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We define  and . The subscripts “0” and “1” represent the mean values for the preindustrial period and the mid-Holocene, respectively. The change in a variable x from the preindustrial period to the mid-Holocene is denoted by . Then the change in PET using equation (1) can be written in the form:


From this equation (note that the change in wind speed is small), we can isolate the effect of temperature change as the PET using Tmean in the mid-Holocene but RH, U, and AE from the preindustrial period minus the PET using all the inputs from the preindustrial period. The effects of the changes in RH, AE or U are estimated by subtracting PET calculated using RH, AE or U in the preindustrial period but other inputs for the mid-Holocene from that using the inputs from the mid-Holocene.
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Table S1. Records documenting aridity changes between the mid-Holocene and the present day for South Asia, South America, Australia and southern Africa. Latitude and longitude are expressed by the standard convention, with + for °N or °E, and − for °S or °W, respectively. N/A denotes not available.
Methods: A = sediment; B = pollen or plant microfossil; C = speleothem; D = organic matter; E = diatom; F = loess and palaeosol; G = dune; H = plant leaf wax.
	Sites
	Locality
	Latitude (°)
	Longitude (°)
	Elevation (m ASL)
	Methods
	Record length (14C ka)
	Number of dates (14C)
	Changes
	References

	Asia (mainly South Asia)

	Didwana
	N India
	27.33
	74.58
	N/A
	B
	ca. 19
	7
	Wetter
	Singh et al. (1990)

	Didwana
	N India
	27.33
	74.58
	N/A
	A
	12.8
	7
	Wetter
	Wasson et al. (1984)

	Gujjar Hut
	N India
	30.83~30.87
	78.78~78.85
	ca. 3500
	B
	6.9 cal
	3
	Wetter
	Phadtare (2000)

	Lake Sanai
	N India
	26.12
	81.02
	N/A
	A; B
	14.8
	7
	Wetter
	Sharma et al. (2006)

	Lunkaransar
	N India
	28.39
	73.78
	N/A
	A
	10.9 cal
	15
	Wetter
	Enzel et al. (1999)

	Tso Kar
	N India
	33.17
	78.00
	4527
	B
	15.2 cal
	32
	Wetter
	Demske et al. (2009)

	Tso Kar
	N India
	33.30
	78.00
	4527
	A; B
	36.9
	41
	Wetter
	Wünnemann et al. (2010)

	Deosila
	NE India
	25.97
	90.95
	N/A
	B
	6.3
	4
	Wetter
	Dixit and Bera (2011)

	Sandynallah
	S India
	11.00~11.50
	76.00~77.33
	2200
	A
	>40
	39
	Wetter
	Rajagopalan et al. (1997)

	Sandynallah
	S India
	11.44
	76.63
	ca. 2200
	B
	30
	4
	Drier
	Vasanthy (1988)

	Nal Sarovar
	W India
	22.80
	72.00
	N/A
	A
	6.8
	8
	Drier
	Prasad et al. (1997)

	Wadhwana Lake
	W India
	22.18
	73.48
	N/A
	A; B
	ca. 7.5 cal
	8
	Wetter
	Prasad et al. (2014)

	Qunf Cave Q5
	Oman
	17.17
	54.30
	650
	C
	10.3~2.7; 1.4~0.4
	18 (Th-U)
	Wetter
	[bookmark: OLE_LINK3]Fleitmann et al. (2003)

	South America

	Arroyo Sauce Chico
	Argentina
	−38.08
	−62.27
	N/A
	B
	>7
	1; 1 (TL)
	Wetter
	Prieto (1996)

	Chasico
	Argentina
	−38.40
	−62.85
	88
	F
	17.7 cal
	5; 3 (OSL)
	Drier
	Zech et al. (2009)

	Misiones D4
	Argentina
	−27.39
	−55.53
	330
	F
	34.5
	13
	Drier
	Zech et al. (2009)

	Mallin Book
	Argentina
	−41.33
	−71.58
	800
	B
	12.9
	9
	Drier
	Markgraf (1983)

	Vaca Lauquen
	Argentina
	−36.83
	−71.08
	1450
	B; E
	10.1
	3
	Drier
	Markgraf (1987)

	Upper Parana River Basin
	Argentina and Brazil
	−23.72
	−53.17
	250~320
	A; B
	42.5
	9; 4 (TL)
	Unclear
	Stevaux (2000)

	Laguna Bella Vista
	Bolivia
	−13.62
	−61.55
	200~900
	B
	>50.8
	15
	Drier
	Mayle et al. (2000)

	Laguna Chaplin
	Bolivia
	−14.47
	−61.06
	200~900
	B
	38.1
	14
	Drier
	Mayle et al. (2000)

	Laguna Sucuara (L1)
	Bolivia
	−16.83
	−62.04
	255
	F
	9.5 cal
	4
	Drier
	Zech et al. (2009)

	Agua Preta de Baixo
	Brazil
	−18.42
	−41.83
	470
	D
	10.8 cal
	6
	Drier
	Turcq et al. (2002)

	Aguas Emendadas
	Brazil
	−15.57
	−47.58
	1040~1170
	B; D
	30.5
	8
	Drier
	Barberi et al. (2000)

	Cambara do Sul
	Brazil
	−29.05
	−50.10
	1040
	B; D
	42.7
	7
	Drier
	(Behling et al., 2004)

	Caracarana
	Brazil
	3.84
	−59.78
	104
	D
	11.3 cal
	10
	Drier
	Turcq et al. (2002)

	Carajas N3
	Brazil
	−6.14
	−50.19
	680
	D
	10.6 cal
	8
	Drier
	Turcq et al. (2002)

	Crominia
	Brazil
	−17.25~−17.33
	−49.33~−49.47
	710
	A; B
	32.1
	5
	Drier
	Salgado-Labouriau et al. (1997)

	Comprido Lake
	Brazil
	−2.21
	−53.90
	N/A
	A; D
	9
	14
	Drier
	Moreira et al. (2013)

	Dom Helvecio
	Brazil
	−19.68
	−42.58
	280
	D
	9.4 cal
	4
	Drier
	Turcq et al. (2002)

	Lago do Pires
	Brazil
	−17.95
	−42.22
	390
	B
	9.5
	6
	Drier
	Behling (1995a)

	Lagoa Feia
	Brazil
	−15.57
	−47.31
	855
	D
	11 cal
	13
	Drier
	Turcq et al. (2002)

	Lagoa Nova
	Brazil
	−17.97
	−42.20
	390
	B; D
	10.2
	4
	Drier
	Behling (2003)

	Lagoa Santa
	Brazil
	−19.63
	−43.90
	740
	B
	>5.4
	2
	Drier
	Parizzi et al. (1998)

	Morro de Itapeva
	Brazil
	−22.78
	−45.53
	1850
	B; D
	35
	9
	Drier
	Behling (1997a)

	Pantano da Mauritia
	Brazil
	−6.35
	−50.39
	740
	A; B; D
	25 cal
	7
	Drier
	Hermanowski et al. (2012)

	Salitre de Minas
	Brazil
	−19.00
	−46.77
	1050
	B
	32
	14
	Drier
	Ledru (1993)

	Samambaia Lake
	Brazil
	−22.60
	−53.38
	N/A
	A
	32.7 TL
	7 (TL)
	Unclear
	Parolin et al. (2008)

	Saquinho
	Brazil
	−10.40
	−43.22
	480
	B
	11
	6
	Wetter
	De Oliveira et al. (1999)

	Serra Campos Gerais
	Brazil
	−24.67
	−50.22
	1200
	B; D
	12.5
	4
	Drier
	Behling (1997b)

	Serra da Bocaina 2
	Brazil
	−22.71
	−44.57
	ca. 1650
	B; D
	10 cal
	3
	Drier
	Behling et al. (2007)

	Serra da Boa Vista
	Brazil
	−27.70
	−49.15
	1160
	B
	13.9
	4
	Drier
	Behling (1995b)

	Serra do Rio Rastro
	Brazil
	−28.38
	−49.55
	1420
	B
	11.2~1
	3
	Drier
	Behling (1995b)

	Serra dos Carajas
	Brazil
	−6.58
	−49.50
	600–800
	A
	33.2
	18
	Drier
	Sifeddine et al. (2001)

	Serra Norte de Carajas (N 4)
	Brazil
	−5.83~−6.58
	−49.50~−52.00
	800
	D
	11.8 cal
	8
	Drier
	Cordeiro et al. (2008)

	Volta Velha
	Brazil
	−26.07
	−48.63
	5
	B
	37.6
	9 (1 is false)
	Drier
	Behling and Negrelle (2001)

	GIK 17748-2
	Chile
	−32.75
	−72.03
	Water depth 2545
	A
	ca. 15.6 cal
	6
	Drier
	Lamy et al. (1999)

	Laguna Aculeo
	Chile
	−33.83
	−70.92
	350
	B
	9.6 cal
	14; 15 (210Pb)
	Drier
	Villa-Martínez et al. (2003)

	Laguna Aculeo
	Chile
	−33.83
	−70.90
	350
	A; B; E
	9.6 cal
	17
	Drier
	Jenny et al. (2002)

	Laguna Miscanti
	Chile
	−23.73
	−67.77
	4140
	B
	22
	17
	Drier
	Grosjean et al. (2001)

	Laguna Miscanti
	Chile
	−23.73
	−67.77
	4140
	A
	15.5
	6
	Drier
	Valero-Garcés et al. (1996)

	Palo Colorado
	Chile
	−32.08
	−71.48
	N/A
	B
	9.4 cal
	11
	Drier
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Maldonado and Villagrán (2006)

	Quebrada Puripica
	Chile
	−22.72
	−68.09
	ca. 3200~3600
	A
	7.9 cal
	35
	Wetter
	Rech et al. (2003)

	Quebrada Puripica
	Chile
	−22.80
	−68.06
	3250
	A
	6.2
	15
	Drier
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Grosjean et al. (1997)

	Quereo
	Chile
	−31.83
	−71.50
	ca. 25
	B
	11.6
	8
	Drier
	Villagrán and Varela (1990)

	Laguna Lome Linda
	Colombia
	3.30
	−73.38
	310
	B
	8.7
	8 (1 is poor)
	Drier
	Behling and Hooghiemstra (2000)

	El Junco
	Ecuador
	0.00
	−91.05
	ca. 650
	A; B
	10.3
	6
	Drier
	Colinvaux (1972)

	Lago Lagunillas
	Peru
	−15.44
	−70.44
	ca. 4200
	E
	8.0 cal
	14
	Drier
	Ekdahl et al. (2008)

	Lake Aricota
	Peru
	−17.37
	−70.28
	2800
	A
	7.1 cal
	29
	Wetter
	Placzek et al. (2001)

	Pumacocha
	Peru
	−10.70
	−76.06
	4300
	A
	11.2 cal
	18
	Drier
	Bird et al. (2011)

	Lake Titicaca
	Peru and Bolivia
	−16.00~−17.50
	−68.50~−70.00
	3810
	A; E
	ca. 27.5 cal
	25
	Drier
	Baker et al. (2001)

	Los Ajos
	Uruguay
	−33.70
	−53.95
	200
	B
	14.8
	6
	Drier
	Iriarte (2006)

	Lake Valencia
	Venezuela
	10.27
	−67.75
	402
	A; B
	12.9
	9
	Wetter
	Bradbury et al. (1981)

	Lake Valencia
	Venezuela
	10.17
	−67.75
	400
	A
	ca. 12.6
	13
	Wetter
	Curtis et al. (1999)

	Cariaco Basin
	Venezuela
	10.71
	−65.17
	Water depth 893
	A
	14
	10
	Wetter
	Haug et al. (2001)

	Australia

	Whitehaven Swamp
	E Australia
	−20.30
	149.06
	45
	A; B
	ca. 7
	1
	Wetter
	Genever et al. (2003)

	Lake Euramoo
	NE Australia
	−17.17
	146.63
	718
	A; B
	23 cal
	22 (3 are excluded); 14 (210Pb)
	Wetter
	Haberle (2005)

	Nelly Bay
	NE Australia
	−19.00
	147.00
	N/A
	Coral
	6.223–5.918 cal
	N/A
	Drier
	Lough et al. (2014)

	Black Springs
	NW Australia
	−15.63
	126.39
	N/A
	A; B
	9.1 cal
	11
	Wetter
	Field et al. (2017)

	Middens, Flinders Ranges
	SC Australia
	−31.30
	139.00
	N/A
	B
	7.7
	34
	Wetter
	McCarthy and Head (2001)

	Yudnamutana
	SC Australia
	−30.19
	139.42
	ca. 8
	C
	11.6 U-Th
	10 (U-Th)
	Wetter
	Quigley et al. (2010)

	Bega Swamp
	SE Australia
	−36.04
	149.75
	N/A
	B
	13.9 cal
	39
	Wetter
	Hope et al. (2004)
Donders et al. (2007)

	Club Lake
	SE Australia
	−36.42
	148.29
	1955
	B
	9.7
	13
	Wetter
	Martin (1986)

	Lake Gnotuk
	SE Australia
	−38.22
	143.10
	N/A
	A
	21.8 OSL
	15; 15(OSL)
	Wetter
	Wilkins et al. (2013)

	Lake Keilambete
	SE Australia
	−38.21
	142.88
	N/A
	A
	9.4 OSL
	13; 14(OSL)
	Wetter
	Wilkins et al. (2013)

	Sperm Whale Head
	SE Australia
	−37.74
	148.08
	N/A
	B
	7.2
	4
	Wetter
	Hooley et al. (1980)

	Southern Africa

	1078 Hole C
	Angola
	−11.91
	13.4
	>1000
	B
	44.9
	8
	Wetter
	Dupont et al. (2008)

	Lake Challa
	Kenya and Tanzania
	−3.32
	37.7
	880
	H
	25 cal
	19
	Drier
	Tierney et al. (2011)

	River Mouth
	Congo
	−5.94
	11.47
	N/A
	H
	35.8
	15
	Wetter
	Schefuß et al. (2005)   

	Lake Rukwa
	Tanzania
	−8.42
	32.72
	793
	B
	16.8
	9
	Wetter
	Vincens et al. (2005)

	Lake Malawi
	Tanzania
	−9.97
	34.22
	N/A
	H
	24.3 cal
	14
	Wetter
	Castañeda et al. (2007)

	Lake Ngami 
	Botswana
	−20.5
	22.4
	922
	A
	ca. 40.5
	6
	Drier
	Huntsman-Mapila et al. (2006)

	Stampriet Aquifer
	Namibia
	−24
	19.5
	1125~1250
	Noble gas
	30
	N/A
	Wetter
	Stute et al. (1998)

	Wonderwerk Cave
	South Africa
	−27.8
	23.6
	1680
	C
	35
	16
	Drier
	Brook et al. (2010)

	Lake Eteza
	South Africa
	−28.5
	32.2
	14
	B
	10.2 cal
	19
	Wetter
	Neumann et al. (2010)

	Rietvlei wetland
	South Africa
	−34.4
	21.5
	17
	B
	16 cal
	9
	Drier
	Quick et al. (2015)

	Katbakkies Pass
	South Africa
	−32.9
	19.6
	1170
	B
	7 cal
	8
	Wetter
	Chase et al. (2015)
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[bookmark: _Toc520919914]Fig. S1. Taylor diagram (Taylor, 2001) for displaying normalized pattern statistics of climatological annual precipitation and PET from 60°S to 60°N between PMIP3 models for the preindustrial period and observations for the period 1981–2010. Green number represents precipitation comparisons between models and PREC/L; red number represents PET comparison between models and NCEP-2; observations are regarded as the reference values (REF). The radial distance from the origin is the normalized standard deviation of a model; the spatial correlation coefficient between a model and the reference is expressed by the azimuthal position of the model; and the normalized centred root-mean-square difference between a model and the reference is their distance apart. The standard deviation and the centred root-mean-square difference are normalized by the observed standard deviation.
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[bookmark: _Toc527051238]Fig. S2. The mid-Holocene change in sea surface temperature (°C) for (a) December–February, (b) March–May, (c) June–August, and (d) September–November. Diagonal lines denote that at least 6 of 9 models agree on the sign of the change.
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[bookmark: _Toc520919922]Fig. S3. Relative to the preindustrial period, the mid-Holocene change during summertime (June–August for the northern hemisphere and December–February for the southern hemisphere) in (a) near-surface air temperature at 2 m (°C), (b) the geopotential height (m) and wind filed (m·s−1) at 850 hPa, and (c) the water vapor flux (g·cm−1·s−1) and its divergence (10−3 g·m−2·s−1) integrated from the surface to 200 hPa. Diagonal lines in (a) denote that at least 6 out of 9 models agree on the sign of the change. Divergence in (b–c) is plotted only where at least 6 out of 9 models agree on the sign.
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[bookmark: _Toc520919923]Fig. S4. The left-hand parts are same as Figs. S3b–c but in boreal spring (March–May) and for 925 hPa in (a). The right-hand figure in (b) shows the meridional-mean (25–40°N) change of the water vapor divergence for southwestern North America. Diagonal lines denote that at least 6 out of 9 models agree on the sign of the change.
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