Reviewer 1

Thank you for inviting me to review the paper: “Historical and Projected Future Runoff
over the Mekong River Basic” by Wang et al.

This is a useful and important paper. It is useful because it builds links between the
detailed hydrological modelling community and those developing GCMs. Too often,
climate researchers consider a relatively basic land surface model in a GCM as
sufficient — but in reality, something much better is needed to help understand future
flooding impacts. The paper is important because, as the authors state, 65 million rely
on the Mekong River for access to water.

The analysis is well-considered and thorough. My only concern with the paper is that
there needs to be better wording and removing ambiguity in places. All of this can be
easily rectified in the generation of the new paper version (and I am happy to re-review
any revisions).

Response: We appreciate the reviewer's positive feedback and helpful comments, which
are highly helpful for us to improve the manuscript. Please kindly find below our
detailed responses to each of your comments. Texts in blue are our responses to the
comments, while those in red are revisions of the manuscript.

Below are illustrative examples, but please check through the entire manuscript.

P2, Line 48. “However, these studies do not systematically analyse....”. Is this
suggesting that substantial errors could occur with good GHMs, should there be major
biases in GCMs (so a GCM+GHM combination fails, even if the GHM is good).

Response: Yes, as we mentioned in Line 26 of the manuscript, “Different GCMs use
distinct representations of the climate system, leading to “climate model structural
uncertainty” (Gosling and Arnell, 2011). ”. We have added this information following
the sentence in Line 48 in the revised manuscript:

“However, these studies do not systematically analyze the runoff simulation results of
long-term historical periods (including the historical period of historical scenarios and
the real-time period of representative concentration pathways (RCP) scenarios, i.e.
from the start simulation year of the RCPs to now pre-2023, for which observed runoff
data are available.) under different GCM-GHM combinations. Such an analysis is
meaningful and urgent to potentially assess and reduce the uncertainty/bias of runoff
simulations introduced by both GCMs and GHMs (Kingston et al., 2011; Hoang et al.,
2016) .”



P2, Line 49. The wording here is clumsy. Maybe something like: “and the simulated
years at the beginning of the RCP scenarios, which are now pre-2023 and for which
runoff data exists.”

Response: Thanks for the helpful suggestion. We have changed this sentence in the
revised manuscript:

“However, these studies do not systematically analyse the runoff simulation results of
long-term historical periods (including the historical period of historical scenarios and
the real-time period of representative concentration pathways (RCP) scenarios, i.e.
from the start simulation year of the RCPs to now pre-2023, for which observed runoff
data are available.) under different GCM-GHM combinations.”

P3, Line 58. Please state what ISI-MIP is. Are the GCM-GHM combinations already
calculated in ISI-MIP, or is that database just GCM output? Are any of the outputs from
ISI-MIP already bias corrected?

Response: The Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) is a
community-driven modelling effort and offers a framework for comparing climate
impact projections in different sectors and at different scales (Warszawski et al., 2014).
Specifically, the ISIMIP 2b scenarios are designed to elicit the contribution of climate
change to impacts arising from low-emissions climate-change scenarios (Frieler et al.,
2017). You are right that all the GCM-GHM combinations already calculated in ISIMIP
2b, and the results of runoff simulations of five GHMs forced by four GCMs are all
derived from the experimental data of the global water sector in ISI-MIP2b. Here, all
GCM output meteorological forcing have been bias adjusted. These adjusted
meteorological outputs have been collected in the EWEMBI dataset and used as
meteorological forcing inputs for all the GHMs in the ISI-MIP2b (Frieler et al., 2017).
We have added above information on the ISIMIP project in Section 2.3 in the revised
manuscript:

“2.3 Climate projections and hydrological models
ISI-MIP is a community-driven modelling effort and offers a framework for comparing
climate impact projections in different sectors and at different scales(Warszawski et al.,
2014). In the ISI-MIP, the ISIMIP 2b scenarios are designed to elicit the contribution
of climate change to impacts arising from low-emissions climate-change scenarios
(Frieler et al., 2017). The global climate models (GCMs) selected for this study are
derived from the Inter-Sectorettmpact-Modeldntercomparison-LProject(ISIMIP) 2b
protocol, which provides four GCMs from CMIP5 and three emission scenarios (i.e.,
RCP2.6, RCP6.0 and RCPS.5). ... All GHMs operate under the meteorological drive of
the four GCMs, and the ensemble-averaged results of the GCMs are also evaluated due
to the variability of the GCMs and the uncertainty of climate change. The above runoff



simulation results of five GHMs forced by four GCMs are all derived from the
experimental data of the global water sector in ISIMIP2b.”

P3, Line 72. Please clarify why you would use the MK test, and not the standard
statistical test of whether a regression line is statistically significant.

Response: The Mann-Kendall (MK) test (Mann, 1945; Kendall, 1948) is a rank-based
non-parametric method. Compared to parametric tests (e.g., regression coefficient test),
non-parametric tests (e.g., the MK test) have no requirements of homoscedasticity or
prior assumptions on the distribution of the data sample (Bihrat and Bayazit, 2003) and
are less sensitive to outliers (Hamed, 2007). As the MK test statistic is determined by
the ranks and sequences of time series rather than the original values, it is robust when
dealing with non-normally distributed data, which are commonly encountered in
hydrometeorological time series (Wang et al.,, 2020). We will provide a brief
explanation of the choice of the MK test in the revised manuscript.

P5, Line 91. Please state where the GHMs come from. Is it a database such as ISI-MIP.
State here that information, and also in the caption of Table 2 (Also, please check the
current Caption of Table 2 — it looks wrong, referring to eight hydrological stations).

Response: The runoff simulations results of five GHMs forced by four GCMs were all
derived from the experimental data of the global water sector in ISI-MIP2b, which is
openly available on ISIMIP protocol (https://data.isimip.org/search/product/).
Meanwhile, thanks for your reminder, we have checked the caption of Table 2 and
added the information of GHMs sources in the revised manuscript:

“Table 2: BasicstatisticaHinformation-ofeighthydrolegical-stations-Basic information
of the GHMs in the ISIMIP2b Global Water program. The runoff simulation results of

the GHMs forced by different GCMs are all derived from the ISIMIP protocol
(https://data.isimip.org/search/product/).”

There is one technical issue. Could the authors describe if there is any bias correction
undertaken e.g. of the ESMs? To my knowledge, some ESMs in the “MIPs” are
corrected. If so, are these used — because they should reduce climate uncertainty/errors
in any GCM+GHM projections of the contemporary period?

Response: As mentioned earlier, the meteorological forcing from the GCMs in ISI-
MIP2b have performed bias adjustment to reduce climate uncertainty/error in future
projections. For the detailed description of the bias adjustment, please refer to Frieler
etal. (2017).


https://data.isimip.org/search/product/
https://data.isimip.org/search/product/

P6, Table 2 — as noted elsewhere, captions appear overly succinct. I often see people
give talks where diagrams and tables are extracted from papers, so if they can be more
complete (i.e. with essential details in captions), then this is very helpful.

Response: Thanks for your reminder and suggestion. We have changed the caption of
Table 2 to make it more complete in the revised manuscript:

“Table 2: BasicstatisticaHinformation-of-eight-hydrolegical-stations-Basic information
of the GHMs in the ISIMIP2b Global Water program. The runoff simulation results of

the GHMs forced by different GCMs were all derived from the ISIMIP protocol
(https://data.isimip.org/search/product/).”

P7, Figure 2 — One possibility to avoid the repeated words “insignificant change” is to
give the p-value for the regression. Then where it is significant (e.g. p < 0.05), mark
with a star symbol. Something like that... Also, again, expand the caption slightly. For

instance, state, “Eight hydrological stations are numbered N1-N8, with their locations
presented in the map of Figure 1”.

Response: Thanks for your helpful suggestions. We have checked the Figure 2 and

added p-value where significance tests are involved. We have also changed the caption
of Figure 2 in the revised manuscript:

{a) N1 station (b) N2 station
& 4+ insignificant change (p>0.05) 77 insignificant change (p>0.05)
"E s‘lope =-5.21 (m3fsla) g4 slope =113 (m3isfa)
) --+-- Annual observation
o
sl —— 5§ year moving average
z — MK test fit line
2
5
i3 s
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
{c) N3 station (d) N4 station (e) N5 station
& significant change (p<0.05) 124 insignificant change (p>0.05) insignificant change (p>0.05)
o 6 s;lnpe =-13.73 (m?¥/s/a) slope = 19.47 (m3/s/a) . 129 slope = 20.87 (m3/s/a)
M'E 104 noi su H
S 104 i 0o v
a “ Flann A
> 8— ‘I ; I
& 41 81 1Al vt i H
1
g 6 oy et \ 4 ‘k
& ) ! 6 H Yoo .
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
{f) N6 station (g) N7 station (h) N8 station
& 14+ insignificant change (p>0.05) 15.0- Insignificant change (p=>0.05) 504 insignificant change (p>0.05)
"TE slope = -27.67 (m?>/s/a) slope =-11.32 (m¥/sfa) slope = -24.59 (mB/S/ﬂ)*
. 127 12 ! 12.5 -. ! '
o n
=1
3 10.0
=
o
S 7 5,
E .
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year

Year Year

Figure 2: The results of the MK trend test in historical (1971-2020) runoff over the


https://data.isimip.org/search/product/

eight hydrological stations. Eight hydrological stations are numbered N1-N§, with their
locations presented in the map of Figure 1.

P7, Figure 2. Although very obvious, please put the word “Year” under panels (f), (g)
and (h).

Response: Thanks for your helpful suggestions. We have revised Figure 2 accordingly
in the revised manuscript, which can be found in the response to the previous comment.

P8. Table 3. The table is nice, but isn’t all the information in Figures 1 and 2?

Response: Thanks for your helpful suggestions. The purpose of Table 3 is to provide
the information of significant test of the changing trend. Considering the redundancy
of the information, we have added significance test information to Figure 2 and then
deleted Table 3. The revised Figure 2 can be found in the response to the previous
comment.

Figure 3. Again, please make the caption much more informative. Something like
“Figure 3. Performance of all combinations of GCMs and GHMs. The three rows
correspond to three performance matrices....... In each row, each panel is for a different
GCM, as annotated. Then in each panel, the different colors are for each GHM, as
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marked under each row......

Response: Thanks for your helpful suggestions. We have changed the caption of Figure
3 in the revised manuscript according to the above suggestions:
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“Figure 3. Performance of all combinations of GCMs and GHMSs during historical
(1971-2005) periods. The three rows correspond to three performance matrices (R,
NSE and Pbias) of all GCM-GHM combinations at the eight hydrological stations. In
each row, each panel is for a different GCM, as annotated. Then in each panel, the
different colors are for each GHM, as marked under each row. ”

Furthermore, we have also changed the captions of the remaining figures to make them
more informative in the revised manuscript.

Figure 3. Although it is important to make captions informative, placing a result there
is not usual practice. So please reconsider the words “WaterGap2 has the best
performance compared to other models”, and should they be in a caption?

Response: Thanks for your helpful suggestions. We have removed this sentence from
the captions of Figure 3. The revised the captions of Figure 3 can be found in the
response to the previous comment.

Figure 3. And on the same point above, statements such as “...best performance
compared to other models” requires very careful quantification. Is it the best
performance when WaterGap2 is driven by a specific GCM? Is it the best for one
statistical metric or many?



Response: Thanks for your helpful suggestions. Specifically, we have quantitatively
compared three performance metrices of WaterGap2 and other hydrological models
under forcing from each of the four GCMs. It was found that WaterGap2 has the highest
R? and NSE and the lowest Pbias than other GHMs under any same GCM forcing. This
shows that despite the uncertainty between different GCMs, the simulation of the MRB
runoff by WaterGap2 has better performance and reliability than other models. We have
clarified this point in Line 141 of the revised manuscript:

Line 141: “Among these GHMSs, the-performance-of-the WaterGAP2 model-is-the-best
WaterGap2 has the highest R’ and NSE and the lowest Pbias than others under the

same GCM forcing.”

In the Conclusions, critical is consistency between direct drivers of runoff change and
changes imposed by raised GHGs and related altered rainfall patterns. Here, the
impression is that the former is small (i.e. “However, the impact of the reservoir on the
annual runoff after the completion of water storage is small”). Elsewhere in the paper,
there is the suggestion that humans have impacted — directly — runoff strongly. I still
think it would be useful to have a summary statistic that is some sort of ratio between
historical direct change and the impact of raised GHGs on runoff. This should be easy
to do, as all the numerical values to build such a single comparison statistic are
calculated at different points within the manuscript.

Response: Thanks for your helpful suggestions. The ratio you mention, comparing
historical direct changes and future climate impacts on runoff, is undoubtedly
meaningful and attractive. In our current manuscript, the historical direct changes are
calculated from observed runoff and are also influenced by both historical climate
change and historical human activities. Direct comparisons between the combined
effects of historical climate change and human activities on runoff and the separate
effects of future climate change on runoff may lead to misleading conclusions because
the interactions of climate change and human activities on runoft over historical periods
are usually complex and unclear. With sufficient reservoir/dam-related data, we can
hopefully separate the effects of historical climate change from the effects of historical
human activities and compare them to the effects of future climate change. In the
absence of reservoir/dam data, our current work only calculates direct historical
changes and does not compare them to future climate change impacts. In the revised
manuscript, we will include a more thorough discussion on this point, and- highlight
the importance of future efforts to record or collect local reservoir/dam data to further
explore the relationship between human activities impacts and climate change impacts.

Small things — here, for Abstract but may be representative elsewhere



Abstract: These need to avoid ambiguity, as often read in isolation by a reader in a hurry.
Hence please:

(1) tighten line 7 and explain the difference between how “four GCMs” and “five
GHMs” are used. Are they operated independently e.g. raw runoff output from the
GCMs are used — while the GHMs are forced with known near-surface meteorological
drivers? The next sentence, however, talks about “best simulation combination”, so
state this is 4 x 5 simulations — all combinations of GCMs and GHMs (I realise the main
body of the paper makes this clearer, but such very basic information should be in an
Abstract).

Response: Thanks for your helpful suggestions. We apologize for any confusion caused
by the wording here. Here we use the runoff simulation output of five GHMs driven by
four GCMs, which is the combination of GCM and GHM described in the manuscript.
To avoid confusion, we have clarified in Line 7 in the revised manuscript:

“With these runoff data, we then evaluate the runoff szmulatzon performance of fou

6 4s) five global
hydrologlcal models ( GHMS) forced by four global climate models (GCMs) under the
ISI-MIP project.”
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(2) Line 11. State what “WaterGap2” is (i.e. GHM).

Response: Thanks for your helpful suggestions. We have clarified in Line 11 in the
revised manuscript:

y LSeH : # The ensemble-averaged
result of WaterGap2 (l e., GHM) forced by four GCM:s has the best runoff simulation
performance.”

3) The Abstract presents two lines of investigation but does not bring them
together in a coherent way. One direction is that for the contemporary period, it is dams
and reservoirs that have had the biggest effect on runoff. However, when describing the
future based on RCPs, runoff is described as “projected to increase significantly”. The
question is then whether future changes caused by climate change are bigger than
current changes caused by dams/reservoirs? (See similar comment above)

Response: Thanks for your helpful suggestions. Quantitative comparisons of future
changes caused by climate change and current changes caused by dams/reservoirs are
meaningful and attractive. Unfortunately, we currently lack sufficient dams/reservoirs
data to quantify the current impact of dams/reservoirs on runoff (see previous response



above). Our current manuscript focuses on qualitative analysis of the current impact of
dams/reservoirs on runoff and quantitative analysis of the future impact of climate
change on runoff. In future work, we expect to be able to quantitatively analyze the
impact of human activities and climate change on runoff by acquiring or collecting
reservoir data.

(4) Line 13. Is “increase significantly” a formal statistical statement, and should
there be a p-value?

Response: Yes, here is a formal statistical statement where a p-value is required. We
have clarified this in Line 13 in the revised manuscript:

“Under representative concentration pathways (RCPs, i.e., RCP2.6, RCP6.0 and
RCP8.5), runoff of the MR is projected to increase significantly (p<0.05, from 3.81 m’
stalto16.36m’s1al)”

To be more rigorous, we have added p-values to all formal statistical statements and
replaced “significant” with synonyms for informal statistical statements throughout the
current manuscript. All these revisions are included in the revised manuscript. The
significance level used in this study is clarified in Section 2.2 in the revised manuscript:

“The null hypothesis in this test is that there is no significant trend in the time series at
the significance level of p. If |U|>Ups2, where Uy is the critical value of the standard
normal distribution with a probability exceeding p/2, then the null hypothesis is rejected,
namely the trend is significant (Guan et al., 2021). This study adopts the significance
level of 0.05, which means that there is a significant trend of change when the p-value
is less than 0.05.”

(%) Line 13. Actual values are given here (units of m"3 s”*-1 a”-1). Similar to the
comments above, how large are the 3.81 — 16.36 numbers compared to the effects of
dams/reservoirs? And how large are these numbers compared to background
contemporary flows. Would a simple statistical value help?

Response: Thanks for your helpful suggestions. Considering the quantitative effects of
dams/reservoirs are not available, we have only added the ratio of the actual values to
their background contemporary. We have clarified in Line 13 in the revised manuscript:

“Under representative concentration pathways (RCPs, i.e., RCP2.6, RCP6.0 and
RCPS8.5), runoff of the MR is projected to increase significantly (p<0.05), e.g., 3.81 m’
s a1 (9% increase in 100 years) at the upstream station under RCP2.6 and 16.36 m’
s a1 (13% increase in 100 years) at the downstream station under RCP6.0.”
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