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Figure S1. East Asian summer monsoon (EASM) response to tropical eruptions based on reconstructions of Shi et al. 2017 and 2018. a Superposed epoch analysis results of East China precipitation anomalies (shading; Shi et al. (2017) in the first boreal summer after 22 tropical eruptions (Sigl et al. 2015) from 1470 to 1999 AD). Stippling indicates precipitation anomalies not significant at the 90% confidence level. The red curve is the Yangtze River. b Same as a, except for East Asian precipitation anomalies in Shi et al. (2018). The data of Shi et al. (2018)were linearly interpolated to a 0.5°×0.5° grid. 
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Figure S2. Simulated EASM-ocean responses to tropical eruptions during last millennium in PMIP models. a Composite SST anomalies (shading over ocean), precipitation anomalies (shading over land), and 850 hPa wind anomalies (vectors) in the first boreal summer after all 228 simulated tropical eruptions in 13 PMIP last millennium simulations from 850 to 1849 AD. Stippling and grey vectors indicate precipitation and temperature anomalies and wind anomalies not significant at the 90% confidence level, respectively. b and c Same as a except for composites of 165 eruptions without and 63 eruptions with an El Niño response in the first boreal winter after the eruption, respectively.
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Figure S3. El Niño response to tropical eruptions based on reconstructions. Response of individual ENSO reconstruction (Supplementary Table S1), as well as their ensemble mean, to 22 tropical eruptions (Supplementary Table S2) during 1470 to 1999 AD. Confidence limits (90, 95, 99%) are marked by horizontal lines. Blue and red colors mark the pre-eruption and post-eruption composites, respectively. “0” denotes the first cold season following the eruptions. The number of eruptions available for each ENSO reconstruction analysis is also presented.


Table S1. ENSO reconstructions used in this paper.
	Index
	Variable/Proxy
	Source 
	Period

	EN1
	ENSO Proxy
	North American tree rings (Li et al. 2011)
	900–2002

	EN2
	ENSO Proxy (Niño3)  
	Tree rings data from Mexico and Texas (Cook 2008)
	1300–1979

	EN3
	ENSO Proxy
	Tree rings “TEX-MEX” region North America (D'Arrigo et al. 2005)
	1408–1978

	EN4
	ENSO Proxy
	Network of tropical records from the circumPacific (Emile-Geay et al. 2013)
	1000–2000

	EN5
	ENSO Proxy
	Tree rings Asia, New Zealand, North & South America (Li et al. 2013)
	1301–2005

	EN6
	ENSO Proxy
	Corals, tree rings, and ice cores from the western Pacific, New Zealand, central Pacific and subtropical North America (Braganza et al. 2009)
	1525–1982

	EN7
	ENSO Proxy
	Corals from the central Pacific, tree rings from the TexMex region and USA, and corals and ice cores from other tropical regions (Wilson et al. 2010)
	1607–1998

	EN8
	ENSO Proxy 
	Tree rings, corals and ice cores from the Pacific Basin (McGregor et al. 2010)
	1650–1977

	EN9
	ENSO Proxy (Niño3) 
	Tree rings, corals and ice cores from tropical Pacific region (Mann et al. 2000)
	1650–2000

	EN10
	ENSO Proxy (SOI)
	Tree rings from North America and Indonesia (Stahle et al. 1998)
	1706–1977

	EN11
	ENSO Proxy 
	Fossil corals from the central tropical Pacific (Dee et al. 2020)
	1147–1465 1637–1705 
1887–2007





Table S2. Dates of 22 tropical volcanic eruptions (represented by the peak aerosol loading year) during 1470–1999 AD obtained from Sigl et al. (2015). Nine eruptions followed by an El Niño based on the ensemble mean of 11 ENSO reconstructions (see Methods) are shown in boldface. 

	Year

	1512

	1554

	1585

	1595

	1601

	1641

	1673

	1693

	1695

	1762

	1809

	1815

	1832

	1836

	1862

	1884

	1903

	1943

	1964

	1968

	1982

	1991





Table S3. Last-millennium simulations in PMIP3 (Braconnot et al. 2011; 2012) and PMIP4 (Jungclaus et al. 2017), and in CESM-Last millennium ensembles (LME) (Otto-Bliesner et al. 2016).

	Model
	Volcanic forcinga
	Resolution 
(lat×lon×lev)
	Project
(ensembles)
	Period
(A.D.)
	References

	BCC-CSM-1.1
	GRA
	128×64×26
	PMIP3 (1)
	850-1850
	Wu et al. (2013)

	CCSM4
	GRA
	288×192×26
	PMIP3 (1)
	850-1850
	Gent et al. (2011); (Landrum et al. 2013)

	FGOALS-s2
	GRA
	128×60×26
	PMIP3 (1)
	850-1850
	Bao et al. (2013)

	MRI-CGCM3
	GRA
	320 ×160×48
	PMIP3 (1)
	850-1850
	Yukimoto et al. (2012)

	IPSL-CM5A-LR
	Ammann
	96×95×39
	PMIP3 (1)
	850-1850
	Dufresne et al. (2013)

	CSIRO-Mk3L-1.2
	CEA
	64×56×18
	PMIP3 (1)
	851-1850
	Phipps et al. (2012)

	GISS-E2-R
	CEA
	144×90×40
	PMIP3 (1)
	850-1850
	Schmidt et al. (2006)

	HadCM3
	CEA
	96×73×19
	PMIP3 (1)
	850-1850
	Collins et al. (2001); (Pope et al. 2000; Schurer et al. 2013)

	MIROC-ESM
	CEA
	128×64×80
	PMIP3 (1)
	850-1849
	Watanabe et al. (2011)

	MPI-ESM-P
	CEA
	196×98×47
	PMIP3 (1)
	850-1849
	 Jungclaus et al. (2014)

	EC-Earth3-Veg-LR
	Toohey
	320×160×62
	PMIP4 (1)
	850-1849
	Consortium (2020)

	MIROC-ES2L
	Toohey
	128×64×40
	PMIP4 (1)
	850-1849
	Ohgaito et al. (2021)

	MRI-ESM2-0
	Toohey
	360×160×80
	PMIP4 (1)
	850-1849
	Yukimoto et al. (2019)

	CESM-LME
	GRA
	144×90×26
	LME-full forcing (10)
	850-1850
	Otto-Bliesner et al. (2016)


aGRA: Gao et al. (2008); Ammann: Ammann et al. (2007); CEA: Crowley et al. (2008); Toohey: Toohey and Sigl (2017).    


Table S4. Dates for tropical volcanic eruptions used in PMIP3, PMIP4 and CESM during last millennium. Eruptions during 1470-1850 AD are shown in boldface.

	CEAa
	CEAa
	Tooheya

	year
	year
	year

	870(872b)
	971
	1028

	901(900b)
	991
	1108

	961(958b)
	1041
	1171

	1001(nob)
	1113
	1191

	1081(1082b)
	1229
	1230

	1213
	1258
	1257

	1258
	1286
	1276

	1275(1278b)
	1331
	1286

	1284(1286b)
	1456
	1345

	1341(nob)
	1576
	1453

	1416(1417b)
	1594
	1458

	1452 
	1674
	1585

	1600
	1696
	1595

	1641
	1809
	1600

	1673
	1816
	1640

	1809
	1835
	1695

	1815
	
	1809

	1835
	
	1815

	1883
	
	1831

	1963
	
	1835

	1991
	
	



aGRA=Gao et al. (2008); CEA=Crowley et al. (2008); Toohey=Toohey and Sigl (2017). bThe dates are chosen based on the-top-of-the-atmosphere shortwave radiation in the IPSL model that is forced by volcanic forcing of Ammann et al. (2007). 
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