We thank the reviewer for the valuable comments. We have replied the comments one by one
below, and revised the manuscript accordingly. The replies are highlighted in blue color and
the modified texts (in the revised manuscript) are shown italic.

Reviewer #2

The paper describes a multimodel assessment of the relative impacts of human activities and
climate on mean annual streamflow over the past 4 decades in China. This study shows that
unlike previous assessments, the climate impact signal is much more pronounced than the
human impact signal in 88% of river segments in China. The study also quantifies the impact
of humans across basins and discusses regional differences. In general the paper is publishable
after some moderate revisions.

Reply: Thanks for the positive comments. We have replied the comments and revised the
manuscript accordingly.

- The use of the term ‘climate change’ in the title and throughout the manuscript is

somewhat confusing and misleading because it gives the impression that the paper will be
forward looking in time and over the coming several decades (e.g., 2050, 2100). A more
appropriate term is ‘climate impacts’
Reply: We used “climate impact” in the title. We have replaced “climate change” by “climate
variability” in most cases, and by “climate impact” in some cases Where appropriate. “climate
change” is still used when refer to future climate change and results from some specific
references.

- The 3rd paragraph of the introduction makes the argument that “This is the first study to
perform such a quantitative assessment for all rivers of China with comparable modeling
experiments.” Being aware of the ISIMIP publications
(https://www.isimip.org/outcomes/publications/) in this space with global assessments
including many of the authors on this paper, I find this argument to be an exaggeration. | think
the last sentence of that paragraph is a key novelty of this work, and as such linking back to the
content of the second paragraph in the introduction to make the case would be my suggestion.
I do agree that focusing on China is somewhat unique about this study. So one suggestion is to
tweak the noted sentence as follow “This is the first study to focus on performing such a
quantitative assessment for all rivers of China with comparable modeling experiments.”

0 Schewe et al.: Multimodel assessment of water scarcity under climate change. PNAS,
2014.

0 Haddeland et al.: Global water resources affected by human interventions and climate
change, P. Natl. Acad. Sci. USA, 111, 3251-3256, https://doi.org/10.1073/pnas.1222475110,
2014.

0 Veldkamp et al.: Water scarcity hotspots travel downstream due to human interventions



in the 20th and 21st century, Nature Commun., 8, 15697,
https://doi.org/10.1038/ncomms15697, 2017.

0 Wada et al.: Human—water interface in hydrological modelling: current status and future
directions, Hydrol. Earth Syst. Sci., 21, 4169-4193.
Reply: Thanks for the suggestion. We have revised the sentence following the suggestion.

- P5, L2: I would suggest omitting ‘preliminary’
Reply: Changed.

- P7, L14-17: Showing the individual models in figure S2 makes the figure too busy to
read. Why not use the same format as in figure 2 by showing a band around the median. Also,
it would be useful to show the same type of figure as figure 2 but for streamflow.

Reply: We have redrawn Figure S2 and added a figure (Figure S3 in the revised manuscript and
below) for the simulated and observed annual streamflow following the suggestion.

A brief description has been added.

Revision in the manuscript (Subsection 3.1, the second paragraph (new added)):

The model spreads in the ensembles of seasonal streamflow and the deviations between
observation and simulations are relatively larger in the northern basins than those in the
southern basins (see Figure S2 for each basin). Comparison between the simulated and
observed annual streamflow (Figure S3) shows similar patterns as the seasonal streamflow
with respect the discrepancies between northern and southern basins. The Nash-Sutcliffe
coefficient was calculated for the multimodel median and observed monthly streamflow at each
station (see Table S2), which shows that the multimodel medians have better performance in the
southern basins. This evaluation indicates that the multimodel simulations have relatively poor
performance in northern basins and most stations with relatively smaller streamflow (e.g., in
dry areas or upper reaches). The large spreads between models underline the necessity of using
ensemble medians rather than individual models for the attribution of streamflow changes.
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Figure S2. Seasonal cycle of streamflow from observations (orange) and multimodel medians
(black). The observations are the average values of the hydrological stations, while the
simulations are averaged values over the grid cells identified by the location of stations. The
gray areas show the 25th and 75th percentiles of the multimodel simulations. Northern basins:
Songhua River (SH), Liao River (LR), Northwest Rivers (NW), Hai River (HA), Yellow River
(YR), Huai River (HU); Southern basins: Yangtze River (YZ), Southeast Rivers (SE), Southwest
Rivers (SW), Pearl River (PR).
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Figure S3. Simulated (black) and observed (orange) mean annual streamflow at the
hydrological stations in each basin. The observations are the average values of the
hydrological stations, while the simulations are averaged values over the grid cells identified
by the location of stations. The gray areas show the 25th and 75th percentiles of the multimodel
simulations.

- P7, L18-24: 1 realize that given the large departures in water withdrawal estimates,
matching streamflow gauge observations might be a challenge, unless the authors believe that
simulated water withdrawals might be equally or even more reliable than the statistically
collected data, which have their own challenges.



Reply: We would not state that the simulations of water withdrawals are equally or more
reliable than the statistically collected data. In fact, they are largely based on statistically
collected data (e.g., FIGke et al. 2013; Hanasaki et al., 2008). We agree that the large spreads
in the multimodel simulations of water withdrawals should be one uncertainty source to the
streamflow simulations, but the effect is not superimposing (e.g., Fig. 9 in MUler Schmied et
al 2014 for one GHM). On the other hand, Veldkamp et al. (2018) showed that inclusion of
human impacts such as water withdrawals leads to better model performances. The simulations
of water withdrawals remain a challenge, though great efforts have been made by the
community. We have added a statement to address this concern at the end of this paragraph in
the revised manuscript, but would not further elaborate it since it is not the focus of this study.

Revision in the manuscript (Subsection 3.1, the last paragraph)
The large deviations in the multimodel simulations of water withdrawals could make the
modeling of streamflow more challenging (Ddl et al., 2016; Wada et al., 2017).

- P7, L18-24: Are water withdrawals taken from surface water sources or also groundwater
sources? What about return flows? Also, | am assuming that glacier melting, which contributes
to streamflow, is simulated in these models, but that region is not included in the analysis. |
realize that some of these were mentioned in the results, but incorporating some of these details
briefly when discussing the method or the results from the evaluation exercise would suffice.
Reply: The sources of water withdrawals are shown in Table S1, depending on models, which
may include river channel, reservoirs, groundwater and lakes. Return flows were considered in
different ways for different water uses (e.g., MUler Schmied et al., 2014; Wada et al., 2014;
Pokhrel etal., 2015). Glacier melting was not simulated in most GHMs (except PCR-GLOBWB)
in this study. We have added the absence of glacier melting in the models as a reason of
excluding the Tibet plateau region, and described the sources of water withdrawals in the
Method section (please see the reply to the 3rd comment of reviewer #1) in the revised
manuscript.

Revision in the manuscript (Subsection 2.1, the first paragraph)

The simulations may have large uncertainties over the Tibetan Plateau because long-
term meteorological and streamflow observations are sparse in this region (Zhang et al.,
2017) and the modeling of glacier melting is absence in most of the models.

- P10, L23-29: how does the model specify how much water is taken from surface water
vs groundwater sources? Are the small pockets of increased MAF due to human impacts (Fig
5¢) attributed to technological change (e.g., irrigation efficiency), or return flow from
groundwater pumping, or something else?

Reply: Generally, groundwater is withdrawn when the water use requirement is not met due to
limited accessibility to or insufficient quality of surface water. Groundwater withdrawal was
considered in most models (see Table S1), but the pumping rate may vary substantially between



models (Wada et al., 2016). It is difficult to determine the groundwater pumping rate since
groundwater storage is usually unknown. The fraction of groundwater for water use is
determined from reported statistics data (Siebert et al., 2010, used in WaterGAP) or estimated
in the model (e.g., PCR-GLOBWAB, see Wada et al., 2014). We have briefly clarified it in the
Method section (also see the reply to the 3rd comment of reviewer #1) in the revised manuscript.

The increased MAF should be mainly due to return flow, but we cannot identify it from which
source because of lacking related model output currently. Technological development may
improve water use efficiency and reduce the amount of withdrawals. However, it may be not
the reason for the slight MAF increase induced by DHI change, because water withdrawal
increased over the study period (see Figure 2). We have clarified it in the revised manuscript.

Revision in the manuscript (Subsection 3.4, the first paragraph)

Compared to the first sub-period, in the second sub-period MAF increased by more than 30%
in many river segments of the Northwest Rivers and increased by more than 5% in large parts
of the Huai River, which may be due to the return flow from water withdrawals.

- P11, L7: I would suggest omitting the sentence about the US and Canada. It breaks the
flow of the paragraph which is talking specifically about China.

Reply: Removed.

- P13, L14-30: To me this, this is a key contribution of this study. Yes, | agree that the
results are not necessarily comparable in term magnitudes due to the highlighted reasons by the
authors. But a missing discussion point is to why they fundamentally differ in their findings. |
don’t agree that either one of these two approaches (small scale using statistical approaches vs
large scale modeling similar to this study) is necessarily superior. Each approach has its own
pros and cons. So articulating why this approach differs from earlier findings is critical.
Reply: We agree that both the methods has its own pros and cons. At the end of the discussion,
we have emphasized the importance of using multiple approach to obtain more reliable
assessment. In the revised manuscript, we have rewritten the last paragraph of the discussion,
wherein we clearly stated the key difference between the method in previous studies and this
study.

Revision in the manuscript (Subsection 4.6, the last paragraph)

One major difference between previous studies (e.g., Li et al., 2007; Bao et al., 2012) and this
study is that the former estimates DHI contribution by comparing simulations with observations
while we compare two simulation experiments. The former may be subject to uncertainty in
comparing the data from two systems (i.e., the model and the real world). In this study, the two
simulation experiments favor the estimation of DHI contribution in a consistent manner that is
largely free of uncertainty in the data from different systems. The multimodel simulations also
allow profiling the uncertainties among models and input forcings, which is difficult for a single



model assessment. However, the deficiency of this approach is that DHI is not real. Therefore,
the assessment is inevitably influenced by the extent to which the models can reproduce the real
DHI. Considering the complexity of DHI on streamflow and the ability of current hydrological
models in reproducing historical hydrological changes, multimodel simulations and different
attribution approaches are well worth obtaining more robust assessments (Liu et al., 2017; Yuan
etal., 2018).
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