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1 Introduction

This supplementary material document contains:
i A table of the models used in this study, their grid characteristics and relevant references (Table S1).

ii Regional differences in surface temperature, precipitation and 850 hPa flow over the same region as in Fig. 3 of the main

5 text for the Southern Hemisphere "warm" and "cold" seasons (Figs. S1 and S2).

iii The difference in Pacific SST for both the 0 ka and 6 ka simulations relative to the 1979-2008 HadISST-derived mean

(as referred to in Section 3.1.1 of the main text)—Fig. S3.

Should more seasonally-resolved proxies become available within each sub-domain of the southern Maritime Continent-
Australasian-Southern Ocean region presented in this study (see Figs. 1 and 3 of the main text and, Figs. S1 and S2 below),

10 then this supplement may help to judge whether the climate models agree or disagree with those proxy estimates.
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2 Warm season characteristics

In this section, the months October to March (inclusive) are considered as the "warm" season (austral summer). This is when
insolation in the SH peaks and is also the time of year when the Australian monsoon rainfall occurs (Sturman and Tapper,
2006). Conversely, this is also the season that the sub-tropical high-pressure belt is at its most southern extent and therefore the
mid-latitudes are typically drier (Sturman and Tapper, 2006; Risbey et al., 2009). Therefore, in general, proxies that respond
to moisture (such as fluvial and speleothem records) are expected to be more acutely tuned to the climatic state in the north of
the Australasian region during the warm season. Furthermore, many of the biological proxies are representative of spring or
summer conditions, the warm season reconstructions are better constrained (i.e. where the "sensor" is likely to be responding

to climate signals) than during the autumn or winter.
2.1 Surface temperature

The differences between the 6 ka and Oka ensemble-mean temperature is not significant and the model consensus is <60%
in the TNW. Further south, in both the StA and TeE Australian zones there are lower ensemble mean surface temperatures (-
0.18+0.12 K and -0.10£0.09 K, respectively) than in the tropics (Fig. S1(a)) at 6 ka. Furthermore, 78% of the models agree on
reduced temperatures over StA; however, 65% agree in the TeE zone and the estimated temperature change is not statistically
significant.

Surface temperatures are higher on average in the TeS zone (0.08+0.08 K); however, the change is not statistically significant
and the model agreement is weak (56%). Conversely, the ensemble mean surface temperatures are higher in the 6 ka simulations
for both the NSO (0.1540.06 K) and SSO (0.26+0.08 K) zones (Fig. S1(a)). Moreover, model agreement (for higher 6 ka

surface temperatures) is also high in both Southern Ocean zones (84% and 90%).
2.2 Precipitation

In the TNE zone there is lower precipitation at 6 ka (-3.39£1.85%, statistically significant) with 68% of the models agree-
ing (Fig. S1(b)). In TeE zone, 6 ka the ensemble mean precipitation amount is lower (-0.23%+1.31%—non-significant) and
model agreement on the changes is <60%. Conversely, there is evidence for higher precipitation at 6 ka in the TeS zone
(2.1441.39%—significant) with >70% model agreement. Finally, there are small differences in precipitation for 6 ka relative
to 0 ka over both Southern Ocean zones (ensemble means of 0.584+0.52% and -0.1140.42%, both non-significant) and model

agreement is <56%.
2.3 Circulation

Ensemble mean easterly anomalies are present in the 6 ka simulations northward of the equator (Fig. S1(c)) and indicate a
strengthening of the easterlies already present in the O ka simulations (blue colours). There are westerly anomalies between
0°S — 10°S, which are associated with stronger westerlies in the west of the domain and weakened easterlies in the east at 6

ka. The easterlies over Australia between 20°S — 30°S are stronger at 6 ka. There are also ensemble mean easterly anomalies
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southward of 30°S; however, the anomalies are associated with a weakening of the westerly flow (indicated by the red colours
Fig. S1(c)) at 6 ka.

3 Cold season characteristics

In this section, the months April to September (inclusive) are considered as the "cold" season (austral winter). This is when
insolation in the SH is lowest during the year and also coincides with the dry season in northern Australia. Conversely, this
is also the season that the mid-latitude westerly wind belt is at its most equatorward extent and therefore the mid-latitudes
are typically wetter (Sturman and Tapper, 2006; Risbey et al., 2009). Therefore, precipitation-driven proxies are most strongly
influenced by cool season anomalies in the higher latitudes. However, as several of the biological proxies are biased toward

spring or summer conditions, the cool season reconstructions based on those archives may be poorly constrained.
3.1 Surface temperature

There is strong agreement (>80%) for lower surface temperatures in all tropical zones at 6 ka relative to 0 ka (Fig. S2(a)) and
the magnitude of the temperature difference is larger in the northern zones (-0.31£0.05 K and -0.3240.06 K) than the southern
zones (-0.22+0.07 K and -0.23£0.05 K). Furthermore, greater than two-thirds of the models indicate lower temperatures at
6 ka in the TeE and TeS zones (-0.13+0.07 K and -0.1940.06 K, both statistically significant), and the NSO (-0.07+0.05
K, not statistically significant). The only two regions with higher surface temperatures at 6 ka are the StA zone (0.03+0.08
K—non-significant) and the SSO (0.144+0.07 K—significant). The model agreement on increased temperatures is 84% for the
SSO but is only 62% for StA.

3.2 Precipitation

Ensemble mean precipitation is not significantly different in all tropical regions except the TSW zone (Fig. S2(b)). In the TSW
the ensemble mean change in precipitation is -2.69+1.37% (statistically significant with 81% of the models agreeing on the
sign). Lower precipitation at 6 ka is also visible in all of the other regions southward of 20°S (Fig. S2(b)) but is only significant
over the Southern Ocean. Precipitation is lower in the NSO and SSO zones by -3.17+0.97% and -2.57£0.45%, respectively
(both statistically significant). Furthermore, >87% of the model simulations produce less precipitation at 6 ka relative to O ka

in both Southern Ocean regions.
3.3 Circulation

Between 10°N — 15°S there is a strengthening of the easterlies at 6 ka relative to 0 ka (Fig. S2(c)). The only exception to
the strengthened easterlies is in the north-east of the domain where the westerlies have weakened (north-westward of Borneo).
There is little change to the 850 hPa circulation between 15°S — 35°S over the Australian continent. Finally, as with the previous

time periods described above, there are weaker westerlies over the Southern Ocean at 6 ka relative to 0 ka (ensemble mean).



4 Cold tongue bias: PMIP models versus modern SST

The difference between the PMIP ensemble mean and HadISST (1979 — 2008) SSTs are plotted in Fig. S3(a) such that the
HadISST averaging period corresponds with that of the circulation from ERA-Interim also plotted. The magnitude of the SST
anomalies are larger ( ~-2.5 K) for the Oka and 6 ka simulations relative to HadISST averaged over the modern era (Figs. S3(a)
and (b), respectively); however, the errors are visible regardless of the averaging period and the interpretation above remains
valid. The late 18" Century (1870 — 1899) period is used for averaging instead of the modern period (1979 — 2008) in the
main text (Fig. 4) as the impact of global warming from anthropogenic greenhouse gas emissions is reduced, which would
otherwise make the simulated cold tongue bias appear artificially worse (greenhouse gas levels are set at pre-industrial in the

PMIP simulations, see Table 1 in the main text). Fig. S3 is only included here for completeness.
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Table S1. A list of the models used in this study, their original resolution / grid spacing and main references. The table is split into PMIP2
(1. - 18.) and PMIP3 (19. — 32.) models. For the PMIP2 models (1. — 18.), an asterisk () denotes that the simulation is run with a dynamic

vegetation scheme.

Model acronym

Atmosphere resolution

Horiz. grid [levels]

Ocean resolution

Horiz. grid [levels]

Main references

PMIP2

1. CCSM3

. CSIRO-MK3L-1.0

. CSIRO-MK3L-1.1

. ECBILT-CLIO-VECODE
. ECBILT-CLIO-VECODE"
. ECHAMS5-MPIOM1

A N AW

7. FGOALS-g1.0

8. FOAM

9. FOAM*

10. GISSmodelE

11. UBRIS-HadCM3M2
12. UBRIS-HadCM3M2*
13. IPSL-CM4-V1-MR
14. MIROC3.2

15. MRI-CGCM2.3fa
16. MRI-CGCM2.3fa*
17. MRI-CGCM2.3nfa
18. MRI-CGCM2.3nfa*

PMIP3

19. BCC-CSM1-1

20. CCSM4

21. CNRM-CM5

22. CSIRO-Mk3.6.0

23. CSIRO-MK3L-1.2
24. EC-EARTH2.2

25. FGOALS-g2

26. FGOASL-s2

27. HadGEM2-CC

28. HadGEM2-ES

29. IPSL-CM5A-LR
30. MIROC-ESM

31. MPI-ESM-P

32. MRI-CGCM3

T42 [26]
R21 [18]
R21 [18]
T21 [3]
T21 [3]
T31[19]

2.8° x 2.8° [26]
RIS [18]
RIS [18]

5° x 4° [12]

3.75° x 2.5° [19]

3.75° x 2.5° [19]

3.75° x 2.5° [19]
T42 [20]
T42 [30]
T42 [30]
T42 [30]
T42 [30]

T42 [26]
1.25° x 0.9° [27]
1.875° x 1.875° [31]
T63 [18]

R21 [18]
T159 [62]
2.8125° x 2.8125° [26]
R42 [26]
1.875° x 1.25° [60]
1.875° x 1.25° [38]
3.75° x 1.875° [39]
T42 [80]

T63 [47]
T159 [48]

1° x 1° [40]
2.86125° x ~1.59° [21]
5.625° x ~3.18° [21]
3° x 3° [20]
3° x 3° [20]
1.875° x 0.84° [40]

1° x 1° [33]
2.8° x 1.4° [16]
2.8° x 1.4° [16]

5° x 4° [18]

1.25° x 1.25° [20]
1.25° x 1.25° [20]
2.0° x 0.5° [31]
1.4° x 0.5° [43]
2.5° x 0.5° [23]
2.5° x 0.5° [23]
2.5° x 0.5° [23]
2.5° x 0.5° [23]

1° x 1/3°-1° [40]
1.125° x 0.27-0.64° [60]
0.7° x 0.7° [42]
0.9° x 1.875° [31]
2.86125° x ~1.59° [21]
1°x 1° [31]
1° x 0.5°1° [30]
1° x 0.5°-1° [30]
1.875° x 1.25° [40]
1° x 1/3°-1° [30]
2°x 0.5°-2° [31]
1.4° x 0.5°-1.4° [44]
1.§° x 1.5° [40]
1° x 0.5° [50]

Otto-Bliesner et al. (2006)
Phipps et al. (2011, 2012)
Phipps et al. (2011, 2012)
Renssen et al. (2005)
Renssen et al. (2005)

Roeckner et al. (2003); Marsland et al. (2003)

Haak et al. (2003)

Yonggiang et al. (2002, 2004)

Jacob et al. (2001)
Jacob et al. (2001)
Schmidt et al. (2006)
Gordon et al. (2000)
Gordon et al. (2000)
Marti et al. (2005)

K-1-Model-Developers (2004)

Yukimoto et al. (2006)
Yukimoto et al. (2006)
Yukimoto et al. (2006)
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Figure S1. The ensemble and regional October to March mean differences in (a) surface temperature (K), (b) precipitation (mm day ™~
[%]) and (c) 850 hPa circulation (m s~ 1) for the 6 ka simulations relative to the 0 ka simulations. In (a) blue shading (circles) represents lower
area-averaged surface temperature and red shading (circles) indicates higher at 6 ka from PMIP (proxy) estimates. In (b), orange shading
(circles) indicates lower area averaged precipitation and green shading (circles) indicates higher at 6 ka from PMIP (proxy) estimates. Grey
circles indicate that proxy-derived temperature and/or precipitation at 6 ka was equivalent to 0 ka and unshaded boxes indicate changes in
temperature and/or precipitation that are not statistically significant (p>0.05) in the models. N.B. In (b) the green/grey rectangles denote the
proxy-derived precipitation change in the northern and southern halves of the StA zone, respectively. In both (a) and (b) the values of the
ensemble mean changes and the percentages of models that agree on the sign (positive or negative) of the ensemble mean temperature or
precipitation differences are given. Furthermore, circles with an "X" through the middle indicate no proxy data available (both temperature
and precipitation). In (c) solid and dashed contour lines indicate mean westerly and easterly flow (respectively) in the 0 ka simulations and the

overlaid arrows show vector wind anomalies for 6 ka relative to O ka (arrow length and colour is proportional to wind anomaly strength—0.2

m s~ is the plotted reference value for the vector length).
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Figure S2. The ensemble and regional April to September mean differences in (a) surface temperature (K), (b) precipitation (mm day
[%]) and (c) 850 hPa circulation (m s~ 1) for the 6 ka simulations relative to the 0 ka simulations. In (a) blue shading (circles) represents lower
area-averaged surface temperature and red shading (circles) indicates higher at 6 ka from PMIP (proxy) estimates. In (b), orange shading
(circles) indicates lower area averaged precipitation and green shading (circles) indicates higher at 6 ka from PMIP (proxy) estimates. Grey
circles indicate that proxy-derived temperature and/or precipitation at 6 ka was equivalent to 0 ka and unshaded boxes indicate changes in
temperature and/or precipitation that are not statistically significant (p>0.05) in the models. N.B. In (b) the grey/orange rectangles denote
the proxy-derived precipitation change in the northern and southern halves of the StA zone, respectively. In both (a) and (b) the values of
the ensemble mean changes and the percentages of models that agree on the sign (positive or negative) of the ensemble mean temperature or
precipitation differences are given. Furthermore, circles with an "X" through the middle indicate no proxy data available (both temperature
and precipitation). In (c) solid and dashed contour lines indicate mean westerly and easterly flow (respectively) in the 0 ka simulations and the
overlaid arrows show vector wind anomalies for 6 ka relative to O ka (arrow length and colour is proportional to wind anomaly strength—0.2

m s~ is the plotted reference value for the vector length).
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(2) PMIP 0 ka - HadISST
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Figure S3. The multi-model mean difference in SST (shading, K) and 850 hPa flow (arrows, m s~1) for the 0 ka simulations relative to
HadISST (1979 — 2008 average) and ERA-Interim (1979 — 2008 average), respectively. (b) the same as (a) except for the 6 ka simulations.

(c) The multi-model mean difference in SST and 850 hPa flow for the 6 ka simulations relative to the 0 ka simulations.
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