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The reviewer is thanked for its review. We have entiee changes as suggested and the answers to the
comments are detailed below.

The manuscript reports on field-scale measuremeftsear-surface soil moisture and on the
subsequent results of distributed simulation expents referring the simulated runoff depending of
different scenarios/patterns of the soil moistuee i@tial conditions for the simulations. To my
impression, the reported work has several noveltie8 new device (a 4-wheel motor-cycle) on which
a GPR system was installed in order to drive owedd$ and collect soil moisture data. The main
novelty here is the combination of the motor cyelgh the GPR system. 2. High-density
measurements of GPR-derived near-surface soil omeistor 4 fields, 10 dates, respectively. 3.
“Scenarios” of soil moisture variability, i.e., @@ rministic and 3 stochastic soil moisture patt&ire
stochastic patterns contain 1000 realizations e&chpplication of a distributed hydrological moab

the four fields, while the soil-moisture scenararsd a high intensity rain event are used as initial
conditions and boundary condition, respectively.TGe runoff resulting from these simulations is
discussed and compared with each other. No measumnedf data are available. The rainfall event is
not related to some of the soil moisture pattern.

The author team (or parts of it) has publishedspaftthat work before, in particular concerning the
measurement device and the soil moisture measuterasolts. The model itself has also been
described before. To conclude, the real noveltfethie manuscript are the scenarios of soil moestur
and the comparison of the simulation results. I fieat this is not necessarily enough for a pulbioca

of a new paper. Thus, | can not recommend its patin.

We totally agree with the reviewer about the faett the GPR soil moisture sensing method, including
the 4-wheel motor-cycle, and the hydrologic modelevalready presented in other publications and
therefore do not constitute technical innovationhis paper (only new application results). Therefo
as outlined in the introduction, the novelty ofstipaper is to build on an extended high-resolusimih
moisture database based on 5 different fields @nhdates for the investigation of the soil moisture
variability on the runoff response. This paper atmss at generalising the findings of Merz and élat
(1997), Merz and Bardossy (1998) and Bronstert Badiossy (1999) for various field and moisture
conditions. To the best of our knowledge, no staidieout the effect of antecedent soil moisturehen t
runoff response have relied on so numerous highltregn measured soil moisture data. With the
proposed GPR method, an unprecedented resoluttbacquisition rate were achieved.

The description of the soil moisture sensing by GRR‘Materials and methods” was strongly
simplified to focus on the main goal of the papdease refer the revised manuscript.

Some detailed comments:

Title: The title should be better phrased: “. n.tbe simulated runoff response . . .”



The title was modified as follows:

Effect of high-resolution spatial soil moisture variability on the simulated runoff response using a
distributed hydrologic model

The reference to the GPR was removed for the sékwawity and for insisting on the novelties
presented in this paper.

P 8954, L 19/20: it is assumed that the measurédrsmsture (i.e. in the upper 5-10cm) “reliably
reflects the soil moisture in the hydrological getsoil layer...”. | assume that the authors aplpiies
assumption, because they did not have informatimutadeeper soil moisture and they assigned the
same soil moisture as in the upper 10 cm for thelevbepth. This is a very strong assumption. And a
rather non-realistic one. With realistic variatiomger depth, the simulated runoff would have looked
rather different.

The issue of relating surface (e.g., from remotesisgy measurements) and subsurface soil moisture
(for use in hydrological models) is widely acknodded in hydrology (Capehart & Carlson, 1997;
Vereecken et al., 2008). Subsurface soil moistuis vinferred from remotely-sensed surface
measurements in many studies, using a wide rangenathods ranging from simple statistical
relationships to physically-based hydrodynamic n®dsee Wagner et al., 2007 for a review about
these methods).

It is worth pointing that the penetration depthtloé GPR system we used is larger than common
remote-sensing instruments, owing to the smalleeratng frequency (0.2 — 0.8 GHz) and
corresponding larger wavelength. The retrievalved-tayered or continuously-varying soil moisture
profile from frequency GPR data was also investidgah Minet et al. (2011).

In this paper, it is assumed that the spatial bdiig of the surface soil moisture is at least
representative of the hydrological active soil tayariability. Nevertheless, this limitation is now
emphasised in the revised paper in the “Sensingodf moisture by ground penetrating radar”
subsection.

P8959 L 9,10: why did the authors use “typical’l slaita and not real (measured) ones? And the same
soil data for all fields? | guess that soil paraanetare known for each field. The whole study bezom
a bit virtual by applying non-field parameters.

The soil parameters that are used in this studg Wetermined for a typical Belgian loamy soil (Lyalo
and Bielders, 2008) and thus apply to the majaitihe fields in this study, i.e., Walhain, Marbard
Burnia, (8 field campaigns on 10) that are locatethe loess belt area. In Laloy and Bielders, @00
these parameters were determined by literatureeweviield measurements and hydrologic model
calibration. As no runoff measurements were avhaldbr the fields in this study, we could not use
specific calibrated field parameters so the samanpaterisation as used in that study was used here.
Moreover, using the same parameters for the hygiolmodel in similar soil conditions helped to
compare the effect the antecedent soil moisturditons between the fields according to the diffeere
soil moisture scenarios.

Moreover, in a downscaling perspective, no higloltgson soil parameters would be available over
large catchments (>10 km). We thus investigatedutieeof topographically-derived indices (i.e., TWI)
or stochastic scenarios for soil moisture disaggfieg in a data-scarcity context. Only structured
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scenarios based on topography were used in thity stsl topography is a first-order control on soil
moisture distribution and owing to the topograpiéta availability at high resolution.

Fields were further described in the “Agricultufelds” subsection in the “Materials and methods”
section, with respect to the soil type (texturdbimation when available), soil cover and topogsaph

The justification of the use of the TWI (data-sdg)cwas reworded in the “Antecedent soil moisture
scenarios” subsection.

P 8964 L 9: Why did you show the normalized NS-fioeint? It is better to give the real coefficients
because then one can see not only the differenchecbest simulations but also the absolute
performance.

We agree that the non-normalised NS-coefficiengshatter informative than the normalised ones and
they were replaced in the table instead of the absed coefficients for each field campaigns.
However, the mean and the standard deviation fothal 10 field campaigns computed with the
normalised NS-coefficients permit to better comptire soil moisture scenarios (i.e., by statistical
tests), so we decided to keep it in the table. fBhé& caption and the text were clarified accordimg
these modifications.

P 8965, L15: What kind of threshold behavior ara yeferring to? Infiltration? How is this realizéd
your model?

This important aspect concerning the runoff gemamaih the hydrologic modelling was also pointed
by the other reviewers. This threshold refers te threshold behaviour of the hydrologic model
response to antecedent soil moisture. Under acpéatirainfall and model parameterisation, runeff i

triggered at a certain soil moisture threshold beeaof exceeding infiltration capacities. Thesé soi
moisture thresholds were computed from single-bgdrological simulations and discussed in the
“Discussions” section. In addition, the infiltratioccomponent of the CREHDYS model was better
described in the “Hydrologic model” subsection.

P 8966 (and elsewhere): | doubt that it is a godelito show the averages of the stochastic
hydrographs. Maybe it would be better to deriveabpbility distribution from these results.

You pointed an interesting way to represent thésehastic data. Cumulative distribution functions
were derived from the maximum runoff dischargetfa stochastic scenarios for the 4 fields presented
in Fig. 4 (see figure below). These cdf permittechbint that the most variable scenario in terms of
hydrographs were thgariogram, the connected, and then theandom scenario, respectively. The
distributions of the maximum runoff discharges appd to be rather gaussian.
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Nevertheless, we think that this figure does nangonew outcomes, as the larger variability of the
variogram scenario was already observed in theeTaldnd in Figs. 6 to 8 and discussed in the text.
Figures 6 to 8 also permitted to better visualmehydrographs variability, not only for the maximu
runoff but for the whole hydrographs.

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

Julien Minet
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