A DETAILED LIST OF RESPONSES
TO REVIEWER #2

General comments:

This study tried to quantify the contributions from different runoff component (rainfall,
snowmelt and glacier runoff) to the total runoft based on a well-established VIC-Glacier
model, and then discussed the potential causes resulting in the runoff changes. Besides
the traditional ground-based hydro-meteorological observation, the remote sensed
precipitation was also involved. In general, the paper is well-structured with the
methods and results clearly presented, and the findings are attractive. I would like to
suggest a few aspects for improving and making the statements and results more robust.
Below please find my detailed comments on this work:

Response: We would like to thank you for your valuable comments on our paper. Your
insightful review has enhanced our paper considerably. Below is a point-by-point
response to your comments.

Specific comments:

“---affects the water resources security of 700 million people...”, 700 million? Please

double the number.

Response: We thank the reviewer for this advice. Once again, we carefully consulted
the relevant literature, which indicated that the Three-River Source Region affects the
water resources security of 700 million people living downstream (Ji et al., 2020).

References

Ji, P, Yuan, X., Ma, F., and Pan, M.: Accelerated hydrological cycle over the
Sanjiangyuan region induces more streamflow extremes at different global
warming  levels, Hydrol. Earth  Syst. Sci., 24, 5439-5451,
https://doi.org/10.5194/hess-24-5439-2020, 2020.

Actually some previous studies have employed the VIC-Glacier to simulate the
hydrological process in high mountain. The author need to review and summarize them
in the introduction.

Response: We thank the reviewer for this advice. We have added some details about
using VIC-Glacier to simulate QTP’s hydrological processes to the revised manuscript,
as follows:

“Hydrological models have been widely used to study the runoff response to climate
changes in basins of QTP (Lutz et al.., 2014: Su et al.. 2016; Zhang et al..,2013). Wang




et al. (2021), using the variable infiltration capacity (VIC) land surface hydrologic
model linked with the degree-day factor algorithm (VIC-Glacier), reported the total
runoff of QTP showed an increasing trend during 1984-2015, and the glacier runoff in
the south increased rapidly at a rate of 6 mm/a. Zhang et al. (2013) applied the VIC-
Glacier model to quantify the proportion of rainfall, snowmelt and glacier runoff in six
major basins of QTP during 1961-2009. On the basis of the work of Zhang et al. (2013),
Su et al. (2016) applied the same VIC-Glacier model to determine the total runoff of
QTP’s six basins in 2041-2070 would increase by 2.7-22.4% relative to 1971-2000
due to increased rainfall runoff in the upstream of the Yellow, Yangtze, Salween, and
Mekong Rivers and increased glacier meltwater of the upper Indus. However, some
studies have shown that the rapid retreat of glaciers caused by climate warming would
eventually reduce the water supply in the glaciated regions (Zhao et al., 2019; Barnett

et al., 2005).”
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Data, besides the PERSIANN-CDR, maybe the author could try proxy precipitation
data as well.

Response: Thank you for this comment. Although the use of different precipitation
sources, including proxy precipitation data, is an important topic in the hydrological
research of the Three-River Source Region, we believe a deeper discussion of this point
is beyond the scope of this manuscript. This is because the main purpose of this study



is to study runoff, not to compare the effects of different precipitation input data on
runoff simulation. The precipitation data can be considered to be suitable for a specific
study area, as long as the runoff simulation results meet the relevant evaluation criteria
(e.g., NSE, RE, and R) by optimizing parameters. And previous studies have also
confirmed that PERSIANN-CDR is a high-quality precipitation data set applicable to
the source region of the Yangtze River (Liu et al., 2017; Wang et al., 2021). Therefore,
in this study, when the VIC-Glacier model could not achieve reasonably satisfactory
results using CMA precipitation in the source region of the Yangtze River, we used
PERSIANN-CDR precipitation data. Perhaps we could carry out related research on
the influence of different precipitation data sets on runoff simulation in a future study.
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The glacier area plays a critical role in the whole hydrological simulation, the involved
glacier area data in this study is multi-year average or just observed in 2017? I suggest
to provide more detailed information.

Response: We are grateful to the reviewer for this suggestion. We see that this part was
not explained in detail in the original submission, and we thank the reviewer for
pointing this out. Firstly, we answer the reviewer’s question, the glacier area data is a
multi-year average for the mid-1970s. To make this clearer, we have added to the
description of the glacier area data as follows:

“Glacier area data were from TPG1976 generated by Ye et al. (2017). This data set was
specially compiled for QTP based on Landsat satellite images from the mid-1970s,
among which most images were acquired from 1976, and SRTM digital elevation
models (DEM v4.1) and Google Earth imagery.”
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For the missing observed runoft from Nov. to Apr. at Tuotuohe, it is suggested to discuss
the influence (or uncertainty) in the runoff simulation and the corresponding
contribution.



Response: We sincerely thank the reviewer for pointing out this issue. Although it was
reasonable to treat the runoff of Tuotuohe Station from November to April as 0 because
the runoff was negligible (Ahmed et al., 2020; Luo et al., 2019), it still introduced some
uncertainty. The lack of data affected the model evaluation metrics, thus affecting the
optimization results of model parameters. Thus we have added discussion about this
uncertainty in section 3.5 of our revised manuscript, as follows:

“Due to the lack of observed runoff in Tuotuohe Station from November to April, we
treated the runoff as 0. Although previous studies have shown that the runoff in these
months is negligible (Ahmed et al., 2020; Luo et al., 2019), it inevitably introduced
some uncertainty, because the missing data would affect the model evaluation metrics,
thus affecting the optimization results of model parameters.”
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Attribution analysis, why the author subjectively divides the runoff time series into pre-
and post-2003 periods? Why 2003 but not 2000 or 2005?

Response: We thank the reviewer for raising this issue; it is indeed our negligence that
the runoft time series division of attribution analysis is not clarified in the original
manuscript, which could be a gap for the reader. Therefore, we made the following
modifications in the method part of the revised manuscript:

“Ecological restoration is the dominant anthropogenic interference with TRSR in recent
decades (Feng et al., 2017). Chinese government classified TRSR as a national nature
reserve in 2003, and in 2005, the government invested 7.5 billion yuan (RMB) to carry
out an ecological protection project (Ma et al., 2021; Zhai et al., 2021). These measures
suggest that disturbance by human activities in the TRSR increased notably around
2003. In view of this, we regard 19842003 as our reference period, with less human
activity, while the period after 2004 is taken as the changed period (2004-), with a
greater effect of human activities on runoff.”
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and sediment and their response to human activities in the source region of the
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The residual error in the equations 10-12 could also come from the observational error
(including climatic forcing data or measured runoff)

&€= Rrsim - Rrobs
Response: We fully agree with this comment and provide clarification as follows:
“g is the residual error, which may be related to factors not considered in this study,

such as model simulation error and observational error, including climatic forcing data
or observed runoff.”

Lines 285, does the “interactions of climatic variables” mean the interaction between
precipitating and temperature?

Response: We thank the reviewer for raising this issue. Due to the complex interactions
of climatic factors in hydrological processes, the sum of the influences of each single
climate factor change on runoft was not equal to the runoff change caused by all the
climate factors changing at the same time. Another relevant factor is that the influence
of wind speed on runoff change was not discriminated. So in this study, we recorded
these unconsidered factors as the interactions of climatic variables. Therefore, the
interactions of climatic variables included not only the interaction between precipitation
and temperature, but also the interactions between precipitation and wind speed and
between temperature and wind speed, as well as between precipitation, temperature,
and wind speed.

Hypothesized climate change scenarios, although the author use “hypothesized” to
explain the virtual state, it is preferred to illuminate them as sensitivity analysis in my
opinion.

Response: We very much appreciate these comments providing a different perspective
related to the purpose of climate change scenario design. After discussing this point
amongst the co-authors, we would prefer to retain original analysis for the following
reasons:

(1) Using hypothetical climate change scenarios to drive hydrological models is one of
the methods that can be used to analyze hydrological responses to climate change (Su
etal., 2016).

(i1) Hypothetical climate change scenarios are set according to the possible range of



future precipitation and temperature changes in previous studies. Lutz et al. (2014)
predicted the future precipitation and temperature of QTP would change —10% to 20%
and 1°C—-3<C under the RCP4.5 and RCP8.5 scenarios from the CMIP5 multi-model
ensemble, respectively. Su et al. (2016) estimated the annual precipitation would
increase by 5.0-10.0% in 2011-2040 and 10.0-20.0% in 2041-2070 under the RCP2.6,
RCP4.5, and RCP8.5 scenarios at the plateau scale, and annual temperature is projected
to increase for all scenarios, with the greatest warming in the northwest (2.0—4.0 °C)
and least in the southeast (1.2-2.8 °C). Zhao et al. (2019) predicted the temperature of
QTP would increase by 0.11 °C (for RCP2.6) and 0.31 °C (for RCP4.5) per decade.
Extending these analyses, we chose precipitation changes from —20% to +20% at a step
of 10% and temperature changes from —1°C to 1°C at a step of 0.5 °C to analyze the
impact of future climate change on runoff.

(ii1) Sensitivity analysis is often used to identify the governing factors for a certain
process simulated (Xu et al., 2004). Actually, without sensitivity analysis between
climate factors (e.g., precipitation, and temperature) and runoff, we can still roughly
know the relationship between them, such as the fact that rainfall runoff is subject to
precipitation change and glacier runoff depends on temperature change. Hypothetical
climate change scenarios are made for the purpose of predicting how runoff will change
in the future according to the possible range of future climate factors, which is exactly
their practical significance. As mentioned in the conclusion of the original manuscript,
“Considering the fact that a simultaneous increase of precipitation and temperature is
the most likely future climate change scenario, we expect that the total runoff, rainfall
runoff, and glacier runoff will increase in the future, while the snowmelt runoff will
remain basically unchanged.” If this part is taken as sensitivity analysis, we could
analyze only how runoff will change with precipitation and temperature change, instead
of discussing that the most likely climate change scenario in the future is warming and
wetting, and we would not draw a conclusion about how runoff will change in the future.
Therefore, we think these hypothetical climate change scenarios are not just simple
sensitivity analysis, but can be used to predict future runoff changes to a certain extent.
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https://doi.org/10.1016/j.jhydrol.2019.03.043, 2019.
Figure 3, did the simulation here use the same optimized parameters?

Response: In this study, we separately calibrated and optimized VIC-Glacier model in
the source region of Yangtze River using CMA precipitation and PERSIANN-CDR
precipitation, respectively. So there were two sets of different optimized parameters.
Previous literature has indicated that hydrologic model recalibration is important when
applying different precipitation products (Camici et al., 2018; Ciabatta et al., 2016;
Khan et al., 2011).
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Table 1, I noticed that the lengths of available runoff data varies among the station, how
to deal with the different time series during the calculation process. In addition, some
results should not correspond to 19842018, e.g. in the Figures 4 and 5.

Response: We thank the reviewer for these comments. We indeed collected available
runoff data of different lengths among the stations, but this did not affect this study.
Actually, only a certain period of measured runoff data that was less affected by human
beings was needed to evaluate the performance of the model when using the VIC-
Glacier model to simulate runoff, and then we could apply the optimized model to
simulate runoff at any time, as long as there is model input data for the corresponding
period. In this study, we set 1983 as the warm-up period for the model, 1984-1993 as
the calibration period, and 1994-2003 as the validation period. So we needed the
measured runoff data only from 1983 to 2003. It was based on simulated runoff when
calculating the proportion of runoff components and hydrological response to
hypothetical climate change scenarios, so we chose 19842018 as the research period.
For attribution analysis, the measured runoff data of the whole research period were
needed, but since different stations have different lengths of runoff data, we divided the
research period into pre- and post-2003. For example, the research period was divided



into 1984-2003 and 2004-2010 for Changdu Station, while for Tangnaihai Station, it
was divided into 1984-2003 and 2004—2018.

Figure 4, how to tell the liquid (corresponding rainfall runoff) and solid precipitation
(corresponding snowmelt runoff) from the observed data?

Response: Thanks for this question. Precipitation can be automatically partitioned into
solid and liquid components when precipitation events occur according to the
temperature threshold set when using VIC model. In this study, we set the maximum
air temperature at which snowfall occurs and minimum air temperature at which rainfall
occurs to be 1.5°C and -0.5<C, respectively, based on expertl/recommended
temperature thresholds from the VIC website (https://vic.readthedocs.io/en/master/).

Figure 5, the total runoff represent the total surface runoff? Does it include the baseflow?

Response: We agree that the relevant information on this issue is not clearly stated in
the original submission. The total runoff is the sum of surface runoff and baseflow. We
have supplemented the text with statements about surface runoff and base flow in the
method section, as follows:

“The VIC model divides the soil column of each grid cell into three layers. The surface
runoff generated from the upper two soil layers is simulated based on the variable soil
moisture capacity curve, and the base flow generated from the third layer based on the
nonlinear ARNO model (Todini, 1996).”
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Figure S1, but the author mentioned them as 1983-2018 in Lines 146?

Response: Thank the reviewer for this comment. In this study, the meteorological data
was obtained from 1983 to 2018, but we set 1983 as the warm-up period to get an
optimal initial state of VIC-Glacier model simulation, so we did not analyze the
research results and meteorological data of 1983.



