Response to Reviewer 2

In this manuscript, the authors, Yeung et al., provide an analysis of weakening monsoons in the
Southern Hemisphere at the Last Interglacial in the ACCESS-ESM1.5 lig127k and piControl
simulations. The manuscript is well written and I would like to suggest this manuscript to be accepted
with some minor revision.

We would like to thank the Referee, Dr Anni Zhao, for her positive and constructive comments, which
helped improve the manuscript. Responses to each individual comment are included below.

My minor comments regarding the text and analysis are following:

1. Section 3: This section includes more results than monsoons in the Southern Hemisphere. Please
modify, or change your title.

We would like to thank Dr Zhao 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. Figure 2d: Remove the red vertical lines around 100degW and 80degW in high latitudes.
The lines are now removed.

3. Figure S1 and sea ice extent in text: The numbers of sea ice extent plotted in Figure S1 are similar to
the sea ice areas (not extent) plotted in Figure 4 in Otto-Bliesner et al. (2020). I’'m a co-author of that
LIG paper, and we may have made an error in our calculation as our numbers are different from yours.
My apologies. Following the SIMIP community, we’ve gone for area not extent in the LIG paper. The
SIMIP papers appear to ditched “sea ice extent” (area of grid boxes with >15% coverage) in favour of
“sea ice area” (grid box area * fractional coverage). This decision is motivated by sea ice area being
better constrained by the observations. You might want to consider this.

Figure S1 was showing sea ice area indeed, instead of extent. A mistake was made when producing the
plot title, and the word “extent” was mistakenly used in the text. The numbers are therefore in line with
Otto-Bliesner et al. (2020). We apologise for the mistake and they have been renamed as “sea-ice
area”.

4. Line 128-129: Could you give a potential explanation to the mismatch? Meltwater from ice sheets, in
line 292-295, could be one.

A potential explanation is now included: “Paleoproxy records suggest there was no deep-water
formation in the Labrador Sea during the LIG (Hillaire-Marcel et al., 2001). There is also evidence of
meltwater discharge from the Greenland ice-sheet during the early part of the LIG (Galaasen et al.,
2014 and 2020, Tzedakis et al., 2018), which could have suppressed deep ocean convection in the
Labrador Sea and led to a cooling there (e.g. Tzedakis et al., 2018), thus explaining the discrepancy.”

5. The structure of section 3.2.2 is confusing. Figures and text mix up analysis of DJF precipitation and
NDJFM precipitation, in my view.

Thank you for your comment. To avoid confusion, the discussion of monsoon activities in Section
3.2.2 is now based on the precipitation results during NDJFM and MJJAS, and Figure 6 has been
changed accordingly. We find the now amended precipitation results (NDJEM/MJJAS) in Figure 6 are
very similar to the original (DJF/JJA), with the magnitude of the anomalies only slightly lowered. As
such, this does not affect our analysis and conclusions.

6. Line 105-108 and Section 3.2.2: If I understand correctly, adjusted monthly precipitation data are
used in analysing monsoon variables. Brierley et al (2020) (I'm also a co-author, my apologies)
estimated the size of the interpolation error from the PaleoCalAdjust routine on monsoon domain. The
calendar adjustment brings a dry bias in monsoon variables and its magnitude is larger than the wet
bias in directly using monthly data. Otto-Bliesner et al (2020) and Brierley et al (2020) therefore not
applied the calendar adjustment in monsoon analysis in the lig127k and midHolocene simulations. I
attach our LIG monsoon numbers used in Otto-Bliesner et al (2020) that have been calculated from
your simulations in the supplement. I can’t say which one is correct.

Thank you for raising this point. The figure below (Figure R2 in this document) is similar to Figure 7
in the manuscript but with non-calendar-adjusted results. Compared to using calendar-adjusted results,




changes with respect to piControl in all precipitation-related parameters (pav, aav, totwater) are largely
similar. For SH monsoons, calendar-adjusted results are slightly dry-biased (less than 5% decrease
compared to non-calendar-adjusted). For NH monsoons, differences are even smaller, except for the
decrease in NAF total-water-precipitated (decreases from ~90% to ~72%).

Since we do not have daily data and the results are shown to be largely similar, we decided to keep the
calendar-adjusted results in the main text, but have included an alternate version of Figure 7 using non-
calendar-adjusted results in the Supplementary Material (now Figure S3). The following has been
added to Section 3.2.2: “The metrics on Fig. 7 have been calculated using an adjusted paleo-calendar
from monthly outputs (Bartlein and Shafer, 2019). However, Brierley et al. (2020) suggest that this
method might accentuate the anomalies. As seen in Fig. S3, non-calendar adjusted results are similar to
the calendar adjusted ones (differences ~<5 %), even though the calendar-adjusted results are slightly

dry-biased for most precipitation-related metrics. The major difference is the total precipitated water
for the North African monsoon (NAF), in which the calendar adjusted suggest a ~90% increase,
whereas the non-calendar adjusted suggest a ~72% increase.”
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Figure R1: Figure 7 in manuscript, but with non-calendar adjusted data.

7. Line 205-209: The definition of monsoon domain of Wang et al (2011) includes two parts: first,
summer rainfall minus winter rainfall is at least 2.5 mm/day; second, at least 55% of the annual rainfall
falls in the summer season. Could you justify why only the first part has been used?

Thank you for your suggestion. The 55% definition is now included in our analysis: “Monsoon
domains are defined as regions in which the precipitation in monsoon season is (1) greater than dry
season by at least 2.5 mm/day, and (2) responsible for at least 55% of annual precipitation (Wang et al.,
2011).” Resulting changes are shown to be minor (see amended Figure 6 and 7) and do not affect our
conclusions.

8. Figure 6: Remove the white bands at the Greenwich Meridian.
The bands are now removed.

9. Figure 7: The right-hand axes should be in red, so that it is clear that they are only associated with
the tas bars.
The tick labels in the right-hand axes are now in red.

10. You might want to refer to the description of SH monsoon in D’Agostino et al (2020) to help with
the mechanisms in discussion.

The following paragraph has been added to the discussion:

“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.”




