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Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

The authors present the proxy records from Shilou aeolian red clay on the Chinese Loess Plateau. The 

data comprise the past period from 8.1 ma to 3.5 ma, across the late Miocene to mid-Pliocene, 

indicate an apparent transition occurred around Miocene-Pliocene Boundary. According to the the red 

clay's response to climate, the authors suggest that the proxy records inferred changes in regional 

climate in response to increased CO2 from Miocene to Pliocene, implies a similar climate response 

pattern will occur in the future anthropogenic GHG forcing . The new dataset provide robust and solid 

evidence on local hydro climate transition from late-Miocene to mid-Pliocene. 

 

Data site Shilou locates at the northern boundary of East Asian monsoon, is sensitive to the changes 

in east Asia monsoon. The authors suggest that changes in this data can well represent the changes in 

east Asian monsoon.  By including several other published proxy data, the authors also show a 

regional climate change pattern and aim to provide the paleoclimate evidence to support the "wet gets 

wetter and dry gets drier" global climate change in the future. The work is a valuable contribution to 

infer the consequence of ongoing global warming. I have some comments for authors to consider and 

revise the manuscript. 

 

P3. L45, also in P4 L60, About the Miocene-Pliocene boundary, when checking in the literature, the 

definition for the Miocene-Pliocene boundary has been mentioned frequently, but no literature define 

the MPB at ~5.3 ma. If it is a new definition by this study, should clarify. Otherwise it would be 

misleading. 

 

When presenting the data, the authors have had spectrum analysis and discussed the orbital 

variability in length. It is not very clear the role of orbital forcing in the MPB transition. My 

understanding is that the authors try to explain that the MPB transition is not due to the orbital 

forcing. If this is the case, considering most of the Nature Communication readers may not understand 

these forcing processes, this section can be largely shorten to avoid the confusion. 

 

P8 L73, What is "C3n.4n-C3r polarity reversal boundary" ? It is hard to follow. 

 

P23, L 275-285, The authors used oceanic proxy data in Indian Ocean to show the intensified summer 

monsoon, SSTs in Indian Ocean often affect the  South Asian monsoon, when SST increase in these 

regions, it will decrease the land-sea contrast and weaken southerly wind, and weaken the South 

Asian monsoon (Roxy, et al., 2015), may provide less moisture to East Asia as well. I suggest the 

authors to discuss the changes in the land-sea contrast carefully. 

 

In the climate modelling part,  the only difference in the simulations for Miocene and Pliocene is CO2 

concentration (280 vs 400), this is similar to the present condition except the different boundary 

condition setting by PRISM4. Some discussion on the effect of the PRISM4 boundary condition is 

needed to clarity the climate response to CO2 during MPB and present day. 

 

Burls and Fedorov (2017) used the same model CESM and did the simulation for Pliocene , they have 

drawn the opposite conclusion. Authors may compare with their work and discuss the possible reason 

why the same model simulate the opposite results. 

 

The climate responses showed in Fig6 are based on the 30 years simulation data, to represent the 

climate change on million years time scale. Considering the well know multidecadal and centennial 

climate variability is present in both proxy data and model simulations, using 30 years mean is not 

enough. According to the model experiment description, there are 500 years data are available and 

should use at least 200 years to obtain the statistically significant results. When presenting the climate 

change in Fig 6c-f, provide the statistical significance test. 



 

Reference: 

Roxy, M., Ritika, K., Terray, P. et al. Drying of Indian subcontinent by rapid Indian Ocean warming 

and a weakening land-sea thermal gradient. Nat Commun 6, 7423, 2015. 

 

Burls, N. J., and Fedorov, A. V.: Wetter subtropics in a warmer world: Contrasting past and future 

hydrological cycles, Proceedings of the National Academy of Sciences, 114, 12888-12893, 

10.1073/pnas.1703421114, 2017. 

 

 

 

Reviewer #2: 

Remarks to the Author: 

Review of the manuscript entitled “Global warming-induced Asian hydrological climate transition 

across the Miocene–Pliocene boundary” by Ao et al. 

 

Ao et al. produce a high-resolution geochemical record of Miocene to Pliocene from the Shilou section, 

CLP to investigate the link between global climate change and local environmental change. Using 

these newly acquired records, special analyses are carried out to examine the link between the orbital 

cycles and the variation of the paleoenvironment during this period. Climate models are also 

conducted to further support the inference of global warming drove climate change across the 

Miocene-Pliocene boundary. 

 

Overall, the manuscript forces on an important question that would be of potential interest to the 

Asian paleoclimate community, I enjoy reading this manuscript. The text is well-written and figures 

are well-illustrated. But some of the interpretations and the limitations that should be improved and 

clarified before I can recommend the manuscript for publication in NC. I gave some of my concerns 

below for the authors’ consideration. 

 

My biggest concern is the way that authors tunning the age model. This is the fundamental of this 

paper. In addition, a few other studies on the almost same region stablished their age model based on 

magnetostratigraphy results without tuning their age model. Why you tuned the age model here? I am 

fine with tuning the age model if pessary although this is still challenged by many researchers. It 

seems that the authors only tuned 100-kyr cycles and did not tune obliquity and precession cycles. 

But why a further turning on obliquity and precession cycles should be over-tuned? The authors need 

to add more details about the rules of this tunning method. I think there might be a few correlation 

options when comparing the filtered 100-kyr eccentricity results with Laskar’s data. I would 

recommend authors be more transparent by providing all these potential correlations (>30?) and the 

reason that choosing the one that presents in the text. 

 

My second concern is that how to teeth out the tectonics impact from these geochemical records. In 

the current form of the manuscript, authors completely reject the possibility of tectonic uplift of Tibet 

and surrounding regions. Although briefly explain this inference in Line 373 to 388, it is not enough to 

support that tectonic is not relevant to this environmental change. If you look at the Low-T 

thremmatology data in the surrounding region, there are many post-10 Ma ages showing the rapid 

exhumation in the surrounding region. Such as Clinkscales et al., 2020 EPSL; Su et al., 2021, 

Tectonics that focuses on the Shanxi rift, and many other papers that relate to the Qinling and Qilian 

Shan region. I would suggest the authors carefully examine the tectonic evolution of this region and 

fairly compiling all the ages that are related to tectonics. 

 

Third, it seems that authors only present those records that are friendly to their model while that 

information that might contradict their model is ignored. For example, the authors cite Liu et al., 2014 

PNAS geochemical record to support the spectral analysis however they ignore the evidence that 

clearly shows the intensified tectonic uplift in the Western Kunlun Shan, NW TP. A few recent studies 



(Wang et al., 2019, Nature Communications; Wang et al., Science Advances.) that focus on the same 

region (Weihe Basin) do not show this environment shift at ~5.3 Ma. The authors failed to add these 

records into their regional proxies’ correlation and even not cited these important findings. This is 

another clue that there might have some bias for the interpretation of these records in this study. 

 

Fourth, I have no problem with the climate model itself and I do believe it is really a useful way that 

enables us to know what might happen in the past, especially examining some boundary conditions. 

However, for this manuscript, I do not think the climate simulation could add anything new to support 

the mechanism proposed to the study. By changing the boundary conditions, such as topography 

relief, CO2 concentration, and other boundary conditions or even only change the spatial resolution, 

you will finally find a model that best-fits with what you want. Given the controversial topography 

relief in the surrounding mountain belts, precipitation, and many other factors, the interpretation 

should be mainly established from the paleoenvironmental records rather than from models. 

 

Fifth, it is clear that this manuscript misses a statistical analysis section. As I mentioned in the 

previous comments, there could be a few uncertainties in the age model derived from the spectral 

analysis/tuning. Also, there are many unclear boundary conditions in the climate model. I would 

recommend the authors add a separate section describing all these uncertainties 

 

Lastly, NC is one of the top-tier journals in Earth Science. Authors should be more transparent in 

publishing their data. I cannot find the raw data of these three records in the supplementary files. 

Reviewers and audience (once published) will be definitely like to evaluate the orbital cycles by 

running the spectral analysis themselves. I strongly suggest authors provide all the details of this 

work, including the raw data of the three records, details spectral analysis (the author said they have 

checked >30 tuning options in the methods section; what are they, show them in a Supplementary 

file), details of climate simulation. 



1 
 

Reply to Reviewer #1 
Comment #1 
P3. L45, also in P4 L60, About the Miocene-Pliocene boundary, when checking in the 
literature, the definition for the Miocene-Pliocene boundary has been mentioned 
frequently, but no literature defines the MPB at ~5.3 ma. If it is a new definition by 
this study, should clarify. Otherwise it would be misleading. 
Response: Thank you for this helpful comment. The MPB definition used is not new to 
our study. We have clarified this in the revised manuscript with references (lines 57-60). 
 
Comment #2 
When presenting the data, the authors have had spectrum analysis and discussed the 
orbital variability in length. It is not very clear the role of orbital forcing in the MPB 
transition. My understanding is that the authors try to explain that the MPB transition 
is not due to the orbital forcing. If this is the case, considering most of the Nature 
Communication readers may not understand these forcing processes, this section can 
be largely shortened to avoid the confusion. 
Response: Thank you for pointing this out. In addition to summer monsoon 
intensification across the MPB, prominent late Neogene orbital summer monsoon 
variability is a further important feature of our new palaeoclimate records. In the revised 
manuscript, we clarify that Asian climate change across the MPB is not due to orbital 
forcing (lines 223-225, 310-314). As suggested, we shortened this section to avoid 
confusion. Notably, the last paragraph in this section, which diverged to discuss 
implications of the 100-kyr monsoon variability over the last 1 Myr, has been removed. 

 
Comment #3 
P8 L73, What is "C3n.4n-C3r polarity reversal boundary"? It is hard to follow. 
Response: To improve understandability, we have now changed “C3n.4n-C3r 
polarity reversal boundary” to “palaeomagnetic polarity reversal boundary between 
the C3n.4n normal polarity chron and the C3n.4r reversed polarity chron” (lines 
165-166). 
 
Comment #4 
P23, L 275-285, The authors used oceanic proxy data in Indian Ocean to show the 
intensified summer monsoon, SSTs in Indian Ocean often affect the South Asian 
monsoon, when SST increase in these regions, it will decrease the land-sea contrast 
and weaken southerly wind, and weaken the South Asian monsoon (Roxy, et al., 
2015), may provide less moisture to East Asia as well. I suggest the authors to discuss 
the changes in the land-sea contrast carefully. 
Response: Thank you for this comment. Our simulations suggest that increased CO2 
enhanced land-sea contrast and westerly (20°N, 65-100°E) and southwesterly 
(20-35°N, 100-130°E) winds under Pliocene boundary conditions (Fig. 6e-f). Roxy et 
al. (2015) observed a decreased land-sea thermal gradient in South Asia in the context 
of current warming (different boundary conditions) because of rapid Indian Ocean 
warming and concurrent ‘subdued’ subcontinental warming. They produce this in 
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their simulations because they impose warming over the Indian Ocean region without 
warming the continent. In our Pliocene simulations, warming is larger over the 
continent than the ocean (Fig. 6c), so the mechanism of Roxy et al. (2015) does not 
apply in the situation that we are simulating. 
 
Comment #5 
In the climate modelling part, the only difference in the simulations for Miocene and 
Pliocene is CO2 concentration (280 vs 400), this is similar to the present condition 
except the different boundary condition setting by PRISM4. Some discussion on the 
effect of the PRISM4 boundary condition is needed to clarity the climate response to 
CO2 during MPB and present day. 
Response: Thank you very much. We now discuss simulated CO2-induced Asian 
climate changes under different boundary conditions for the MPB and present day in 
the “Methods” section of the revised manuscript (lines 492-507). 
 
Comment #6 
Burls and Fedorov (2017) used the same model CESM and did the simulation for 
Pliocene, they have drawn the opposite conclusion. Authors may compare with their 
work and discuss the possible reason why the same model simulate the opposite 
results. 
Response: Burls and Fedorov (2017) used an atmospheric model forced with the sea 
surface temperature field from a fully coupled experiment with modified cloud 
radiative properties resembling early Pliocene reconstructions, but preindustrial 
topography and vegetation were imposed as boundary conditions in their Pliocene 
simulation. In contrast, we used a fully coupled model forced by reconstructed 
Pliocene orography, vegetation, ice sheets, lakes, and CO2 concentration (400 ppm) 
from the PRISM4 dataset, which are more realistic. In addition to different models 
and boundary conditions, Burls and Fedorov (2017) used different model resolutions; 
they used T31 (~3.75°) atmospheric and land components coupled to ocean and ice 
components with a nominal 3° resolution, while we used ~2° atmospheric and land 
components coupled to ocean and ice components with a nominal 1° horizontal 
resolution. Finally, Burls and Fedorov (2017) did not investigate climate change when 
CO2 concentration is increased in their Pliocene-like experiment. Their change 
between the Pliocene-like experiment and present day is opposite to that between an 
abrupt 4×CO2 scenario and present day. We do not know what would have happened 
if they increased CO2 using the Pliocene-like experiment as a baseline rather than the 
preindustrial. Thus, it is not really appropriate to compare our study with their work, 
and forcing such a comparison into the main text would confuse and distract from our 
core message. 

For the sake of completeness, we assess spatial annual precipitation minus 
evaporation changes between preindustrial and Pliocene conditions in our simulations 
(see Figure 1 below), which is not included in the main text for reasons explained in 
the previous paragraph. We note that spatial annual precipitation minus evaporation 
changes between preindustrial and Pliocene conditions are different between our 
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simulations and those of Burls & Fedorov, which likely result from the 
aforementioned differences between models, model resolution, and boundary 
conditions. 
 

 
Figure 1. Annual precipitation minus evaporation changes between our preindustrial 
and Pliocene simulations. Black dots denote regions statistically significantly above 
the 95% confidence level (Student’s t-test). 

 
Comment #7 
The climate responses showed in Fig6 are based on the 30 years simulation data, to 
represent the climate change on million years time scale. Considering the well know 
multidecadal and centennial climate variability is present in both proxy data and 
model simulations, using 30 years mean is not enough. According to the model 
experiment description, there are 500 years data are available and should use at least 
200 years to obtain the statistically significant results. When presenting the climate 
change in Fig 6c-f, provide the statistical significance test. 
Response: Thank you. In the Pliocene Model Intercomparison Project (Haywood et al., 
2011, 2016), most Pliocene simulations were run for 500 or >500 model years and the 
last 30, 50, or 100 model years were generally used to calculate climatological means 
(e.g., Haywood et al., 2011, 2016, 2020; Hunter et al., 2019; Chan and Abe-Ouchi, 2020; 
Feng et al., 2020; Samakinwa et al., 2020). For Pliocene simulations with 500-year 
integration lengths, the last ≥200 model years are less routinely used to calculate 
climatological means because the earlier part of the penultimate 100 model years may 
remain out of equilibrium. As is the case for routine Pliocene simulations, we reran the 
simulations and used the last 100 years to calculate statistically significant results instead 
of our previously used last 30 years. This also facilitates more precise comparison 
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between our and previous Pliocene simulations. We have clarified the model-run periods 
in lines 486-489. The comment about statistical significance is also much appreciated, 
and we have taken this opportunity to add statistical significance test results to Figure 6 
and Supplementary Figure 11. 
 
References cited in our response above 
Chan, W.L., Abe-Ouchi, A., 2020. Pliocene Model Intercomparison Project (PlioMIP2) 

simulations using the Model for Interdisciplinary Research on Climate 
(MIROC4m). Climate of the Past 16, 1523–1545. 

Feng, R., Otto-Bliesner, B. L., Brady, E. C., Rosenbloom, N., 2020. Increased climate 
response and Earth system sensitivity from CCSM4 to CESM2 in mid-Pliocene 
simulations. Journal of Advances in Modeling Earth Systems 12, doi: 
10.1029/2019MS002033. 

Haywood, A.M., Dowsett, H.J., Robinson, M.M., Stoll, D.K., Dolan, A.M., Lunt, D.J., 
Otto-Bliesner, B., Chandler, M.A., 2011. Pliocene Model Intercomparison Project 
(PlioMIP): experimental design and boundary conditions (Experiment 2). 
Geoscientific Model Development 4, 571–577. 

Haywood, A.M., Dowsett, H.J., Dolan, A.M., Rowley, D., Abe-Ouchi, A., 
Otto-Bliesner, B., Chandler, M.A., Hunter, S.J., Lunt, D.J., Pound, M., Salzmann, 
U., 2016. The Pliocene Model Intercomparison Project (PlioMIP) Phase 2: 
scientific objectives and experimental design. Climate of the Past 12, 663–675. 

Haywood, A.M., Tindall, J.C., Dowsett, H.J., Dolan, A.M., Foley, K.M., Hunter, S.J., 
Hill, D.J., Chan, W.L., Abe-Ouchi, A., Stepanek, C., Lohmann, G., Chandan, D., 
Peltier, W.R., Tan, N., Contoux, C., Ramstein, G., Li, X.Y., Zhang, Z.S., Guo, 
C.C., Nisancioglu, K.H., Zhang, Q., Li, Q., Kamae, Y., Chandler, M.A., Sohl, 
L.E., Otto-Bliesner, B.L., Feng, R., Brady, E.C., von der Heydt, A.S., Baatsen, 
M.L.J., Lunt, D.J., 2020. The Pliocene Model Intercomparison Project Phase 2: 
large-scale climate features and climate sensitivity. Climate of the Past 16, 2095–
2123. 

Hunter, S.J., Haywood, A.M., Dolan, A.M., Tindall, J.C., 2019. The HadCM3 
contribution to PlioMIP phase 2. Climate of the Past 15, 1691–1713. 

Samakinwa, E., Stepanek, C., Lohmann, G., 2020. Sensitivity of mid-Pliocene climate 
to changes in orbital forcing and PlioMIP's boundary conditions. Climate of the 
Past 16, 1643–1665. 

 
Reply to Reviewer #2 
Comment #1 
My biggest concern is the way that authors tuning the age model. This is the 
fundamental of this paper. In addition, a few other studies on the almost same region 
stablished their age model based on magnetostratigraphy results without tuning their 
age model. Why you tuned the age model here? I am fine with tuning the age model if 
pessary although this is still challenged by many researchers. It seems that the authors 
only tuned 100-kyr cycles and did not tune obliquity and precession cycles. But why a 
further turning on obliquity and precession cycles should be over-tuned? The authors 
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need to add more details about the rules of this tuning method. I think there might be a 
few correlation options when comparing the filtered 100-kyr eccentricity results with 
Laskar’s data. I would recommend authors be more transparent by providing all these 
potential correlations (>30?) and the reason that choosing the one that presents in the 
text. 
Response: We are grateful for these helpful comments. We used an astronomical age 
model that was orbitally tuned to 100-kyr eccentricity from the magnetostratigraphy 
for the following reasons. First, the late Miocene–Middle Pliocene Rb/Sr record in the 
untuned magnetochronology already shows prominent orbital variability 
(Supplementary Figs. 3 and 4), which warrants and facilitates orbital tuning. 
Furthermore, it is common practice to combine magneto- and astro-chronology to 
develop refined timescales for marine records (e.g., Coxall and Wilson, 2011; Drury 
et al., 2016; Holbourn et al., 2005; Lisiecki and Raymo, 2005; Pälike et al., 2001, 
2006) and terrestrial records (e.g., Prokopenko et al., 2006; Sun et al., 2006; An et al., 
2011). In addition, orbital expressions may be generally enhanced, and non-orbital 
signals subdued, in the refined astronomical age models relative to the untuned 
magnetochronology, but the major orbital features are similar in both age models 
(Supplementary Fig. 4). This indicates that tuning was warranted and has not 
introduced spurious information – it merely served to provide chronological 
refinement and is common practice. 

More specifically, the Rb/Sr record in the untuned magnetochronology suggests 
a continuous 100-kyr eccentricity band throughout the late Miocene–Middle Pliocene, 
but only weaker and less continuous obliquity and precession bands (Supplementary 
Figs. 3 and 4). Accordingly, we only tuned the timescale using large-amplitude 
100-kyr cycles (Supplementary Fig. 3), and refrained from tuning the obliquity and 
precession cycles to avoid over-tuning. 

We have added more details on the tuning method and discuss associated 
uncertainties in the revised manuscript with numerous additional work, as suggested 
by Reviewer #2 (lines 412-457). We provide two other orbital tuning options with the 
youngest and oldest tuning age models (Supplementary Fig. 3; Supplementary Table 
2). Our finally selected astronomical age model (intermediate age model) is balanced 
between the youngest and oldest tuning age models. The filtered 100-kyr Rb/Sr 
component correlates cycle-by-cycle with orbital eccentricity in all three tuning age 
models, with reasonable sedimentation rate changes, but ages of palaeomagnetic 
reversals are more consistent with their GPTS ages in the intermediate tuning age 
model (Supplementary Table 1), which was therefore selected as the final 
astronomical age model for the Shilou red clay sequence. For completeness, age 
uncertainties of the final astronomical age model are now calculated and presented in 
the revised manuscript (lines 447-449; Supplementary Fig. 3; Supplementary Table 
2). 
 
Comment #2 
My second concern is that how to teeth out the tectonics impact from these 
geochemical records. In the current form of the manuscript, authors completely reject 
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the possibility of tectonic uplift of Tibet and surrounding regions. Although briefly 
explain this inference in Line 373 to 388, it is not enough to support that tectonic is 
not relevant to this environmental change. If you look at the Low-T thremmatology 
data in the surrounding region, there are many post-10 Ma ages showing the rapid 
exhumation in the surrounding region. Such as Clinkscales et al., 2020 EPSL; Su et al., 
2021, Tectonics that focuses on the Shanxi rift, and many other papers that relate to 
the Qinling and Qilian Shan region. I would suggest the authors carefully examine the 
tectonic evolution of this region and fairly compiling all the ages that are related to 
tectonics. 
Response: Thank you for this comment. We now mention sedimentary records from 
the northern and eastern Tibetan Plateau (Fang et al., 2005; Fang et al., 2007; Métivier 
et al., 1998; Molnar, 2005), tectonic deformation in the Pamir and Tian Shan 
mountains (Fu et al., 2010; Hubért-Ferrari et al., 2007; Sun et al., 2009; Thompson et 
al., 2015; Wang et al., 2014), and low-temperature thermochronological data from the 
Shanxi Rift (North China), northern Tibetan Plateau, and Mongolian mountains 
(Clinkscales et al., 2020; De Grave et al., 2009; Liu et al., 2013; Peng et al., 2019; Su 
et al., 2021; Vassallo et al., 2007; Wang et al., 2011; Wang et al., 2020a). These show 
that late Miocene or Pliocene uplift of specific regions of the Tibetan Plateau and 
adjacent mountains occurred (lines 368-373). We no longer reject the possibility of 
tectonic uplift of Tibet and surrounding regions in the revised manuscript, but 
consider it as having a secondary role in Asian climate changes across the MPB (lines 
373-374). 
 
Comment #3 
Third, it seems that authors only present those records that are friendly to their model 
while that information that might contradict their model is ignored. For example, the 
authors cite Liu et al., 2014 PNAS geochemical record to support the spectral analysis 
however they ignore the evidence that clearly shows the intensified tectonic uplift in 
the Western Kunlun Shan, NW TP. A few recent studies (Wang et al., 2019, Nature 
Communications; Wang et al., Science Advances.) that focus on the same region 
(Weihe Basin) do not show this environment shift at ~5.3 Ma. The authors failed to 
add these records into their regional proxies’ correlation and even not cited these 
important findings. This is another clue that there might have some bias for the 
interpretation of these records in this study. 
Response: We apologise for not mentioning these works in our original submission. 
These omissions have now been remedied; new references have been incorporated in 
the revised manuscript. We now discuss tectonic activity on the Tibetan Plateau and 
adjacent mountain ranges during the late Miocene–Pliocene, including tectonic 
evidence mentioned by Liu et al. (2014) and other studies (lines 368-373). We add a 
comparison between our work and existing studies that do not suggest summer 
monsoon intensification across the MPB (An et al., 2005; Clift et al., 2014; Wang et 
al., 2019; Wang et al., 2020b), including possible reasons for this difference (lines 
263-276). The above additions do not contradict our major interpretations but make 
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our paper more comprehensive. We appreciate reviewer #2 for bringing these to our 
attention. 
 
Comment #4 
Fourth, I have no problem with the climate model itself and I do believe it is really a 
useful way that enables us to know what might happen in the past, especially 
examining some boundary conditions. However, for this manuscript, I do not think 
the climate simulation could add anything new to support the mechanism proposed to 
the study. By changing the boundary conditions, such as topography relief, CO2 
concentration, and other boundary conditions or even only change the spatial 
resolution, you will finally find a model that best-fits with what you want. Given the 
controversial topography relief in the surrounding mountain belts, precipitation, and 
many other factors, the interpretation should be mainly established from the 
paleoenvironmental records rather than from models. 
Response: Despite potential uncertainties in recently reconstructed late Neogene 
boundary conditions, our simulations are crucial for grounding interpretations from 
proxy data. In this study, they provide important confirmation of our interpretations 
and especially of the physical consistency between records and potential forcing 
mechanism, as also highlighted by reviewer #1. Moreover, the broadly similar pattern 
of Asian climate response to CO2-induced global warming between our late Neogene 
and previous preindustrial simulations suggests that the general pattern of Asian 
climate responses to CO2 increase in our simulations may not change substantially 
even if the recently reconstructed late Neogene boundary conditions are moderately 
adjusted in future. Thus, we think that integrating proxy and modelling results 
strengthens our manuscript by establishing their consistency. 
 
Comment #5 
Fifth, it is clear that this manuscript misses a statistical analysis section. As I 
mentioned in the previous comments, there could be a few uncertainties in the age 
model derived from the spectral analysis/tuning. Also, there are many unclear 
boundary conditions in the climate model. I would recommend the authors add a 
separate section describing all these uncertainties. 
Response: Thank you for suggesting that we include uncertainty analyses. We have 
added uncertainties in the age model derived from the spectral analysis/tuning in the 
revised manuscript (lines 447-449; Supplementary Fig. 3–4; Supplementary Tables 1–
2). We also address uncertainties in late Neogene boundary conditions, simulation 
uncertainties due to boundary condition uncertainties, and potential influences on the 
major pattern of Asian climate responses to CO2 increase in our present simulations if 
reconstructed late Neogene boundary conditions are adjusted slightly or moderately in 
future (lines 492-507). We took a month to run additional climate model simulations, 
to enable us to have a sound grip on uncertainties and significance. 
 
Comment #6 
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Lastly, NC is one of the top-tier journals in Earth Science. Authors should be more 
transparent in publishing their data. I cannot find the raw data of these three records in 
the supplementary files. Reviewers and audience (once published) will be definitely 
like to evaluate the orbital cycles by running the spectral analysis themselves. I 
strongly suggest authors provide all the details of this work, including the raw data of 
the three records, details spectral analysis (the author said they have checked >30 
tuning options in the methods section; what are they, show them in a Supplementary 
file), details of climate simulation. 
Response: Thank you for this comment. We have added the raw data, orbitally tuned 
data, and details of orbital tuning and climate simulation in the “Methods”, 
Supplementary Information, and Supplementary Data. 
 
References cited in our response above 
An, Z.S., Clemens, S.C., Shen, J., Qiang, X.K., Jin, Z.D., Sun, Y.B., Prell, W.L., Luo, J.J., 

Wang, S.M., Xu, H., Cai, Y.J., Zhou, W.J., Liu, X.D., Liu, W.G., Shi, Z.G., Yan, L.B., 
Xiao, X.Y., Chang, H., Wu, F., Ai, L., Lu, F.Y., 2011. Glacial-interglacial Indian 
summer monsoon dynamics. Science 333, 719–723. 

An, Z.S., Huang, Y.S., Liu, W.G., Guo, Z.T., Clemens, S., Li, L., Prell, W., Ning, Y.F., Cai, 
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