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Fig. S1. Multi-proxy record, PCA of trace elements and age-depth model of TD3.

(a) TD3 680 reflects changes in moisture source dynamics, (b) TD3 ¢*3C is superimposed with
a smoothed time series of Mg/Ca, and (c) Sr/Ca and Ba/Ca, recording local hydrological
conditions, (d) smoothed U/Ca and P/Ca ratios indicate short-term infiltration changes. () TD3
Si/Ca and Al/Ca ratios are interpreted as proxies for increased weathering. (f) PCA loadings of
elements typical for PCP (Sr, Ba, Mg), weathering (Al, Si, Fe, Ti, Th) and infiltration (U, P,Y) in
stalagmite TD3. (g) Age model and scan of stalagmite TD3 with red marks showing the location
of samples for U/Th dating. Delta values given in VPDB and trace element ratios as mmol/mol.
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Fig. S2. Speleothem-based monsoon proxies from across Southeast Asia.

(a) 0*3C and Mg/Ca record from Tham Mai Cave, Laos* (b) ¢*3C and Mg/Ca record of TD3, (c)
680 record from Klang Cave, southern Thailand? (d) 510 and ¢*3C from Bukit Assam Cave,
Borneo?, (e) 5*80 and ¢*3C record from Tangga Cave, Sumatra®. (f) 5*C and initial U record
from Liang Luar Cave, Flores®. Grey shading indicates the extreme dry conditions in parts of
Southeast Asia during the Holocene. Delta values given as VPDB.
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Fig. S3. Speleothem-based monsoon proxies used for the MC-PCA.

Left panel shows oxygen isotope records and the right panel shows carbon isotopes records,

except for the Huguang Maar record which shows the titanium content?®.
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Fig. S4. MC-PCA of original §*80 records.

(a) mean R? indicates the variance explained by each mode (dashed lines), with 2c-errorbars for
different R? estimates, resulting from the different age realizations. Due to the clustering there is
a dominant mode (grey bar), which uses most of the age model realisations and a mirrored mode
describing the residuals (yellow bar). (b) Averaged EOF for each mode and each ensemble of
proxy time series. The EOF gives a value of correlation between proxy time series and the
individual PC. First (c) and second (d) leading PCs extracted from the five 630 records. The
solid line shows the dominant PC, dashed yellow line shows the sign-flipped PC (after flipping,
only in (d)) and the shading represent the 2c error region propagated from the dating
uncertainties for (c) PC1 and (d) PC2.
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Fig. S5. MC-PCA &80 records with TD3 corrected for PCP.

(a) Mean R? indicates the variance explained by each mode (dashed lines), with 2c-errorbars for
different R? estimates, resulting from the different age realizations. Due to the clustering there is
a dominant mode (grey bar), which uses most of the age model realisations and a mirrored mode
describing the residuals (yellow bars). (b) Averaged EOF for each mode and each ensemble of
proxy time series. The EOF gives a value of correlation between proxy time series and the
individual PC. First (c) and second (d) leading PCs extracted from the five 580 records and the
TD3 has been corrected for PCP. The solid line shows the dominant PC, dashed yellow line
shows the sign-flipped PC (after flipping, only in (d)) and the shading represents the 2o error
region propagated from the dating uncertainties for (c) PC1 and (d) PC2.



BEAST change point detection
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Fig. S6. Change point detection for the proxy record of TD3.

BEAST change point detection for (a) Mg/Ca, (b) 6°C, (c) 620 original and (d) corrected. Top
plots (Y) in each panel show the data points plotted as circles and the mean as line plot. The
trend is also plotted in the second panel from the top for better visibility. Third line plot (Pr(tcp))
show the probability of changepoint occurrences over time. “tOrder” shows the time-varying
polynomial order estimated to fit trend (close to zero, meaning a flat /constant line). “slpSign” is
the probabilities of trend slope being positive (red), zero (green), or negative (blue).
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Fig. S7. MC-PCA of the §C records.

(a) mean R?indicates the variance explained by each mode (dashed lines), with 2c-errorbars for
different R? estimates, resulting from the different age realizations. Due to the clustering there is
a dominant mode (grey bar), which uses most of the age model realisations and a mirrored mode
describing the residuals (yellow bar). (b) Averaged EOF for each mode and each ensemble of
proxy time series. The EOF gives a value of correlation between proxy time series and the
individual PC. (c)/(d) Two leading PCs extracted from the five 6*3C records. The solid line
shows the dominant PC, dashed yellow line shows the sign-flipped PC (after flipping) and the
shading represents the 2o error region propagated from the dating uncertainties for (c) PC1 and
(c) PC2 respectively.
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Fig. S8. ENSO band variance in Mg/Ca of TD3.

(a) Normalised Mg/Ca variance of TD3 for the ENSO band (2 to 7 years) and (b) the smoothed
Mg/Ca records of TD3.
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Fig. S9: Sea surface temperatures at the end of the Green Sahara period.

(a) Dust flux over West Africa is recorded in a marine record near the Bahamas’, and in sediment
cores from the Kajemarum Oasis® and lake Tanganyika®. Annual mean sea surface temperature
(SST) based on Mg/Ca from a marine core of the coast of Tanzania (western Indian Ocean)®, sea
surface temperature anomalies (SSTA) reconstructed from corals in the eastern Indian Ocean?! and
SST from South China Sea (western Pacific)*?, pink dots show location of the proxy records. (b)
Anomalies in SSTS (shading) and surface winds (arrows) as simulated by our three climate models
(EC-Earth, UofT CCSM4 and iCESM) between the mid Holocene (6 ka BP) without (MHors) and
with (MHgs) Saharan vegetation. In particular, the EC-Earth and iCESM changes in airborne dust
are accounted for, while in UofT CCSM4 the lake and soil feedback are included. Only changes
that are significantly different at the 5% level using a local (gridpoint) t test are shaded. The
contours follow the color bar intervals (solid for positive and dashed for negative anomalies; the
zero line is omitted).
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Fig. S10. Simulated calcite precipitation during PCP.

Simulated calcite precipitation during PCP in seconds. Black line shows the exponentially
decreasing Ca?* concentration as in Skiba & Fohlmeister, 20233 and others'4%, Its evolution

1500 1750 2000

starts at the initial Ca?* concentration at to (duration of PCP = 0 s) and approximates the Ca?*
concentration when then drip water is in equilibrium with cave air pCO2 (Caeq) With progressing

time. Brown line represents Mg/Ca evolution with the initial Mg/Ca value at to (Mg/Cao)

approaching the highest Mg/Ca value of the speleothem record (Mg/Camax) With progressing
calcite precipitation. The blue line shows the corresponding PCP-induced change in §'%0. A
specific duration of PCP corresponds to a specific change in Mg/Ca and §*20 (see example for t;

in the methods section of the main text).

PCP induced change in 60 [%o]
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Fig. S11: iCESM simulation. Change in 580 of annual precipitation for mid-Holocene orbital
forcing — preindustrial (PI; 1850 CE) conditions (left, (a)) and mid-Holocene orbital + the Green
Sahara forcing — PI (right (b)). Stippling highlight changes significantly different at the 5% level
using a t test.

Tab. S1: Monte Carlo-PCA EOFs for 680 records.

EOFs 5'°0 original 5'°0 original
Sumatra | Vietnam | Borneo | Laos Dongge R’ 20
2.65E-01| -2.89E-01| -4.79E-01| 5.53E-01| 5.56E-01 5.62E-01| 1.90E-02
7.96E-01| 3.62E-01| 4.17E-01| 6.19E-02| 9.97E-02 2.15E-01| 2.29E-02
-2.68E-01( 8.47E-01|-3.21E-01| 2.82E-01| 1.39E-02 1.66E-01| 1.87E-02
EOFs 50 corrected 5'®0 corrected
Sumatra | Vietnam | Borneo |Laos Dongge R? 2c
2.41E-01|-2.51E-01| -4.98E-01| 5.77E-01| 5.45E-01 5.58E-01| 1.90E-02
7.20E-01| 5.85E-01| 3.15E-01| 4.46E-02| 1.93E-01 2.59E-01| 2.30E-02
-4,69E-01( 7.59E-01|-4.26E-01| 3.23E-02| 1.32E-01 1.21E-01| 1.68E-02
EOFs 5"C corrected 8"C corrected
Sumatra | Vietnam | Borneo |Laos Huguang Maar R? 20
4.63E-01( 2.70E-01| 4.10E-01| 6.16E-01| 3.73E-01 3.13E-01] 2.65E-02
-5.91E-01( 5.73E-01| 1.88E-01|-2.21E-01| 4.32E-01 2.67E-01| 2.23E-02
-1.65E-03( 2.49E-01|-8.07E-01| 4.32E-01| 1.57E-01 1.92E-01| 2.25E-02
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