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1 - The colour black is used for the reviewer questions/remarks.
2 - The colour green is used to answer questions raised by the reviewer.
3 - The colour blue is used for the text added to the manuscript.
This paper presents an analysis of a number of improvements to a land surface model. I do
appreciate the amount of work the authors have performed, but at this point I also have a
number of major comments to the paper.
1 - A first problem is the quality of the writing. There are a large number of grammatical errors
that many times make the paper very hard to read. This renders the paper unacceptable for
publication.
2 - The manuscript was completely revised and corrected by a native English speaker.
1 - Top of page 2: There is a vast amount of literature on the evaluation of land surface models
at various spatial scales using Bowen ratio or eddy covariance data (latent and sensible heat
fluxes), ground heat flux data, soil temperature and moisture profiles, infiltration data, ground
water levels, etc. Similar comparisons have been performed using remote sensing data. Stating
that models have been evaluated using discharge data and ground water levels is blatantly
ignoring an enormous amount of literature.
2 - It was not intended to state that the models were evaluated using only flow and
groundwater level data in general, but only in this study. However, the authors would like to
thank the reviewer for this remark, which shows a lack of references to studies that have been
conducted in the past and still are conducted today to evaluate LSMs with different data sets.
The introduction of the manuscript has been modified and the following paragraph has been
added (top of page 2 to top of page 3, i.e. lines 35-71):
3 – Land surface models (LSMs), whether or not coupled to hydrology, have been the subject of
numerous studies that have improved them over time and have led to a better description and
understanding of the key processes governing exchanges at the interface between the surface
and the atmosphere and the surface and the subsurface. These studies have made it possible to
evaluate surface models, and even certain parameterizations, by comparing simulation results

with different types of observations such as in situ measurements, reanalyses or satellite
products. Over time, a number of international measurement campaigns have been organized
to evaluate the performance of the models by comparing them with in situ measurements.
Simulations were carried out offline, i.e. decoupled from the atmosphere, to avoid introducing
atmospheric biases into the surface schemes. The first international model intercomparison
projects were the Project of Intercomparison of Land surface Parametrization Schemes (PILPS),
described in Henderson-Sellers et al. (1996), which began with forcing from atmospheric
simulations (Pitman et al., 1993) and, in a second stage, forcing from local observations (Chen et
al., 1997). The successive phases also focused on different issues, such as snow and frost
parameterization (Schlosser et al., 2000), river flow assessment (Wood et al., 1998; Bowling et
al., 2003). In the spirit of PILPS, GSWP (Global Soil Wetness Project, Dirmeyer, 2011) was
initiated with global scale simulations. The results of this project are the first global offline
multi-model simulations of LSMs. Other more specific intercomparison projects have been
carried out such as SnowMIP (Etchevers et al., 2004) to study snow-related processes, ALMIP
(Boone et al., 2009), focusing on critical surface processes in West Africa at regional scale, or
Rhône-AGGrégation (Boone et al., 2004) to study coupling with hydrology. More recently, the
PLUMBER project (Best et al., 2015) has attempted to identify how LSMs behave in relation to
certain benchmarks and to define performance criteria that LSMs should be able to achieve
according to the information available in atmospheric forcing, thus avoiding direct comparison
with observations.
In many of these intercomparison studies, the surface models were validated at the local scale
and used average parameters that were known fairly accurately. However, these models
sometimes have strongly non-linear components, such as the link between root zone moisture
and transpiration when the soil dries out (Sellers et al., 1997), so it is necessary to develop subgrid parameterizations to compensate for the lack of representativeness of the mean
parameters. Overgaard et al. (2006) conducted a review of surface models based on energy
balance and used for hydrological purposes. They stressed the need to validate the models at
the local scale, but also showed the interest of using remote sensing data to evaluate the
models. Indeed, the validation of LSMs using river flows alone does not prove that surface
fluxes, for example, are well simulated by the model and that there is no error compensation.
Furthermore, estimating surface fluxes by remote sensing is not straightforward and requires
certain assumptions that are not always valid, and inversion models are used to translate the
remote sensing measurement into a model variable equivalent. However, using surface fluxes to
validate surface models is also subject to questioning since the energy balance measured at the
surface is generally not closed (Foken, 2008) whereas it is an imposed constraint in surface
models. The use of international measurement networks such as FLUXNET (El Mayaar et al.,
2008; Napoly et al., 2017) is also widely used to evaluate surface models at the point scale.
Remote sensing provides a means of observing hydrological state variables over large areas
(Schmugge et al., 2002) and can be useful in the case of LSMs coupled to hydrological models, in
particular in order to assess evaporation (Kalma et al., 2008; Long et al., 2014; Wang et al.,
2015) or soil moisture (Goward et al., 2000; Albergel et al., 2012; Fang et al., 2016). It should be
noted that these remote sensing data can be assimilated to correct the model state variables at
the initial time as well as during the hindcast (Albergel, et al., 2017).
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1 - We need more information on how the point data were upscaled to allow comparisons with
the model grid results. Comparing point data to spatially averaged model results does not make
much sense. Furthermore, some grids may contain more stations than others. This will impact
the results of the comparison, and needs to be explained better.
2 - It is not clear what data the reviewer is referring to. In any case, the answer we propose is
valid for all types of observations used in the study. First, the model results are not spatially
averaged when compared to point data. Rather, the reverse is true, since it is a downscaling
from a resolution of a few tens of kilometres to a finer resolution of 8 km for the surface model
and up to 1 km for the hydrogeological model. The method is as follows: the SAFRAN analysis is
performed on homogeneous zones in terms of horizontal gradients. The analysed fields are then
spatially interpolated to a regular 8 km grid taking altitude into account. Thus, the comparison
of IR radiation is made between the SAFRAN analysis interpolated at 8km and point data
(GLACIOCLIM or LSAF). The horizontal variability of IR radiation at 8 km is small enough to allow
a direct comparison with in situ observations. Second, the ISBA model outputs of ground
temperature and snow depth profiles are relatively sparse and only a direct comparison
between the model outputs and the observations is possible. Finally, with respect to river flows,
the MODCOU model grid varies in the range of 8 km to 1 km near the riverbed, and the
comparison between the model output and the observed flow is made by considering the flow
at the river outlet and the corresponding model grid point in the 1 km hydrological network
grid.
The section 3.2 of manuscript was modified and the following paragraph was added at the end,
after the description of the different datasets (lines 312-321):
3 – The SAFRAN analysis is performed on homogeneous zones in terms of horizontal gradients,
and the analysed fields are spatially interpolated to a regular 8 km grid taking altitude into
account. Thus, the comparison of infrared radiation (IR) is made between the SAFRAN analysis
interpolated at 8 km and the local observation. The horizontal variability of IR radiation at 8 km

is small enough to allow a direct comparison with in situ observations. Moreover, the ISBA
model outputs of ground temperature and snow depth profiles are relatively sparse and only a
direct comparison between the model outputs and the observations is possible. Finally, with
respect to river flows, the MODCOU model grid varies in the range of 8 km to 1 km near the
riverbed, and the comparison between the model output and the observed flow is made by
considering the flow at the river outlet and the corresponding model grid point in the 1 km
hydrological network grid. This way of locally validating models by comparing the observation to
the corresponding model grid point is not new and has been used in many studies in France and
elsewhere (Habets et al., 2008; Decharme et al., 2013; Lafaysse et al., 2011; Vergnes et al.,
2014).
1 - Please make it crystal clear how the 470 discharge stations were selected. If there are more
stations, why were they not used?
2 - Only discharge stations with observations for at least half of the days over the total period
were kept.
The following sentence was added in section 3.2 (lines 297-298):
3 - Only gauging stations with observations for at least half of the days over the total period
were kept.
1 - Line 351: some basins are anthropized. I assume this means "urbanized", because
agricultural crops are now in the new vegetation classes. If basins are urbanized or semiurbanized, and the model does not simulate this, then these basins cannot be used to evaluate
the model.
2 - The term anthropized doesn’t seem appropriate. It is partly urbanized as highlighted by the
reviewer, which means that the presence of urbanization will affect for example the surface
runoff by reinforcing the imperviousness. This effect is accounted for in the model by replacing
the urban areas by rocks that will facilitate surface runoff. On the other hand, it’s true that
agricultural crops are part of the vegetation classes and that the model does not represent
explicitly the agricultural practices such as irrigation. Moreover, the model does not account for
dams whereas some rivers are highly affected by their presence. But we do think that these
basins have to be part of the evaluation to identify the weaknesses of the model and put the
efforts on developing methods to account for irrigation or the presence of dams.
“whereas some basins are anthropized.” was changed in the manuscript section 4.2 as follows
(lines 366-371):
3 – while some basins are influenced by human activity. In some basins, the human footprint on
the landscape is characterized by an increase in urban and agricultural areas and the presence
of dams. In the model, urban areas have been replaced by rocks, a type of natural surface, to
represent the presence of urban areas that enhance surface runoff. However, the model does

not explicitly represent irrigation or the impact of the presence of dams on river flow. The
basins impacted by human activity are of great interest for the evaluation as they allow
quantifying errors in the system and proposing improvements.
1 - Line 417: "can probably be attributed to a deficit in the incoming shortwave ration ... or
geothermal heating". This seems speculative, it could simply be that the soil or land cover
parameters are wrong.
2 - It is true that there is no evidence that geothermal heating is a source of error in the ground
temperature. This was removed from the manuscript and the original sentence in section 4.6:
“As in the previous study of Decharme et al. (2013), a global cold bias (here of about -0.8 K) is
observed at each depth, which can probably be attributed to a deficit in the incoming shortwave
radiation at the surface and/or to the none representation of the deep earth geothermal
heating.“
Was changed into:
3 - “As in the previous study by Decharme et al. (2013), a cold bias (here about -0.8 K) is
observed at each depth, which can probably be attributed to a deficit of incoming short-wave
radiation at the surface and/or to an incorrect specification of soil physical properties or surface
parameters.”
1 - Section 4.7: remote sensing data could have been used to substantiate the results here. At
this point, unless I am misunderstanding, no data are used to validate the conclusions.
2 - It is true that remote sensing data could have been used to consolidate the results. But the
choice was first to focus on the evaluation against river discharges, snow depth and soil
temperatures, and second to propose a climatological comparison of the Bowen ratio and the
evaporation to precipitation ratio of the system before and after the changes. These two
objectives are very important for the applications that are used downstream of the system,
especially in the departments at MF in charge of hydrology and agriculture.
On the other hand, remote sensing data does not cover the entire period and a fair comparison
to the model climatology is not possible.
The beginning of section 4.7 was modified as follows:
3 - This section compares the climatology of the SIM system before and after the changes made.
The aim is to qualitatively identify the impact of the new model on the distribution of energy
flows, which is important for certain hydrological or agriculture-related applications.
Some minor issues:
1 - Add units to the list of numbers at the bottom of page 3.

2 - The list was changed as follows:
3 - 0.01 m, 0.04 m, 0.1 m, 0.2 m, 0.4 m, 0.6 m, 0.8 m, 1 m, 1.5 m, 2 m, 3 m, 5 m, 8 m, 12 m
1 - Top of page 4: be specific, do not state "few tens of centimeters" and "a few meters".
2 - In section 2.2, the sentence “Heat transfer is resolved over the total depth, while moisture
transfer is resolved only over the depth of the roots, which depends on the type of vegetation, a
few tens of centimetres for crops and a few metres for forests.” was changed into:
3 - Heat transfer is resolved over the total depth, while moisture transfer is resolved only over
the depth of the roots, which depends on the type of vegetation and its geographical location: a
maximum of 1.5 m for type C3 crops and 2.5 m for forests in France.
1 - Line 215-220: this explanation is very unclear.
2 - In section 2.5, the paragraph “In SAFRAN the analysis is performed on homogeneous areas of
several hundreds of square kilometres and an explicit vertical discretization is applied so that
the analysis is done every 300 meters. For each grid box i, the analysed variables 𝑋:(𝑖) are then
interpolated on a horizontal 8 km grid, accounting for the averaged elevation of each grid box,
and used as input to the ISBA model.” was changed into:

3 - In SAFRAN, the analysis is performed on homogeneous zones of several hundred square
kilometres and the vertical component is explicitly considered with to a 300-metre slicing along
the vertical. For each grid cell i, the analysed variables 𝑋 # (𝑖) are then interpolated on an 8 km
horizontal grid, considering the average altitude of each grid cell. The analysed variables are
then used as input to the ISBA surface model.
1 - Section 4.7: Bowen ration -> Bowen ratio.
2 - corrected
1 - There are 17 figures in the paper. This seems like a bit much to me. Can this perhaps be
reduced?
2 - Figure 2 and Figure 7 have been deleted and Figures 16 and 17 have been grouped together.

