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We would like to thank the reviewer for taking the time to review the manuscript and for
the constructive comments. Please find our replies below the comments (indicated in
italic).

If the final goal is to assimilate ETR maps derived from remote sensing in a distributed

model, one expects from this paper to answer at least partially the following question:

“what is the added value of the surface energy balance models in an Observing System

whose state-space model is a coupled hydrology-SVAT model ?”. The results only
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briefly tackle this issue; it should be emphasized in a revised version.

The goal of this paper was to look at the question: “is there any additional (spatial) in-
formation present in outputs of remote-sensing based surface energy balance models
that is missing from physically-based distributed hydrological model”. From the study
it appears that there is, and therefore in the conclusion we pose the question which (if
any) of the outputs should be assimilated. Assessing the added value of such assimi-
lation by, for example, comparing outputs of hydrological model runs with and without
assimilation is a topic of ongoing research. We will try to clarify this in the revised
manuscript.

For instance, all results are expressed as instantaneous fluxes at different times of the
day (different overpass times). Instantaneous fluxes at 11:30AM and 13AM local time
can differ from more than 100W/m2, which makes me doubtful about the relevance of
such an intercomparion. In order to intercompare the models, results should be trans-
lated in, at least, daily totals in mm/day. Why not use classical EF extrapolation and
interpolation methods to convert instantaneous ETR estimates to daily and seasonal
ETR values ?

It is true that Aqua and Envisat satellites have overpass times at different times during
the day. However this difference is already accounted for, and discussed in the study.
As explained on P5918 L4-13, when the DTD or TSEB-2ART fluxes are compared with
MIKE SHE fluxes, the MIKE SHE estimate is interpolated from two half- hourly steps
bracketing the satellite overpass time. For example, if satellite overpass was at 11:48,
MIKE SHE estimates from 11:30 and 12:00 would be used. Therefore the issue of
fluxes being modelled at different times is only applicable when DTD and TSEB-2ART
fluxes are compared and it is discussed in results in section 6.1.3.

In addition EF is also used during the comparison (Table 2 and Figs 2-4). Extrapolating

EF to daily values would just involve multiplying it by the daily available energy (or net

radiation assuming negligible daily G). Therefore the multiplicative factor would be the
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same (if tower observations were used) or very similar (if modelled, as seen in the avail-
able energy intercomparison from figs 2-4 and Table 2) for the three models. Hence,
we consider that no additional information or insight would be gained by extrapolating
to daily values. Additionally, as mentioned on P5923 L1-9 the self-preservation of EF
might not always hold over the whole study area due to frequently cloudy conditions,
bringing additional complications and errors when extrapolating to daily values.

The cumulative values should also be compared to the information amount already
provided by the potential ET which is a good reference to assess the added value of
any ETR model (this is also true for instantaneous values).

Adding potential ET to the comparison of temporal pattern modelled in the catchment
(sections 6.2, 7.2 and Figure 5) is an interesting idea and will be explored in the revised
manuscript.

Abstract is not conclusive enough and the introductive part of the abstract (roughly half
of it) is too long. You should state clearly the outcomes of the study. | don’t see, in its
present state, what insight the paper brings to the hydrological modelers to consider
assimilating ETR maps in their models. After reading the paper, if | was a modeler, I'd
keep the current calibration method based on the sole available data incl. surface tem-
perature! Actually, whether one must directly assimilate surface temperature instead
of ETR maps derived from surface temperature in a distributed model is still an open
question, and the answer lies in a careful analysis of the various uncertainties and
the consistency of the spatial covariances, not only on the average catchment outputs.
This should be commented.

The abstract will be rewritten to better represent the outcome of the study and to

shorten the introductory part. However, in this paper we are not trying to convince

the hydrological modeller to assimilate remotely sensed ET maps into their models.

We are merely exploring if there is any extra information in those maps that could be
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assimilated. In fact, in the conclusion (P5930 L20-25) we are stating, in accordance
with the reviewer’'s comment, that whether ET or LST (or another parameter) should be
used during the assimilation is still an open question.

The structure of the energy budget (dual source model with series resistances) is es-
sentially the same between MIKE SHE and both SEB models but the formulation of the
aerodynamic resistances (soil to aerodynamic level, vegetation to aerodynamic level)
are different (Shuttleworth Wallace vs original Norman et al.). What part of the current
findings comes from this difference ? It would be easy to implement the same resis-
tance scheme in the 3 models, this would ensure that the differences come from the
methods (constraint on ETR by surface temperature vs by the water budget) and not
the algorithmic choice.

This is a very valid comment and in the revised manuscript we will also run the models
with the same formulations of the aerodynamic resistances.

The reference mentioned for TSEB-ART is a conference abstract, | think that for the
sake of comprehension of the paper the model should be better described in the
manuscript so that the reader can grasp the difference between both SEB models. Ac-
tually, the presentation of the SEB models should focus on the main difference between
the two models: both use two surface temperatures to constraint the dual source en-
ergy budget. However, in DTD, the constraint on ETR is the same as the original TSEB
model, the day/night surface temperature data being used only to get rid of system-
atic errors in the surface temperature estimates. The vegelation is transpiring at the
potential rate unless there is an inconsistency in the soil surface temperature retrieval.
In TSEB-2ART on the other hand, it seems to me that the directional temperatures
are used to derive the soil and vegetation component temperatures, and that the tran-
spiration rate is therefore computed directly as a residual term. It's not clear how the
resulting inconsistencies are treated. It seems from P5917 L 13 that inconsistencies are
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not corrected for but simply ignored. The lack of robustness of most ETR retrieval algo-
rithms based on the use of surface temperature data is an open issue for hydrological
applications and should be dutifully commented in the paper.

A full paper describing TSEB-2ART is currently in the final stages of being written and
will be submitted to peer review soon. However we will elaborate on the description of
TSEB-2ART in the revised manuscript.

The reviewer correctly notes the main difference between DTD and TSEB-2ART. When
TSEB is applied with single angle LST, some assumptions are needed based on the
expectation that plants transpire at their potential rate. This assumption may lead to
significant errors in cases when plants are stressed, or when the potential canopy tran-
spiration is not well defined. For that reason, the green fraction of vegetation (f,) is
an important parameter within the model since it improves TSEB accuracy in forested
ecosystems and during senescence by taking into account the phenological develop-
ment of the vegetation (Guzinski et al. 2013). However there does not exist yet an
established method of estimating f, using remote sensing data. To overcome this is-
sue, dual angle LST can be used for retrieving soil and canopy temperatures without
employing any assumptions based on the canopy transpiration (Chehbouni et al. 2001;
Kustas and Norman 1997) (Nieto et al. 2010a; Nieto et al. 2010b). Simple models for
such retrieval have been proposed based on the proportion of vegetation and soil ob-
served at two different viewing angles (Chehbouni et al. 2001; Kustas and Norman
1997). However, since plant canopies are composed of finite leaves, multiple scat-
tering of energy occurs within the canopy and therefore a more physically complex
methods for retrieving soil and canopy temperatures may be needed when using dual
angle LST measurements (Frangois 2002) (Nieto et al. 2013).

However, we do not believe that the differences between DTD and TSEB-2ART lead
to inconsistency in the study. On the contrary, we think that it contributes to the study’s
validity since the two remote-sensing models use both different data (MODIS and En-
visat) and different approaches to estimate the fluxes. Therefore, if the flux patterns

C3436

produced by the remote-sensing models are more similar to each other than to the
flux patterns produced by the hydrological model, it indicates that the remote sensing
models might contain some additional information that is not currently present in the hy-
drological model. It would also indicate some level of robustness in the remote-sensing
models. We will elaborate on this point in the revised manuscript. Finally, P5917 L13 is
a technical note indicating that sometimes TSEB-2ART produced unrealistic resistance
values and that fluxes from those model runs were not used in the comparison.

- P5909 L8: This statement is too strong. Both approaches (single and dual source
with series resistances) compute an aerodynamic temperature as a common source
of heat for the whole surface. Whether this temperature has a physical meaning is
not certain. I'd rather say “the two-source models have the advantage of explicitly
representing the separate contribution of the soil and the vegetation and avoiding the
need of an excess resistance whose value differs largely from one reference to the
other”; provide a more recent reference for the “excess” resistance (kB-1) issue (e.g.
(Matsushima 2005; Kustas and Anderson 2009; Boulet, Olioso et al. 2012))

- P5913 L20: Same as above (Norman et al., 1995 is a rather old reference on the
kB-1 issue)

The statements and references will be updated following the reviewer’s suggestions.

- P5917 L12-15: What is the percentage of discarded pixels/dates that don’t meet each
of the 3 conditions ?

The first condition (pixel not classified as urban or water) depends on the land cover
map and is the same for all dates. According to the land cover map used in the study,
water and urban areas together comprise 97 pixels within the catchment area, which
represents less than 4% or all pixels.

The other two conditions (valid modelled fluxes and valid estimated aerodynamic re-
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sistance) change from date to date and depend on model formulations (including the
equations used for resistances). They are most often caused by noise in the input
data or invalid model parameterization. We will report the exact numbers in the revised
manuscript but it is expected that they lead to rejection of less than 10% of modelled
pixels.

- P5915: | find this part confusing and actually do not understand how the various
Rs values are derived. If b and c values for short crops (LAl<2) are different in tem-
perate and arid regions then Rs is an empirical relationship. It seems to me that the
Shuttleworth-Wallace (SW) expression of this resistance gives satisfaction in all climate
conditions with the same amount of input data. It's actually the expression used in the
Mike-SHE model. Why not use this resistance formulation then ?

In both DTD and TSEB models, b and ¢ are constant for all LAls and for all land-
cover classes. However, since DTD aspires to use just time differential temperature
measurements, it was originally decided to remove the (Tg - T¢)Y/3 term from the re-
sistance equation and instead to replace it by a LAl-dependant constant. For dense
canopies Ts-T¢ was assumed to be 5 K, while for sparse canopies it was assumed
to be 15 K (Norman et al 2000). This assumption is empirical and might not hold in
all climatic regions. Therefore in the current study we decided to replace (Ts - T¢)'/3
by (Tr1 — Tro) = (Ta1 — Tap))/3. This formulation avoids the use of non-time dif-
ferential temperature estimates while also avoiding the empirical assumption. This will
be clarified in the revised manuscript. In addition, the resistance formulations used in
MIKE SHE will also be implemented in DTD as mentioned in a previous answer.

- P5931: why use a uniform and constant vegetation height in the SEB models rather
than the formulation used by Mike-SHE ?

The relationship used by MIKE SHE is empirically derived in croplands and therefore
it underestimates the vegetation height in, for example, forest. It was used in all land
C3438

cover classes because MIKE SHE is rather insensitive to this parameter. In the remote
sensing models we wanted to assign more realistic vegetation height to each land-
cover class. However in the revised manuscript we will use the MIKE SHE vegetation
height formulation in all the models in order to avoid confusion and to make sure that
the different models are run with the same ancillary inputs.

- P5940 and 5941: all findings indicate that MIKE-SHE simulates a lot more stressed
vegetation than both SEB models(lower ETR and higher vegetation temperature). This
should be commented more largely in the text. Given your knowledge of the crops and
the climatic conditions, do you think that the stress level simulated by MIKE-SHE is
realistic ? If not, this would help answering the question about the added value of SEB
models in an Observing System.

Although MIKE SHE simulates lower ET than DTD and higher T¢ than both remote-
sensing models, it simulates higher ET than TSEB-2ART. Also the LE bias between
MIKE SHE and DTD is quite small. Therefore the answer is not so straight forward.
However, we will elaborate on this topic in the revised manuscript.

- P5943: merging all seven years in a single Figure is confusing. | don’t understand
why the line (catchment average) is so far below the circles (even though those circles
represent clear sky days only). Please indicate the catchment average potential ET in
a second line in order to assess the overall catchment water stress.

It was decided to combine all the years in a single figure since this way the temporal
(seasonal) patterns of catchment-wide ET modelled by the different models can be bet-
ter illustrated. On average there were around 10 days per year satisfying the selection
criteria mentioned on P5919 L19-21. Therefore, placing the years next to each other
would have resulted in a drawn out, less clear figure. The line represents an average
ET for a particular DOY for all the years under study, regardless of whether it was a
cloudy or sunny day. Since, as discussed on P5929 L1-9, the ET is mostly limited by
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energy availability, it is expected that clear-sky ET will be higher than an average of
mostly cloudy-sky ETs. We will try to clarify this in the revised manuscript. In addition
we will add a line to the graph showing a 8-year averaged potential ET for each day.
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