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Review of Li et al., This manuscript presents a meaningful insight into the hydrological
processes in permafrost-affected cold areas. The authors carried out solid experimen-
tal works and got valuable isotopic data for understanding the hydrological processes.
The influence factors on stable isotopes in water were analyzed and the contributions
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of each runoff component were quantified, which makes this manuscript worth publish-
ing. However, there are still some moderate to major issues that need to be improved
before published on HESS. The written English needs to be improved thoroughly, and
some results were not presented in a clear way. A colleague who has English as first
language would be helpful to read through the manuscript and edit it. Besides, most
results can be derived from data directly, but the reason and deeper phenomenon
were not addressed enough. Last, there are still some technical issues on the calcu-
lation processes. I would outline them in detail below. Thank you very much for your
comments. Major/Moderate issues: 1)There are a few errors about language, data
or figure. Please check the text thoroughly, and I only list some obvious examples
here: Thank you very much for your comments. I have checked the text thoroughly.
a.Some figures are not referred correctly in the main text (e.g., L369, Fig. 6 should
be Fig.5), and the title and description of some figures are wrong (e.g., L1371, the
title and description of Fig. 6 should be for Fig. 5). Thank you very much for your
comments. “Fig.6” has been “Fig.5”. The title and description of all figures has been
revised. b.L641: The proportion of supra-permafrost in the last three periods are same
as precipitation, and the total proportion of all the sources in these three periods are
not one. Thank you very much for your comments. It has been revised as: “the pro-
portion of supra-permafrost water in the initial, total, and final ablations in 2016, the
total ablation in 2017, and the total ablation in 2018 were 54.68%, 35.96%, 46.38%,
37.39%, and 36.63%, respectively.” c. Fig. 1a: The red star represents river water, but
there is no red star in the map. Thank you very much for your comments. Fig.1 has
been revised as:

2) Some concepts are not adequately clarified, making the result confusing. It would be
better to clarify the exact time period of the initial/total/final ablation period in 2016 and
ablation in 2017 and 2018. It would also be helpful to map the range of mainstream,
the glacier permafrost area and the permafrost area. Thank you very much for your
comments. I have added the concepts for the exact time period of the initial/total/final
ablation period in the section of 2.2 Sample Collection, as follows: “In this study, the
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initial ablation period is from May to June, the strong ablation period is from July to
August, and the end ablation period is from September to October. ”. 3)There are
paragraphs of words describing the number itself in main text (e.g., L274-302, L462-
485), but they provide little useful information and make the result confusing. It would
be better to list the numbers in a table and only give important conclusion, implication or
explanation in the main text. Thank you very much for your comments. L274-302 has
been revised as: “For the mainstream, the δ18O in initial ablation was higher than end
ablation, while the ablation period was the lowest. But δ18O in ablation period showed
decreasing trend from 2016 to 2018. With the same as δ18O, d-excess in the different
ablation periods was different (Fig. 2a, d). For the river in the glacier permafrost area,
the order of δ18O for the different ablation periods and the ablation period from 2016
to 2018 was the same as the mainstream order, but the values of δ18O were different
for the mainstream (Fig. 2b, e). For the river in the permafrost area, the variation δ18O
for the different ablation periods and ablation from 2016 to 2018 was the same as for
the mainstream and the river in the glacier permafrost area. However, the order of
d-excess was different for the river in the permafrost area and the glacier permafrost
area (Fig. 2c, f).”. L462-485 has been revised as: “As shown in Fig. 8, according
to the locations of the different types of water and the distance from other water bod-
ies, which reflected the mixed recharge of three water bodies, supra-permafrost water
was the first end element, precipitation was the second end element, and glacier and
snow meltwater was the third end element. However, the different runoffs likely have
different recharge sources and different recharge proportions. The glacier permafrost
area river comprised glacier and snow meltwater more in the total ablation period than
in other periods. Compared with the permafrost area river and the glacier permafrost
area river, the mainstream was governed by the supra-permafrost water in the initial
ablation period while containing nearly equal proportions of supra-permafrost water
and precipitation in the final ablation period. ”. 4)The “anti-effect” (anti-altitude effect,
the negative correlation between isotope and temperature/evaporation) is an interest-
ing phenomenon worth exploring. The discussion about this still lacks detail. How did
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meteorological factors influence each source directly and indirectly, and finally resulted
in the negative correlation? Thank you very much for your comments. It has been
added asïijŻ“For the phenomenon of anti-altitude effect, the following reasons can ex-
plain this phenomenon: on the one hand, in the source area of the river, the stable
isotope concentration of precipitation and glacier snow meltwater is relatively low and
the value of groundwater in the permafrost active layer is relatively positive due to the
influence of soil evaporation; On the other hand, the more the inflow of precipitation,
the greater the contribution of precipitation. So there is an obvious diluting effect of
biotin, which makes the concentration more negative.” 5)The 4.3 section seems to be
a review of hydrological significance of permafrost, rather than a discussion. Please
discuss more about the implication of your result, e.g., what kind of significance can
you find or confirm according to your data. Thank you very much for your comments.
The 4.3 section has been revised as: “The source region of the Yangtze River is a
typical permafrost area. The permafrost area is 107619.13 km2, which accounting for
77% of the total area. The seasonal frozen soil is mainly distributed in the valley area,
with an area of 30754.34 km2. Field observation and research confirmed that most
of the precipitation in permafrost area is frozen on the ground or used to recharge the
deficit of soil water, and does not directly form runoff in permafrost area. Under the
background of permafrost degradation, the area of permafrost is gradually shrinking
and the thickness of permafrost is gradually decreasing with the increase of the thick-
ness of active layer. The degradation of ice rich permafrost in the cold regions has an
important contribution to the development of surface runoff and hot karst lakes. Due
to the decrease of permafrost water storage capacity in the Qinghai Tibet Plateau, the
availability of water resources will be reduced in dry season, and the increase of water
melting may lead to the increase of flood risk, and the resilience of ecosystem will be
reduced through the seasonal changes of river flow and groundwater abundance. All
these changes will affect the water resources balance and sustainable development of
the Qinghai Tibet Plateau, including the headwaters of major rivers in Asia, including
the Yellow River, the Yangtze River, the Salween River, the Mekong River, the Brahma-

C4

https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-530/hess-2019-530-AC2-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-530
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

putra River, the Ganges River, the Indus River, the Ili River, the Tarim River, the Erqis
River and the Yenisei River Rivers, these rivers provide fresh water resources for the
survival of about 2 billion people.

In brief, the freeze-thaw of soil in the active layer plays an important role in controlling
river runoff. The increase in melting depth leads to a decrease in the direct runoff rate
and slow dewatering process. The two processes of runoff retreat are the result of soil
freeze-thaw in the active layer. Permafrost has two hydrological functions: on the one
hand, permafrost is an impervious layer, and it has the function of preventing surface
water or liquid water from infiltrating into deep soil; on the other hand, it forms a soil
temperature gradient, which makes the soil moisture close to the ice cover. Therefore,
changes in the soil water capacity, soil water permeability, and soil water conductivity,
as well as the redistribution of water in the soil profile, are caused by the freeze-thaw of
the active layer. The seasonal freeze-thaw process of the active layer directly leads to
seasonal flow changes in surface water and groundwater, which affects surface runoff.
Climate warming is the main driving force in the degradation of cold ecosystems (Wang
et al., 2009; Wu et al., 2015; Li et al., 2018; Wang et al., 2019). More importantly, under
the background of intense melting, the melting water of the cryosphere has had a sig-
nificant impact on the hydrological process in the cold region. The hydrological function
of groundwater in the permafrost active layer should be paid more attention, especially
in the cold region where glaciers are about to subside, its hydrological function needs
to be re recognized. The stable isotope characteristics of the cryosphere are more
complex than other regions, and its mechanism is more complex Further research is
needed.”

6)The conclusion section is too detailed. Please just present the most importation find-
ing here, rather than list so many numbers. Thank you very much for your comments.
The conclusion section has been revised as: “Through systematically analysis of the
characteristics of δ18O, δD, and d-excess of river water in the different ablation periods
in 2016 and the ablation periods from 2016 to 2018, the results were as follows. The
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temporal and spatial characteristics of stable isotopes of river water were significant in
the study area. The δ18O in mainstream was more negative than that in the glacier per-
mafrost area river and permafrost area river. The influence of evaporation on isotope
and d-excess is only prevalent in some places, such as the central and northern parts
of the study area in the initial ablation and total ablation periods. However, the influence
of evaporation on isotope and d-excess is prevalent in most places except the south-
eastern part of the study area. Meanwhile, this results also indicated that there may be
a hysteresis for the influence of meteorological factors on isotopes and d-excess. The
altitude effect is only present during the ablation periods in 2016 and 2018, and the al-
titude effect was −0.16‰100Âăm (pÂă<Âă0.05) and −0.14‰100Âăm (pÂă<Âă0.05).
The slope of LEL for river water showed an increasing trend from initial ablation to final
ablation in 2016. Meanwhile, the intercept of LEL for river water also increased from
the initial ablation to the final ablation period. Moreover, the mixed segmentation model
of the end-member is used to determine the contribution proportion of different water
sources to the target water. The results showed that the supra-permafrost water was
the major recharge source for the permafrost area river in the study area. Meanwhile,
the glacier and snow meltwater contributed little to the permafrost area river in the initial
and final ablation periods. For the mainstream, the proportion was 35.93% in initial and
final ablation periods, and 45.55% in the total ablation period. However, the proportion
was 47.49% in the initial and final ablation periods, and 36.47% in the total ablation pe-
riod. The proportion of glacier and snow meltwater for the mainstream (16.59%) was
higher than that for the permafrost area river (3.25%) but was lower than that for the
glacier permafrost area river (19.44%) in the initial and final ablation periods. Mean-
while, the proportion of glacier and snow meltwater for the mainstream (17.98%) was
higher than that for the permafrost area river (13.95%) but was lower than that for the
glacier permafrost area river (27.30%) in the total ablation period. ”.

Minor issues: 1)Title: Better to use the source regions of Yangtze river, rather than
Third Polar Region Thank you very much for your comments. Title has been revised
as: “Hydrological and Runoff Formation Processes Based on Isotope Tracing During
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Ablation Period in the Source Regions of Yangtze River” 2)L33: “The effects of altitude”
on what? Please clarify. Thank you very much for your comments. It has been revised
as “The effects of altitude on stable isotope characteristics for the river in the glacier
permafrost area were greater than for the mainstream and the permafrost area during
the total ablation period in 2016.” 3)L108:“because it is affected by this”, please rewrite.
Thank you very much for your comments. It has been rewritten as “The regional cli-
mate shows a significant warm and wet trend against the background of global climate
change. So regional evapotranspiration increases and ice and snow resources exhibit
an accelerating melting trend ” 4)L140-L145: the sentence is too long, please simplify
Thank you very much for your comments. It has been revised as “Based on the con-
version signals of stable isotopes in each link of the runoff process, at first, this study
further explores the hydraulic relations, recharge-drainage relations and their transfor-
mation paths, and the processes of each water body. Furthermore, this study deter-
mines the composition of runoff, quantifies the contribution of each runoff component
to different types of tributaries. Finally, this study analyzes the hydrological effects of
the temporal and spatial variation of runoff components. ” 5)L149-151: How does the
result of this article benefit the rational development? Please tell some implications of
the results in the discussion section. Thank you very much for your comments. I have
added as: “The source region of the Yangtze River is a typical permafrost area. The
permafrost area is 107619.13 km2, which accounting for 77% of the total area. The
seasonal frozen soil is mainly distributed in the valley area, with an area of 30754.34
km2. Field observation and research confirmed that most of the precipitation in per-
mafrost area is frozen on the ground or used to recharge the deficit of soil water, and
does not directly form runoff in permafrost area. Under the background of permafrost
degradation, the area of permafrost is gradually shrinking and the thickness of per-
mafrost is gradually decreasing with the increase of the thickness of active layer. The
degradation of ice rich permafrost in the cold regions has an important contribution to
the development of surface runoff and hot karst lakes. Due to the decrease of per-
mafrost water storage capacity in the Qinghai Tibet Plateau, the availability of water

C7

https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-530/hess-2019-530-AC2-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-530
http://creativecommons.org/licenses/by/3.0/


HESSD

Interactive
comment

Printer-friendly version

Discussion paper

resources will be reduced in dry season, and the increase of water melting may lead
to the increase of flood risk, and the resilience of ecosystem will be reduced through
the seasonal changes of river flow and groundwater abundance. All these changes will
affect the water resources balance and sustainable development of the Qinghai Tibet
Plateau, including the headwaters of major rivers in Asia, including the Yellow River,
the Yangtze River, the Salween River, the Mekong River, the Brahmaputra River, the
Ganges River, the Indus River, the Ili River, the Tarim River, the Erqis River and the
Yenisei River Rivers, these rivers provide fresh water resources for the survival of about
2 billion people.

In brief, the freeze-thaw of soil in the active layer plays an important role in controlling
river runoff. The increase in melting depth leads to a decrease in the direct runoff rate
and slow dewatering process. The two processes of runoff retreat are the result of soil
freeze-thaw in the active layer. Permafrost has two hydrological functions: on the one
hand, permafrost is an impervious layer, and it has the function of preventing surface
water or liquid water from infiltrating into deep soil; on the other hand, it forms a soil
temperature gradient, which makes the soil moisture close to the ice cover. Therefore,
changes in the soil water capacity, soil water permeability, and soil water conductivity,
as well as the redistribution of water in the soil profile, are caused by the freeze-thaw of
the active layer. The seasonal freeze-thaw process of the active layer directly leads to
seasonal flow changes in surface water and groundwater, which affects surface runoff.
Climate warming is the main driving force in the degradation of cold ecosystems (Wang
et al., 2009; Wu et al., 2015; Li et al., 2018; Wang et al., 2019). More importantly, under
the background of intense melting, the melting water of the cryosphere has had a sig-
nificant impact on the hydrological process in the cold region. The hydrological function
of groundwater in the permafrost active layer should be paid more attention, especially
in the cold region where glaciers are about to subside, its hydrological function needs
to be re recognized. The stable isotope characteristics of the cryosphere are more
complex than other regions, and its mechanism is more complex Further research is
needed.” 6)L161: Please use Salween River and Lantsang River Thank you very much
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for your comments. I have revised. 7)L227: Please use the full name in title Thank you
very much for your comments. It has been revised as: “ 2.3 End-Member Mixing Anal-
ysis” 8) L298: “was different than”? Thank you very much for your comments. It has
been revised as: “the order of d-excess was different for the river in the permafrost
area and the glacier permafrost area” 9)L410-L412: Please discuss in more details
about the comprehensive influence Thank you very much for your comments. It has
been revised as: “These results may be due to the comprehensive influence of possible
recharge sources and different recharge proportions caused by the influence of mete-
orological factors. This kind of comprehensive influence is mainly due to the significant
seasonality of climate factors in the cold regions, which directly determines the types
and contribution proportion of possible recharge sources. Therefore, this result can not
be said to be caused by any one factor, but can only be explained by the comprehen-
sive influence of possible recharge sources and different recharge proportions caused
by the influence of meteorological factors.” 10)L437: What do you mean by “river water
in different types of water”? Thank you very much for your comments. It has been
revised as: “The distribution of δD and δ18O for river water among other water bodies
are shown in Fig. 8 during the different ablation periods in 2016 and ablation from 2016
to 2018. ” 11)L458-L461: The sentence “Owing to : : :” does not has a main clause,
please rewrite. Thank you very much for your comments. It has been revised as: “Ow-
ing to the two stable isotope concentrations in different water bodies have significant
spatial and temporal differences, it can effectively distinguish different water bodies and
their mixing relationships. ” 12)L481: I think there should not be a “so” here. Thank
you very much for your comments. I have deleted “so”. 13)L498: I notice that the
average contribution here is an arithmetic mean value, which is not reasonable. I think
an amount-weighted value will be better. Thank you very much for your comments.
This is a good comments. For the accuracy of the results, the stable isotope values of
each water body were amount-weighted before calculating the contribution proportion.
So we will not be amount-weighted again. 14)L588-L590: “evaporation process” in
L588 and “evaporation loss” in L590 are repeating. Thank you very much for your com-
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ments. It has been revised as: “The stable isotopes of hydrogen and oxygen in river
water are comprehensively affected by the evaporation process, runoff change, precip-
itation recharge, glacier and snow meltwater recharge and supra-permafrost water in
cold regions. ” 15)L600:I think you are analyzing the stable isotopes in river water. But
the river water were not sampled continuously according to the Method section. Please
make it clear. Thank you very much for your comments. I have added the continuous
observations at two fixed-point stations in Method section as: “ In order to analyze the
influence of meteorological factors on the stable isotope in river water, samples were
collected once per week at the ZMD and TTH stations throughout the sampling period.
A total of 201 river water samples were collected in this study ” 16)L647-L651: same
as 13), please use amount-weighted value. Thank you very much for your comments.
This is a good comments. For the accuracy of the results, the stable isotope values of
each water body were amount-weighted before calculating the contribution proportion.
So we will not be amount-weighted again. 17)L711: What do you mean by “different ab-
lation periods and strong ablation periods”? Thank you very much for your comments.
It has been revised as: “Because of the inherent seasonal variation in precipitation,
there were significant changes in precipitation during the different ablation periods. ”
18)Figures: Again, please check the name of figures and make sure that they are re-
ferred to correctly in main text. Thank you very much for your comments.The name of
all figures has been checked. 19)Fig7: Please add an error bar to represent the range
of isotope in water during each period. Thank you very much for your comments. It
has been revised as:

20) Fig11: Is it really necessary to use 5 subfigures? I think they are a same figure
apart from the proportion. Thank you very much for your comments. We really need
5 subfigures here. Because of each subfigures represent different ablation periods.
Although each base figure is the same, its recharge proportion is different in different
ablation period.

Please also note the supplement to this comment:
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https://www.hydrol-earth-syst-sci-discuss.net/hess-2019-530/hess-2019-530-AC2-
supplement.pdf

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-
530, 2019.
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