
Response to Reviewer 1 
 
Review of “Weak Southern Hemispheric monsoons during the Last Interglacial Period” by Nicholas K. 
H. Yeung et al. 
 
This is a very interesting paper which clearly and concisely describes the results of a new Last 
Interglacial simulation with the ACCESS-ESM1.5 CMIP6/PMIP4 model. The model results are 
compared with both other CMIP6/PMIP4 simulations and proxy records. The main focus of the paper 
is on changes in the Southern Hemisphere precipitation in monsoons and convergence zones, although 
global changes are also summarised. The paper is well structured and clearly written, providing a 
comprehensive discussion of previous model and proxy studies. The figures are also clear and well 
described. I found the discussion of the results convincing and thorough. I have only a few minor 
corrections to suggest, listed below. 
 
We would like to thank the Referee, Dr Josephine Brown, for her positive and constructive comments, 
which helped improve the manuscript. Responses to each individual comment are included below. 
 
Specific comments:  
1. Title – the paper covers a wider scope than suggested by the title, perhaps the title could be modified 
to reflect this. 
We would like to thank Dr Brown for this suggestion. We have changed the title to: “Land-sea 
temperature contrasts at the Last Interglacial and their impact on the hydrological cycle” 
 
2. Line 205-206 (also Figure 6 caption): The definition of monsoon domain is a bit confusing. The 
meaning is that the difference between wet and dry season precipitation is greater than 2.5 mm/day but 
the wording implies that wet season precipitation itself is greater than 2.5 mm/day. Rewrite to clarify. 
The definition has been clarified. As reviewer #2 suggested including a criterion that at least 55% of 
annual precipitation occurs during wet season, the sentence has been rewritten as “Monsoon domains 
are defined as regions in which the precipitation during the monsoon season is (1) greater than the dry 
season by at least 2.5 mm/day, and (2) responsible for at least 55% of the annual precipitation (Wang 
et al., 2011).” The caption of Figure 6 has been modified to reflect this revised definition of monsoon 
domains. 
 
3. Line 226-228: Interesting that there is also an increase in precipitation at the southeastern edge of the 
SPCZ, associated with the weakening of the south-eastern Pacific climatological high pressure region 
and anti-cyclonic circulation (whereas this region is projected to become drier in future climate 
simulations). 
The following has been added to Section 3.2.2: “Precipitation also increases at the southeastern edge of 
the SPCZ (Figs. 4c, 6b). This is linked to the weakening of the south Pacific high (Fig. 4f) and the 
associated westerlies south of 40°S and the easterlies between 15°S and 35°S (Fig. 6b).” 
 
Also, the following has been included in the discussion section: “Incidentally, lig127k shows increased 
precipitation at the southeastern edge of the SPCZ, which is associated with the weakening of the local 
high pressure region. Such enhanced moisture at the eastern SPCZ margin is also linked to a reduction 
in trade wind inflow from the southeastern Pacific (Fig. 6b), as previously demonstrated by Lintner and 
Neelin (2008). Interestingly, CMIP5 models project drier conditions over the southeastern edge of the 
SPCZ due to the transport of dry subtropical air into the region (Brown et al., 2020b), thus suggesting a 
different mechanism can take place in a warmer climate.” 

4. Line 249: There is also reduced north-westerly flow to north-west of Australia. 
This reduction is now being included in the sentence: “Due to reduced land-sea temperature gradients, 
colder conditions over land induce a weakening of the onshore winds (i.e. a weakening of the easterlies 
over Brazil, South Africa, and northeastern Australia, and reduced north-westerlies in northwestern 
Australia), which tends to decrease moisture advection inland, and restrict convective activity over the 
SH land regions.” 

 
5. Line 266: How was southern boundary of the Hadley cell defined? 



The southern boundary of the Hadley cell was estimated as the zero contour line between 30 and 40S 
(Fig. R1 in this document). The zero contours of the mass stream function have been now included in 
Figure 8 for easier visualisation. 
 

	
  
Figure R1: Atmospheric mass stream function in DJF, represented by solid (positive) and dashed (negative) 
contour lines, is contoured every 20 Sv, with the bold lines being the zero contours. Zonal mean zonal winds (m 
s−1) are represented by colour shading. (a): LIG; (b): PI. Please note the shading interval is not linear. 

 
 
6. Line 301-302: Apologies for suggesting citation of my own work, but Brown et al. (2020) is relevant 
here in discussing proxy records of last interglacial ENSO and latest PMIP4 model simulations – that 
study found that a large majority of models simulate weakened ENSO in the lig127k simulations. You 
could also cite other proxy & model studies of last interglacial ENSO mentioned therein. 
We agree that Brown et al. (2020) is relevant concerning the discussion of ENSO in the Last 
Interglacial. A sentence has been added in this paragraph: “ENSO variability was shown to be 
consistently reduced during the LIG compared to PI, with the ensemble mean of PMIP4 simulations 
suggesting a 20% weakening of ENSO amplitude (Brown et al., 2020).” 
 
7. Line 320-321: Another study which considered the response of SH monsoons to past and future 
forcing is D’Agostino et al. (2020) (again, apologies as I am a coauthor), who found reduced SH 
monsoon strength in the mid-Holocene but increases in future under RCP8.5.  
A sentence citing D’Agostino et al. (2020) is added: “In fact, moisture budget analysis has shown that 
SH monsoon expands and intensifies under the RCP8.5 scenario (D’Agostino et al., 2020).” 
 
A paragraph discussing the results of D’Agostino et al. (2020) is also added in the Discussion section, 
as suggested by Reviewer #2: 
“The orbital forcings and latitude-month insolation anomalies relative to PI are similar between the 
LIG and mid-Holocene (6 ka). SH monsoons are also weakened and contracted during the mid-
Holocene (D’Agostino et al., 2020), with similar SH land-sea precipitation contrast patterns compared 
to lig127k. The reduced monsoonal precipitation in the mid-Holocene is largely attributed to changes in 
atmospheric mean flow (i.e. the Walker-Hadley circulation) and the decrease in net energy input 
(D’Agostino et al., 2020). While an energetic approach is beyond the scope of this study, the 
weakening of SH monsoons in our lig127k simulation are indeed associated with weaker local 
insolation during the wet season, which leads to reduced surface air temperature (Fig. 2a) and increased 
surface pressure over land (Fig. 4f). One can therefore hypothesise that the weakening of SH monsoons 
in lig127k might also be associated with a similar decrease in net energy input. Furthermore, as the 
changes in the Walker-Hadley circulation are not analysed in detail here, a closer examination of the 
relationship between SH monsoons and atmospheric circulation, such as the Hadley circulation across 
individual SH monsoon domains, is recommended for future studies.” 
 
8. Figure 6: See comment re line 205, make monsoon definition clearer. 
The definition has been clarified (see response to comment #2). 



 
9. Figure 8: Why not identify the edge of the Hadley cell instead, as this is discussed in the text but the 
eddy-driven jet is not. 
The vertical line marking the eddy-driven jet is now removed. Bold lines marking the zero contours are 
used to identify the edge of the Hadley cells. 
 
Technical corrections: 
 
All the technical corrections below have been applied in the manuscript. 
 
1. Abstract, line 4: “southern hemispheric” – replace with “Southern Hemisphere” here and elsewhere. 
2. Line 194: “globally averaged” should be “zonally averaged” (referring to Figure 5). 
3. Line 206: replace “general monsoon season” with “wet season” or “monsoon wet season”. 
4. Line 209: replace “general extension” with “expansion”. 
5. Line 230: eastern Australia (not Eastern). 
6. Line 281: replace “multi-model mean” with “model range” 
7. Line 341 onwards: References: Check formatting as several have duplicate doi/URL information. 
8. Figure 1: Specify that months are calendar-adjusted. 
9. Figure 4: Label panels a, b, c, d etc. 


