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Supplementary Table 1. Description of the PMIP3 models used in this study.

	Model name
	Institution
	Resolution
(lon×lat×lev)

	CCSM4
	National Center for Atmospheric research (NCAR), USA
	288×192L26

	CNRM-CM5
	Centre National de Recherches Meteorologiques (CNRM)/Centre Europeen de Recherche et Formation Avancee en Calcul Scientifique, France
	256×128L31

	FGOALS-g2
	State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, China
	128×60L26

	GISS-E2-R
	NASA Goddard Institute for Space Studies, USA
	144×89L40

	IPSL-CM5A-LR
	Institute Pierre-Simon Laplace, France
	96×96L39

	MIROC-ESM
	Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology, Japan
	128×64L80

	MPI-ESM-P
	Max Planck Institute for Meteorology (MPI-M), Germany
	192×96L47

	MRI-CGCM3
	Meteorological Research Institute, Japan
	320×160L48
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Supplementary Figure 1. Observed summer (JJA) precipitation (Pr, shading in units of mm/month; derived from GPCP version2.2), 850-hPa wind (UV850, vector in units of m/s; derived from NCEP2), domains of Afro-Asian monsoon (black dashed line) and arid region (red dashed line).
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Supplementary Figure 2. Changes of JJA Pr (shading, units: mm/month), UV850 (vector, units: m/s) and monsoon domain (black dots) between PD and LGM in TraCE21 simulation. The black curve shows the recorded northern monsoon fringe during PD and the blue curve during LGM (Yan and Petit-Maire, 1994).
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Supplementary Figure 3. (A) Variations of JJA Pr (shading, units: mm/month) and monsoon domain (black dots) between PD and Mid-Holocene (MH; 6ka BP) in PMIP3 multi-model ensemble mean; (B) Same as (A), except for changes between MH and LGM.
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Supplementary Figure 4. (A) Changes of JJA Pr (shading, units: mm/month), UV850 (vector, units: m/s) and monsoon domain (black circles) between PD and HTM under orbital forcing; (B) Variations of Pr, UV850 and monsoon domain (black dots) between HTM and LGM under orbital forcing; (C) and (D) are the same as (A) and (B), expect for CO2 forcing.
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