Table S1  Long-chain alkenone distribution of filter samples and in-situ environmental data. 

	No.
	C37:4
(%)
	C37:3
(%)
	C37:2
(%)
	C38:4
(%)
	C38:3
(%)
	C38:2
(%)
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	C37/C38
	ATa
(°C)
	WTb
(°C)
	Salinity
(g/L)

	BLK-0612-1
	—c
	—
	—
	—
	—
	—
	—
	—
	—
	20.5
	17.85
	—

	BLK-0613-1
	—
	—
	—
	—
	—
	—
	—
	—
	—
	24.5
	18.9
	—

	BLK-0614-1
	43.14
	51.08
	5.77
	32.90
	54.54
	12.56
	-0.37
	0.10
	0.62
	18.30
	17.6
	93.8

	BLK-0614-2
	48.41
	47.55
	4.04
	39.44
	51.50
	9.06
	-0.44
	0.08
	0.73
	17.70
	18.6
	99.2

	BLK-0614-3
	45.97
	49.47
	4.56
	37.90
	51.83
	10.27
	-0.41
	0.08
	1.00
	19.80
	18.5
	95.4

	BLK-0617-1
	41.09
	52.61
	6.30
	32.07
	54.65
	13.27
	-0.35
	0.11
	0.55
	22.40
	20.55
	108

	BLK-0617-2
	44.40
	50.82
	4.78
	33.37
	54.58
	12.05
	-0.40
	0.09
	0.52
	24.20
	22.8
	110.1

	BLK-0617-3
	56.10
	41.53
	2.37
	45.30
	48.09
	6.62
	-0.54
	0.05
	0.62
	—
	23.9
	106.8

	BLK-0618-1
	41.58
	52.78
	5.64
	32.80
	54.50
	12.70
	-0.36
	0.10
	0.62
	20.30
	18.7
	103.2

	BLK-0619-1
	42.18
	54.37
	3.45
	32.97
	56.20
	10.83
	-0.39
	0.06
	0.39
	18.10
	17.35
	101.4

	BLK-0619-2
	41.52
	55.67
	2.81
	32.52
	56.73
	10.76
	-0.39
	0.05
	0.36
	16.40
	18.4
	100.5

	BLK-0622-1
	43.59
	51.61
	4.80
	36.03
	53.17
	10.80
	-0.39
	0.09
	0.58
	18.40
	19.25
	106.2

	BLK-0622-2
	51.19
	45.54
	3.27
	43.30
	49.23
	7.47
	-0.48
	0.07
	0.62
	26.00
	21.7
	103.2

	BLK-0622-3
	45.95
	49.97
	4.08
	38.38
	52.59
	9.03
	-0.42
	0.08
	0.57
	26.00
	22.4
	97.5

	BLK-0623-1
	48.34
	47.46
	4.20
	37.35
	52.26
	10.38
	-0.44
	0.08
	0.60
	21.00
	18.35
	109.8

	BLK-0625-1
	41.22
	52.78
	5.99
	34.22
	53.72
	12.06
	-0.35
	0.10
	0.73
	25.70
	22.2
	—

	BLK-0626-1
	41.83
	54.30
	3.87
	31.87
	56.80
	11.34
	-0.38
	0.07
	0.42
	23.70
	20.85
	110.4

	BLK-0626-2
	42.99
	53.92
	3.09
	33.08
	56.19
	10.73
	-0.40
	0.05
	0.40
	24.45
	22.75
	111.1

	BLK-0626-3
	41.65
	54.58
	3.77
	32.81
	55.75
	11.44
	-0.38
	0.06
	0.39
	24.10
	23.15
	112.5

	BLK-0626-4
	41.71
	54.76
	3.53
	32.31
	55.96
	11.73
	-0.38
	0.06
	0.40
	24.80
	23.3
	108.9

	BLK-0628-1
	40.41
	54.38
	5.22
	34.06
	54.20
	11.74
	-0.35
	0.09
	0.63
	25.10
	22.25
	117.3

	BLK-0628-2
	40.04
	56.69
	3.27
	31.76
	55.03
	13.20
	-0.37
	0.05
	0.66
	25.10
	24
	117.3

	BLK-0704-1
	46.05
	51.18
	2.77
	38.86
	52.88
	8.26
	-0.43
	0.05
	0.41
	—
	27.05
	—

	BLK-0615-1
	37.85
	54.09
	8.06
	27.52
	57.29
	15.19
	-0.30
	0.13
	0.81
	—
	23.29
	—

	NMH-Lake6-0701-1
	36.24
	58.22
	5.54
	18.28
	67.96
	13.76
	-0.31
	0.09
	0.86
	—
	25.95
	30

	NMH-Lake6-0701-2
	34.74
	58.95
	6.31
	16.18
	68.85
	14.97
	-0.28
	0.10
	1.13
	—
	27.2
	—

	NMH-Lake6-0701-3
	32.98
	60.46
	6.56
	16.33
	68.07
	15.60
	-0.26
	0.10
	1.18
	—
	28.35
	—

	NMH-Lake6-0702-1
	33.19
	60.48
	6.32
	16.10
	68.63
	15.27
	-0.27
	0.09
	1.19
	—
	24.6
	—

	NMH-Lake6-0702-2
	35.48
	58.71
	5.81
	16.79
	68.43
	14.78
	-0.30
	0.09
	1.03
	—
	25.05
	—

	NMH-Lake6-0702-3
	28.58
	65.32
	6.10
	16.61
	70.03
	13.35
	-0.22
	0.09
	1.01
	—
	26.8
	—

	NMH-Lake6-0702-4
	29.07
	64.21
	6.72
	15.90
	70.17
	13.94
	-0.22
	0.09
	0.86
	—
	27.2
	—

	NMH-Lake6-0702-5
	30.64
	62.91
	6.45
	12.65
	73.52
	13.84
	-0.24
	0.09
	0.79
	—
	30.2
	—


ain-situ air temperature

 bin-situ water temperature

Cno data

Table S2. Culture samples and in-situ water column (lake surface sediments) [image: image4.png]Uz



-temperature calibrations (Group II). 

	
	Strains
	Calibration equations
	n
	R2
	RMSEs
	Reference

	Cultured strains (Group II)
	LG strain
	T = 16.95 × [image: image6.png]


 + 20.34
	10
	0.916
	2.151
	Zheng et al., 2016

	
	CCMP1307
	T = 24.75 × [image: image8.png]


 + 23.51
	18
	0.954
	1.295
	Nakamura et al. (2014)

	
	LX strain
	T = 26.32 × [image: image10.png]


 + 15.79
	14
	0.905
	0.486
	Sun et al. (2007)

	
	CCMP715
	T = 43.48 × [image: image12.png]


 + 22.17
	12
	0.98
	2.155
	Theroux et al. (2013)

	In situ samples

(surface sediments)
	Water filters
	T = 44.59 × [image: image14.png]


+ 38.06
	27
	0.66
	2.12
	This study

	
	Water filters and surface sediments
	T = 17.57 ×[image: image16.png]


+ 20.85
	23
	0.81
	1.51
	Hou et al., 2016
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Figure S1. a. Shaded relief map of the study area (ASTER GDEM2, http://asterweb. jpl.nasa.gov/gdem.asp, developed jointly by the U.S. National Aeronautics and Space Administration and the Japanese Ministry of Economy, Trade, and Industry); b and c. mean monthly precipitation and temperature from Balikun meteorological station for AD 1958-2003. (Zhao et al., 2015). 
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Figure S2 The seasonal cycle of the daily jet latitude at 80°–90°E (purple line: 5 point smoothing; Schiemann et al., 2009), daily precipitation (blue bar) and daily temperature (red line) from Balikun meteorological station during 1998-2000 year.
At present, the westerly jet undergoes a pronounced seasonal cycle in a year (Schiemann et al., 2009). It is located at the southern edge of the Tibetan Plateau from December to April, and its intensity (monthly mean horizontal wind speed) is strongest in winter and decreases in spring.  Its latitude is over the Tibetan Plateau in May when the intensity is smallest and the position is highly variable. In June, the jet reaches the northern edge of the Tibetan Plateau and its intensity increases with respect to May. The northernmost monthly mean jet position (about 42°N) is observed in July-August. In September, the jet starts to recede gradually southward and reaches its wintertime position in December. Responding to the westerly jet migration and Siberian High, cool and dry season occurs in this region during the boreal winter when the Siberian High establishes, giving rise to a strong anticyclone over Eurasia inland; conversely, a relatively warm and wet season prevails during the summer months when the Siberian High diminishes and the Westerlies climate dominates (Fig. S1).
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Figure S3. In-situ air temperature vs. in-situ water temperature from June 12th to July 5th in Lake Balikun (Table S1).
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Figure S4. PCA analysis for Type I alkenones and alkenones in the early Holocene samples. The variables used in this case include: %C37:4, %C37:3, %C37:4 / %C38:3, %C37:4 / %C38:2, %C37:3 / %C38:4, %C37:3 / %C38:2.
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Figure S5. Alkenone-based Balikun lake water temperature reconstruction. a. Alkenone %C37:4. b. Alkenone C37/C38. c. Paleotemperature reconstruction:  for type I alkenones, the temperature is calculated by our in-situ water column[image: image23.png]U%;



-temperature calibration (red line and dots); for type II alkenones (blue line) is calculated by C. lamellosa (CCMP 1307) [image: image25.png]U%;



-temperature calibration (Nakamura et al., 2014). d and e.The ice-core δ18O record and bicentennial deviations of reconstructed air temperature from the Western Belukha Plateau in the Siberian Altai Mountains (Aizen et al., 2016)..
[image: image26.png]Lithology Depth (m)
0r

[] Clay

BLKI11A core

Lithology Depth (m)
0+

BLKOGE core

T T T T

5 10 15 20
Age (cal. kyr BP)

[ Dark clay [l Black clay

0

T
5

Silt

o715 20 25 30
Age (cal. kyr BP)
] Mirabilite crystals




Figure S6. Comparison of the chronologies between the core BLK11A and the core BLK06E (An et al., 2012, 2013).
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Figure S7.[image: image29.png]Uk



 vs. in-situ water salinity in water filter samples from Lake Balikun.
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