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Recl comprises two distinct lakes and analyze their hydrological connection, supporting the
previously proposed hypothesis of two subglacial drainage outflows in the RIS. Furthermore,
quantitative volume change analysis along the constructed subglacial hydrological networks
reveals clustered filling-draining patterns. Specifically, we identify for the first time a cascad-
ing drainage event involving ten lakes and spanning over approximately 1,000 km, revealing a
highly connected subglacial hydrological system in this region. This study advances the under-
standing of subglacial lake hydrological dynamics in the RIS, thereby informing the evolution
of the Antarctic subglacial system.”

2. 1 appreciate that you have added the values of the measurement uncertainties of the
lake volumes. However, the uncertainties are too precise, reported to 0.001 km® compared
to lake volumes reported to 0.01 km>. Please revisit the calculation and report both the
measurement and uncertainty to the level of significance the results hold (I suspect 0.1 to
0.01 km?).

Response:

Thank you for your suggestion. We have revised the manuscript to report both the volume
changes and their uncertainties to the 0.01 km? level, which better reflects the appropriate level
of significance for our results.

(Line 464): ... The volume change uncertainties for individual lakes are presented in Ta-
ble S1. During the ICESat mission period (from February 2004 to October 2009), the sub-
glacial hydrological system of RIS shows a total discharge of 8.91%0.56 km’, a total recharge
of 8.75+0.55 km®, and a net water volume change of -0.16+0.78 km’>, indicating that the RIS
hydrological system releases a certain amount of water during this period. From March 2004
to March 2005 (Period I in Fig. 9(b)), the upstream system is predominantly characterized by
discharge, with a cumulative water release of approximately 1.52+0.29 km’, while the down-
stream region between October 2004 and November 2005 (Period II in Fig. 9(b)) exhibits a
recharge-dominant state, accumulating approximately 1.62+0.29 km®. During this process,
there exists a time lag of about three months between upstream discharge and downstream
recharge. From June 2006 to February 2008 (Period IIl in Fig. 9(b)), the midstream re-
gion of the RIS hydrological system is primarily discharge-oriented, with discharge reaching
4.05+0.37 km® during this phase, significantly higher than the discharge in the previous period
(Period 1), more than twice the earlier volume. Between November 2006 and March 2008 ( Pe-
riod 1V in Fig. 9(b)), the downstream continues to be recharge-dominant, with recharge volume
approximately 2.50+0.23 kn®, 1.5 times the previous period (Period II). At this time, the time
difference between midstream discharge and downstream recharge is approximately 5 months,
with the system’s maximum discharge occurring in November 2006 and the maximum recharge
happening in October 2007, with an interval of nearly one year.

As shown in Fig. 9(c), during the ICESat-2 mission period (from November 2018 to June
2023), the RIS hydrological system shows a total recharge of 2.80%0.18 km?, a total discharge
0f2.53%0.15 km’, and a net water volume change of 0.27+0.23 km’, indicating that the RIS hy-
drological system accumulates a certain amount of water during this stage. Before May 2019,
the upstream region is primarily in a recharge state; however, from May 2019, the upstream
transitions to a discharge-dominant state. From May 2019 to April 2020 (Period I in Fig. 9(c)),
the system’s discharge significantly exceeds recharge, with a total discharge of 0.96+0.09 km’
and a total recharge of only 0.37+0.07 km>. In the subsequent stage, from July 2020 to Jan-
uary 2022 (Period Il in Fig. 9(c)), the hydrological dynamics undergo a reversal, with system



recharge (1.24+0.12 km?’) surpassing discharge (0.57+0.07 km’). Between June 2021 and Jan-
uary 2022 (Period Ill in Fig. 9(c)), upstream discharge and downstream recharge occur almost
simultaneously. Notably, the maximum upstream discharge occurs in October 2021, reaching
0.06+0.02 km?, while the maximum downstream recharge happens in November 2021, reach-
ing 0.18%0.03 km®, with a time interval of approximately one month. After February 2022,
discharge is primarily concentrated in the upstream, but the water volume remains relatively
small, averaging approximately 0.03+0.01 km® per month. ...”

3. In the long paragraph added to Section 4.4, there is much causal speculation inter-
spersed with the reporting of results. This should not be in Results, but Discussion.

Response:

Thanks for your insightful suggestion. We have relocated the long paragraph with causal spec-
ulation from Section 4.4 to the Discussion section (Section 5.3).

(Line 604): ... 5.3 Cyclical variations in water volume and potential mechanisms

Examining the spatial patterns in more detail (as shown in Fig. 9(c)), observations indicate
that during and after Period IlI, the system predominantly exhibits a pattern of upstream filling
and downstream draining, which suggests that water continues to migrate downstream. The
main difference after Period 11l lies in the amplitude of water volume changes, with both drain-
ing and filling amplitudes decreasing, and individual fluctuations generally smaller than those
during Period IIl. Such variations in water volume are not unique to this period. Throughout
the ICESat-2 observation period (Fig. 9(c)), water volume exhibits noticeable fluctuations: it is
relatively high in the first half of 2019, declines over the following two years, rises again in the
latter half of 2021, and then decreases once more. These observed water volume changes may
result from variations in subglacial meltwater recharge. Given that subglacial water primarily
originates from basal melting (Fricker et al., 2016), meltwater source may decline following
periods of intensified drainage, and it may take time for water to accumulate before larger fluc-
tuations in water volume occur again. In addition, fluctuations in water volume may be related
to the evolution of subglacial drainage channels. As shown in Fig. 9(c), a large water volume
fluctuation is observed in the first half of 2019. Model simulations (Dow et al., 2016, 2018)
suggest that periods of intensified drainage promote channel expansion, allowing water to be
routed more efficiently through the system and accumulated meltwater to be drained rapidly.
Over the following approximately two years (2020, 2021), meltwater recharge to the system
decreases substantially, accompanied by a corresponding reduction in drainage volume. When
recharge remains consistently low and available water decreases, the channels gradually con-
tract or even close (Dow et al., 2016, 2018), reducing overall drainage efficiency. Over time, the
lake accumulates additional meltwater until channels redevelop sufficiently to produce larger
amplitude fluctuations in drainage volume, as observed in the latter half of 2022 (Period III).
As channels mature, they evacuate meltwater rapidly, so that when meltwater source later de-
clines there is less stored water and subsequent fluctuations in volume are smaller, consistent
with observations after Period IlIl. The cyclical variation in water volume within the RIS may
be primarily driven by the interaction between regional meltwater recharge and the evolving
subglacial drainage channels, as suggested by both observational and modeling results; how-
ever, higher resolution observations and further model verification are still required to confirm
this behavior. ...”

4. Section 5.1: This section is much longer than it needs to be. The first paragraph



states that filling—draining cycles affect the outlines over time, in agreement with previous
findings, with some lakes dynamic and others dormant over the observation period. The
current manuscript takes 9 sentences to report this - which is much too long. This is true
of the other four paragraphs in Section 5.1 as well.

Response:

We appreciate this suggestion and have substantially shortened Section 5.1. We have condensed
the original four paragraphs into three more concise paragraphs, eliminating redundancy while
preserving the essential findings.

(Line 516): “... Subglacial lake outlines naturally evolve over time in response to filling-
draining cycles (Wilson et al., 2025). During the period of our study, five previously reported
lakes (Rec3, Rec5, Rec7, Rec8, and Rec9) show no significant activity, suggesting a “dormant”
state (Wilson et al., 2025), while the 14 newly detected lakes may represent reactivation from
dormancy (Fricker et al., 2016). These observations demonstrate the dynamic co-evolution of
ice sheets and subglacial hydrological systems (Fricker et al., 2016). In contrast, we observe
changes in the outlines of four previously reported subglacial lakes (Recl, Rec2, Rec4, and
Rec6). Among these lakes, Recl and Rec6 are each reclassified as two independent lake systems
based on their distinct evolutionary patterns.

A typical example is Recl, where sparse ICESat ground tracks and weak elevation signals at
lake margins led to subjective delineations, with both one-lake and two-lake interpretations
coexisting in previous studies (Fricker et al., 2014; Smith et al., 2009). With ICESat-2’s higher
track density (a comparison of ICESat and ICESat-2 track densities is shown in Fig. 10), we
identify two subregions exhibiting opposite elevation change trends in multiple observation
periods, indicating asynchronous filling-draining behavior. When these new outlines are ret-
rospectively applied to ICESat data, asynchronous variations remain evident, confirming that
Recl comprises two distinct lakes. To further investigate the hydrological connectivity between
these two distinct lakes, we conducted quantitative analysis of lake volume changes during the
ICESat-2 period (Fig. 11). This reveals that most water from Recl-2 is preferentially delivered
to Recl-1 (with relatively consistent outflow and inflow volumes between them), while RecN1
shows only minor volume changes. However, the Shreve hydropotential model predicts water
flow from Recl-2 downstream along the primary hydrological network toward RecN1, exclud-
ing Recl-1 from this pathway (Fig. 9(a)). This discrepancy may stem from errors in the surface
and bed topography DEMs used for the hydropotential field, as small surface changes or mod-
erate bed alterations can significantly redirect drainage pathways (Willis et al., 2016; Wright
et al., 2008). Thus, integrating observations with model predictions is essential for assessing
subglacial hydrological connectivity. Moreover, although Fricker et al. (2014) treated Recl
as a single lake, RES data identified a subglacial channel in the Shackleton branch, implying
dual drainage pathways: a dominant near-side route toward Recl-1 (possibly along the Shack-
leton branch to the Slessor Glacier region) and a secondary path toward RecN1. By dividing
Recl into two parts and analyzing interactions among Recl-1, Recl-2, and RecN1, this study
provides further evidence supporting that inference.

Subglacial drainage can exert substantial influence on basal melting of ice shelves, localized
acceleration of ice flow, and thinning of the ice column (Gourmelen et al., 2025), yet current
projections of Antarctic ice mass loss have not systematically incorporated the effects of sub-
glacial drainage (Wilson et al., 2025). Moreover, model simulations suggest that the timing and
magnitude of retreat in the East Antarctic RIS region may constitute a substantial fraction of
the continent’s future contribution to global sea level rise (Golledge et al., 2017). Accordingly,



updating and continuous monitoring of active lakes in the RIS, with particular attention to
the structure of interconnected subglacial networks and their drainage behaviour, will improve
mass balance estimates, provide better constraints for coupled ice-flow—hydrology models, and
reduce uncertainties in projections of East Antarctica’s future dynamics and sea level contri-
bution. ...”

5. L505: “Subglacial lake outlines naturally evolve over time in response to filling-draining
cycles” - This statement needs citation.

Response:
We have added citations to support this statement about subglacial lake outline evolution.

(Line 516): “... Subglacial lake outlines naturally evolve over time in response to filling-
draining cycles (Wilson et al., 2025). ...”

6. Section 5.2: Most of the first half of Section 5.2 should be moved to the Methods.
Response:

Thank you for your suggestion. We have moved most of the first half of Section 5.2 to the
Methods section.

(Line 217): ... Furthermore, as Stubblefield et al. (2021) point out, altimetry-derived esti-
mates of subglacial volume change can deviate from their true values due to viscous ice flow.
For a given ice thickness and basal drag, shorter filling—draining periods lead to altimetry-
derived volume changes that more closely match the true subglacial volume changes (Stubble-
field et al., 2021). Following the approach of Stubblefield et al. (2021), and using parameter
values appropriate for the RIS, we estimated the ratio of altimetry-derived volume change to
the true volume change (AVes/AVirwe). The results are presented in Fig. S1, and the quan-
titative statistics for all subglacial lakes within the RIS are summarized in Table S2 in the
supplementary materials. ...”

In the second half, the idea that the reported volume changes systematically underesti-
mate the true changes should be made much more clear here - I suggest use of the words
“bias” or ‘“‘underestimate”.

Response:

We have made it much more explicit that altimetry-derived volume changes systematically un-
derestimate the true changes incorporating the suggested term “underestimate” in the statement.

(Line 592): ... These results reveal underestimation of the true volume changes, highlighting
a limitation that the satellite altimetry cannot fully capture the absolute magnitude of subglacial
water exchange. ...”

Finally, I can’t see how the assertion that the satellite data captures the signal accurately
is supported here. If errors vary from 0.53 times the ‘“‘true’ signal to 0.93 times, this is
quite substantial and would be hard to call ‘““accurate”. Unfortunately, these large errors
cast doubt on the next two sentences, which assert that there is large natural variability.



I am afraid that this argument is very difficult to buy. The authors should rethink this
section and rewrite it so that it more honestly presents the reliability of the findings.

Response:

Thank you for pointing out the subjective expression on the original manuscript. We have
rethought and rewritten this section to more objectively present the reliability of the findings.

(Line 581): “... Based on the 20-year observations in this study and combined with the ele-
vation change time series shown in Figs. 5-7, it is evident that the lakes along the primary
drainage networks have experienced multiple filling-draining events. Particularly between
2019 and 2023, all lakes completed 1-2 drainage events, implying a filling—draining cycle
period of approximately 2—4 years for lakes in the primary drainage networks. We estimated
the ratio of altimetry-derived volume change to the true volume change (AVes | AVire) for a
filling-draining cycle of 3 years. For lakes in the main hydrological network, the ratio ranges
from 0.53 to 0.93, with a mean value of 0.76. These results reveal underestimation of the
true volume changes, highlighting a limitation that the satellite altimetry cannot fully cap-
ture the absolute magnitude of subglacial water exchange. Nevertheless, the altimetry data
still successfully detect the occurrence of major filling-draining events, as demonstrated by the
clustered filling-draining patterns among lakes along the primary hydrological network (Fig.
9(b)-(c)) and the fact that numerous lakes have experienced multiple filling-draining cycles
over the 21-year observation period (Figs. 5-7). Moreover, the filling-draining periods differ
among lakes and may also vary between successive events at an individual lake. Consequently,
this variability makes it difficult to define a single, accurate period for lakes, thereby intro-
ducing errors in quantifying the bias caused by viscous ice flow. Future work should use new
estimation method that include ice flow physics to reduce the discrepancies introduced by the
viscous transmission of basal volume changes to the surface (Stubblefield et al., 2021). ...”

7. L564: “... indicating a relatively short filling-draining cycle for lakes in the primary
drainage networks.” This is ungrounded - short compared to what expectation? This
needs citation. Alternately, you could state the approximate interval (2-5 years) and re-
move the commentary that this is long or short.

Response:

Thank you for this suggestion. We have revised the statement to report the approximate cycle
period (2-4 years) and removed the commentary about whether this is long or short.

(Line 583): “... Particularly between 2019 and 2023, all lakes completed 1-2 drainage events,
implying a filling—draining cycle period of approximately 2—4 years for lakes in the primary
drainage networks. ...”

8. Finally, I encourage you to deposit your code into a open-access repository to increase
the probability that others can build on your work. A pointer to this repository should
then replace the sentence ‘“Other code used in this study is available from the correspond-
ing author upon reasonable request.”

Response:

Thank you for this suggestion. We agree that open access to code enhances reproducibility and
facilitates future research. We have deposited our code in Zenodo and replaced the sentence



with a direct link to the repository: [https://zenodo.org/records/183541957?
token=eyJhbGci0i1iJIUzUxMiIsImlhdCI6MTc20TIOMzQlOCwiZXhwIjoxNzgy
MJUSMTk5fQ.eyJpZCI6IJI1YJIiYWIJLTU2Z JgtNDM1IOCIhZTM2LWY2Y jexMik
00TU2ZSIsImRhdGEiOnt 9LCIyYW5kb20i0iI3Z jkyMmMMwNGViNGZIMWFkZTVkM
J1kZDQ50GJh0ODQ20CJ9.HUH10GAZzZz-Gi19Rz0zJhbhGmnM1Qhn62EZ9%0v9b86
c6pCiNUNsKdu6pMQDL_5pedpK83zuWHXkOPT jgsNg3Gg]. Please note that this is a
temporary access link for review purposes. Upon acceptance and publication of the manuscript,
the repository will be made fully open to the public.

(Line 739): ... Other code and processed datasets are available in the Zenodo repository at
https://zenodo.org/records/18354195?token=eyJhbGciOiJIUzUxMiIs
ImlhdCI6MTc20TI0OMzQ10CwiZXhwI joxNzgyMjUSMTk5fQ.eydpZCI6IjI1Y
JI1YWJIJLTU2ZjgtNDM10OCIhZTM2LWY 2Y jcxM jk00TU22SIsImRhdGEiOnt 9L
CIyYWskb20i01iI3Z jkyMmMwNGViNGZIMWFkZTVKM j1kZDO50GJTJhODQ20CJ9.
HUH10GAzZz-Gi19Rz0zJhbhGmnMI1Qhn62EZ90v9b86cbpCiNUN sKdubpMODL
_5pedpK83zuWHXkOPT jgsNg3Gg. ...”
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