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We thank Anonymous Referee #1 for their comments and for suggestions on the origi-
nal paper. We believe that the paper will be improved by responding to the issues that
they raise and by incorporating their suggested revisions.

Summary and Comment 1:

The referee suggests that we “see the main generic contribution of the study as a
demonstration of the limits of the “impermeable bedrock paradigm”’. Although our study
does indeed contradict this paradigm, we do not see this as its main contribution, nor
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its main objective. The “impermeable bedrock paradigm” is only referenced in the
Introduction and Conclusion of the paper, to frame our research within the wider context
of hydrological research within hard rock regions. It is not central to the aims of the
study and the methods employed which, as discussed below, focus on mire hydrology.
Nevertheless, we do acknowledge that issues related to hard-rock hydrogeology figure
prominently in our introduction. We felt this was necessary to set the scene for our
research questions and highlight the novelty of our findings; but we appreciate this
may give the reader the impression that our study focuses on this issue. Therefore, in
revising the manuscript, we propose to recast the Introduction to focus more explicitly
on the central issues related to the hydrology of the type of wetland considered in our
study. Given this, reference to the impermeable bedrock paradigm will be maintained
but the central focus – i.e. modelling the hydrology of wetlands in such areas – will be
much more explicit.

The referee suggests that wetland processes could have been simulated with a multiple
model approach, using different and competing conceptualizations of hydrological pro-
cesses. While we fully agree that such an approach would have been appropriate if our
objectives had been to test the “impermeable bedrock paradigm” or to instead investi-
gate the implications and associated uncertainty of using different process descriptions
(e.g. Thompson et al., 2009, 2004), we argue the referee proposes a completely differ-
ent study to that which the paper reports. Instead, our objectives, which are described
at the end of the Introduction, clearly focus on the hydrology of the acidic valley mire.
Using a case study, we aimed to (1) test the ability of an equivalent porous medium
approach, with limited data on the hydrodynamic properties of the granite weathering
formations, to reproduce high-resolution spatial and temporal patterns in groundwa-
ter seepage and groundwater table depth within the mire, (2) quantify the mire wa-
ter balance including its dependence on groundwater inflows from granite weathering
formations, and (3) investigate the hydrological processes driving groundwater table
depth in the mire. To do this we used the best available conceptual understanding of
the research catchment and its mire, supported by a large set of field data (further
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described in Duranel (2015) and, in response to a suggestion from Referee #2, to be
expanded upon in the revised paper). We demonstrate that groundwater upwelling can
be a quantitatively important and functionally critical element of the water balance of
valley mires in granitic headwater catchments.

Whilst our research is a case study and uses established methods, to our knowl-
edge this is the first integrated hydrological modelling study of a mire that accounts
for groundwater flow in weathered hard rocks, and shows a close match between
spatial patterns of simulated groundwater upwelling and seepage and the observed
distribution of mire habitats. Ala-aho et al. (2017) used similar methods in a similar
environment, but assumed that the underlying granite bedrock was impermeable. As
such, our results are novel and are of interest for a broad international readership since
they have important implications for the hydrological understanding, management and
conservation of such wetlands, which occur in many regions around the world and
provide a large number of important ecosystem services. We hope these results will
trigger further research on these systems, including a more theoretical testing of the
impermeable bedrock paradigm using a multiple model approach as suggested by the
referee.

Response to Comment 2:

Calibration and validation periods covering a total duration of 3 years (and often much
less) are the norm rather than the exception in physically-based hydrological modelling
studies of wetlands (e.g. Ala-aho et al., 2017; Armandine Les Landes et al., 2014;
Haahti et al., 2016; House et al., 2016; Levison et al., 2014; Li et al., 2019; Quillet et
al., 2017; Thompson et al., 2004). In many cases this is the result of the unfortunate
exclusion of wetland environments from formal hydrometric networks (e.g. Hollis and
Thompson, 1998) despite their ecological and socio-economic significance. In revising
the paper we will more explicitly refer to the often relatively limited calibration datasets
available for wetland environments and that in comparison to many previous studies
the data employed in the current study is both more numerous and spatially distributed
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(e.g. Ala-aho et al., 2017; Armandine Les Landes et al., 2014; Haahti et al., 2016;
Hammersmark et al., 2008; House et al., 2016; Li et al., 2019). The excellent fit of
simulated long-term mean groundwater table depth, groundwater upwelling rate and
groundwater seepage rate with observed mire boundaries (including along the narrow
valley downstream and in the small sub-basins located upstream of and 30m above the
main mire extent where no groundwater table depth data were available for calibration)
demonstrates that the model satisfactorily reproduces the dominant hydrological char-
acteristics of the mire and its catchment. We therefore conclude the model is suitably
robust to quantify the long-term water balance of the mire. Like every model and for
practical reasons, our model makes simplifying assumptions, one of which is uniform
hydraulic conductivity throughout the fissured zone. We discuss the limitations associ-
ated with these simplifying assumptions, but demonstrate that they do not undermine
the ability of the model to reproduce the dominant hydrological characteristics of the
mire and its catchment and they do not undermine our conclusions.

Response to Comment 3:

We agree with Referee #1 and so when revising the paper will make it clearer that
our sensitivity analysis is a local sensitivity analysis around the calibrated parameter
values.

Response to Details:

p. 4, line 22: to date, there is still only limited coverage and availability of LiDAR data in
France, and none was available for our site. We had no access to UAV equipment. Pho-
togrammetry using the available aerial pictures would have resulted in lower accuracy
due to their relatively coarse resolution (a state-of the-art photogrammetric workflow
developed by the French Geographic Institute achieved residual mean planimetric and
altimetric errors comprised between 1.0 and 3.5m and between 1.4 and 2.0m, respec-
tively; Bris et al., 2018). We used the best technology and data that were available to
us at the time to build the most accurate DEM that was possible.
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p. 5, line 13: this is correct. This is described in
depth in Duranel (2015) which is cited and available online
(https://discovery.ucl.ac.uk/id/eprint/1472054/1/Duranel_PhDthesisADuranel2015.pdf)
and, in response to a suggestion from Referee #2, to be expanded upon in the revised
paper.

p. 7: we agree with Referee #1 and will update the revised paper accordingly.

p. 11, line 27: extensive attempts were made to tighten the convergence criteria, how-
ever this resulted in relatively small gains but a substantial increase in computing time.
The water balance error is overwhelmingly caused by the MIKE SHE overland flow
module within the mire, and so does not affect estimates of overland boundary inflow,
stream inflow and groundwater inflow and outflow to and from the mire. Because the
mire is saturated most of the time, very little infiltration is simulated within its bound-
aries. As a result, the overland flow component error mainly affects simulated overland
outflow to the river, which is not the main focus of our study.

References cited in our response to Referee #1

Ala-aho, P., Soulsby, C., Wang, H. and Tetzlaff, D.: Integrated surface-subsurface
model to investigate the role of groundwater in headwater catchment runoff genera-
tion: A minimalist approach to parameterisation, Journal of Hydrology, 547, 664–677,
doi:10.1016/j.jhydrol.2017.02.023, 2017.

Armandine Les Landes, A., Aquilina, L., De Ridder, J., Longuevergne, L., Pagé, C.
and Goderniaux, P.: Investigating the respective impacts of groundwater exploitation
and climate change on wetland extension over 150 years, Journal of Hydrology, 509,
367–378, doi:10.1016/j.jhydrol.2013.11.039, 2014.

Bris, A. L., Giordano, S. and Mallet, C.: Vers une remise en géométrie automatique
des prises de vues aériennes historiques photogrammétriques, Revue Française de
Photogrammétrie et de Télédétection, 217–218, 11–23, 2018.

C5

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-172/hess-2020-172-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-172
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

Duranel, A. J.: Hydrology and hydrological modelling of acidic mires in central
France, PhD thesis, University College London, London, UK. [online] Available from:
http://discovery.ucl.ac.uk/1472054/1/Duranel_PhDthesisADuranel2015.pdf, 2015.

Haahti, K., Warsta, L., Kokkonen, T., Younis, B. A. and Koivusalo, H.: Distributed hydro-
logical modeling with channel network flow of a forestry drained peatland site, Water
Resour. Res., 52(1), 246–263, doi:10.1002/2015WR018038, 2016.

Hammersmark, C. T., Rains, M. C. and Mount, J. F.: Quantifying the hydrological ef-
fects of stream restoration in a montane meadow, northern California, USA, River Res.
Applic., 24(6), 735–753, doi:10.1002/rra.1077, 2008.

Hollis, G. E. and Thompson, J. R.: Hydrological data for wetland management, Wa-
ter and Environment Journal, 12(1), 9–17, doi:10.1111/j.1747-6593.1998.tb00140.x,
1998.

House, A. R., Thompson, J. R., Sorensen, J. P. R., Roberts, C. and Acreman, M. C.:
Modelling groundwater/surface water interaction in a managed riparian chalk valley
wetland, Hydrol. Process., 30(3), 447–462, doi:10.1002/hyp.10625, 2016.

Levison, J., Larocque, M., Fournier, V., Gagné, S., Pellerin, S. and Ouellet, M. A.: Dy-
namics of a headwater system and peatland under current conditions and with climate
change, Hydrol. Process., 28(17), 4808–4822, doi:10.1002/hyp.9978, 2014.

Li, Z., Gao, P. and Lu, H.: Dynamic changes of groundwater storage and flows in
a disturbed alpine peatland under variable climatic conditions, Journal of Hydrology,
575, 557–568, doi:10.1016/j.jhydrol.2019.05.032, 2019.

Quillet, A., Larocque, M., Pellerin, S., Cloutier, V., Ferlatte, M., Paniconi, C. and Bour-
gault, M.-A.: The role of hydrogeological setting in two Canadian peatlands investigated
through 2D steady-state groundwater flow modelling, Hydrological Sciences Journal,
62(15), 2541–2557, doi:10.1080/02626667.2017.1391387, 2017.

Thompson, J., Gavin, H., Refsgaard, A., Refstrup Sørenson, H. and Gowing, D.: Mod-
C6

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-172/hess-2020-172-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-172
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

elling the hydrological impacts of climate change on UK lowland wet grassland, Wet-
lands Ecology and Management, 17(5), 503–523, doi:10.1007/s11273-008-9127-1,
2009.

Thompson, J. R., Sørenson, H. R., Gavin, H. and Refsgaard, A.: Application of the
coupled MIKE SHE/MIKE 11 modelling system to a lowland wet grassland in southeast
England, Journal of Hydrology, 293(1–4), 151–179, doi:10.1016/j.jhydrol.2004.01.017,
2004.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2020-
172, 2020.

C7

https://hess.copernicus.org/preprints/
https://hess.copernicus.org/preprints/hess-2020-172/hess-2020-172-AC1-print.pdf
https://hess.copernicus.org/preprints/hess-2020-172
http://creativecommons.org/licenses/by/3.0/

