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We highly appreciate your constructive comments and suggestions which are of great
help to us in revising our manuscript. We have carefully addressed all your comments.
Please find our detailed responses below.

Responses to major comments:

Comment 1: The methods and data usage are not very much clearly presented. For
instance, the definition of dry and wet season is of critical importance as the study cov-
ers the climate regions from subtropical in southern China and cold temperate region
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in northeast China. However, authors do not clearly present. Similarly, it seems not
clear how the dry and wet season LAIs were calculated for the watersheds located in
the very different climate regions?

Response: Our submission includes the main text and supplement. The definition and
distinction of the dry season and wet season for each watershed are provided in the
Supplement S1 which also includes the data descriptions on climate, topography, soil,
land cover, and LAI in the selected watersheds. Meanwhile, the method for quanti-
fying the effect of vegetation change on seasonal streamflow is described in detail in
Supplement S2, which is the basis for the quantification of seasonal ecohydrological
sensitivity. Regarding the calculation of watershed LAI, we have generated two data
series of LAI: dry season LAI (mean value of the LAIs in the dry season) and wet
season LAI (mean value of the LAIs in the wet season) from the entire study period.
To address your concerns, we will modify the sections of study watershed, data and
method to present our methodology more clearly by e.g., adding a brief description on
the definition and distinction of the dry season and wet season for each watershed and
the calculation in our revised manuscript.

Comment 2: The justification for using large number of topographic and landscape
indexes is missing. In reality, almost every feature in the watershed will have impact on
the watershed responses, even though some can be ruled out and some are relevant
than others mathematically.

Response: In this study, seventeen topographic indices and seven landscape indices
are involved to represent topographic and landscape conditions in watersheds. Firstly,
these indices have been identified based on previously published studies, which are
most frequently used in studying the topographic effect on hydrological processes. We
agree with you that every feature in a watershed will have a certain impact on the
watershed responses. For example, area, perimeter, mean elevation, and elevation
differences provide basic topographic conditions for each watershed, showing water-
shed heterogeneity. Slope, flow path length (Length), and slope length factor (LS) are

C2



indices used for assessing erosion hazard. Topographic wetness index (TWI) is a crit-
ical topographic index related to soil water content and surface saturation. Shannon’s
diversity index (SHDI) and Simpson’s diversity index (SIDI) could be applied to indicate
a patch diversity of landscape. As you mentioned, some of them can be ruled out while
some of them are more relevant than others to watershed responses. However, too
many predicting factors are likely to increase the redundancy of a prediction model. A
model with more predicting factors does not guarantee a more accurate prediction. For
example, some of these indices are highly linearly related to others, which will lead to
a multicollinearity problem in a prediction model. Thus, multicollinear relationships be-
tween these indices must be detected and confirmed first and then to identify the key
factors that are mostly related hydrological response to vegetation change by factor
analysis and step-wise regression. The whole selection process is a trade-off between
the model complexity and model performance, which may bring some uncertainties.
We will add the justification for using large number of topographic and landscape in-
dices and discuss the associated uncertainties in our revised manuscript.

Comment 3: 14 watersheds studied are subjected to different disturbance regimes
hydrologically and ecologically, yet, the separation of stream change in dry and wet
season into vegetation change and climate change seems not very much convincing.
This point also should be addressed or at least the weakness of current study should
be indicated in the discussion and/or conclusion sections.

Response: We just briefly describe the method for separating the effects of vegetation
change and climate variability on season streamflow in the main text. A more detailed
description on the methodology is provided in the Supplement S2. We will modify the
method section to describe the methodology more clearly. As you pointed out, 14
large watersheds have been experienced different disturbances, such as vegetation
removal, vegetation restoration and anthropogenic activities. It is very challenging to
differentiate the hydrological impact of vegetation change, climate change and other
watershed disturbances. In this study, seasonal streamflow variations are attributed
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to climate variability, vegetation change and other factors. The modified double mass
curve (MDMC) is firstly used to remove the effects of climate variability on seasonal
streamflow variation. The multivariate ARIMA (ARIMAX) model is then used to quan-
tify seasonal streamflow variation attributed to non-climatic factors (vegetation change
and other factors). The 95% confidence intervals (95%CIs) criterion is applied to sep-
arate the statistical errors and the seasonal streamflow variation attributed to other
factors. The seasonal streamflow variation caused by vegetation change can be quan-
tified eventually. We believe this framework is a feasible methodology for identifying
the effect of vegetation change, climate variability and other factors. However, there
is no perfect methodology. First, an important assumption of this method is that the
vegetation-water relationship during the study period should be stationary, which may
be invalid if vegetation-water relationship is nonstationary. In addition, various water-
shed disturbances such as urbanization, dam regulations and other human activities
are considered as a whole (other factors). Therefore, the impact of each watershed dis-
turbance (e.g., urbanization, dam regulation, and irrigation) cannot be quantified sep-
arately. We will discuss these limitations of our methodology in the revised manuscript
as your suggestion.

Responses to specific comments:

Line 43: Please make a clear distinction between the dry and the wet season in your
study.

Response: We will provide a brief description on the distinction between the dry and
wet season in the main text as your suggestion.

Line 49: ‘shown’ is more common.

Response: We will revise it as your suggestion.

Line 65: Please delete ‘in spite of its usefulness’.

Response: We will revise it as your suggestion.
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Line 89-92: Here, the logic is elusive. The background is right in China. But this doesn’t
mean a good opportunity to explore the index on a short time scale (e.g., seasonal
scale).

Response: We will modify the statement to provide a more convincing justification for
assessing ecohydrological sensitivity in watersheds across different climatic zones in
China. China has experienced substantial and dynamic vegetation change over the
past few decades. Deforestation and biomass loss dominated vegetation change from
1950s to 1980s (Wei et al., 2008), while several nation-wide revegetation programs
have been implemented since 1980s (Li et al., 2018b). These large-scale vegetation
changes will inevitably impact local and regional water cycles. However, given the large
variations in climate, vegetation, soil, topography and landscapes in China, hydrolog-
ical responses to vegetation change can be highly variable among watersheds. As is
known, it is very challenging and time-consuming to assess the hydrological impact of
vegetation change in every watershed. There is a need to develop a general frame-
work for an efficient evaluation of the hydrological sensitivity to vegetation change at a
watershed scale, which will benefit future water and forest resources management.

Line 98-99: What were the selection criteria for fourteen large watersheds? And their
representativeness is not distinct.

Response: We will clarify our selection criteria for the study watersheds in the revised
manuscript. Given the great difficulty that there is no free access for hydrological data
in China, the number of study watersheds cannot be as large as we want. That means
the best strategy for us is to locate a number of representative watersheds based on
their hydrological data availability, watershed size, climate type and vegetation type.
Given that the dominant climate zones in China include subtropical monsoon, alpine,
temperate monsoon and temperate monsoon climate zones, there will be several rep-
resentative study watersheds in each climate zone. The selected watersheds in each
climatic zone are with watershed size greater than 500 km2 along with long-time hy-
drological data available to meet the data requirements for statistical analysis (≥15
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yrs). In addition, we only focus on vegetative watersheds with vegetation cover greater
than 30% since less vegetated watersheds are mostly located in arid regions where
the effect of vegetation change on streamflow is not dominant at a watershed scale.
With these criteria, we select at least two large watersheds in each climate zone. We
will also clarify these criteria in Section 2.1 in the main text. In addition, the detailed
descriptions of the study watersheds about their representativeness on climate, topog-
raphy, soil, dominated vegetation type and hydrological regime are described in the
Supplement S1.

Line 115: How can the author define the equally divided dry and wet seasons for the
watersheds located in the very much different climate zones across China? This is
critical, please specify clearly.

Response: In this study, the dry and wet seasons are defined according to the long-
term mean monthly precipitation within a hydrological year (November to October). For
watersheds in subtropical monsoon climate (Pingjiang and Xiangshui), a wet season
with more than 70% of annual precipitation falling in watersheds covers a period from
March to August, while the dry season starts from September to February. In other
watersheds from the alpine, temperate monsoon, and temperate continental climate
zones, the wet season (also called rainy season mostly in summer) starts from May to
August, while dry season is from November to April. We will specify how dry and wet
seasons are divided in the revised manuscript as your suggestion.

Line 117-118: Please give the PET formula.

Response: We will provide it as your suggestion.

Line 121-123: How to reclassify land cover types? What is the basis for this?

Response: There are 17 types of land covers in MODIS MCD12Q, including evergreen
needleleaf forests, deciduous needleleaf forests, evergreen broadleaf forests, decid-
uous broadleaf forests, mixed forests, closed shrublands, opened shrublands, woody
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savannas, savannas, grasslands, permanent wetlands, croplands, urban and built-up
land, cropland/natural vegetation mosaics, permanent snow and ice, barren, and wa-
ter bodies. We reclassify them into forest (evergreen needleleaf forests, deciduous
needleleaf forests, evergreen broadleaf forests, deciduous broadleaf forests and mixed
forests), shrubland (closed shrublands and opened shrublands), grassland (woody sa-
vannas, savannas and grasslands), agricultural (croplands and cropland/natural vege-
tation mosaics), snow (permanent snow and ice) and other lands (permanent wetlands,
urban and built-up land, barren, and water bodies). Vegetation coverage including for-
est, shrubland and grassland can be then calculated. We will state how we reclassify
the land cover types in the revised manuscript.

Line 124- 134: Have you compared the two RS products with observations in the field?
Which is more accurate for your study?

Response: We understand that it will be helpful if the accuracy of the two RS products
can be validated by field observations from our study watersheds. However, it is very
challenging and expensive to conduct field observations in our study watersheds that
distribute across large climatic gradients. Actually, these two RS products have been
widely used and have already been validated by some studies in China (Xiao et al.,
2016; Yang et al., 2017). Therefore, according to previous studies, we believe the
application of the two RS products can be acceptable and reliable. We will discuss
the uncertainty associated with the RS products in the revised manuscript. In fact, the
two RS products (GLASS LAI and MODIS MCD12Q1) are used for different purposes
in our study. The GLASS LAI is used for quantifying watershed vegetation level that
is then used to calculate ecohydrological sensitivity, while the MODIS MCD12Q1 is
applied for calculating forest and vegetation coverage that is then used to calculate
landscape indices by FRAGSTATS 4.2. Therefore, we cannot conclude which product
is more accurate for our study.

References Xiao, Z., Liang, S., Wang, J., Xiang, Y., Zhao, X., and Song, J.: Long-Time-
Series Global Land Surface Satellite Leaf Area Index Product Derived From MODIS
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and AVHRR Surface Reflectance, IEEE T. Geosci. Remote Sens., 54 (9), 5301-5318,
10.1109/TGRS.2016.2560522, 2016. Yang, Y., Xiao, P., Feng, X., and Li, H.: Accu-
racy assessment of seven global land cover datasets over China, ISPRS Journal of
Photogramm. 125, 156-173, https://doi.org/10.1016/j.isprsjprs.2017.01.016, 2017

Line 149-150: Remove it.

Response: We will revise it as your suggestion.

Line 154: Repeat. Remove ‘which is calculated by the improved single watershed
approach’.

Response: We will revise it as your suggestion.

Line 157: How do you consider the auto-correlation between the influencing drivers?

Response: If we understand right, you mean the influencing drivers are correlated with
each other. We have selected 40 indices that are classified into five types including
climate, vegetation, topography, soil and landscape in this study. There is no doubt
that some of them are correlated with each other. To address this issue, we have
firstly performed Kendall correlation analysis and linear regression to identify statisti-
cally significant correlations between seasonal ecohydrological sensitivities and 40 in-
dices, where the insignificant indices were excluded for the prediction model. Then we
have performed the factor analysis to further reduce the redundancy of indices. Fac-
tor analysis can reduce a large number of variables into fewer numbers of factors with
important information being retained, which is similar to principal component analysis.
Eventually, only a few indices with key influences on seasonal ecohydrological sensi-
tivity are retained for multiple linear regression. In this way, the correlation between the
influencing drivers could be greatly reduced. We will provide a clearer description on
variables selection to clarify this issue in the revised manuscript.

Line 189: Why estimate the significant at a level of 0.10 rather than usual 0.01 or 0.05?

Response: The significance level for a given hypothesis test is a value for which a p-
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value less than or equal to the significance is considered statistically significant. Typical
values for the significance level are 0.10, 0.05, and 0.01, indicating that strong evidence
against the null hypothesis, and the null hypothesis is rejected accordingly. Meanwhile,
there are less than 10%, 5% and 1% probability that the null hypothesis is true. In
other words, there are 10%, 5% and 1% probability that a wrong rejection of the null
hypothesis could happen, respectively. We understand a lots of studies choose the
a significance level of 0.01 and 0.05, while there are also many studies use 0.1 as a
significance level according to their research purposes and sample size. In this study,
given our sample size is relatively small, we choose a significance level of 0.1 in the
correlation analysis in order to identify potential factors with significant influences on
seasonal ecohydrological sensitivity as many as possible. Since it is used in the initial
selection of influencing factors, we believe a significance level of 0.1 is acceptable.

Line 199: How do you consider the interaction effects? Or if there is collinearity be-
tween the selected variables? How to overcome this problem?

Response: Yes, collinearity should be considered in our analysis. As we mentioned be-
fore, we have applied correlation analysis and factor analysis to identify key factors as
the input for multiple linear regression. Thus, only a few indices with key influences on
seasonal ecohydrological sensitivity are retained for multiple linear regression. In this
way, the correlation between the influencing drivers could be greatly reduced, which
help us to establish a model without collinearity more easily. In addition, we have
tested the collinearity of inputting variables for the multiple linear regression. Since
the VIF (Variance Inflation Factor) is less than 10, we believe there is no collinearity
between the inputting variables for the prediction model. We will clarify this as your
suggestion.

Figures 2-5: They cannot display the differences intuitively and clearly. Please redraw
these figures.

Response: We will revise these figures as your suggestion.
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Line 331: should be ‘a dominating factor’.

Response: We will revise it as your suggestion.

Line 378-379: What are the uncertainties of the simple multiple linear model for pro-
viding a reliable and robust assessment framework based on the selected fourteen
watersheds in China? I do believe that authors should address this issue.

Response: Yes, we totally agree with you that there are some uncertainties and limita-
tions associated with the model. We will discuss these uncertainties as your sugges-
tion. The first limitation could be the sample size. Our models are generated from only
14 large watersheds. We understand more watersheds used for the study will lead to
more robust conclusions. However, as we mentioned before, there is a great difficulty in
free access to hydrological data in China, it is impossible for us to get an ideal sample
size. Besides, the quantification of vegetation impact on seasonal streamflow involves
tremendous analyses for each watershed, and there is a trade-off between the number
of watersheds and workload. The second limitation could be that our models fail to
capture some non-linear relationships between ecohydrological sensitivity and its influ-
encing factors. Other methodologies such as machine learning or neural network could
be applied to explore non-linear relationships between ecohydrological sensitivity and
its influencing factors with a bigger sample size in future studies.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2020-
336, 2020.
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