
Response to Editors’ and Reviewers’ Comments: Climate
and cryosphere cause water yield regime shifts in the
Upper Brahmaputra River basin

Dear Dr. Giulia Zuecco,

We thank you for giving the opportunity to submit a revised manuscript to the Journal Hydrology
and Earth System Sciences. We have carefully considered and addressed the comments from
you and two reviewers. In doing so, we believe that the quality of the manuscript has increased
substantially. We hope that the revised manuscript has satisfactorily addressed the comments
and questions in the previous round of review.

In the revised version, we have (1) clearly presented the definitions of various terms used through-
out the study, (2) rephrased the equations and relevant descriptions, and (3) made the Python
codes used for data analysis and plotting figures publicly available (https://github.ugent.be/
haohaoli/HESS-2022-Water-Yield.git).
Below we provide a point-by-point response to the comments and concerns raised by the editor
and reviewers. All modifications in the manuscript have been marked.

Sincerely

Hao Li (on behalf of all coauthors)
PhD candidate, Hao.liwork@ugent.be
Hydro-Climate Extremes Lab, Ghent University
Sep 27, 2022
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Editor

Comment 0.1: Thank you for considering my and the reviewers’ comments, and resubmitting
an improved version of the manuscript. However, I think you still need to clarify the use of some
terms and the methodological approach, and to improve the discussion (please see the comments
of the two reviewers). Particularly, I invite you to carefully consider the comments of the first
reviewer about the uncertainty a�ecting your dataset and data availability. In addition, please
see the following comments (lines refer to the manuscript without track changes).

Reply: We thank the editor and the encouraging assessment of our revised study. In this round
of revision, we have added the terms’ definiation in Introduction, clarified the used method in
Data and Methods, discussed the uncertainties in LAI, and incorporated your suggestions into
the revised manuscript. In addition, we have made the python scripts available through an open
code repository based on the comments from Dr. Florian Ulrich Jehn (https://github.ugent.
be/haohaoli/HESS-2022-Water-Yield.git).

Comment 0.2: Introduction: the terms, climate, cryosphere and vegetation, have not been clari-
fied. Please explain them.

Reply: We thank Dr. Giulia Zuecco for pointing this out. In the revised manuscript, we define
these key terms in the last paragraph in Introduction, which helps readers understand this study
clearly.

Line 51–54: And then, we use DMC method to estimate the e�ects of climate that is indicated by
e�ective precipitation (P-E, eP), vegetation (represented by Leaf Area Index, LAI), and cryosphere
(e.g. melt waters from glaciers and snow) on magnitude and direction changes in WY (See Data
and Methods).

In addition, we have rephrased the Introduction part to avoid introducing these terms when we
introduce other relevant studies. For example,

Line 26–27: Therefore, comprehensively assessing long-term changes of WY, particularly mag-
nitude and direction, is of great importance for the sustainable development of water resources
in the QTP (Yao et al., 2019).

Line 29–30: In recent years, WY has been significantly a�ected by multiply factors in the QTP.

Line 45–48: Lastly, the present inadequate understanding of hydrological responses to complex
interactions among multi-spheres limits the application of hydrological models in these moun-
tainous watersheds (Pellicciotti et al., 2012).

Comment 0.3: L83-85: Please report the exact GLEAM products and GLEAM version that were
used for the data collection and analysis. Furthermore, please check the use of the term "evap-
oration" because in the supplementary material you used "evapotranspiration" (caption of Fig.
S1).

Reply: Thank you for pointing this out. We have reported the version of the GLEAM used in our
study. Also, we always keep "evaporation" or "E" in the revised version.
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Line 84–85: The evaporation (E) with a 0.25◦ spatial resolution is acquired from Global Land
Evaporation Amsterdam Model (GLEAM) version 3.5a.

Comment 0.4: Table 1: Unclear use of the terms "glaciers and snow percentage".

Reply: We thank the editor for pointing this out. We have added the column "area" to indicate
the actual area of glaciers and snow, and another column "percent" to show its percentage of
total area in individual basins.

Table 1: Information of six basins divided by the locations of hydrological stations. The column
"Tp" indicates the turning point using the Pettitt method, in which a significant turning point is
labeled with *. Glaciers and snow is acquired from the land use and cover in 2000 (see Data).
The unit of area is km2, and the unit of elevation is m.

Abbreviation Full names Station Total
area

Mean
elevation

Glaciers and snow Tparea percent
HYZR Headstream Lhatse 49,739 5,061 853 1.71 1995
UYZR Upstream Nugesha 43,916 4,985 175 0.40 1998*
NCR Nianchu River Shigatse 14,359 4,733 282 1.96 1997*

MYZR Midstream Yangcun 20,004 4,681 360 1.80 1997*
LSR Lhasa River Lhasa 25,601 4,879 185 0.72 1996
LYZR Downstream Nuxia 38,419 4,586 963 2.51 1997

Comment 0.5: I think you should keep glacier and snow covers separated. For instance, you
could quantify the glacier cover during the ablation season, and clearly describe in the text when
the seasonal snowpack (outside the glacierized area) is present and at which elevations.

Reply: Thanks for your suggestions. We agree that separating the e�ects of glaciers and snow
melt is interesting. However, it is not trivial using the statistical techniques employed in this
study. We use a statistical method (DMC) to isolate the e�ects of climate and vegetation on
water yield. The remaining part from total water yield deviations is regarded as the contributions
from cryosphere changes, which includes both changes in glacier and seasonal snow melt.

In this study, we present the total area and percentage of glaciers and snow from the land use
cover map in 2000 (Figure S3 and Table 1, which supports the truth that the UBR basin is covered
by glaciers and snow (Bibi et al., 2018). Hence, under global warming, this region is experiencing
significant changes in cryosphere and having impacts on mountainous water resources, which
fuels my interest in detecting hydrological changes and their causes.

Comment 0.6: Section 2.3.2: Please explain all subscripts used for WY. For equation 1, please
describe the values that tp can take and check WYo(t), which is reported twice (based on the text
above, I think it is not correct). The description for computing WYc and WYv is unclear; please
rephrase and report the equations. Please always use capital (or small) letters for tp throughout
the manuscript.

Reply: Thank you for pointing them out. We hope to provide a general framework for six basins
by using equations and relevant statements, so we always use "Tp" to indicate the turning point.
Also, we have made sure that the term WYo(t) represents water yield from observations in the
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texts and equations. To state these equations clearly in the revised version, we firstly define a
variable WYob that depicts the averaged water yield before Tp, which will reduce the numbers of
variables within equations. And then, we add the range of Tp in equations, e.g. t = Tp + 1, Tp +
2, . . . , 2013.

Line 125–126: First, the averaged WY before Tp (WYob, horizontal black line in Figure 2b) is
defined as:

WYob =

∑t=Tp
t=1982WYo(t)

Tp− 1982 + 1
(1)

Line 127–129: Next, the total WY deviation (∆WYs(t), black diamond in Figure 2c) can be cal-
culated as the di�erence between WY observations after Tp (WYo(t), red point in Figure 2b) and
the averaged WY before Tp (WYob), as follows:

∆WYs(t) = WYo(t) −WYob, t = Tp + 1, Tp + 2, . . . , 2013 (2)

We apologize for not describing WYc(t) and WYv(t) clearly, and we thank the editor for pointing
this out. Here, WYc(t) (WYv(t)) is calculated by using the cumulative eP (LAI) values after the Tp
as input into the linear regression that is built based on the cumulative data of WY and eP (LAI)
before Tp. We have rephrased this description in main text.

Finally, we have rephrased these equations and related descriptions to match the six basins with
di�erent turning points, including (1) keeping "Tp" in the entire text and equations, and (2) giving
the value of Tp in an example (2).

Comment 0.7: Section 4.2: Uncertainty in LAI has not been discussed. Furthermore, you should
try to determine the sensitivity of your results to uncertain input data (in precipitation, evapo-
transpiration and LAI).

Reply: Thanks for your suggestions. We have added a discussion on the uncertainties of GIMMS
LAI used in the revised manuscript.

Line 264–268: GIMMS LAI has the advantage of capturing ecosystem structure, and thus is widely
used to assess vegetation conditions and their e�ects on hydrological changes (Zhu et al., 2016;
Forzieri et al., 2020; Gonsamo et al., 2021). While, LAI ignores vegetation’s physiology process
(Fang et al., 2019); Hu et al. (2022) indicates that LAI can cope with hydro-climatic fluctuations
in arid environments, while the tradeo� between ecosystem structure (LAI) and physiology (pho-
tosynthesis per unit leaf area) becomes stronger in humid climates. Thus, using LAI products in
energy-limited regions may result in biased assessments of vegetation e�ects on water yield.

Thanks for your suggestions about the uncertainties. We acknowledge that it is very important to
use multi-source climate and vegetation data. This can provide a clear visualization about uncer-
tainties among datasets and associated results. However, our study here focuses on a vast and
mountainous watershed, where the observation networks and related datasets are limited and
also are extremely di�cult to acquire. In addition, popular climate data, e.g. MSWEP, ERA5, CRU,
do not perform well in such complex environments and limited ground observations (Sun and Su,
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2020). To overcome this, we collected the long-term annual runo� observations to indicate wa-
ter yield changes. And, the high-resolution precipitation data is developed for depicting spatial
and temporal precipitation changes in the Yarlung Zangbo River basin (UBR basin in this study)
by Sun and Su 2020. Hence, the dataset about precipitation may be the best for the UBR basin,
to our knowledge. For evaporation, GLEAM dataset has been widely validated across world, and
particularly in various hydroclimates in China. There are some uncertainties among di�erent LAI
datasets due to input data, retrieval algorithms and the vegetation characterization, but GIMMS
LAI3g is used in this study according to previous studies that have analyzed the e�ects of veg-
etation greenness on water yield pattern (Zhu et al., 2016; Forzieri et al., 2020; Gonsamo et al.,
2021). Thus, this study provides the essential information for water resource management in the
UBR basin that received less attention before based on the multi-station runo� observations and
climate gridded data.

Comment 0.8: L272-275: Based on Fig. S8, I do not clearly see the "peak water". Please revise
the text and/or the figure to support your statement.

Reply: Thanks for your questions. We here discuss our results and "peak water" using the frame-
work (https://www.nature.com/articles/s41558-017-0049-x/figures/1, Huss and Hock, 2018)
according to the second reviewer in the first round of review. Also, we provide the reasons to sup-
port our statement in the revised manuscript.

Line 283–286: In addition, in the headwaters, WY resulting from the cryosphere continues to
increase with temperature until a maximum is reached, beyond which cryospheric contribution to
total WY begins to decrease (Figure S8a), which may show that the melt waters from glaciers have
already surpassed the "peak water". The hydrological changes will substantially a�ect future
water resources management, and thus the projections of the occurrence time of "peak water"
will be important in managing mountainous water resources.

Comment 0.9: Figure S3: Please explain what the error bars indicate.

Reply: Thanks for your comments. We have revised the definitions of the error bars for Figure
S6.
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Figure S6. The relationship between precipitation (P) and water yield (WY) in the entire UBR
basin. The error bar represents one standard deviation of P (x-axis) and WY (y-axis). The
shading area indicates the 95% confidence interval of the fitting.

Gonsamo, A., Ciais, P., Miralles, D. G., Sitch, S., Dorigo, W., Lombardozzi, D., Friedlingstein, P.,
Nabel, J. E., Goll, D. S., O’Sullivan, M., et al.: Greening drylands despite warming consistent
with carbon dioxide fertilization e�ect, Global Change Biology, 27, 3336–3349, 2021.

Hu, Z., Piao, S., Knapp, A. K., Wang, X., Peng, S., Yuan, W., Running, S., Mao, J., Shi, X., Ciais, P.,
et al.: Decoupling of greenness and gross primary productivity as aridity decreases, Remote
Sensing of Environment, 279, 113 120, 2022.

Huss, M. and Hock, R.: Global-scale hydrological response to future glacier mass loss, Nature
Climate Change, 8, 135–140, 2018.

Pellicciotti, F., Buergi, C., Immerzeel, W. W., Konz, M., and Shrestha, A. B.: Challenges and uncer-
tainties in hydrological modeling of remote Hindu Kush–Karakoram–Himalayan (HKH) basins:
suggestions for calibration strategies, Mountain Research and Development, 32, 39–50, 2012.

Sun, H. and Su, F.: Precipitation correction and reconstruction for streamflow simulation based on
262 rain gauges in the upper Brahmaputra of southern Tibetan Plateau, Journal of Hydrology,
590, 125 484, 2020.

Wang, L., Cuo, L., Luo, D., Su, F., Ye, Q., Yao, T., Zhou, J., Li, X., Li, N., Sun, H., et al.: Observing
multi-sphere hydrological changes in the largest river basin of the Tibetan Plateau, Bulletin of
the American Meteorological Society, 2022.

Yang, X., Yong, B., Ren, L., Zhang, Y., and Long, D.: Multi-scale validation of GLEAM evapotranspi-
ration products over China via ChinaFLUX ET measurements, International Journal of Remote
Sensing, 38, 5688–5709, 2017.

6



Yao, T., Xue, Y., Chen, D., Chen, F., Thompson, L., Cui, P., Koike, T., Lau, W. K.-M., Lettenmaier, D.,
Mosbrugger, V., et al.: Recent third pole’s rapid warming accompanies cryospheric melt and wa-
ter cycle intensification and interactions between monsoon and environment: Multidisciplinary
approach with observations, modeling, and analysis, Bulletin of the American Meteorological
Society, 100, 423–444, 2019.

Zhu, Z., Piao, S., Myneni, R. B., Huang, M., Zeng, Z., Canadell, J. G., Ciais, P., Sitch, S., Friedling-
stein, P., Arneth, A., et al.: Greening of the Earth and its drivers, Nature climate change, 6,
791–795, 2016.

7



Reviewer 1

Main Comments

Comment 1.1: I appreciate the e�ort that authors put into revising their manuscript and I think it
has improved considerably. However, I still have some problems with it. This is mainly concerned
with your data and statistics. For example you are writing: "However, with the help of the Second
Tibetan Plateau Scientific Expedition and Research, the observation networks in meteorology,
cryosphere and hydrology will be built, which is expected to benefit reliable precipitation and
evaporation estimation, and make developing physically-based cryosphere-hydrological model-
ing possible". This sounds to me like you cannot really estimate your uncertainty right now and
it is unclear if your analysis would give you the same results if you could rerun your analysis with
better data.

Reply: Thanks for your comments. Our study focuses on several watersheds in the UBR basin
and investigate the hydrological changes and potential causes based on observed runo� data
and new precipitation product developed for this region. While, the study scale in space and
time may ignore some important process that are much more significant in smaller scales. Thus,
we expect that more observation networks and experimental datasets in the field scale will help
us understand the physical mechanisms of the hydrological cycle in this region. We made some
revisions as following:

Line 271–274: With the help of the Second Tibetan Plateau Scientific Expedition and Research,
the observation networks in meteorology, cryosphere and hydrology will be built, which is ex-
pected to better understand hydrological process in this region, and make developing physically-
based cryosphere-hydrological modeling possible (Wang et al., 2022).

Comment 1.2: Still, this not really your fault that better data does not exist (yet?), so it seems
like your analysis is the best you could do given the current data constrains. This should also be
emphasized in the paper.

Reply: Thanks for your understanding. To my knowledge, this study uses the multi-station ob-
served runo� and new precipitation product designed for the UBR basin, and thus provides some
important information that previous studies did not reveal. We have emphasized it in main text.

Comment 1.3: In addition, this makes it much more important that your work is reproducible,
which it is not at the moment. Neither the code nor the data is openly available. This means
even if better data becomes available your results still cannot be verified. Therefore, to make this
paper a valuable contribution I think it is important that a documented and citable repository
exists for the code (preferably as Jupyter Notebooks) and if possible, the data as well.

Reply: We agree with the reviewer. Reproducibility is ensured through GitHub. We have pro-
vided a link for accessing the Jupyter Notebook via the git repository (https://github.ugent.
be/haohaoli/HESS-2022-Water-Yield.git). However, runo� observations can’t be shared due
to a confidentiality contract.

Comment 1.4: I also think you misunderstood my comment 1.14. With "corrected" my ques-
tion was if you account for doing multiple statistical tests in a row (https://en.wikipedia.
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org/wiki/Multiple_comparisons_problem). If not you have to do a correction (e.g. https:
//en.wikipedia.org/wiki/Bonferroni_correction).

Reply: Thanks for pointing it out. We use the Bonferroni method to correct p values that still
support the main results, and report the method and relevant descriptions using the corrected p
values in the revised manuscript. But, the change from the significant to non-significant correla-
tion using the corrected p values is observed in the relationship between vegetation contributions
and total water yield changes in the UYZR basin (see the updated Figure 6b).

Line 151–152: The Student’s t-test with the Bonferroni correction (Bonferroni, 1935) is used to
detect the statistical significance of the correlation coe�cient at the level of 0.05.

Minor comments

Comment 1.5: The figure caption of Figure 2 isn’t really that helpful. First, this is an example and
not a schema. Secondly, It does not really "show" me how the e�ects are estimated. This would
need additional explanations in the figure and the caption to become a schema.

Reply: Thanks for your questions. We describe the DMC used in this study by (1) providing a
general framework using equations and relevant statements, and (2) giving an example to help
describe the framework. Thus, in the revised version, we have rephrased the equations and
related descriptions to show how to estimate the e�ects, while the Figure 2 gives an example
to help us better describe these equations, where we give the value of the turning point in the
caption.

Comment 1.6: Line 180-183: How can they be additive and o�setting at the same time?

Reply: Thanks for your question. The additive or o�setting e�ects are seen in di�erent basins
(Figure 5); for example, the additive e�ect is observed in MYZR basin, while the o�setting e�ect
is found in HYZR basin. Also, we revised the statement in the main text.

Line 182–184: Climate and cryosphere – two important factors a�ecting WY – together con-
tribute to over 80% average magnitude increases of WY in the entire UBR basin; however, they
play both additive or o�setting roles in di�erent basins (Figure 5) ...
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Reviewer 2

Comment 2.1: The study of Li et al. is about the analysis of long -term water yield from the Upper
Brahmaputra River basin associated with potential drivers such as climate, vegetation, and the
cryosphere. Based on hydro-climatic data, the authors identify turnings points to infer major
water yield shifts in the basins. Furthermore, the study reports that climate may act as driver for
downstream water yield while meltwaters control water yield further upstream. It is also found
that melt water dynamics balance out low flow conditions induced by climate. The insights gained
in this study may help to better understand large scale drivers of water yield and improve water
management strategies. Besides, only minor comments regard typing errors and the language
quality (see specific comments below). The manuscript generally is of good English.

Reply: We thank the reviewer for the constructive comments. We revised some typos in the
revised version and gave a point-to-point response below.

Specific comments

Comment 2.2: p. 1, l. 4: Please modify ‘find that’

Reply: Thanks. We have revised this.

Comment 2.3: p. 1, l. 5: At this stage the reader will not understand the upstream and down-
stream direction of water yield while it becomes clearer after reading the entire manuscript. I
recommend mentioning instead only controls of water yield in the upper and lower reaches.

Reply: Thanks. We now realized that the description may confuse readers, and thus we revised
the related descriptions. Line 5–6: ... magnitude increases in WY range from ∼10% to ∼80%,

while its directions reverse from the increase to decrease after the late 1990s.

Comment 2.4: p. 1, l. 14: It would be great to define water yield in this section, simply saying
that it is based on the total runo� of a basin.

Reply: Thanks. We have used "runo� depth" to further explain "water yield" in the beginning of
the introduction.

Line 14–15: Water yield (or runo� depth, WY) in mountainous watersheds is crucial for sustaining
fragile ecosystems in headwaters ...

Comment 2.5: p. 2, l. 48: Please rephrase this sentence.

Reply: Thanks, we have rewritten this statement. Line 48–49: While, long-term observed runo�

records and recent high-resolution precipitation data in the UBR basin provide a valuable oppor-
tunity to estimate runo� responses to warming by statistical methods.

Comment 2.6: p. 5, l. 85: showed instead of shown

Reply: Thanks, we have revised that. Line 85: GLEAM evaporation has been validated in di�erent
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biome types in China and showed high correlations with in-situ eddy covariance E (Yang et al.,
2017).

Comment 2.7: p. 5, l. 100: In this line, you should add further explanation on turning points,
their definitions and shortly how the Pettitt method works.

Reply: Thanks for your suggestions. We have added the advantages of the Pettitt method.
Line 101–102: The Pettitt method has the advantages of the non-parametric, rank-based and

distribution-free for finding the abrupt variation in a time series.

Comment 2.8: p. 5, l. 106: The fact that the cryosphere represents meltwaters from snow and
ice should appear earlier in the text.

Reply: Thanks. We have provided some descriptions in the last paragraph in Introduction.

Line 52–55: And then, we use DMC method to estimate the e�ects of climate (e�ective precipita-
tion, P-E, eP), vegetation (Leaf Area Index, LAI), and cryosphere (e.g. melt waters from glaciers
and snow) on magnitude and direction changes in WY (See Data and Methods).

Comment 2.9: p. 8, l. 158: The first sentence is redundant to what is said earlier in the methods.

Reply: Thanks, we have deleted this sentence.

Comment 2.10: p. 9, l. 168: becomes instead of become

Reply: Thanks, we have revised the typo. Line 170–171: ... we find that the trend is positive

before Tp, but becomes negative afterward in most basins.

Comment 2.11: p. 11, l. 205: a word is missing as it seems. Maybe observation, result, or
finding?

Reply: I am sorry for that. We have replaced "The is ..." with "This is ..." Line 206–207: ...

and snow under continuous warming. This is further verified by the relationship of cryospheric
contributions ...

Comment 2.12: p. 13, l. 225: controlling instead of control

Reply: Thanks, we have revised the whole sentence. Line 228–229: Climate, especially precipi-

tation, still controls the declining WY trend after ...

Comment 2.13: p. 13, l. 242-244: Please rephrase this sentence.

Reply: Thanks for your comments. We have described the sentence clearly. Line 245–247: While,

in some other mountainous basins, human activities, such as urbanization, dam regulation and
irrigation, may consume severely water resources or change seasonal runo� patterns; thus it is
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necessary to consider anthropogenic impacts when assess river flow changes via the statistical
models in these regions.

Comment 2.14: p. 13, l. 244: "on the one hand" is missing previously

Reply: Thanks. "In addition" may be better to link these sentences.

Comment 2.15: p. 13, l. 245: Please add further details on the nonlinear processes you are
referring to here.

Reply: Thanks. We have added some examples into the main text. Line 248–250: ... some nonlin-

ear process among water, vegetation and cryospheric melting. For example, the role of vegetation
in hydrological process is expected to be complex due to biophysical (e.g., via transpiration and
albedo changes) and biochemical (e.g., via CO2 uptake and release) feedbacks (Bonan 2008;
Krich et al. 2022).

Comment 2.16: p. 13, l. 246: ‘interactions of’

Reply: Thanks. We have rephrased this sentence.

Comment 2.17: p. 14, l. 251: remove ‘while’

Reply: We have removed "while".

Comment 2.18: p. 15, l. 283: remove ‘with’

Reply: We have removed "with".

Comment 2.19: Table 1: Correct ‘turning point’.

Reply: Thanks for your comments. We have kept the abbreviation "Tp" of "turning point" in the
revised manuscript.

Comment 2.20: Figure 4: Labels are too small, please enlarge for better visibility.

Reply: Thanks. We have adjusted the font size for all figures in main text and supplementary.

Comment 2.21: Figure S8: It is highly questionable why, for some data clouds (subplot b,d,f), the
polynomial fitting was used. Generally, the best fit among several methods is reported, except
there is an important reason for a specific method to give.

Reply: Thanks for your questions. We tried to link our results with present findings, e.g. "peak
water" according to the second reviewer in the first round of review. Hence, we referred to
this framework (https://www.nature.com/articles/s41558-017-0049-x/figures/1, Huss and
Hock, 2018) that shows the response of runo� from a glacierized basin to continuous atmo-
spheric warming (years). Hence, we used the polynomial curve to depict relationship between
the cryospheric contribution (this study) and the air temperature. Indeed, we can see the clear
pattern in headwaters that cryospheric contribution increases firstly and decrease later with tem-
peratures, which may imply the "peak water" as shown in (Huss and Hock, 2018). Honestly, we
acknowledge that the simple statistical methods, e.g. polynomial curve, may be not the best
way to describe the relationship between cryospheric contribution (y-axis) and air temperature
(x-axis) or revealing the "peak water". Thus, we keep cautions about the explanation, and only
report that the HYZR basin may have surpassed the "peak water" in the revised text.
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