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Response to Reviewer #2: 

This is a fairly straightforward and worthwhile study of how Tibetan uplift may have affected 

global climate. The authors describe a logical pair of GCM experiments to diagnose the role 

of the Tibetan Plateau (TP) as it could have influenced the climate during the Cenozoic, 

although these simulations do not account for changes in other boundary conditions such 

as CO2 and continental configuration. The paper does a good job of providing motivation 

for this study, noting that most attention to mountain uplift on climate has focused on 

atmospheric dynamics, rather than ocean circulation (especially in high latitudes). My 

overall impression of the paper is favorable and that it is worthy of publication, subject to 

several mostly minor issues explained below. 

We sincerely acknowledge you for very careful reading of the paper, including appropriate 

comments and useful suggestions. We try to answer your different suggestions and modify the 

paper accordingly. 

Major Comments:  

1. Using a low-resolution GCM is probably necessary for the long simulations needed for 

this study, and the authors do a commendable job on page 12 of discussing possible 

limitations of the low resolution on their conclusions. However, the T31 version of CESM 

that is used in this paper is known to have significant climate biases, especially in 

high-latitude regions that are a main focus for this paper (including Arctic sea ice extent). 

For the global ocean, these biases include a long-term drift in volumetric temperature and 

salinity, as suggested in Figure 1c. Implications of these model biases on the results and 

conclusions of this study are warranted. 

We agree that the low resolution version of CESM has a cold bias against the observation, 

especially in the North Atlantic high latitudes, which is partly attributed to the deficit of ocean 

heat transport and the excess of Arctic sea-ice (Shields et al., 2012). More specifically, in the 

pre-industrial simulation (MTP), there is a weak positive slope in the long-term global mean 
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temperature, in particular at the beginning of simulations; and global mean temperature reaches 

a quasi-equilibrium state at approximately 12 °C, which is lower than observations (please see 

Fig. 1c on page 21). In the revised version, we have mentioned this model bias and its potential 

influence on the simulations (L257–259). 

Minor comments 

1. The text contains many minor grammatical errors involving the usage of articles (i. e., 

when to use “a” or “the” before a noun). A thorough proofreading should cure this problem. 

We have tried our best to improve the English writing in the revised version. 

2. For readers not familiar with the geologic history of Tibetan Plateau uplift, please cite 

upfront the timing of this evolution. Line 59 of the Introduction lists a vague mention of 

“Given the timing of TP uplift. . . “, but it does not specify when that occurred. Only in the 

Conclusions section are relevant dates revealed. 

The suggested revision has been made in the revised version (P3L59–62): In addition, it is 

suggested that the regional surface of the TP had reached a high elevation of more than 4000 

meters around 40 Ma ago (Dupont-Nivet et al., 2008; Wang et al., 2008), although debates 

regarding paleoaltitude reconstructions remain (Botsyun et al., 2016). 

3. Lines 63-65: I’m not completely clear of the reasoning implied here. Are the authors 

saying that the required integration time of their model simulations is so long that it’s 

impractical to test additional parameters besides topography? Please clarify. 

We are sorry that we do not express our meaning clearly. Actually, we want to say that the 

numerical experiments with and without the TP can be performed under different boundary 

conditions, such as high atmospheric CO2 concentration and different orbital parameter 

configurations, rather than under the present-day boundary conditions. However, that kind of 
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simulations need to run the coupled model for a long time to reach a quasi-equilibrium state 

under those boundary conditions for the first step, and then the further experiments with and 

without the TP are carried out under specified question-dependent boundary conditions. For 

this reason, here we restrict our analysis to the sensitivity experiment of the TP uplift only 

under the present-day boundary conditions. 

Considering this statement has been given in the section of “Model and experiments” 

(L87–89), that sentence has been removed from the revised version. 

4. Lines 113-114: Given the importance of AMOC in these results, it would help to 

elaborate on how the model compares with the observed strength. What is the best 

observational estimate, including the range? Also, how does the simulated 6 Sv strength of 

PMOC in the reference simulation compare with observations? 

Based on the continuous observations of AMOC from the RAPID (Rapid Climate Change) 

mooring array beginning in 2004 at 26.5°N Atlantic section, the intensity of AMOC is 

estimated to be 18.7 ± 5.6 Sv for 2004–2005 (Cunningham et al., 2007) and approximately 17.5 

Sv for the average during the period 2004–2012 (Smeed et al., 2014), respectively. We have 

added the related information in the revised version. On the other side, we do not provide 

PMOC-related estimation for the present-day, because there is not available observation on the 

thermohaline circulation in the North Pacific. 

5. Figure 1: Very interesting how the strength of AMOC and PMOC flip almost exactly 

between the two experiments, such that one or the other is around 18 Sv in MTP and NTP. 

Is that a coincidence, or does it reflect a meridional heat transport requirement that is met 

by either ocean basin in the two different climates? 

We have tried to discuss the potential relationship between the strength of AMOC and 

PMOC based on previous simulations. Hu et al. (2010) indicated that the establishment of the 
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PMOC but the collapse of the AMOC during the glacial times could be achieved only when the 

Bering Strait was closed, and this is because the Bering Strait played an important role in 

controlling the freshwater exchange between the Atlantic and Pacific. A recent modeling study 

suggested that the atmospheric moisture transport changes, in response to the greatly reduced 

meridional sea surface temperature gradients during the Pliocene, were capable of eroding the 

halocline, leading to the formation of the PMOC (Burls et al., 2017). More recently, 

Hutchinson et al. (2018) performed a numerical experiment, adopting the realistic boundary 

conditions at the Eocene–Oligocene Transition, to exhibit a bipolar sinking in the North Pacific 

and Southern Ocean, and, at the same time, they showed that the North Atlantic salinities are 

too fresh to permit sinking, due to surface transport from the fresh Arctic. In addition, it is 

simulated that the PMOC strength declines approximately linearly with mean salinity until it 

reaches a small background value similar to the present-day ocean (Cael and Ferrari, 2017). 

Taking all these pertinent studies into account, it implies that the strength of PMOC is 

closely linked to the comprehensive inter-basin contrast between the North Pacific and the 

North Atlantic, including the freshwater budget, sea water density, and thermal differences. Of 

course, it is worth noting that the simulated global oceanic heat transport was little affected by 

the collapse of the AMOC in response to the global mountains, because of the heat 

compensation effect from the establishment of the PMOC (Maffre et al., 2017). To a certain 

degree, that does indicate a meridional heat transport requirement that is met by either ocean 

basin in the two different climates as you suggested. This issue has been beyond the scope of 

this study, and more studies are needed to address the related questions. 

6. Lines 132-134: Why does a warmer Tibet reduce the Eurasia-Pacific thermal contrast 

during summer? Figure 2a indicates a much warmer Tibetan region and an overall warmer 
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Asian landmass. Likewise, the next paragraph describes an associated weaker monsoon 

circulation, but that also seems counterintuitive with a much warmer Tibet. For example, 

many studies show that excessive cold (warmth) resulting from abnormally high (low) snow 

cover on the plateau is associated with a weaker (stronger) summer monsoon. 

As you mentioned, relative to the MTP experiment, the simulated strong warming occurs 

over the TP and East Asian continent in the NTP experiment (Please see Fig. 2a on page 22). 

This warming mainly reflects the effect of the atmospheric lapse rate, that is, the atmospheric 

temperature decreases with elevation. However, strong cooling occurs over the TP and the 

surrounding continent but slight change occurs over the mid-latitude North Pacific at both 850 

hPa and 500 hPa (Fig. S3), leading to the decrease of zonal Eurasia–Pacific thermal contrast in 

the middle and lower troposphere and thus the weakening of subtropical anticyclones and trade 

winds over the North Pacific as indicated by Ruddiman and Kutzbach (1989), Rodwell and 

Hoskins (2001), and Kitoh (2004). The related sentence has been revised accordingly 

(L137–140). In response to the above large-scale circulation anomalies as shown in Fig. 2c, the 

removal of the TP leads to a significant divergence of moisture over East Asia and the western 

North Pacific marginal seas (Please see Fig. 2d on page 22), which is linked to a weakened 

monsoon circulation and is consistent with the previous simulations using both atmospheric and 

coupled models (Liu and Yin, 2002; Kitoh, 2004; Molnar et al., 2010). By the way, the studies 

you mentioned focus on the effect of the snow cover on the TP, and the related mechanism may 

differ from that of the removal of the TP in our simulations. 
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Figure S3. The (a) 850 hPa and (b) 500 hPa annual mean air temperature anomalies 

between NTP and MTP. In panel (a), the regions with an elevation higher than 1500 meters 

are left blank. 

7. Line 161: why use the term “on the other hand” when describing the role of increased 

sea ice coverage? That implies a contrast with the previous sentence, which reports an 

increase in freshwater flux over the Atlantic. Yet both expanded sea ice extent and greater 

freshwater flux cause a lower surface density and thus favor a weakened AMOC. 

“on the other hand” has been changed to “Moreover” in the revised version (L169). 

8. Line 260: Which hypothesis is being referred to here—the one about the MOC being 

determined by large mountains or the one about asymmetric continental extents and basin 

geometries between the Atlantic and Pacific basins? 

The original sentence “Our simulations support this hypothesis and highlight the 

significant role of the TP alone in supporting the modern AMOC” has been revised to “Our 

simulations support the hypothesis proposed by Warren (1983) and highlight the significant role 

of the TP alone in maintaining the modern AMOC” accordingly (L270–L272). 

9. Lines 274-276: Why would planetary cooling during the Cenozoic lead to a reduced 

equator-to-pole thermal gradient? Colder global climates usually have even larger cooling 
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in polar regions, giving rise to the term “polar amplification”. 

We agree that the planetary cooling during the Cenozoic would lead to an increased rather 

than a reduced equator-to-pole thermal gradient. The relevant sentence has been revised as 

follows: The Earth has experienced a long-term cooling trend throughout the Cenozoic as 

testified by many proxies and stacked records (Zachos et al., 2001, 2008), in association with a 

increased equator-to-pole thermal gradient (L286–288). 

10. Page 13: Good observational evidence for a stronger PMOC during the early Cenozoic 

to support the model results presented here. 

Thanks for your appreciation. 

11. Page 14 and elsewhere: The authors rightfully point out that they have only tested the 

direct role of Tibetan topography and therefore ignored possible coinciding influences of 

other boundary conditions, such as higher greenhouse gas concentrations that may be 

relevant for the actual paleoclimatic conditions resulting from Tibetan uplift. I recall a paper 

by Vavrus and Kutzbach (2002, GRL) that involved a similar modeling study, but it isolated 

the individual impacts of mountain uplift and higher CO2 on AMOC. That article might be 

relevant for the present study. 

Thanks for your information. Vavrus and Kutzbach (2002) has been added in the revised 

version accordingly (L315). 
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