Dear Prof. Moussa,

Thank you again for giving us the opportunity to revise our paper. We understand very well that
the use of RS-based NDII observations to assist distributed modelling is not a well-established
approach and therefore has raised quite some questions by the reviewer. We have done our best to
answer the observations and comments in detail and adjust the paper accordingly. We attach
detailed replies to the reviewers and have indicated how we adjusted the paper. | think that in the
process the paper has become much more clear and better substantiated. Also the graphs were
substantially improved, which allowed us to remove a number of tables.

We trust that we have met the requirements and hope that this permits you to take a final decision.

On behalf of all my co-authors, sincerely,
Hubert Savenije

Anonymous Referee #1

The referee #1° s comments:

The manuscript illustrates the calibration procedure of a semi-distributed rainfall-runoff model for
flow prediction. The model is built based on the FLEXL model structure plus the Muskingum
method for river routing, and it is applied to the Upper Ping catchment in Thailand. For this
catchment there are 6 gauges and 32 sub-catchments are delineated. For flow prediction it is
required to calibrate a large number of parameters for each sub-catchment; the calibration strategy
relies on the observed discharge (between 2001 and 2016), the normalized difference infrared
index (from 2002 to 2016) and the soil water Index for moisture conditions (from 2008 to 2016).
Results are compared to those provided by a different modeling scheme, namely URBS model.

While the topic of this work is of interest for the scientific community, by providing additional
developments for rainfall-runoff modeling, my general opinion is that the manuscript needs
additional efforts from the Authors to be considered for publication in HESS. The main point here
is that the research gaps motivating the present work and the innovative contribution to the
literature are not clearly stated. As for results, a key issue is the estimation uncertainty, which
should be quantified for model comparison in terms e.g. of prediction intervals. Due to the large
number of calibration parameters, it is expected for the prediction intervals to be almost large.
Hence, a fundamental aspect of this work should be how the information introduced here for
calibration affects the prediction intervals (the estimation uncertainty) for different model
structures. Note that only at the end of the manuscript (in the Conclusion Section) the Authors



justify their work as a method to avoid uncertainty in runoff estimation (which is not avoidable in
my opinion, but it can be reduced).

Answer:

Thank you very much for your close reading and comments. We appreciate your request to
demonstrate if and how the different methods to constrain the parameter domain, by using spatial
patterns of NDII, lead to less predictive uncertainty of the models. In the revised manuscript, we
demonstrate model uncertainty using the procedures described in 4.3: Estimation of Uncertainty
in FLEX-SD-based models. The results are shown in 5.3: Uncertainty in runoff estimation using
FLEX-SD, FLEX-SD-NDlImaxmin and FLEX-SD-NDllavg

The referee #1° s comments:

Further, the text could be reorganized to be more concise and objective oriented, especially in the
presentation of the methodology, yet not only. Finally, I suggest to revise figures to improve
readability (e.g. remove “1 April” on x axis and use scientific notation in y-axis in figures 4 and
A.1, increase text size in figures A.6-A.9).

Answer:

In our revised manuscript, we have attempted to better emphasize the problem statement in the
introduction section. Further, the revised methodology/results include sections on model
uncertainties (4.3/5.3) and relationship between the average root zone soil moisture storage (Sui)
and the average NDII and SWI (4.4/5.4). The majority of tables were either replaced with figures
to better present the tabulated results. Similarly, most figures have been reproduced to improve
readability.

Reply to anonymous Referee #2

Referee #2° s comment:

The present manuscript describes an effort to incorporate the Normalized Difference Infrared
Index (NDII) into a semi-distributed hydrological model based on the FLEXL model structure
(including distributed time lags and channel routing routines), to drive partitioning of the water
balance in favor of more realistic soil moisture storage capacities in the Upper Ping River basin in
Thailand.

The effort to test remote sensing products readily available to the hydrological modelling
community is scientifically relevant, and the proposals to obtain maximum moisture storage
capacities from annual NDII values seem interesting and relatively novel to me. However, a
broader bibliographic context on the work being done by other research groups worldwide seems
to be missing from this article.



Answer:

As you have mentioned, the practice of incorporating remote sensing technigues (let alone NDII) is indeed
novel. We have cited a few additional papers that have implemented the NDII product for monitoring plant
water content and also drought. To our knowledge, papers which resemble our framework are not
available.

Referee #2° s comment:

It is my opinion that some of the conclusions presented in the paper are not supported by the
modelling exercise, and some others are not substantial. After carefully reviewing the
methodological strategy and the results, it seems to me that a part of the validation process is not
rigorous enough from the point of view of causality. For example, when trying to validate with
average NDII values the soil moisture contents that were simulated/constrained with the average
and range of the very same NDII, as we would want to use independent (and ideally direct)
observations to achieve rigorous validation. Following this precept, the use of the Soil Wetness
Index (SWI1) for validation purposes is more appropriate, although it is partly model-based and
does not constitute either a direct observation or an indirect one that was empirically validated on
direct measurements in the study area. Furthermore, the good correlation between the SWI and all
models (whether NDII-based or not), both during the dry and wet seasons, leaves the impression
that the contribution of the NDII is not fundamentally relevant to simulate the soil moisture
component. It would be worth asking if the modelling could be made more efficient by
constraining the soil moisture holding capacity routine rather with the SWI, which seems not to be
particularly affected by the wet season effect, which was known in advance to be a limiting factor
for the NDII.

Answer:

We find that constraining the FLEX-SD models by the seasonal range and average NDII to
distribute Sumax across 31 sub-catchments does not make the validation of Su; estimates by NDI|I
an inappropriate approach. After all, we believe that the greater distinguishing powers between
arid and productive sub-catchments resulting from the Su-NDII relationships is not invalid even
though NDII was used in the estimation of Su.

Further, we do not think that SWI is a good constraint for distributed modelling, because it is
partly model-based. It would lead to circular reasoning. NDII, however, is an independent
observation. Therefore, using NDII as a constraint and using SWI as a validity check is a better
approach.

We performed a formal split-series calibration-validation test and uncertainty analysis (requested
by referee#1) of the different models which shows the added value of using NDII.

The fact that SWI works better during wet periods is not a real advantage. The soil moisture
holding capacity is far stronger constrained by the stress periods, which is during the dry season.
In the final check against the SWI we demonstrate that out approach also results in realistic values
during wet periods and in wet ecosystems, such as evergreen forest.



Referee #2° s comment:

Although in general the article seems well written to me, the wording of section 4.2 could be
improved in order to avoid ambiguities (lines from 10 to 15 are not very straightforward). Tables
4 and 5 could also be improved, as they present duplicate data in some cases, and tabulations that
do not seem appropriate. For example, by presenting results of the lumped FLEXL model
calibrated for each of the various sub-catchments studied but tabulating these data under the table
section: "for calibration at station P.1". Evidently a lumped model that was calibrated at P.1 could
not provide results for individual upstream sub-catchments.

Answer:

Section 4.2 has been revised accordingly. Tables 4 and 5 have been phased out and replaced
with easily interpretable figures.

Referee #2° s comments:

| have trouble endorsing some interpretations and statements expressed in the results section. But
| think the article is especially lacking in its conclusions, which | believe are not being formally
supported and proven. For example, on p. 14, L. 16-17, it reads: “The results indicate that the
relationship with the average root zone soil moisture storage is affected by the ecology of the river
basin.”. The term “ecology” is extremely broad and complex, and there is no definition and
characterization of it in the article. Even less, a scientific demonstration of such soil moisture-
ecology relationship. The article goes on to state that: “The results confirm the power of NDII to
capture the spatial variation of root zone soil moisture within the sub-catchment scale”, which,
again, is neither accurate nor was it strictly proven through the scientific method.

Answer:

Misleading terms and phrases have been removed. Further, we have reinforced the benefits of
NDII by elaborating on the consequential relationship between NDII-forced Sumax estimates and
the percentage of sub-catchment forest cover, which is in itself a realistic finding.

Referee #2° s comment:

On p. 15, L. 9-11, it reads: “As a result, the NDII appears to be useful to constrain hydrological
models during dry conditions and both SWI and NDII appear to be useful to test model
performance and to assess moisture states of river basins.”. As stated earlier in this review, if NDII
were used as a soil moisture model forcing, would not the simulation be expected to show this
correlation? Furthermore, how sensitive is the model to forcing if even having constrained the soil
moisture routine with the NDI|I, the result reveals a poor correlation between them during the wet
season?

Answer:

As per the prior answer (#2), the appropriateness of using average NDII to distribute Sumax
across the 31 sub-catchments and deriving the flow and thereby Su; time series which were
validated against both NDII and SWI is not unreasonable. The consequential variation in Sumax
has produced Su; estimates which are increasingly sensitive to catchment aridity/productivity. We
shall supplement this claim with Figure 9 in the manuscript, which reveals the influence of land-
use composition on the Sui, NDII and SWI signatures.



Referee #2° s comment:

On p. 15, L. 18-19, it reads: “... it has been shown that it is required to account for the spatial
variation of the moisture holding capacity of the root zone.”. In fact, this was not shown,
considering that the best independent validation tool presented in the article is the SWI, which was
shown to be highly correlated with the simulated soil moisture storage regardless of the inclusion
of the NDII constrains in the model. In addition, including or not the spatial variation of the
moisture holding capacity of the root zone is not necessarily required in all cases, but rather
depends on the objectives of the modelling exercise. For example, if the objective is the best
possible calibration of a rainfall-runoff model in the outlet of a basin for seasonal hydrological
prediction purposes, as we have seen, in some cases a lumped model could generate greater
efficiencies.

Answer:

As detailed in the discussion section, we attempted to convey that the quest for achieving strong
Su-SWI across all sub-catchments is not the holy grail. Although this appears to be rather
counterintuitive, it should be expected that sub-catchments with distinct Su; signatures (e.g., the
forest-rich vs arid sub-catchments) correspond to SWI signatures to varying degrees. Therefore,
the fact that the FLEX-SD-NDllavg has appeared to exacerbate the variation of Su-SWI across the
31 sub-catchments should be perceived as the ability to better reflect heterogeneity.

Further, it is worth to be mindful of the objective at hand, which is to explore the potential of
predicting flows in ungauged catchments, rather than comparing the performance of lumped and
semi-distributed models at a gauging station. Inevitably, a calibrated lumped model would be
expected to perform well at the outlet of the UPRB, if not better than the semi-distributed models.
However, reframing the focus towards the great advantage that semi-distributed models have for
ungauged basins (where flow and flood prediction is one of the main concerns of the hydrological
community) and that the study found reasonable model performances (e.g., Figures 4 & 5) should
be perceived as a valuable contribution.

Referee #2° s comment:

P. 15, L. 20-21: “We concluded that the maximum of a series of annual ranges (NDIIMaxMin)
and annual average (NDIIAvg) of NDII values offers an effective proxy for estimating the
appropriate Sumax values in the different sub-catchments. “. Again, it seems to me that the data
presented cannot support this conclusion.

Answer:
The conclusion has been revised to accurately reflect the findings of the study. That is, the
constraining by average NDII was appropriate.



Referee #2° s comment:

P. 16, L. 1-2: “... However, during the wet season when soil moisture is replenished as a result of
rainfall, NDII values are no longer well correlated with soil moisture.”. In multiple parts of this
article reference is made to "soil moisture™ in order to later infer and conclude facts (such as its
possible relationship with the NDII during the wet season), without the precaution that this soil
moisture is not actually observed, but only a modeled value that was partially validated based on
an indirect index (SW1). Due to the above, it does not seem appropriate to refer to soil moisture
without specifying each time that it is a simulated value, nor drawing conclusions based on said
simulated values, considering that they have not been sufficiently validated in the field and,
therefore, cannot offer acceptable levels of accuracy and precision.

Answer:
We have reiterated in fact that root zone soil moisture estimates are indeed simulated.

Referee #2° s comment:

In conclusion, | believe that this article could be substantially improved by better contextualizing
it within the current global research environment on the specific topic of using remote sensing to
improve soil moisture simulation in distributed hydrological models (how many other research
initiatives around the word are trying to use the NDII to better simulate soil moisture storage
capacity?).

I would also suggest better organization, simplification and clarification of the description of the
methodology (particularly section 4.2), and a thorough review of the modelling strategy, to avoid
later interpretations that are irrelevant or based on spurious relationships (such as correlating an
explicitly introduced forcing of the model outputs with those model outputs) or reaching
conclusions that were not subject to hypothesis and testing (such as concluding about the ecology
of a basin without having first systematized and analyzed that concept, or establishing the need to
adopt a specific approach such as distributed modelling without sufficient empirical evidence to
support it).

Answer:

The manuscript now makes a remark to the opportunities in improving modern-day hydrological
modelling through implementing remote-sensing techniques. The methodology has been revised
to additionally include sections on model uncertainties (4.3) and relationship between the
average root zone soil moisture storage (Sui) and the average NDII and SWI (4.4). Further, the
corresponding results to Section 4.2 has been divided into clearer steps (i.e., Sections 5.1.1-
5.1.3).



