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The reviewer is thanked for its well structuredpstouctive and comprehensive review! We have made
the changes as suggested in the revised manuseripthe answers to the comments are detailed
below.

1 General Comments

1.1 Contents and Relevance

The manuscript assessed the sensitivity of spaduahbility of soil moisture in modelled runoff fimo
agricultural fields. The foundation of the presenséudy is a remarkable soil moisture dataset ddriv
with proximal ground penetrating radar (GPR). Meadusoil moisture was gridded into an original
soil moisture raster. The values of the originateawere reorganised in space following six sdesar
with different degree of spatial organisation. Tramary focus of the manuscript is about how runoff
simulations differ if the six soil moisture scemariinstead of the original soil moisture rasterused

in a spatially distributed hydrologic model. Thettaars demonstrated that synthetically arranged soil
moisture data could generate more feasible runoftilations than a constant soil moisture grid. The
manuscript has the potential to contribute newrmfation within the scope of HESS: it is relevaniho
soil moisture could be incorporated in spatiallgtdbuted hydrologic models applied to agricultural
fields with scarce soil moisture data. However, iiiethodology needs to be explained in more detail,
and the discussion should give more credit to edlatork. These issues are addressed below.

1.2 Hydrological Processes and soil moisture imtloelel

Neither the actual hydrological processes on tlsess®d fields (or implicitly used perceptual models
of the authors) nor the model structure are seffity described. Both were necessary to understand
the sensitivity of runoff simulations to spatiallsaoisture variability. Even though the model sture

can be seen in cited literature (Laloy and Bield2098; Laloy and Bielders, 2009), the authors &hou
clearly point out the model components that incaapsoil moisture processes. A brief descriptibn o
how soil water content is used in the relevant rmadenponents (percolation, evapotranspiration,
infiltration model; depression storage?) would bful to understand the results of this manuscript

The subsection “2.4 Hydrologic model” has been dhghly rewritten in order to better describe the
modelled relevant soil moisture processes. The sgtsitivity of antecedent soil moisture to theaftin
response in the hydrological model (see Laloy ameldBrs, 2008) was outlined. Basically, soll
moisture is only involved in the infiltration compent of the CREHDYS model. Infiltration is
computed using the Green-Ampt model (Green and Ai@tl) which assumes a uniform wetting
front infiltrating vertically. For simplicity, nowgface storage was considered in this study. Aethent
scale, no percolation and evapotranspiration wakert into account. More details are given in the
subsection “2.4 Hydrologic model”. The soil moiguhresholds and the relation of soil moisture with
the runoff generation were further discussed in‘Biscussions” section.

In addition, more information was provided concegiithe five fields (i.e., soil type, soil cover,
elevation range) were added in Table 1 and in tew section “Agricultural fields”. The better
descriptions of the fields help to understand ty@rdlogical processes occurring in the fields.



1.3 Ground Penetrating Radar

The ground penetrating radar (GPR) derived soilstnoé measurement provides a helpful foundation
for the analysis. However, the long GPR descripitosection 2 is somewhat distracting. The technica
GPR derivation details on GPR setup, data inversaod acquisition are not of central relevance for
the major objective of the study - that is, thessirity of spatial soil moisture distributions eanoff
simulations. Could some details be referred toipre/studies (e.g. Lambot et al., 2004; Lambotl.et a
2008)?

The reviewer was right about the too prominent@lhat was taking the GPR description in this study
The subsection “Sensing of soil moisture by gropadetrating radar” was reduced and now focus on
soil moisture characterisation issues in relatiath whe current study (e.g., penetration depth).

1.4 Study Sites: Replications in Space and Time

The effects of soil moisture on simulated runo# aompared among five agricultural fields. However,
it remains unclear what the benefit from using fiields is. Moreover, the comparability of the
simulations among fields might be limited. From flist author’s website (but not this manuscript) i
can be seen that the fields are located closedo ether in flat terrain. Therefore, potential diffnces
of topography and grid cell size among fields migtatbably only have minor influences on the results
However, different measurement times (many measem&sywere taken in March, one in July) might
reduce the comparability among fields.

One of the main objectives of this study is to obsehe effect of antecedent soil moisture spatial
variability on the runoff response specifically various field conditions, in order to investigate i
which extent findings of previous studies can beegalised. The five fields were better presented in
new subsection entitled “Agricultural fields” ingtbeginning of the “Materials and Methods” section.
In particular, soil types were given, with textunaformation when available, as well as topography
and land cover information. The Belgian fields (Bar Marbaix & Walhain) were similar in terms of
soil type and all fields were quite similar in teyrof topography. The influence of grid sizes was
investigated in particular for Marbaix, 15 April@® and varying grid sizes did not drastically attes
hydrographs (see next comment’s answer). The p&tibehaviour of Walsdorf was discussed and
mainly explained by its particular soil moisturdtpen that may be influenced by the season (i.erem
influence of evaporation in summer).

1.5 Rastering Influence

The rasters were setup so that at least one measntrgoint fell within each grid cell (p8956, 113).

However, there seems to be substantial scale depeedf the results (e.g. p8961, 111: ‘correlation
may increase at a larger scale’), which seems tlodieal since small scale variability averages. out
How much is the comparability among fields redubsgddifferent grid cell sizes? Furthermore, the
original CREHDYS model was designed for 0.3m grdlsc What are the implications of using cell

sizes up to a 15m this study?

The reviewer raised an important point about tiseltgion scale dependency of the results. It isthvor

noting that the statement “correlation may increasa larger scale” was related to the correlation
between measured soil moisture and the TWI, andonibe behaviour of the simulated discharge using
the TWI-based scenario. To investigate the ragieénfluence, increasing grid sizes was investigated
for Marbaix, 15 April 2009, which was chosen aswiis conducted on the largest field at high
resolution, maximising the grid size possibilitidscreasing grids sizes only slightly increases the
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correlation between soil moisture and TWI whilerthevas no clear effect on simulated hydrographs
and on the order of scenarios. The methodology repect to the increasing grid sizes was explained
at the end of the “Antecedent soil moisture sce@sarsubsection. The related new results were
included in the “Evaluation of soil moisture modwsij scenarios” subsection and discussed in the
“Discussions” section.

Lastly, the CREHDYS model was indeed designed for3am grid. However we concur with Laloy
and Bielders (2009) to consider that it can be usteadightforward at the field scale. Indeed, the
governing equations and hydrological processeb@®faREHDYS model also apply at the field scale.
For instance, the event-scale modelled process€ERBHDYS share a lot in common with the LISEM
model of De Roo et al. (1996), which apply to fialdd small catchment scales. It is true, howehat, t
values of the relevant hydrological submodel patarsemay be different at the field scale than at th
plot scale.

1.6 Nugget Effects and Scenarios

Substantial nugget effects have been observedd BdbHowever, | am not sure how much of the
nugget effects can be explained by GPR measuresnems and microtopography (p8960, 124). Is it
not more likely that the acquisition tracks domentite nugget effect? Is it a good idea to apply an
omnidirectional semivariogram to a clearly struetlisystem (Figure 2)? This is of major importance,
since the ‘spatially structured’ scenarios 6 aratttally exhibit low spatial structure (e.g. Figafe

and 1f) due to the large nugget effect. This behavis correctly described in the manuscript (p8966
114); however, does it even make sense to lookmtially structured’ scenarios (e.g. Figures &nd

8) if they are close to random patterns?

The reviewer has raised an important limitationhwiéspect to the computation of variograms that
were used fowariogram andconnected scenarios. The uneven disposition of the measurepw@nts
(i.e., spacing along the acquisition tracks is @&/inereas acquisition tracks are offset by 5 to 15ay
overestimate the nugget effect when using omnitioeal variograms. New variograms were
computed along the acquisition tracks only and “three effect” was quantified, as it was already
studied for a previous GPR field acquisition (seedlet al. (2011)). The new variograms had reduced
nugget variances and thus showed larger spatiabrenbe when used for soil moisture pattern
simulation (see new Fig. 1, which is now Fig. 2)ewN hydrologic simulations using the new
variograms were performed for all fields feaariogram andconnected scenarios. Following these new
simulations, Table 2 to 4 and Figs. 3 to 8 wereabpd.

The new variogram for Marbaix, 15 April 2009 is geated in Fig. 3 and shows smaller nugget effect
and larger range. The averag®iogram and connected hydrographs did not change a lot in Table 3
and Figs 4 to 8. Nevertheless, increase in spatiarence of the antecedent soil moisture mapwled
a larger variability in hydrographs for most of theld campaigns. The same order between the
variograms was obtained and it did not change nterpretation. However, the discussion about the
nugget effect was modified (i.e., smaller nuggétatfwere obtained).

1.7 Presentation Quality

The structure of the manuscript sections is notagdvsatisfactory (e.g. method and discussion
statements in the results section). Furthermorereths too much stress on the soil moisture
measurement campaign, which is of minor importafiocethe primary focus of the manuscript (i.e.
model sensitivity to spatial soil moisture disttilbns). The discussion section needs to be extended
with a critical assessment of the results basegrevious research.



Figures are generally clear and tables are weltstred. In particular Figure 1 helps to understied
manuscript. However, shorter table and figure cegstiare preferred. Furthermore, there is a lot of
repetition in the text and captions (e.g. p8965; &udy locations and dates; p8963, |7 to 110 and
Figure 4: 1000 realisations; rainfall on secondi$a

The language is not always fluent and precise (8962, 110 et seq.). The words ‘the’ and ‘veryulcb
often be omitted. Some sections (e.g. conclusians)quite choppy. The manuscript would benefit
from a review by a native English speaker.

The whole manuscript was revised according to tlvesements. In particular, the description of the
GPR method for soil moisture sensing was simpli{f@ee comment 1.3’s answer). The discussion was
strongly improved by a better integration of theules with findings of previous researches and a
deeper interpretation of the results. Figures aftetcaptions were revisited. Finally, the manypcri
was carefully re-read by all authors with a patticattention to language issues.

2 Specific Comments

Title: | suggest pointing out that the assessmémtffects on runoff was based on simulated (!) data
Moreover, it is not the variability, but the spatehstribution of soil moisture that was studiechel
abbreviation GPR is not necessary in the titleesitihe soil moisture measurement method is not the
part of research that is particularly novel. Consedly, it is suggested that the authors use a more
accurate title (e.g. ‘sensitivity of spatial soibisture distributions on runoff simulations’).

According to the comments of all reviewers, thie titas modified as follows:
“Effect of high-resolution spatial soil moistureriability on the simulated runoff response using a
distributed hydrologic model”

p8948, 121: The last two sentences of the abstnactairly unspecific.

The last sentence was eliminated as the soil anthliaconditions were not deeply investigated hirst
study. The second last sentence was modified &snv&l “These observations generalised our current
knowledge about the impact of antecedent soil mmsépatial variability on the field scale runoff.”

p8948, 126: The importance of soil moisture forl remoff generation processes and not only their
representation in hydrologic models should be gairtut.

In our view, the first sentence of the “Introducficsection states the importance of antecedent soil
moisture conditions on the runoff in real hydrolmdi processes whereas the second sentence states
that, as a result, soil moisture in an importamiakde in hydrological modelling.

p8949, 16 (and the following sections): Bulk refare lists are not helpful; please clearly provide

which effects of soil moisture have been found ravpus modelling studies. Furthermore, it were

interesting to know why structured soil moisturdtgns resulted sometimes in higher but sometimes
in lower discharge compared to random soil moispaterns. The authors should present dominating
factors (e.g. climate, season, soil type, land ws® runoff generation mechanisms of previous
research. This could help to understand and casegprevious research findings.

The references written in p8949, 16 were removedhay are all detailed in the two following
paragraphs. The fact that structured soil moigpatéerns resulted in lower discharge in Bronsted a
Bardossy (1999) was attributed to the actual pagamisation of the structured pattern that was
observed in that study because of dry conditiof® d@ominating factors on runoff in these studies
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were also better presented and compared to odtg@suhe “Discussions” section.

p8949, 121: Not only infiltration, but also satucat excess overland flow is affected by antecedeiit
moisture.

The sentence was modified as follows: “The largectfof the soil moisture variability on the runoff
response is to be attributed to the prominent oblsoil moisture in the runoff generation by either
infiltration excess or saturation excess overldodd.”

p8949, 125: precipitation-dependence of soil mastsensitivity in previous research is mentioned.
Does the applied ‘typical’ rainfall of this studalif within rain intensities and durations for whiklgh
sensitivity of soil moisture on runoff generaticandoe expected?

In an early stage of the study, several measuredaliaevents were tested. For much lower rainfall
intensity, no runoff at the outlet could be obsdr{or generated and transported to the outleticlwh
is quite obvious. For much larger rainfall integsito difference between scenarios would be obsgerve
which is stated in p8950 12-3 by the study of Glasét al. (2003). The rainfall event used in teiady
was better defined in the “Hydrologic model” sulisetand had a return period of 6 years.

p8950, 17: It should be clearly mentioned underclihtonditions (e.g. steep vs. flat topography; wet
vs. dry periods) soil moisture was found to hawmminating effect on accuracy of runoff predictions
This is of central importance to understand thdifigs of this manuscript.

The following sentences were added:

“The effect of spatial variability of soil moistureeemed to be observed particularly in steep
topography (Kuo et al., 1999; Castillo et al., 2008t allows lateral redistribution of water ovbe
catchment. It is also expected to be maximal in @vgditions as shown in Merz and Plate (1997)
where two antecedent soil moisture conditions voer@pared. It is worth noting that wet conditions
inherently exhibit low spatial variability becausé the bounded behaviour of soil moisture by the
saturation (Famiglietti et al., 2008).”

p8950, I125: The described scale gap increases dlewance of this manuscript, since hydrologic
predictions often rely on soil moisture informatiahthe missing scale. However, this has not been
described in this section. And the scales (‘finalst ‘coursescale’, ‘large-scale’) should be desamt
more precisely.

The relevance of the “scale-gap issue” for hydrmlomodelling at an intermediate scale was
emphasized. The same scale terminology (i.e., eqaand fine-scale) were used throughout the study
and defined in terms of order of magnitude.

p8951, I1: The difference between the two objestii® not clear. It seems that there is only one
objective (sensitivity of spatial soil moisture thilsutions on runoff simulations).

The first objective refers to the observed effelcs@il moisture spatial variability on the runoff/ b
testing seven antecedent soil moisture scenarfess&cond objective refers to the comparison cfethe
scenario effects between the fields. These twoctibgs were better phrased as follows: “(...) this
paper aims to: 1) investigate the effect of différecenarios of the spatial structure of antecedeiht
moisture on simulated runoff at the field scale;a)dfind the spatial structure of the within fieddil
moisture that the most closely approaches the medsoil moisture pattern in terms of hydrologic
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response.”

p8952, 12: No abbreviations in the title.

Corrected

p8953, 13: Equation or reference for the 3-D Maxiwelquation missing.

The related information was withdrawn for the siifigition of the “Sensing of soil moisture by
ground penetrating radar” section.

p8953, 16: How is roughness height defined?

The related information was withdrawn for the siriqation of the “Sensing of soil moisture by
ground penetrating radar” section.

p8953, 19: Reference for the Levenberg-Marquarglb@hm missing.
Corrected
p8954, 16: It would be helpful to introduce thedstuegion (five fields) earlier in a separate s&tti

We agree with the reviewer that a separate segtiesenting the fields more in details was missing.
The first subsection entitled “Agricultural fieldsf the “Materials and Methods” section now present
the 5 fields with respect to their geographic ditures, topography, soil types and crops at the trine
the surveys.

p8954, 112: It is not clear what ‘largest watershadans. In particular looking at Figure 2, it ssem
that the ‘watersheds’ are not clearly delineatece #ere ditches or agricultural roads around the
fields?

The largest watersheds were delineated in eact 8alveyed by the GPR and the fields were
considered as hydrologically isolated from the wheThis was clarified in the new section
“Agricultural fields”.

p8955, I1: The section title is a bit misleadingsuiggest a title that points out that differentnsces
were assessed (‘antecedent moisture scenarios’).

The subsection was renamed “Antecedent soil m@stcenarios”.
p8955, I11: Variograms and connectivity functioas @lso describe extreme patterns of organisation.

In this part, we distinguish the stochastic ancdeinistic variability of soil moisture, where thmit
between the two can be defined by the necessitytrmaiducing auxiliary spatial information or not.i$
true that variograms and connectivity functions megply for whole ranges of soil moisture
organisation, except the extreme pure random pafiére text was modified as follows:

“Between these two extremes, hydrological systexisibé& soil moisture conditions that can be
modelled from pure random variability to highlywsttured soil moisture patterns, with intermediate

6



degree of organisation (Western et al., 1999). Hewehe introduction of auxiliary spatial datag(e.
topography) to simulate soil moisture defines thetlbetween stochastic and deterministic variapili
(...) Except the pure random case, soil moistureepadt can be captured using variograms or
connectivity functions.”

p8955, 120: The name ‘true’ is a bit misleadingotrer name (‘measured’, ‘observed’) is preferred.

The name “true” was replaced by “measured” througtadl this study. Confusion with the measured
point measurements were carefully avoided in texggecifying “point measurements” when referring
to raw GPR soil moisture measurements.

p8956, 19: Figure 2 should be introduced earligy.(at the beginning of this section).

This figure was introduced before enumerating #nves scenarios as follows and thus Figs. 1 and 2
are now inverted:

“In this study, soil moisture scenarios are basedoint measured data, which are displayed as an
example for Marbaix, 15 April 2009 in Fig. 1.”

p8956, 123: Why was a single direction algorithned® With the given grid cell sizes between 7 and
15m D-infinity might be more realistic.

As suggested by the assigned editor, we tested otimaputations of TWI using the multiple flow
direction (MD8) (Quinn et al., 1995) and the infenflow direction (D-infinity) (Tarboton, 1997). &h
new computation using these two indices were ndisfaatory in terms of correlation between
measured soil moisture and TWI and because it didesult in the same determination of watersheds,
especially for the D-infinity. Furthermore, a sieglirection method was used to compute the TWI in
other studies (Merz & Plate, 1997; Merz & Bardo4$998) that are compared to our results.

p8957, I13: | do not agree that topographic indicage a high predictive power in small catchments.
Catchment size is not a first order control onglgormance of topographic indices; morphologyl soi
type or climate might be more important. In pafticuthe application of topographic indices in flat
terrain is critical.

The reviewer points the limitations in the justfion of the use of the TWI. The justification was
modified as follows:

“The TWI was chosen for modelling structured soibisture patterns because of the lack of other
detailed sources of information for these fieldsy(esoil properties, vegetation) and for its high
predictive power in wet conditions. (Western et 8299). The limited elevation range of the fiehday
however limit the redistribution of water accorditagthe topography and restrain the explaining powe
of the TWI for soil moisture in these fields. Netrmless, although high-resolution soil informatatn
the field scale could have provided more insigbtsexplaining moisture patterns, no high-resolution
soil parameters could be found at the catchmerle §ea10 km). We thus investigated the use of
topographically-derived indices (i.e., TWI) for kanoisture modelling in a data-scarcity context. As
soils were bare or nearly-bare, the influence ajetation heterogeneities on spatial soil moisture
variability might be furthermore limited in our styi For larger catchment scale (>10 km), land cover
differences among the fields may better explaih moisture patterns (Western et al., 1999). Foerdri
climatic conditions, when potential evapotranspiraiexceeds precipitation, local controls as paoaént
radiative indices have shown better correlationg wbserved soil moisture (Grayson et al., 1997).
Some reviews about the predictive power of the TaYIsoil moisture can be found in Western et al.
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(1999) and Sgrensen et al. (2006).”
p8957, I5: Reference missing.

The following reference was added:

Western, A. W.; Grayson, R. B.; Bloschl, G.; Wilgge, G. R. & McMahon, T. A. Observed spatial
organization of soil moisture and its relation éorain indices Water Resources Research, 1999, 35,
797-810

p8957, I7: evapotranspiration -> potential evapwpration.
Corrected
p8957, 115: More precise details are necessarndenstand how the maps for scenario 6 were derived.

The following information was added:

“The sixth scenariovériogram, Fig. 1 (e)) maps were made by simulating gauss@h moisture
patterns using variograms describing the spatigleddence of soil moisture. Variograms were
computed considering the spatial dependence afdtealong the acquisition lines only, neglectimg t
spatial dependence of the data of adjacent linasgivet al., 2011). An exponential model accounting
for a nugget effect was fitted for all the variogia Zero-mean gaussian distributed values were then
simulated in each grid pixel using an implementatbthe sequential non conditional method.”

p8958, 16 to 19: the terms ‘statistical propertiast ‘geostatistical properties’ are tgeneral.

The whole paragraph was rephrased as follows:

“It is worth noting that all scenarios have the samean as theneasured scenario, and that all
scenarios, except tloenstant one, show exactly the same distribution as the aredsscenario, owing
to the ranking procedure. Moreover, tineasured, variogram and connected maps were characterised
by the same variogram. This allowed to truly coneglie modelling discharge between the scenarios.”

p8958, 121: please name the specific findings @vimus research; no bulk reference citing.

All these studies studied the empirical relatiopsbetween mean and standard deviation of soil
moisture using various soil moisture sources am@fwide variety of extent scales. The sentence was
modified as follows (and moved to the “Discussiossttion):

“In that respect, several authors have proposedre@alprelationships between the mean soil moisture

and its corresponding standard deviation for d#ffierextent scales using soil moisture data from

remote sensing estimates and invasive sensorsiatisa@xtent scales (Western et al., 2003; Veraecke

et al., 2007; Famiglietti et al., 2008).”

p8959, I18: The model flow paths are derived fromoigraphy. How much does this interfere with the
findings of this study (e.g. performances of sodisture distributions according to the topographic
index)?

As no large deviating structures were present énfigsld, due to their single tillage managements. (i
one single crop per field), we can expect that flpaths were mainly governed by topography.
Nevertheless, deviating structures as wheel tramkdd slightly deviate the flow path in real
conditions. This was noticed in the “Discussionstteon:



“In the hydrologic simulations in this paper, flgraths are governed by topography, but it is worth
noticing that in reality, deviating structure withfe.g., wheel tracks) and between (e.g., ditcloes]s)
fields may limit the use of solely topographicatligiven hydrologic modelling. If not accounted for i
real case experiment, it would reduce the relalignsetween the explaining power of the TWI forl soi
moisture and the runoff response usingdhectured scenario.”

p8959, I111: It would be helpful to have a tabldlowchart with processes/parameters that are linked
soil moisture distribution.

The role of soil moisture within the CREHDYS modehow described in subsection 2.4 “Hydrologic
model” (see also Comment 1.2's response). At tlemtescale, initial soil moisture distribution plags
role in the infiltration component of the model ynhs no surface storage and evaporation are
considered. Therefore, no table or flowchart wdwdchecessary.

p8960, I127: In general, | agree with this statem@vttich should belong in the discussion section);
however, it could be important to know if obsensgsd moisture of this study were too small to dee t
effect described by Grayson et al. (1997).

New variograms along the acquisition tracks werenmated following the comment 1.6. When
comparing new Nugget/Sill ratios with mean soil stoie, no clear relations appeared, except for
Burnia where a decrease in the Nugget:Sill ratiobiserved with increasing soil moisture. The latk o
a full range of soil moisture conditions was unthed as a possible explanation for non-observieg th
relation between dry conditions and the nuggeteffehis was moved to the “Discussions” section.

p8961, 14: Why is only scenario 3 (TWI) and no eteeenario compared to measured soil moisture?
Correlation coefficients could easily be calculatedd could give an idea of the deviation of all
scenarios from measured soil moisture. And whis $ection (evaluation of the TWI model) under
the title ‘soil moisture measured by GPR acquigifto

There was a confusion between the topographic wetimelex (TWI) computed for each field and the
results of the TWI-based soil moisture scenariocadBee of this, we decided to call the two soil
moisture scenarios based on the TWIdtnactured and thestructured;,, scenarios instead of thiam
andTWl;,, scenarios, respectively.

In addition, the subsection “Relation between topppic wetness index and measured soil moisture”
was removed and the part concerning the observedfTiationship was moved to the “Surface soil
moisture measured by ground penetrating radar’esatios. The part discussing the T\Wtelationship
was moved to the “Discussions” section.

p8961, 19: The authors should comment in the dsouassection what the low to negative correlations
between TWI and soil moisture mean, and why theyirmportant for this manuscript. Considering the

low correlation coefficients, the conclusions (T\&4led soil moisture is better than a constant value)
should be critically reconsidered.

These important considerations were discussedeifiRiscussions” section, including the relationship
between the explaining power of the TWI for soilistore and the good performance of TWI-based
scenarios, even when measured soil moisture wadypmmrelated to the TWI.



p8962, 117: These statements (and Figure 5) amresting. However, how comparable are the
measurement data from the five fields? Do they differ by the mean soil water content or also othe
factors (topography, soil type, soil cultivatioantl use, climate, day or season of measurement)?

The particular soil moisture patterns in each figldjht be the result of the topography, soil type,

meteorological forcing, etc, but a comprehensiwelstof these soil moisture patterns is beyond the
scope of the study. Nevertheless, it is worth nognmtig that repeated measurements in Marbaix and
Burnia exhibited a temporal stability of soil moist patterns and also a better comparability imser

of runoff responses (it is now mentioned in thi®sction and in the “Discussions” section). The

particular case of Walsdorf, where the soil moestwas not related to the topography was also
discussed in this subsection.

p8963, 19: How robust is the analysis with 1000di@n replications? Even for the field with the lowes
amount of grid cells (Keispelt, approx. 210 gridlge 1000 replications seem to be fairly low
considering the 210! (i.e. 10°398) potential pemtions. Therefore, it might not be surprising ttnest
extreme scenarios are not represented with 100@agpns (Figure 6).

The limitation was emphasised in the “Antecedenitraoisture scenarios” subsection:

“But the probability that theandom scenario yield a particular realization is dragticlow, i.e., equals

to 1/n!, wheren is the number of pixels, and may not be encoudter®ur study. The number of 1000
realisations for the stochastic scenarios is thusadeoff between the computation time and the
desirable variability among realisations.”

p8963, 114: It is unclear where the different reamgenong scenarios (Figures 6, 7, and 8) come from.
Do they originate from the smaller amount of peraiohs given a certain spatial organisation
compared to the ‘random’ scenario?

The different ranges among stochastic scenarios discussed in the “Discussions” section:

“This larger variability is to be attributed to ttepatial coherence of groups of non-contributing
reinfiltrating pixels that can be placed on or céetgly outside the flow channel, resulting in a 8roa
great discharge, respectively. The probability thanerous reinfiltrating pixels are present onftoe
channel is smaller in theandom scenario than in stochastic scenarios accountorgspatial
coherence.”

p8964, 114: Is it a good idea to normalise the N&sttliffe efficiency (NSE)? Advantage: Scenarios
can be compared. Disadvantages: Limited compadaswng watersheds and measurement season.

Following a comment of the second reviewer, we dkstito present the non-normalised NSE in the
table, whereas the mean and standard deviationebatwhe fields were computed based on the
normalised NSE. This permitted to increase thermédion content in the table.

p8965, I1: The content of Figure 9 could be meaningince it compares agreement of model input
(soil moisture correlation) with agreement of modetput (runoff NSE). However, this figure should
be followed by a rigorous cause-and-effect disaussit does not speak in the model’s favour that
negative correlation coefficients for Walhain cepend to NSE values above 0.9. How can this effect
be explained?

Simulations using the stochastic soil moisture ades have shown that a wide variety of runoff
responses can be obtained depending solely om¢addn of runoff contributing areas. In that respe
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a soil moisture pattern which is poorly correlawath the TWI could result in a runoff response €los
to the one of the TWI-based soil moisture scendfmr. instance, we can imagine a soil moisture
pattern with contributing areas close to the oullgt just beside the flow channel, which resultain
large discharge (as the TWI-based scenario) bunall STWI-0 correlation. In other words, a large
number of antecedent soil moisture maps can resulie same hydrograph (non-unicity of model
inputs with respect to the outputs).

This issue was widely discussed in the “DiscussSisestion (“Soil moisture patterns and its relation
with topographic wetness index” subsection).

p8965, 115: Please be more specific about the stiolel behaviour’ of the hydrologic model. Do the
authors mean the soil saturation deficit? And whiabdules of the hydrologic model are responsible
for the substantial variability in runoff simulatie given different spatial soil moisture distriloumis?
Should there not more hydrograph clusters be sedfigures 6 to 8 if the author’s assumption of
‘threshold behaviour’ were correct?

This first part of the “Discussions” section waspnoved with respect to the threshold behaviour and
the runoff generation. In the hydrologic model, &ba particular soil moisture threshold depending o
the intensity of the rainfall with respect to itfdtion capabilities, runoff is generated by imétion
excess overland flow. The hydrologic model was d&lstier detailed with respect to the role of soll
moisture in the “Hydrologic model” section. It i®lleved that no hydrographs clusters appeared in
Figs. 6-8 because of the integrating effect ofdineulation over numerous pixels, while it might app
using single-cell simulations.

p8965, 117: Do the authors mean saturation overlfdma (SOF) instead of Hortonian infiltration
overland flow (HOF)? This is of major relevance tbrs manuscript, since spatial distributions of
antecedent soil moisture might have a higher impac6OF than on HOF. Consequently, the model
structure description and discussion of this mampisshould carefully delineate the relationship
between soil moisture and relevant runoff genenati@chanisms in the CREHDYS model.

The hydrologic model and especially the infiltraticomponent were better detailed in the “Hydrologic
model” section. Runoff is generated at a certaiih swisture threshold because rainfall intensity
exceeds the effective infiltration capacity. Thisaynoccur either before the soil to be saturated
(Hortonian overland flow) or after soil saturatigeaturation overland flow). Note that the model
discrimination between Hortonian and saturationrlawel flow is limited by the fact that a single
effective hydraulic conductivity is assumed for lbdthe eventually present thin surface crust and the
larger sub-crust area. It is worth noting that hatienomena are modeled in CREHDYS using the same
eqguations.

p8966, 14: Can evidence for the relationship betwamntributing areas and increasing soil moistare i
your model be provided?

With minor modifications, the CREDHYS model coultbpide soil moisture as an output. But it is
clear from the model equations that for increasioiymoisture, the runoff increases.

p8967, I5: ‘non-conditional’; conditional on what?

Non-conditioned on the soil moisture measuremenrtsis sentence was removed from the
“Discussions” section.
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p8967, I7: *: : :as the simulated soil moisturet@ats are not related to topography which is
hydrologically determinant’. Is this an assumptids?this a finding? If yes, please provide clear
evidence.

Simulated soil moisture patterns were not spedificalated to the topography. This sentence was
removed from the “Discussions” section.

p8967, 121: ‘large’ predictions do not always mésafe’ predictions.

It is true that the TWI-based scenario did even gige the overall largest predictions (it is the
variogram scenario). Moreover, this sentence is referring®iveme hydrological events that were not
studied here and that may not give rise to the samnelusions (see the Introduction and Noto et al.
(2008)). Therefore, this sentence was removed.

p8968, 12: suggestion: ‘spatial distribution’ inste of ‘variability’ (could be spatial or temporal
variablilty).

It was modified as follows: “spatial variabilitya(d in other parts of the manuscript)

p8968, 110: Constant soil moisture did not alwagsutt in lower discharge (e.g. compared to inverse
TWI).

The sentence was modified as follows: “Spatiallynstant antecedent soil moisture conditions
(constant scenario) resulted in a smaller discharge thamasees exhibiting soil moisture spatial
variability, except for thetructured;,, scenario.”

p8968, 119: “: : :explained in terms of contribigiareas’. No evidence has been provided to support
this statement.

The concept of contributing areas was largely dged in the revised “Discussions” section and
explained most of the observed behaviours of tlatiapsariability of soil moisture on runoff respsm
This concept was also used in previous studiesifollar explanations.

p8969, I5: ‘good method’: this was the best metld,is it a good method? | have major doubtsef th
TWI is an acceptable method in particular in featain.

The sentence was modified as follows:

“In the absence of other detailed source of infdroma organising the soil moisture pattern accagtlin

to the TWI appeared to be the best soil moistureletiog method, even when TWI was poorly
correlated to measured soil moisture.”

Table 1: It would be interesting to know if theren& any precipitation events before the measurement

It is believed that the soil moisture measuremeatge the best indication of the wetness state ef th
fields.

Table 1: Shorter table caption is preferred (esgil ‘moisture acquisition’).
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Table 1 was reorganized (i.e., the number of pamat duration were moved to Table 2) and the caption
was replaced as follows: “Description of the agdtimal fields and resolutions used in hydrologic
simulations”.

Figure 2: Projection and references should nonlibe figure.
The projected coordinate system was referred itfigioee caption.
Figure 3: Units of semivariance missing: eithergr][%2].
Corrected

Figure 4: Only four out of five fields are displalyaVhy is the Keispelt field not shown? It would be
interesting to see the July simulation as wellkcfntrast to the spring simulations).

The 10 field campaigns hydrographs could not beeged as figures in the paper for brevity reasons.
The reader is thus referred to Table 3 for knowtimg simulations results for all the fields. TheyJul
simulation in Walsdorf was presented in Fig. 4 (c).

Figures 4a, b, c: The difference between ‘variogmd ‘connected’ is hard to see.
The hydrographs for the “connected” scenarios weag/n in another colour.

Figures 6, 7, 8: Why are all deterministic scersbown in the figures of the stochastic scenarios?
TWI and inverse TWI might be enough.

We preferred to show all scenarios to facilitag ¢bmparison with Fig. 4.

3 Technical Corrections

3.1 Structure Suggestions

p8951, I5 to approx. 120: The structure is not ¢adji At least the GPR description belongs in the
methods section.

The last section of the introduction, presenting tibjectives of the study, was clarified. Staterment
belonging to the “Materials and methods” sectiorreavmoved to that section or deleted to avoid
redundancies.

p8958, 115 to 126: This belongs rather in the déston than the methods section. In particular the
future benefit of the presented method should loegbdhe discussion or the conclusion section.
Corrected

p8959, I121: -> methods section.
Corrected

p8959, 114 to 19: -> discussion section; a figuralbfields could help to understand the topogsaph
related discussion.

The line effect was already discussed in Minet.e2®11), so the discussion about this line effeas
removed. The reader is referred to that paper.pragentation of all 10 field campaigns would be too
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long.

p8959, 124 to 26: -> discussion section.
Corrected

p8960, I1: -> methods section.
This sentence was removed (repetition)

p8960, 127: -> discussion section.
Corrected

p8961, 112 to 118: -> discussion section.
Corrected

p8961, 121 -> methods section (repetition).
This sentence was removed (repetition)

p8962, I5 to I8 -> discussion section.
Corrected

p8963, I3 to I5 -> discussion section.
Corrected

p8963, 114 to 117 -> discussion section.
Corrected

p8964, 113 to 117 -> methods section.
Corrected

p8967, 118 to 124 -> conclusions section.
Corrected

3.2 Writing and Language Suggestions

p8948, I16: ‘most closely as’ needs to be paraplotase

The end of the sentence was modified as follows:)“and at finding the structure of the soil moistur
pattern that approaches the measured soil moigaitern in terms of field scale runoff.”

p8961, 110: consistent use of abbreviations (‘Rigthis line; ‘Figure’ in line 24).
According to the “Textual and Visual Conventiong’tbe HESS journal, “Figure” was abbreviated as
“Fig.” when encountered within a sentence but watsabbreviated when starting a sentence.

p8969, 114 and I115: Journal abbreviations usedt? Rlease be consistent.
Corrected, except for “Hydrological Sciences Biie{abbreviation not found).

p8951, 18: ‘correct estimation of the runoff’ ->dequate runoff estimation’ (since runoff simulagon
are rarely ‘correct’).

p8954, I7: summarize -> summarise (consistent t8eitish English).

p8957, I7: exceed -> exceeds.
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p8959, 12: CREDHYS -> CREHDYS.

p8963, 123: very wide -> wide.

p8964, 19: coefficient -> coefficients (suggesti@onsistent use of Nash-Sutcliffe efficiencies east
of coefficients).

p8965, 118: introducing a spatial variability ->roducing spatial variability.

p8965, 121: pattern -> patterns.

p8967, I1: in average -> on average.

p8986, 16: organisations -> organisation.

Table 3: maximum runoff peak -> runoff peak.

Figure 4a: 04/07/2008 -> 07/04/2008.

Figures 7 and 8, captions: ‘plain line’ -> ‘dashiee’.

The word ‘the’ could often be omitted. A few exaesl p8948, 15, p8949, 14 (twice), 120, 125 (twice),
126, p8950, 12, 112 (twice), 115, p8951, I1, 1221208955, 12, p8956, 16, p8965, 120, p8967, 16, 116
These editorial comments were all accounted for.

Thank you again for your constructive commentsopénthat these answers and the modifications in
the paper may meet your requests. Do not hesitateohtact me for further clarifications and
enhancements.
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