Response to reviewer — RC2

We repeat the reviewer’s comments here in black and our response is in blue.

Summary

This manuscript assessed the ability of the CESM and WRF to simulate the mid-Holocene
climate of Australia and the equatorial tropics of the Indonesia-Australian monsoon regions
with respect to bioclimatic modelled proxy data, in terms of temperature, precipitation and
plant available water index. This study provides the first downscaled paleoclimate analysis of
the mid-Holocene in Australia, and is well written. The followings need to be commented or
addressed before it is publishable.

General comments

For Introduction

1.

Add the description about the need for RCM in paleoclimate modeling and the progress
in downscaling for the paleoclimate simulations.

We thank the reviewer for this comment. The last paragraph of the introduction (lines
54-67) discusses the previous work using RCMs in palaeoclimate modelling and notes
the need for this approach due to “better depiction of feedback and physical processes
at the regional scale”. We feel, considering the reviewer’s comment, that this could be
strengthened by elaborating on the progress that has been made over the ca. 20 years
since the first paper in thisfield from 2003. We propose to amend lines 60-63 as follows:

The early work using downscaled climate models employed modifications to the
insolation and greenhouse gas concentrations of the mid-Holocene climate, and a
resolution of ca. 50 km. As the field has evolved research has begun to interrogate the
influence of vegetation as a boundary condition (e.g. Ludwig et al., 2017; Strandberg et
al., 2014, 2022), and use available bioclimatic proxy evidence to validate the modelling
results (Ludwig et al., 2017; Russo et al., 2024; Strandberg et al., 2022). There is
evidence that some improvement in simulated climate can be achieved by using finer
resolution models (Armstrong etal., 2019; Ludwiget al., 2017), particularly hydrological
processes (Ludwig et al., 2019), and that vegetation plays an important role in the
simulation of the palaeoclimate (Strandberg et al., 2022). These improvements stem
from the better depiction of feedback and physical processes at the regional scale
(Armstrong et al., 2019; Ludwig et al., 2017).

For the Results

1.

It isinappropriate to use only one metric, the mean absolute error, to assess the model
simulations. Asis shown inFig. 5-6, the differences between MH and piControl over the
northern Australian in WRF and CESM show a warm and dry conditions, which is totally
disagree with the pollen proxy datasets, and those differences are even more
pronounced in WRF. It seems that the downscaling results do not improve the
simulations over the Australian.

We thank the reviewer for this comment. Taking the list of mid-Holocene papers from
the introduction of our paper and the list of papers that have used WRF in downscaled
palaeoclimate modelling from the methodology (18 + 13, although Yu et al. 2014 occurs
in both lists), there are only two papers (Armstrong et al., 2019; Ludwig et al., 2017) that



provide statistics. Armstrong et al. (2019) plot a linear regression to the model-proxy
data but do not report any statistics, and furthermore restrict the linear fit to only
statistically significant proxy data points. Ludwig et al. (2017) provides the “mean
deviation”, which is analogous to mean absolute error. There are three other papers
(Russo et al., 2024; Velasquez et al., 2021; Paeth et al., 2019) that plot the proxy data
overlaying the model results. Ludwig et al. (2021) provides a table of the few proxy data
sitesand the correspondingvaluesfrom the modelresults. There are many still that use
the available proxy datasets for their region, but only report domain, or sub-domain
temperature differences from the proxy datasets and compare those to the same
regions model results (Ludwig et al., 2018; Strandberg et al., 2014, 2022) or provide
differences for specific sites (Ludwig and Hochmann 2022).

Furthermore, as many studies have noted there can be considerable spread between
the proxy data results, which is the case over Australia as well. Therefore, any statistic
that implies the proxy data is the truth to which the model should fit, would not be an
accurate assumption.

Consequently, we believe that reporting of a single statistic is informative and exceeds
the detail providedin many commensurate papers. We propose to add additional tables
to the supplementary material similar to Ludwig et al., (2021) that will increase the
evidence base for our results.

Regarding the differences between the proxy dataset and the model results from CESM
and WRF, we agree that in some variables there is not an improvement from the use of
downscaled modelling, but this does not necessarily detract from the other benefits
from downscaled modelling as outlined in the paper. We note that there is large
uncertainty in the pollen proxy dataset, which we will include in the proposed
supplementary tables, and there are issues with the pollen proxy dataset which we
discussedin lines 339-346 in the manuscript.

Does the warm-dry biases over the northern Australianin WRF pre-industrial simulation
have an impact on the simulation results for MH?

We thank the reviewer for this comment. There is limited connectivity between the two
simulations restricted to factors that transmit from CESM to WRF that are the same in
both the CESM pre-industrial and mid-Holocene simulations. These would at most have
a miniscule impact on the mid-Holocene WRF simulation.

Change the 850 hPa divergence difference in Fig.9 to the Whole-layer water vapor flux
divergence difference.

We thank the reviewer for this suggestion and will amend Fig. 9 as recommended
including commentary and reference to this figure within a revised manuscript.

Give the possible reason for the differences in annual plant available water index over
the Indonesia between WRF and CESM in Fig.10.

We thank the reviewer forthiscomment. The differences between WRF and CESM plant
available water index over the tropics are primarily related to decreases in potential
evapotranspiration duringthe mid-Holocene in the CESM simulation. We note also that
WRF simulated much larger precipitation values compared to CESM, which we noted
were more realistic when the WRF and CESM pre-industrial values were compared to



the Tropical Rainfall Monitoring Mission (TRMM) dataset (lines 160-170 in the
manuscript). The WRF simulation showed larger positive precipitation anomalies in the
mid-Holocene, compared to the CESM simulation, and these are co-located with
slightly reduced evapotranspiration.

We will amend the manuscript with to include this detail.
5. Add some discussion about the added value of WRF compared to the driving forces.

We thank the reviewer for this comment and will elaborate on this in the introduction,
see for example the above response to Introduction comment #1.

Specific comments
What does the dots mean in the Figure S57?

We thank the reviewer for thiscomment. We willamendthe figure captionto read: “Seasonal 10
m wind barbs for ...”
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