Answer to the reviewers.

The authors are grateful to the 4 reviewers andethieor for their useful comments and
advices. We tried to address all these commerttgsranswer.

Interactive comment on “Multi-model comparison of amajor flood in the groundwater-

fed basin of the Somme River (France)” by F. Habetst al.

R. Rojas

rodrigo.rojas@jrc.ec.europa.eu

Received and published: 22 October 2009

The paper deals with an interesting topic. Thedssaf model selection and modelling
exercises considering alternative model struct(reaceptualizations or conceptual models)
are of current concern in many publications andiegion areas. The aim of this paper is to
asses the ability of 4 hydrological models to rejpie a flood event in France testing them
against alternative sources of information (obsgrgisscharge, piezometric heads, satellite-
derived flooded areas). Authors limit themselvesyéver, to the comparison of the results
from the 4 models whereas going a step further Ibtaio a combined multi-model
prediction/simulation would make the potential iropaf the article much higher.

Some comments that might help broaden the scopbeofarticle beyond the study case
discussed are

1. It would be helpful for the reader to find mea&suof model performance for the

4 models (skill, RMS, cross-validation).

Discharge error, RMSE, Efficiency and Index of agnent are given in tables 2, 3 and 4.
Although no cross-validation was computed, theagssical criteria allow to discriminate the
ability of the models.

2. Clearly states the periods and observed dathingbe parameter optimization

for each model.

Yes, this is now written that MARTHE was first datted on the period 1995-2002,
MODCOU on the period 1995-2003, and CLSM on thegoet 985-2003.

As stated in the article, the SIM model that i®atty applied over France was not calibrated,
only one parameter was set to a low value (nadjtt

3. A quantitative distinction among the four modetsuld help assess in better way the most
plausible hydrological model. For example, diffearerodel selection criteria (e.g. AIC, AlCc,
BIC, KIC see Ye et al., 2008) could be used to mieitee the best model. These criteria are
usually obtained as by-products of calibration ireg, so no need for extra work.

Thank you for this reference. However, as the catibn was mostly done using trial/error
simulations and not using calibration routines,yotfie results with the final calibrated
parameters were kept. Thus, it doesn’t seem pasgibtompute such criteria in this study.
However, we’ll keep in mind this reference for upgng works.

4. The issue of missing processes in the correspgnohodels (p 6157, 4-5) could be
reformulated to ask what are the observed datarfteip identifying these missing processes.
Then you could focus in collecting those data te nut the worst model.

It was found that the models were not able to répce the fast increased of the piezometric
level during the flood. This is almost certainlyedio the transfer in the unsaturated zone, and
as you suggested, an experimental network was seto umonitor what happen in the
unsaturated zone. The sentence is now reformuldfeds assumption tends to be confirmed
by the results obtained in 2007 at the Flood1 eixpental site that was set up to understand
the processes occurring in the unsaturated zonanddloods’.



5. Why not considering an ensemble simulation ef4hmodels? It is likely that the ensemble
prediction/simulation will have a better predictivgverage than any single model. A suitable
technique is Bayesian model averaging (BMA), whaciditionally allows the estimation of
the predictive variance arising from the use ddralative hydrological models.

The main topic of the article was actually not told a multi-model approach, but to make a
comparison of the simulation results of several eldFor the riverflow forecast of the
Somme basin, a lumped model is used (Gardenia). uBeeof assimilation technique to
estimate the initial soil moisture and piezometnead allows this model to obtain good
results, even in the retrospective simulation efftbod.

Although the authors think that ensemble riverfldarecast is as powerful tools, it was not
the aim of that paper. Moreover, it is probable thatli-model prediction would be better if
the models integrate a suitable physic, and théysshows that all 4 models need improving
the simulation of the chalk unsaturated zone teassf

6. The 4 hydrological models show some fundametitf@rences in the way the water budget
is calculated, in the representation of the una#tdrzone, and in the method to obtain the
saturated flows. An assessment of the uncertairiging from these differences would
significantly add to the message of the article.

That is true that the estimation of the uncertagtyld add some information. However, to be
able to address uncertainty issue, specific metebdsld be used, for instance, the realisation
of several simulations to address the parametezgrtainty. That was not done in the article,
because the idea was not to define the best miodleinstead, to analyse the results of several
modelling of the Somme basin, ie, the associatidhe@model and its parameters.

The parameters were mostly calibrated using trialfdests. The four models have different
representation of the processes, but they obtaiilasiresults. It is shown that fair results are
obtained for the long retrospective run, but no el®dvere able to reproduce observations
during flood. The article analyses this failuredag to a missing process which acts occurs
when the chalk unsaturated zone becomes almostatatuand not to problems associated
with the parameters estimation.

Although it doesn’'t seem possible to estimate theettainty in the present study, we will try
to address this point when the improved representaif the unsaturated chalk will be
available.

7. Clearly (as shown from figures 5, 6 and 9), ghedictive variance increases by expanding
the modeling exercise to the model structure dimoensi.e. by considering alternative
hydrological models. So, What is the relative adage of the multi-model approach
compared to the single-model approach?

The figures show some differences in the modelleggults. The multi-model comparison is
trying to understand what are the origins of suigfer@nces. The analysis of the soil water
fluxes gives some insight. However, again, ther@o multi-model approach, but only a
multi-model comparison.

8. Some fundamental questions related to the madtieling approach: How to define a
priori the ensemble of proposed conceptual modelde light of data, How to update this
ensemble once the data have been observed? Howsd¢andnate among alternative
conceptualizations when all perform equally well ancalibration stage against limited
measured data?

This question seems to apply to a mutli-model aagnowhich is not the aim of the present
study. The main of the article was not to build emsemble prediction based on several
modelling approach, but to compare different modglapproach.

Anonymous Referee #1
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General comments:

This paper presents a comparison of the perfornsaatéour hydrological models applied
over the Somme river basin, north of France. Aféershort description of the main
characteristics of the river basin, the main fesguof the models are presented. The
implementation of each model for the simulationrigér discharges and piezometric levels
over an 18-year period is presented and the resdtsompared. The paper mainly stress that
the four models are unable to accurately simulatién biver flows and piezometric levels
during high flows, mainly due to the role of thesaturated zone on the river (which depth
variation is not dynamically taken into accounthe models) and aquifer hydrodynamic. The
paper concludes raising an interesting questiomwlogther it is necessary to apply complex
land surface schemes on river basins where grouerdwpéays a significant role instead of
using groundwater models. The paper is clear, preléented and illustrated and the English
seems good to this reviewer. After answering fothier information requested in specific
comments and corrected some technical correctibpngy be of benefit to accept this paper
to publication on HESS journal.

Specific comments:

- Line 18-20 on page 6148; the authors indicaté thare is a delay, but it is not clear
between unsaturated flow and what? It may be SliHs has to be detailed a bit. Also, the
resulting average percolation rate is interestingrbaybe providing the min and max values
could describe haw variable this process simulddretween models.

The text is now modified:For these three models, the transfer throughta tinsaturated
zone smoothes and add a delay to the Sl flux. Tisaturated flow (UF) has an average
percolation rate ranging from 0.5 to 1 m/day’

The minimal and maximal values are difficult toiestte. However, the average percolation
rate is already giving some insight of the differesbetween models.

- Line 11-15 on page 6148; an analysis of the diffees between models in terms of storage
in the aquifers could perhaps be intended compddRgand BF low flows or peak flows
delay?

The evolution of the storage in the aquifer is wagyfrom year to year and is actually quite
close to the evolution of the piezometric level sered in figure 6. Thus, it is partly
discussed in section 4.3.

Fig 3 seems to present differences between models?
Figure 3 doesn’t show the differences, but the ahaverage.

- Line 24-26 on page 6148; what is the geologicaitext of the Pang-Lambourn study? Is it
close to that of the Somme?

Yes, both basins are mainly chalky. It is now wenttHowever, these three representations
of transfers in an unsaturated chalk are quiteed#ht from the description of the Pang-
Lambourn chalky basin in the UK.’

- Line 1- 3 on page 6149; this conclusion is okwhen looking at IRZ on table 1, it appears

that the simulated values are rather the saméllfaraels, so the main differences lie in the

way the models simulate the seasonal behaviourotf the unsaturated and the saturated
zone.

That is correct. To put the emphasis on that pdirg,now written that the transfers in the UZ

and aquifers erase the temporal differences irstienation of the surface water budget.



- Line 26 — 27 on page 6149; to facilitate the carmgon with figure 3, it could be better to
present the same time scale (Sept —> Aug) for grapmd 9.
This modification is done

- Line 1 — 2 on page 6150; the differences noticedld also be due to geological
heterogeneities not accounted for by the modelimked to their calibration processes.

Yes, it is now writteriThus the spatial variabilities of the Somme bagia not well captured
by all models, which leads to an uneven distributiof the quality of the simulated
riverflows.’

- Line 15 — 16 on page 6150; an alternative assersisoould be that peak flows are over-
estimated because the recession slope seems tairlyewell simulated compared to the
observed one (for example in 89, 90, 91, 93, 95).

Yes, this explanation is now added@hus, it may be that the models are not able talsita a
correct recession after a high flow period, or tilaey have some difficulties to simulate the
peak flows.

- Line 2 - 3 on page 6152; wouldn’t be much faimtate that “SIM is the model that better fit
the observed river high flow during the first 50ysl& By the way, this figure demonstrates
again that the recession slope is fairly well sexed!: : :

Yes, it is now written: SIM better reproduces the observed river high floweng the first
50 days, while MARTHE, MODCOU and the CLSM undenegé the flows by 10 to 30
ma3/s’

- Line 11 on page 6153; here the Marthe model steless good simulation of the recession
than SIM and Modcou.
Yes, it is stated that MARTHE has some problensintaulate the recession.

- Line 5 — 6 on page 6154; maybe the average opigmometric levels of the wells located
into the flooded areas could be plotted for anragng comparison and a kind of validation
of the inundated area detected?

Some wells are located close to the river, but nveee located in the inundated area

- Line 24 on page 6157; “It was shown”.. maybe auld be better to cite the fig 3 for
example?
The reference to the figure is now added

Technical corrections:

- Maybe the authors should systematically use prezoc “level” instead of “head”

to be precise (the piezometric head can be unaelste a specific measurement

of water pressure above a reference).

Yes, this was corrected.

- Line 9 on page 6137, the link between a negd@yenatrix potential and the activation of
the fissure flows as an explanation for the rapatease of the piezometric head should be
detailed a bit if mentioned.

Fissure flow in the chalk is possible only when timsaturated zone is almost saturated,
which corresponds to a matrix potential close t6 e. This comment is added.

- Please give the internet link allowing to dowrddhe Amraoui’s references
(http://www.brgm.fr/publication.jsp
This link is now added




- Figure 6 caption: “the observations are interfamdinearly between each observation”, in
case of missing data?
Yes, because the frequency of the observationss/&iom 1 day to 10 days.

- Figure 12 caption: “saturated area simulate@€ByM” add “in yellow"?
Yes, this is corrected.

Review comments on Multi-model comparison of a major flood in the groulwater-fed
basin of the Somme River (France)”

By F. Habets, S. Gascoin, S. Korkmaz, D. Thiéry, MZribi, N. Amraoui, M. Carli, A.
Ducharne, E. Leblois, E. Ledoux, E. Martin, J. Noihan, C. Ottlé, and P. Viennot

Overview

In this manuscript, the authors compared the perdoce of four models for a groundwater-
fed basin in France. The paper is well-organizeall-written and the topic is suitable for
publication on HESS. The Somme watershed apped#s &m interesting case for testing
hydrologic models and land surface models, esggda@lthose with a groundwater
component. However, there are a few places imtiaisuscript that need to be clarified, and
some grammar issue, typos, and flow of sentencbks fwlished. Therefore, | recommend
this paper to be accepted for publication, contmggon that the minor issues identified
below be adequately addressed.

Major Comments:

1. The implementation of CLSM to the entire SOMMéSIm in a lumped mode looks strange
to me, which might be the reason that CLSM perfonasse than all the other models in this
study. In other words, | don’t think it is a fammparison because CLSM was applied at a
very coarse resolution (5566 kmz2), while other nt®eleere applied at resolutions as fine as
1km. CLSM should be at least applied to each oftliebasins to be fair.

The CLSM is indeed implemented in a lumped modevéier, the TOPMODEL equations
in CLSM theoretically allow capturing the sub-gddstribution of soil moisture and its first-
order influence on runoff and baseflow. In thatsserthe CLSM is semi-distributed rather
than lumped. This issue is discussed in more detnil Gascoin et al. (2009) where it is
mentioned that an application of CLSM to each efshbbasins was tested using the original
version of CLSM, but did not allow to significantiynprove the simulation. Hence, the
authors decided to focus on the calibration astiae of the entire basin.

Moreover, Pointet et al., 2001 and Amraoui et 2002 have shown that a lumped model
(GARDENIA) is able to obtain a good estimation loé triverflows of the Somme basin (even
if it shares the same difficulties as other modeldproduce the dynamic of the riverflow
during the flood).

2. Based on this comparison, the authors concltig&d‘there is no clear benefit in using a
more complex surface scheme”, “the use of comer kurface scheme is not a requirement
to represent the hydrology of the Somme river Badinpersonally feel that these are
overstatements because (1) only two land surfacdetsowhich are not necessarily well-
known for their capability in representing hydralogorocesses, were included in this
comparison; (2) one of the land surface models apgdied at a super coarse resolution; (3)
“hydrology” here should be “flood forecasting” asreething equivalent because streamflow
and groundwater dynamics are just two componentianhydrological cycle. Therefore, |
would like to see the authors add some discussinribe limitations of this comparison study
in the revised manuscript to address the probleniteins (1) and (2). For example, there are
increasing number of studies in the literature whgroundwater models have been
implemented in land surface models to simulate guawater table and recharge/discharge



dynamically (Liang et al. 2003; Chen and Hu 2004xMell and Miller 2005; Niu et al.
2006; Fan et al. 2007; Miguez-Macho et al. 2007xWe&ll and Kollet 2008). If these models
were applied to the SOMME basin, the story couldlifferent.

In this study, two LSMs and two simple water barschemes are used to compute the
surface water budget. The results show that thexflows and piezometric levels simulated
by using the water fluxes from the simple waterahaé schemes are as good as, or even
better than, the ones simulated using the surfaged from the LSMs. This is why it is said
that the use of complex land surface scheme ia nequirement to represent the hydrology of
the Somme river basin.

Such results would not be an issue if the fluxesutated by the LSMs and by the simple
water balance scheme were fairly comparable. Bushzav that the fluxes computed by the
LSMs have a different annual evolution than thosmputed by the simple water balance
schemes used in the hydrogeological models. Howévese differences are erased when the
surface fluxes are transferred in the unsaturatedsaturated zones.

This is a specificity of the Somme basin, and tasult is only true for the Somme basin (not
only during the flood). It is due to the fact thgdhology of this basin is mostly driven by the
aquifer: an aquifer spread over the whole basenatverage depth of 40m, and the baseflow
represent 80% of the riverflow.

That doesn’t mean that complex land surface scheweesot useful for the hydrology. We
totally agree with Referee #2, who highlights tkeent evolution of LSMs toward a better
representation of the groundwater. We try to makeep toward this direction. Indeed, ISBA
is coupled to the groundwater model MODCOU withiMEHabets et al., 1999., Habets et
al., 2008), and the CLSM version used for this gtuntludes a groundwater reservoir and
(Gascoin et al. 2009).

In the opposite, this study demonstrates the needuple LSMs with hydrological model to
simulate the Somme basin, because the impact dfrdahsfer in the UZ and saturated zone
dampened the temporal evolution of the surfacesBux

It is true that a better calibration of the UZ aamlifer transfers may have lead to a better
simulation of the riverflow with the coupled LSM-tiipgeological model. However, that
doesn’t mean that the use of LSMs is requiredrtaukite the Somme basin.

One interesting aspect of the coupling between L&M hydrogeological models is the
influence of the position of the water table on #o#l moisture. However, the interaction
between soil moisture and watertable that is ingaronly when the watertable is shallow
(lower than 10m), is in the Somme basin, restrictetimited area, due to the shape of the
Somme valley. This is probably why there is notrarg) impact of the interactive coupling
simulated by CLSM.

In order to take into account your comment, thectumion is modified:Therefore, the use of
complex land surface schemes is not a requirencergpresent the hydrology of the Somme
river basin. However, to simulate the Somme bakBiMs should either be coupled to
hydrogeological models or include the representatid the transfers in the unsaturated and
saturated zones. This reinforce the need to irclddep hydrology in LSMs which are
currently increasingly developed (Yeh and EltaB@&)5, Miguez-Macho et al., 2007, Liang et
al., 2003, Maxwell and Kollet, 2008).’

3. The terms in section 4.1.2, “soil infiltratio&If corresponds to the flux at the bottom of the
soil reservoir or root zone” and “the flux from thesaturated zone (UF)” are confusing. Does
the former refer to “percolation” and the lattefereto “recharge”? What is the difference
between them in each model?

It was not easy to find names that were satisffamghese two fluxes. The term ‘recharge’ is
not used in this article, because for one model3hflux corresponds to the recharge, and for



the other, the recharge is the unsaturated zordUl&). ‘Percolation’ can also be understood
as the water flux that is feeding the soil moistdree term ‘Infiltration’ is used in the article
because it is used by the co-authors working omdgeablogical modelling, but it can also be
misunderstood. This is why the definition of théisges is given in the article.

Some details are given to explain why the Sl and fliikes differ: p6140 the deep
unsaturated zone is not taken into account by th8N and it is represented with a simple
percolation function in MARTHE, and with a simplenceptual model in MODCOU and
SIM. It is then stated thattMARTHE uses a simple percolation function, withpatsl
average time constant of about 3 montlasid, The unsaturated zone transfer model used in
MODCOU is based on a conceptual Nash cascade nfhidsh, 1960). The other parameters
of the Nash cascade were derived from the Seiné lEgplication: the depth of each
reservoir was set to 5m, and the drainage coefiisi@#ary according to the geological map

It is difficult to give more details while keepirthe article quite short, however, additional
details are given in the referenced articles.

4. An explanation on piezometer measurements, mgsrof piezometer heads/levels, and
their relationships to water table is needed. Withguch an explanation, figure 6 and section
4.3 look confusing.

There was an error in the article. All the piezamsemeasurements used are piezometric
level, as noted by referee #1. This error is nowemted.

5. It will be helpful to list the major calibratquarameters for each model in a table, as a
reference for future work. For distributed modeaisnges of parameters might serve the
purpose.

It is difficult to add a table with all the caliiesl parameters, because then, each parameter
should be defined, and this will substantially ease the length of the article. Moreover, we
are not sure that it worthwhile. An idea would lme lave only the value of the main
hydrogeological parameters, the transmissivity spetific yield. But then, this doesn’t apply
for all models. Moreover, the values used by MART&l MODCOU (and thus SIM) are
comparable, only the spatial distribution varies.

Moreover, MARTHE, MODCOU and CLSM have calibrateglvaral parameters, and the
calibration process is described in a report (Amraet al.,, 2002, available at
http://www.brgm.fr/publication.jspand two articles (Korkmaz et al., 2009, Gascdirale
2009). Gascoin et al., 2009 present a table wighctiibrated parameters for CLSM. In SIM,
only the subgrid surface runoff was modified asestan the text, and set to the value of 0.01.

6. Please combine sections 6 and 7 to one sectidled “Discussions and
Conclusions”.

This is done

Other specific comments are discussed as follows.

Specific comments:

Page 6137, line 4, “1.100 people”, is this numia@ng?

Page 6137, line 5, “(Deneux and Martin, 2001)

Page 6137, line 22, “evenparticularhduringthefloods?”

Page 6139, lines 10-11, “Theth others ones other two moderls

Page 6139, line 20, “...LSM develmd ..

. Page 6141, lines 5- 6 better to write the sedas “The period used for calibration,
as well as atmospheric data used for calibratiarieg across the models.”
7. Page 6141, line 8, what does “then only” mean?

‘After this first step’, this is now corrected

oA LNE



8. Page 6142, line 7, Shouldn’t it be “...on an ahiaais?

9. Page 6142, line 13, better to write as “... vifithhigher resolutions associatedth

with...”

10. Page 6142, line 18-20, “Then, the simulatethserwater budget was adjusted, as well as
the groundwater parameters in a steady state.8 Jdntence looks confusing. Parameters for
both surface fluxes and groundwater simulationsveeljusted, right?

Yes, it is now written: ‘Then, the parameters redawvith the simulation of the surface water
budget were adjusted, as well as the groundwatanpeters in a steady state.’

11. Page 6143, lines 6-7, “retroaction”, do you m#ateraction”. Also, what does “surface
soil moisture” mean?

Yes, more than interaction, we mean feedback. Naswritten: There is not yet a feedback
between the depth of the unconfined aquifer andadiianoisture simulated by the LSM’

12. Page 6143, lines 8-9, Please change to “Thassurface water budgehouldwas notbe
affected by the introduction of tlemulatecaquifer.” to be more confirmative.

ok

13. Page 6143, line 9, “...in this application

14. Page 6143, line 11, better to write asdhd it was decided to ubence a 1 km resolution
was used.”

15. Page 6143, line 21, “it was decided to set toefficient to a low value.”, please be
specific, give a number!

Done: the value is 0.01

16. Page 6144, line 3, “theRichards equation...”

17. Page 6148, line 17, “the original baseflow frdma shallow aquifebeing accounts for
only 27% of the total (not shown).”

18. Page 6148, line 20, “verysimilar. Thiscan be isurprising ...”

19. Page 6148, lines 26-28, “Thus, for the Somnsnkand on a mean annual basisthe
surface water budget a mean annual basis

corrected

20. Page 6151, line 11, “and not especially on not particularly the period of the flood.”
corrected

21. Page 6153, line 28, “water tablegroundwater contributes to the riverflow.”

corrected

22. Page 6154, line 19, “...RMSE control point errdr what does mean, please clarify.
Now, it is written: ‘Both radar and optical imaga® geo-referenced and superimposed, with
a very slight error (the RMSE control point errerabout 20 m).’

23. Page 6155, line 28, “even ifthe CLSM...”, not clear! | found the usage of “evérin
this manuscript very confusing!

‘Although is now used instead okVen if

24. Page 6156, line 17, “...exchanged quantities s.this simply “fluxes”?

Yes, corrected

25. Page 6156, line 20, “even ifthe simulated aquifer overflow...”, not clear!

It is now written: As expected, the fluxes between the river anddbéea are reduced at the
finest resolution (due to the fact that the areaamtact is reduced), but this is balanced by an
increase of the aquifer overflow outside the riestb This extended aquifer overflow
remained mostly located in the main river streamthie bottom of the valley.’

26. What does the shaded area represent in the famel of Figure 6?

The legend is modified: The number of availableeobation wells is plotted in the grey
shaded area

27. Figure 8, “histogram” should be “bar plot” @nsething equivalent.

Corrected



28. Figures 8 and 9, how to read the flooding areaem? No axes correspond to it!

Yes some references are added to the figure 10.
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This paper provides an excellent multi-model congoar on the hydrologic simulations at the
macroscale Somme River basin in France, by usiagdstributed or semidistributed models
(incluing two LSMs). The simulations span over ay&ar (1985- 2003), which is long
enough to lead to convincing conclusions. The 4 eiwdvere tested by comparing their
simulations to observed hydrographs at 5 streamfiewges as well as groundwater level
averaged from several tens of monitoring wells. dbaer, the simulation of flooded areas
was also nicely investigated by comparing it to theote sensing images. Overall, this is a
fairly good paper. In my evaluation, it deservedb#opublished after minor revisions. There
are not too many published multi-model comparismaiss, perhaps due to the difficulty in
performing such type of work by single researchugralone. Therefore, this paper has great
value to be published on HESS, particularly givest tmany interesting physical insights and
modeling issues were revealed and reported irptmper. However, the authors are suggested
to clarify some ambiguities in this paper beforélmation according to my following review
comments. Also, the length of this paper can bertshoby more concised way of
presentation.

On p.6137, line 18, modify the word "react".

‘Vary’ is now used

On p.6139, line 10, modify "The both other oneswHabout "Another two"?
Corrected : “Other two is used” as suggested lsreef 1

line 20, modify "developped"” into "developed". @|s.6144, line 10)
corrected

line 21, modify "..model, that solves.." into "maddeat solves".

corrected

On p.6142, line 7, "on an annual basiS"



corrected

On. p.6146, line 18, unit is not correct. line é9ange "interception” into “interception

loss".

Yes, corrected

On ps. 6147 and 6148, Is the unit "m/day" corrédubt.

Yes, the unit is correct. These are classical wafoe the unsaturated chalk. The observed
rates in the chalk are significantly greater thamestes of the saturated conductivity of the
Chalk matrix. Headworth (1972) suggested thatithdue to piston flow process.

On p. 6149, line 9, How about " the coefficienefficiency"?n

done

On p.6151, line 4, correct "diffrents" into "difant".

done

On page 6149 and Fig 4: What are the reasons reigperior the biases of CLSM< in the

summer of 1990-1991, and for the SIM for the sumed985-1989? This needs to be
discussed.

1990-1991 is a dry period, and CLSM overestimates @vaporation. This tendency to
overestimate evaporation over dry period was faalad in two other areas in France.

The underestimation of the piezometric level by SitMhe beginning of the simulation is not
well understood. SIM uses the same initial condgias MODCOU, and there might explain
the bias at the beginning of the period. But, asestin the article, SIM has a tendency to
overestimate the amplitude of the fluxes duringwithele period.

The same comments also apply to Fig. 5: Why these fodels generate quite different
behaviours in five sub-basins, as authors sumnthizéhe last paragraph of page 61497 | am
particularly interested in: why the model MARTHEosh lagged behaviours in AVRE sub-
basin while other models do not? The authors meetiahat "This is certainly due to the
spatial differences in the simulated functioninglué aquifer”. More discussion to elaborate
on this point would be very useful.

There are spatial variabilities in the Somme bdsam.instance, the Avre basin is the subbasin
where the part of the basefow is the weaker, asviséd by isotopic study (Négerl and
Petelet-Giraud, 2005, Amraoui et al., 2002). AltjouMARTHE has the best simulated
evolution of the piezometric levels in the basind ane of the best estimate of the Somme
riverflows, it fails to represent the annual cyofethe Avre subbasin. This is certainly due to
the fact the calibrated parameters in MARTHE dadesepresent this spatial variability.
However, it is true that there is no proof that #veor is due to a misrepresentation of the
aquifer. The error can be in the estimation ofuheaturated zone model, or to the partition
between fast and slow flows in the water balanceehdrhe sentence is now corrected this
way: ‘Thus the spatial variabilities of the Somme basm reot well captured by all models,
which leads to an uneven distribution of the qyadit the simulated riverflows.’

Are the two sub-plots (1998and 2001) in Figure 8oéltely necessary? The difference

between these two years is not easy to observetfrerplots. | personally do not see the point
to present them...

No, these sub-plots are not necessary. But, they shat MODCOU and SIM have an error

in dry year (1998) for the higher piezometric lev@inderestimation) and that these errors
tend to be reduced during a wet year in 2001. Tauen if the article is more focussing on

the flood period, some improvements can be madéawe a better estimation of the

piezometric levels in the dry year.



When the groundwater contributions to riverflow idgrfloods are discussed (for example,
bottom of p. 6153 and middle of p.6156, and elsewbroughout the manuscript), the
following study is very relevant in addition to geal ones that Authors have already cited:
Eltahir, E.A.B, and , P. J. -F. Yeh, 1999. “On #symmetric response of aquifer water level
to droughts and floods in lllinois”, Water Resowdeesearch, 35 (4), 1199-1217. In this
paper, the interactions between topography (hi@¥omwater table position, and base flow
were discussed based on the interpretation of feng- measured data set in lllinois. It
demonstrated that at the regional (macro-) scahte, dependence between shallow
groundwater level and baseflow is in general noedr due to the seasonal intersection of
regional water table with local topography..

A citation in now added:Although the altitude of the riverbed is slightpwer than the
altitude of the valley, it is obvious that the legEthe aquifer is rather close to the bottom of
the valley and that it can provide some aquiferritee during the high water season, as
pointed out for instance Eltahir and Yeh 1999 whent noticed that this generates an
unlinear variation of the baseflow.’

But we would like to emphasize the fact that thebpgms encountered to reproduce the flood
seems not due to the unlinear increase of the alyairarea, but to the fact that the fast
increase of the piezometric head is not well eseohabecause the fast response of the
unsaturated chalk is not simulated.

On P. 6157, "Discussion" instead of "Discussions".
Ok, this is corrected, and this section is noecaDiscussion and Conclusions

There are way too many redundant "the" used throuigiime paper. Instead of pointing out all
of them (which is not practical!!), pardon me juse the abstract as the example: On p.6136,
remove one "the" on lines 7 (the flooded), 8 (..seface...), 11 (the observed...),13 (the
deep...), 20 (the overflow...), 21 (the overfloy...

Thank you for the advice. These corrections aredo

Finally, and perhaps the most important and chgélelssue to answer, how the calibration
will change the simulation result and the findindisi® well-know that the problem of equi-
finality in the parameters of all hydrologic modelould make validation of model
simulations rather difficult, if not impossible. Gld the Authors please comment on this point
(The "robustness” of the findings) more or lesthmmend of paper?

The authors agree that the results may be diffemthtanother set of calibrated parameters.
However, one of the most important findings is kkg role of the unsaturated zone during the
flooding. Whatever the parameters, the probleniniset to the way the physical process is
described. The simple representations of the uregatlizone used don’t take into account the
characteristics of the chalk with its double parpsind the threshold effect when the fissure
flow occurs.

The following statement is now added in the disimussThus, the problem encountered
during the flood is not only due to a poor caliboat of the parameters, but to the use of an
unsaturated model not adapted to the chalk matrix.”

On the last paragraph of p. 6157, the Authors dttat "as the temporal evolution of the
water fluxes is deeply modified by the transferttve unsaturated and saturated zone, the
impact of the surface schemes is mostly hidderhbycalibration of the UZ and groundwater
parameters. This is an interesting finding, bus thiatement may be limited to the basins
where groundwater outflows dominates such as thmen$® basin here. In this regards, the
following paper might be relevant to cite: GuldenE., E. Rosero, Z. L. Yang, M. Rodell, C.



S. Jackson, G. Y. Niu, P. J. -F. Yeh, and J. Faettgl2007, “Improving land-surface model
hydrology: Is an explicit aquifer model better tredeeper soil profile?” Geophys. Res. Lett.
34, L09402, doi:10.1029/2007GL029804.

Sure, this statement is limited to the Somme basid,because the unsaturated zone is rather
deep (40m on average).

Additional Reference: Yeh, P. J.-F., and E. A. Balir, 2005, “Representation of water table
dynamics in a land surface scheme: 2. Subgrid dbg¢eeity”, Journal of Climate, Vol. 18,
No. 12, pages 1881-1901
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Overall, the paper has received excellent comménta 4 reviewers, which the authors
should individually respond, and in the processroup the presentation of their manuscript.
Most of the comments are about presentation, whlobuld be relatively easy to handle.
Overall, the reviewers are supportive of eventuabligation of a revised manuscript. As
editor, | feel that the authors can and should ggohd addressing the detailed comments of
the reviewers. The phenomenon that they are tigimgodel — groundwater dominated floods
- is a very interesting one. The authors have amtred the problem from a multi-model
comparative approach, and the reviewers have glsmached it in the same manner, and the
analysis and discussion have a certain "beautyestinlavor. In my opinion what is missing
is a synthesis of the results of the various maegglications. What actually happens during
these flood events?

Some details on the flood event are given in Hul28®1, Pointet et al., 2003 and Négrel and
Pételet-Giraud 2005. The flood is due to large ipition over several months. But the
unexpected aspect of this flood is the fast in@edHshe water table level which is due to a
rapid saturation of the unsaturated zone, andcthages inundation.

Is there some consensus about it? If not, why not?

Yes, there is now a consensus on this aspect; ieipexwving to the Flood1l experiment that
was conducted after the flooding, but whose resarksnot published yet. References to this
experiment are given in the introduction and in twnclusion. However, although the
physical processes are now better understood, dheeynot yet integrated in the distributed
hydrological modelling, and some additional works ander progress.

To better emphasis this aspect, a comment is naledadh the conclusion:According to
these conclusions, studies aiming at the improvenmemMARTHE and MODCOU of the
simulation of the water transfer in the Chalk unsated zone are in progress by taking into
account the fissure flow (Thiéry et al., 2008) &ydntegrating a dynamical unsaturated zone
depth (Philippe et al., 2009). The application diede developments in the distributed
modelling of the Somme basin should help to imptbeemodelling of the riverflows and
piezometric head during the 2001 flood.”

One cannot take the "blind men and the elephatiti@¢ to it. | like to see some answers that
go beyond how well each model does or does notlddmet one come up with a conceptual
model of what happens on the basis of a top-dowata tased study that provides some
illumination of the dominant processes at work?

This study has identified the difficulty of the nedsl to reproduce the evolution of the
piezometric level during the flood, and has dedutedh the analysis of the results that the
error is mainly due to an incorrect estimation loé transfer in the chalk unsaturated zone



when it becomes almost saturated. Of course in@vk since a long time that the chalk is
characterised by a double porosity, and that fesfiow occurs only at a high saturation level.
However, such process does not occur on a larde sesy frequently, and it was therefore
neglected for the simulation of the Somme basirt, Bat surprisingly, the impact of this
double porosity should be taken into account tdysthe flooding. It is fairly possible that a
conceptual model taking into account this thresleftdct could have a fair representation of
the flooding. However, the authors have not trizdiévelop such conceptual model, but are
trying to improve the distributed modelling. Sommprovements of the unsaturated zone
models are developed. A comment on such topic @eédn the conclusion (see comment
above)

| would like a thorough revision of the manusctipat brings out these hydrological issues,
rather than merely reporting on just the modelristamparisons. | look forward to reading a
revised manuscript.

We have tried to take into account all the commantke revised manuscript.
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