need to provide undeditanof the material plotted. For example,
the fractal dimension in Fig. 7 was estimated farol scaling range?

It was clarified that fractal dimension are computa the whole range of available scales
(i.e. between 2 m and 512 to 4096 m according thdysarea). The other captions were
checked.



