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Data
Ice core drilling site and sample measurement
The QT No. 1 glacier, situated in the central of TP, extends about 2 km in length and 1 km in width, with altitudes ranging from 5500 m to 6050 m above sea level (asl) (Fig. 1). The summit thickness of the glacier is 109 m, while its maximum thickness is approximately 132 m2. The area undergoes persistent westerly winds in winter and the Indian monsoon in summer1. Meteorological data from an automatic weather station (2012-2016 CE) atop the glacier indicate an average annual temperature of -10.7 ℃ and an annual precipitation of 486 mm, predominantly falling from May to October2.
In May 2014, two ice cores, Core 1 measuring 109 m and Core 2 measuring 110 m, were retrieved to bedrock at the saddle of the QT No. 1 glacier (33.3° N, 88.69° E, 5890 m asl) (Fig. 1). Samples from the upper 60 m of Core 1 were cut at 3 cm intervals, whereas those from 60 m to the bottom were cut at 2 cm intervals. In this study, we utilized δ18O data from the top 50 m of Core 1. δ18O and δ2H values in these ice core samples were determined using Picarro L2130-i at the key Laboratory of Tibetan Environment Changes and Land Surface Processes, Institute of Tibetan Plateau Research, Chinese Academy of Sciences. The analysis results were presented as deviations in thousandths relative to the Vienna Standard Mean Ocean Water (VSMOW-2), with accuracies of δ18O±0.15‰ and δ2H±0.4‰. Additionally, the outer 1 cm of each sample was collected for total β activity and 137Cs analysis to identify the radioactive layer from 1963 CE. The radioactive survey revealed that the deposit depth in 1963 CE ranged from 8.8 m to 9.2 m3.
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[bookmark: OLE_LINK25][bookmark: _Hlk145669413]Supplementary Figure 1. The results of the VMD with k = 3 in the D1 interval. The IMF series is shown on the left, and the corresponding frequency distribution is shown on the right, with the red dotted line indicating the center frequency value.
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[bookmark: OLE_LINK1]Supplementary Figure 2. Same as Supplementary Figure 1, but for k = 4 in the D1 interval.
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Supplementary Figure 3. Same as Supplementary Figure 1, but for k = 5 in the D1 interval.
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[bookmark: _Hlk165836947]Supplementary Figure 4. The results of the VMD with k = 6 in the D2 interval. The IMF series is shown on the left, and the corresponding frequency distribution is shown on the right, with the red dotted line indicating the center frequency value.
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Supplementary Figure 5. Same as Supplementary Figure 4, but for k = 6 in the D3 interval.
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Supplementary Figure 6. Same as Supplementary Figure 4, but for k = 6 in the D4 interval.
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Supplementary Figure 7. Same as Supplementary Figure 4, but for k = 6 in the D5 interval.
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Supplementary Figure 8. The matching of ice core depth series in 6.64-8.65 m depth (a, gray line) and its corresponding three modes: annual mode (IMF4, b, wine red), biennial mode (IMF3, b, pink), ENSO mode (IMF2, c, blue) with the ENSO index (c, green). The gray and white bands represent an annual layer corresponding the ENSO index years (c, green). Dated results (a, red) is average of samples in corresponding bands. 
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[bookmark: _Hlk165837283]Supplementary Figure 9. The matching of ice core depth series in the D2 interval (a, gray line) and its corresponding three modes: annual mode (IMF4, b), biennial mode (IMF3, c), ENSO mode (IMF2, d) with the ENSO index (e). The red dotted (a) line is the dating result in the D1 interval. Due to adjustment made to align the peak (or minimum) in the ENSO index time series with the peak (or minimum) of the ENSO mode series (IMF2) with depth, the time coordinates of ENSO index are not in linear scale.
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Supplementary Figure 10. Same as Supplementary Figure 9, but in the D3 interval of the ice core depth series.
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Supplementary Figure 11. Same as Supplementary Figure 9, but in the D4 interval of the ice core depth series.
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Supplementary Figure 12. Same as Supplementary Figure 9, but in the D5 interval of the ice core depth series.
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Supplementary Figure 13. (a) Wavelet analysis for the QT ice core δ18O time series. Black outlines represent 95% significance; (b) The average variance in the 2-8 years(blue), 25-35 years (brown) and 50-70 years (pink) periods.
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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Supplementary Figure 14. Running correlations between QT ice core δ18O and four Niño 3.4 Index reconstructions, which are PHYDA4 (a), LMR Online5 (b), Emile-Geay 20136 (c) and Mann 20097 (d) for 23 years sliding windows. All coefficient values exceed the 99% confidence level.


Supplementary Tables
Supplementary Table 1. The center frequencies of the intrinsic mode functions (IMFs) in the D1 interval based on the VMD with different k values. Bold fonts denote the center frequencies corresponding to the three modes.
	k
	Center frequency（cycles/m）

	
	IMF1
	IMF2
	IMF3
	IMF4
	IMF5
	IMF6

	3
	0.001
	1.1
	10.5
	
	
	

	4
	0.001
	1.1
	3.3
	10.5
	
	

	5
	0.001
	1.1
	3.3
	10.5
	14.2
	

	6
	0.1
	1.1
	3.3
	6.2
	10.6
	14.1






Supplementary Table 2. The parameters of the VMD, including k, α (alpha), τ (tau) and ε (tol).
	Parameter
	k 
	alpha 
	tau
	tol

	Value
	6
	2000
	0
	1e-1






Supplementary Table 3. The results of the correlations between the original sequence and the corresponding IMFs. Bold fonts are the correlations between the original sequence and the three modes, and coefficient values exceed the 99% confidence level.
	Depth (m)
	IMF1
	IMF2
	IMF3
	IMF4
	IMF5
	IMF6

	D1
	0.63
	0.71
	0.39
	0.24
	0.17
	0.12

	D2
	0.59
	0.55
	0.52
	0.32
	0.19
	0.14

	D3
	0.72
	0.58
	0.44
	0.29
	0.18
	0.14

	D4
	0.6
	0.62
	0.48
	0.31
	0.21
	0.15

	D5
	0.58
	0.64
	0.46
	0.29
	0.18
	0.14



Supplementary Table 4. Description of dating results of ice core in 6.64-8.65 m.
	Depth
(m)
	Matching sample
	Annual layer
	Samples number
	δ18O values
	ENSO Index

	6.64-6.76
	6.7
	1976
	5
	-12.55
	-0.09

	6.79-6.91
	6.85
	1975
	5
	-14.17
	-1.05

	6.94-7.03
	7
	1974
	4
	-14.03
	-0.95

	7.06-7.18
	7.12
	1973
	5
	-11.14
	-0.65

	7.21-7.42
	7.27
	1972
	8
	-9.22
	0.78

	7.45-7.62
	7.48
	1971
	7
	-11.35
	-0.93

	7.65-7.77
	7.71
	1970
	5
	-10.72
	-0.36

	7.8-7.95
	7.86
	1969
	6
	-10.39
	0.56

	7.98-8.13
	8.07
	1968
	6
	-10.58
	-0.02

	8.16-8.41
	8.29
	1967
	9
	-10.85
	-0.38

	8.44-8.65
	8.56
	1966
	8
	-9.47
	0.23
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