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We greatly appreciate the reviewer for his/her valuable comments and feedback on our
study. We have substantially revised the manuscript to address the criticisms, and the
main revisions are summarized below:

1.Reviewer 1 made a major comment about the weakness of using only two synthetic
climate scenarios and indicated that the scenarios are too simple without considering
climate variables. To address this comment, we have totally changed the alternative
scenarios used in this study. The number of different scenarios has increased from 2
to 6, and they are all now generated from real climate data. The generation procedure
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for the new scenarios can be described as follows: the annual weather data from 1998
to 2013 were first collected and divided into multiple dry and wet seasons. Then, these
seasons were sorted according to their total precipitation values, and they were divided
into six different groups representing six climate scenarios from wet to dry (three for the
dry season and three for the wet season). The mean and standard deviation values
of the different climate variables (e.g., precipitation, maximum temperature) for each
group were further calculated using their daily climate data. Finally, we generated
random daily climate data for each climate scenario based on these mean and standard
deviation values using the normal distribution.

2.Reviewer 1 raised a question on the generation of model uncertainty. In the re-
vised manuscript, to address the comment, we have changed the uncertainty of the
model from with/without the overland flow module to that associated with three plausi-
ble aquifer models. This revision adds physical meaning to model uncertainty because
when establishing the hydrological model for the research area, the thicknesses of the
different aquifers were uncertain and can be described by different conceptual models.
According to Pellertier et al. (2016), the thickness of the soil and unconsolidated rocky
material exceeded the maximum value in their model (50 m) in the central Amazon re-
gion; therefore, we built three aquifer models considering different thicknesses for the
unconfined and confined aquifers: (1) 100 m and 200 m, (2) 50 m and 250 m, and (3)
250 m and 50 m, respectively.

3.Both reviewers commented about deficiencies in terms of the results and deep dis-
cussion, especially the absence of physical interpretation. To solve this problem, we
have totally revised the uncertainty sources, including all uncertain inputs of scenarios,
models, and parameters, used in this study. The generation of new climate scenarios
and plausible models has been described above, and the parametric uncertainty has
also been totally revised. One new uncertain parameter, which is the length of the flow
path for runoff contribution to the overland flow domain, has been added. The six pa-
rameters were further divided into three groups: vadose zone parameters, groundwa-
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ter parameters, and the overland flow parameter. A new set of subdivided parametric
sensitivity indices was further calculated for each parameter group. To implement the
sensitivity analysis, we have performed a more physical and practical interpretation of
the model parameters and structures. To estimate the subdivided parametric sensitiv-
ity indices, we implemented the Latin hypercube sampling method and binning method
with the hierarchical sensitivity analysis method for the first time. The new sensitivity
analysis results can provide more detailed information on the importance of different
uncertainty sources for modelers. The size of the parameter samples was also in-
creased from 100 to 600. Therefore, the total number of simulations increased from
"2×2×100=400" to "6×3×600=10,800" .

4.Both reviewers commented on the equal weights (probabilities) used for the alterna-
tive scenarios and models. To address the comment, we have added a section to the
revised manuscript to discuss the new sensitivity analysis results using different weight
values for the scenarios and models.

5.Reviewer 2 commented on the description of the governing equations for the PAWS
model. To address this comment, we have added an appendix to describe the govern-
ing equations and parameters of PAWS in detail.

General Evaluation

The topic of the paper is of potential interest for HESS readers. However, I found
the paper confused regarding both the exposition of the study and the methodological
framework. I suggest a complete revision of the presentation.

Response

We thank the reviewer for the positive evaluation of this manuscript and constructive
comments. To improve the presentation of this study and implement the methodology,
we have completely revised the framework of the description of the methodology, study
area, and model setup. First, we described the general condition of the study area and
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the PAWS model with implementation information for PAWS+CLM used in this study.
Next, we introduced the hierarchical sensitivity analysis method and its implementation.
Then, we described the Latin hypercube sampling method and binning method used
to calculate the sensitivity indices. Finally, we introduced detailed information on the
generation of the different uncertain inputs considered in this study.

Comment 1

Uncertainties includes climate scenarios (external source), the model itself and some
of its parameters. However, considering 2 alternatives for the model and climate sce-
nario does not mean that these are uncertain. Are these alternatives associated with
different probabilities? It seems that when the model and climate scenario are fixed
uncertainty reduces to parametric uncertainty. I think the authors should explain better
how the proposed approach is able to really cover all the sources of uncertainty.

Response

We understand the reviewer’s confusion, and we have totally revised the generation of
the scenarios and model uncertainties. We have increased the number of alternative
scenarios from two to six in the way described in the above summary of the main
revisions. The plausible models have also been changed from models with/without an
overflow module to three different aquifer models with physical meaning. The scenario
and model uncertainties are induced by these coexisting scenarios and models. Figure
1 provides a synthetic example of probability density functions (PDFs) for the model
predictions under multiple models and scenarios. The between-scenario variance (the
term in Eq. (2)) represents the scenario uncertainty for this synthetic example. As the
figure shows, the scenario and model uncertainties represent the distinct predictions
provided by different coexisting models and scenarios, and they exist with or without
parametric uncertainty. Our methodology used the variance decomposition technique
to measure these uncertainties and separated them from the scenarios, then models,
then parameters following their dependence relationships (Equations (2) to (7)). All the
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uncertainty sources are indeed covered and accurately measured in our study through
this uncertainty framework and variance decomposition system.

The alternative scenarios and models can indeed have different probabilities or
weights, as the reviewer mentioned. We have added a section (section 3.5) to in-
vestigate the influences of different prior probabilities on the climate scenarios and
numerical models. We changed the prior probabilities for the first numerical model
(i.e., the original aquifer model in Niu et al., 2017) and the prior probabilities for the
wettest and driest climate scenarios. The results are presented in Section 3.5. We
also changed Figure 2 (the hierarchical sensitivity analysis framework developed for
PAWS applied in the central Amazon basins) to clarify the approach we proposed in
this study.

Comment 2

To me, uncertainty in climate scenarios should be linked to uncertainty in climate vari-
ables, that should be treated as random variables or random fields. Here, it seems that
climate time series are only used to establish two deterministic scenarios. I don’t think
this is a remarkable innovation for the research in this field.

Response

We agree with the reviewer. We have totally revised our strategy for defining a climate
scenario. As we indicate in the summary of the main revisions, we analysed 16 years
of annual weather data in this study area and generated six different climate scenar-
ios. The random climate variables (e.g., precipitation, temperature, radiation intensity,
humidity and wind speed) for each scenario were all randomly generated based on the
statistical data for the corresponding season. We summarized the statistical informa-
tion for six climate variables, which is displayed in Table 1.

Comment 3

I’m not sure that analysis of variance is the right tool to tackle modeling uncertainty.
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One could combine GSA with e.g. model discrimination criteria to effectively under-
stand the diverse performance of different models.

Response

We understand the reviewer’s confusion. This variance-based hierarchical sensitivity
analysis method is not the only way to tackle the modelling of uncertainty. However, the
variance-based sensitivity analysis method is one of the most widely used and robust
GSA methods for accurately quantifying different uncertainties and has no requirement
for model characteristics (Yang, 2011). This hierarchical variance-based sensitivity
analysis method we used can combine all the uncertainty sources together and pro-
vide a set of accurate measurements of their importance. This method thus provides a
valid and efficient way to compare model uncertainty with other uncertainties (i.e., sce-
nario and parametric). To the best of our knowledge, this methodology is the only tool
available to achieve this goal. The model discrimination criteria mentioned by the re-
viewer indeed represent an important tool for evaluating and ranking different plausible
models. However, they cannot provide measurements of the total model uncertainty
or compare the model uncertainty with other uncertainty sources. If the criteria were
implemented in this study, it would indeed help us to provide more accurate weights or
probabilities for the different models. However, how to best estimate the model criteria
and assign the weights is still an open research question and not the focus of this study.
Therefore, we added section 3.5 to discuss the effects of using different model weights
on the sensitivity analysis but without using the model discrimination criteria. We will
further investigate this topic in future research.

Comment 4

The discussion of the results is very weak and does not help understanding the physical
findings that the study brings.

Response

C6



We agree with the reviewer. We have totally revised the uncertainty framework and
uncertain inputs in our study to make them have more physical meaning. Accordingly,
we have revised our results and discussion based on the new findings.

Figure 1. A Demonstration of within- and between-scenario variances using the prob-
ability density functions (PDFs) of model predictions.

Figure 2. The framework of the hierarchical sensitivity analysis developed for PAWS
applied to the central Amazon basins. The three uncertainty source types are placed
into the appropriate hierarchical level according to their dependence relationships. The
left part of this figure shows the sources of these uncertainties, and the right side shows
the abbreviations and the structural relationships among the various uncertainties. The
number of climate scenarios in this study is six; the number of plausible numerical
models under each climate scenario is three; and the number of parameter sets under
each numerical model is 600. It should be noted that the parameter uncertainty sources
are further divided into three parts: vadose zone parameters, groundwater parameters
and the overland flow parameter.
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Please also note the supplement to this comment:
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-246/hess-2019-246-AC1-
supplement.pdf

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-
246, 2019.
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Fig. 1.
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Fig. 2.
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