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Table S1 Quartz (4-11 pm) optically stimulated luminescence (OSL) ages at WN2
and GB and their related parameters. Data shown in bold were obtained in this
study, and the remaining data were from previous studies of WN2 (Kang et al., 2018)
and GB (Kang et al., 2020). Details of OSL dating were given in previous studies
(Kang et al., 2018, 2020).

Section Sample Depth U Th K Water content Dose rate  Dose Age
1D (cm)  (ppm) (ppm) () (%) (Gykah) (Gy) (ka)

WN2 WN2-10 10 2.38+0.07 12.92+0.39 2.09+0.06 20+5 3.70+£0.18  0.79+0.03  0.21+0.01
WN2-20 20 2.38+0.07 13.23+0.40 2.15+0.06 20+5 3.75+0.18  1.36+0.06  0.36+0.02
WN2-30 30 2.37+0.07 12.75+0.38 2.11+0.06 2045 3.66+0.18  1.82+0.07  0.50+0.03
WN2-40 40 2.63+£0.08 14.34+0.43 2.11+0.06 20+5 3.85+0.19 1.87+0.08  0.48+0.03
WN2-50 50 2.61+0.08 13.70+0.41 2.11+0.06 20+5 3.79+0.19  2.14+0.09  0.56+0.04
WN2-60 60 2.70+£0.08 14.67+0.44 2.20+0.07 2045 3.96+£0.20  2.58+0.11  0.65+0.04
WN2-70 70 2.63+0.08 14.91+0.45 2.23+0.07 20+5 3.99+0.20  3.54+0.14  0.89+0.06
WN2-80 80 2.69+0.08 14.43+0.43 2.16+0.06 20+5 3.90+0.19 4.03+0.16  1.03+0.07
WN2-90 90 2.76+0.08 14.65+0.44 2.12+0.06 2045 3.90+0.19  4.47+0.18 1.14+0.07
WN2-100 100 2.70£0.08 14.75+0.44 2.21+0.07 2045 3.97+0.20  5.27+0.21  1.33+0.08

GB GB-100 100 2.68+0.10 13.11+0.08 1.64+0.05 10£5 3.7240.14  14.36£0.59  3.86+0.21
GB-110 110 2.53+0.03 12.56+0.33 1.63+0.03 10+5 3.61+0.13 16.95+£0.68  4.70+0.25
GB-120 120 2.37+0.07 12.47+0.14 1.64+0.02 10£5 3.56+0.13 18.73+£0.77  5.27+0.29
GB-130 130 2.27+£0.05 11.94+0.14 1.64+0.05 10+5 3.48+0.13 19.47+0.82  5.60+0.31
GB-140 140 2.23+0.05 11.96+0.26 1.65+0.03 10+5 3.48+0.13 21.20+0.86  6.10+0.33
GB-150 150 2.16+£0.01 11.39+0.13 1.59+0.06 10£5 3.35+0.13 23.23+0.93  6.94+0.38
GB-160 160 2.20+0.06 12.16+0.20 1.65+0.03 1045 3.48+0.13 24.26+0.99  6.97+0.38
GB-170 170 2.57+0.03 13.20+0.19 1.70+0.02 10£5 3.73+£0.13  26.17+1.05  7.02+0.38
GB-180 180 2.40+0.00 12.51+0.07 1.63+0.07 10+5 3.55+0.13 29.89+1.21  8.41+0.46
GB-190 190 2.30+0.03 11.91+0.08 1.61+0.06 1045 3.45+0.13  32.49+1.31  9.43+0.52
GB-200 200 2.09+0.04 10.47+0.14 1.58+0.05 10£5 3.23+0.12  33.34+1.34 10.34+0.57
GB-220 220 2.08+0.05 11.15+0.22 1.59+0.01 10+5 3.28+0.12  36.16+1.45 11.02+0.59
GB-240 240 1.91+0.11 10.09+£0.36 1.56+0.05 10£5 3.11+0.12  39.16£1.57 12.60+0.70
GB-260 260 1.94+0.08 10.41+0.47 1.59+0.02 10£5 3.17+£0.12  38.15+1.54 12.05+0.66
GB-300 300 2.02+0.03 10.45+0.09 1.59+0.01 10+5 3.19+0.11 43.56x1.77 13.65+0.73
GB-340 340 2.14+0.02 11.18+0.29 1.62+0.03 10+5 3.32+0.12  47.73+£2.02  14.40+0.80
GB-380 380 2.03£0.07 10.39+0.05 1.67+0.02 10£5 3.25+0.12  49.39+2.06 15.18+0.84
GB-420 420 2.05+0.08 10.83+0.08 1.63+0.01 10+5 3.25+0.12 58.31+£2.40 17.94+0.98
GB-460 460 2.17+0.08 10.70+0.19 1.63+0.03 10+5 3.27+£0.12  56.78+2.30  17.39+0.95
GB-500 500 2.24+0.04 1075+£0.12 1.80+0.02 10+5 3.45+£0.13 56.58+2.28 16.42+0.89
GB-520 520 2.34+0.03 11.38+0.08 1.88+0.01 10£5 3.61+£0.13 61.82+2.51 17.12+0.93
GB-540 540 2.37+0.05 11.04+0.13 1.82+0.03 10+5 3.53+0.13 65.98+2.73 18.71+1.03
GB-600 600 2.35+£0.02 10.82+0.11 1.91+0.02 10+5 3.58+0.13 66.57+2.85 18.59+1.04
GB-660 660 2.29+0.02 10.64+0.10 1.77+0.03 10£5 3.41+0.13  62.93+£3.33  18.46+1.19
GB-720 720 2.35+0.04 11.05+0.18 1.93+0.01 1045 3.60+0.13 68.16+2.79 18.92+1.04
GB-780 780 2.15+0.03 10.13+0.06 1.76+0.02 10+5 3.30+£0.12  67.69+2.92 20.51+1.16
GB-840 840 2.50+0.03 11.13+0.09 1.91+0.02 10+5 3.64+0.13  70.90+2.89 19.51+1.07
GB-860 860 2.35+0.04 11.10+0.05 1.80+0.01 10+5 3.48+0.13 70.63+2.91 20.31+1.11
GB-900 900 2.30+0.02 10.77+0.09 1.87+0.01 10+5 3.49+0.13  72.67+2.98 20.80+1.14
GB-980 980 2.35+£0.03 10.71+0.08 1.88+0.06 10+5 3.51+£0.13  79.58+3.25 22.70+1.27
GB-1060 1060 2.45+0.02 11.12+0.06 1.88+0.06 10£5 3.57+0.14 76.23+£3.21 21.35+1.22
GB-1140 1140 2.36+0.02 11.08+0.17 1.82+0.03 10+5 3.48+0.13 76.86+3.16 22.09+1.22
GB-1220 1220 2.324+0.03 11.29+0.08 1.84:+0.03 10+5 3.51+£0.13  79.30+3.40 22.62+1.28
GB-1300 1300 2.40+0.04 11.39+0.13 1.78+0.02 10£5 3.48+0.13 81.68+3.32 23.49+1.29
GB-1400 1400 2.33+0.04 10.53+0.06 1.83+0.05 1045 3.42+0.13  81.37+3.29  23.79+1.32
GB-1500 1500 2.35+0.03 11.11+0.09 1.87+0.01 10+5 3.51+£0.13 87.27+3.58 24.85+1.36
GB-1600 1600 2.35+0.04 10.79+0.20 1.83+0.03 10+5 3.45+0.13 84.43+£3.46 24.50+1.36
GB-1700 1700 2.35+£0.02 10.84+0.15 1.88+0.02 10£5 3.49+0.13 90.00+3.86 25.79+1.46
GB-1800 1800 2.41+0.03 11.37+0.08 1.85+0.02 1045 3.52+0.13 91.46+3.82 25.97+1.44

GB-1900 1900 2.3340.03  11.1140.13 1.84+0.02 10+£5 3.46+0.13  97.10+3.91  28.05+1.53



Table S2 Mean time resolution during specific periods in loess sections GL, JY,
GB, and WN2. The resolutions were calculated according to the chronology in Fig. 2
and determined by the proxy sample interval and the times covering specific periods.

Section Period Mean resolution Reference
(ka BP) (ka)
GL ~700-2 0.08 Sun et al., 2021
~688-626 (MIS 16) 0.05
~626-568 (MIS 15) 0.14
~568-510 (MIS 14) 0.11
~510-478 (MIS 13) 0.24
~478-426 (MIS 12) 0.05
~426-395 (MIS 11) 0.18
~395-335 (MIS 10) 0.07
~335-281 (MIS 9) 0.13
~281-242 (MIS 8) 0.05
~242-192 (MIS 7) 0.11
~192-129 (MIS 6) 0.08
~129-77 (MIS 5) 0.10
~77-60 (MIS 4) 0.03
~60-30 (MIS 3) 0.05
~30-11.5 (MIS 2) 0.05
~11.5-2 (MIS 1) 0.15
JY ~30-2 0.04 Sun et al., 2012; this study
~30-12 (MIS 2) 0.03
~12-2(MIS 1) 0.21
~26-18 (LGM) 0.03
~18-12 (LD) 0.04
~8-4 (HTM) 0.31
GB ~28-4 0.03 Kang et al., 2020, this study
~28-12 (MIS 2) 0.02
~12-4 (MIS 1) 0.11
~26-18 (LGM) 0.02
~18-12 (LD) 0.04
~8-4 (HTM) 0.10
WN2 ~1.22-0.16 0.02 Kang et al., 2018, this study
~1.11-0.58 (MWP) 0.03

~0.56-0.16 (LIA) 0.02




Fig. S1 Loess sedimentation geomorphology, outcrops, sampling pits, and drill
cores in the studied sections. Core drilling was conducted at GL (Sun et al., 2021),
and sampling pits were excavated at JY (Sun et al., 2012), GB (Kang et al., 2020; this
study), and WN2 (Kang et al., 2018; this study). Section coordinate and elevation
information: GL (37°29'24"N, 102°52'48"E, 2400 m a.s.l.); JY (36°21'N, 104°36'E,
2210 m a.s.l.), WN2 (34°24'54.85"N, 109°33'44.18"E, 646 m a.s.l.), and GB
(34°35"2.14"N, 110°36'24.14"E, 470 m a.s.l.).
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Fig. S2 Output graphs from the Bayesian age-depth model in Bacon software
(Blaauw and Christen, 2011) for sections JY (a, Sun et al., 2012; this study), GB
(b, Kang et al., 2020; this study), and WN2 (¢, Kang et al., 2018; this study). In
each subfigure, the upper panel depicts Markov Chain Monte Carlo iterations, prior
(green curves) and posterior (gray histograms) distributions for the accumulation rate
and memory, and the bottom panel shows OSL ages (transparent blue) and the age-
depth model (the darker gray indicates more likely ages; gray dotted lines indicate
95% confidence intervals; red dashed curve shows the ‘best’ model based on the
weighted mean age of each depth).
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Fig. S3 Comparison of age (a) and mean grain size (b) based on OSL dating (Sun
et al., 2012) and speleothem correlation (Sun et al., 2021).
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Fig. S4 Linearly interpolated MGS and its smoothing using an adjacent-
averaging approach at various time windows (0.1, 1, and 10 ka) at GL (Sun et al.,
2021), JY (Sun et al., 2012; this study), GB (Kang et al., 2020; this study), and
WN2 (Kang et al., 2018; this study). The interpolation time resolutions are 0.025,
0.02, 0.01, and 0.007 ka at sections GL, JY, GB, and WN2 respectively, which are
determined according to corresponding minimum resolution calculated from the
constructed chronologies in Fig. 2.
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Fig. S5 CMIP5-projected Siberian High index (SHI) during 2007-2100 under
RCP4.5 (light blue solid line) and PCP8.5 (blue solid line) scenarios (Li and Gao,
2015). The dashed lines indicate corresponding long-term variation trends.
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Fig. S6 Variations in winter wind speed, low temperature extremes, and dust
storms in China during 1960-2020. a Global and Northern Hemisphere annual
surface temperature anomaly relative to 1961-1990 (Morice et al., 2021).b Winter
wind speed in China during 1969-2005 (Guo et al., 2011). ¢ Frequency of annual low
temperature extremes in China during 1960-2020 (CMA Climate Change Centre,
2021). d Annual sand-dust days during 1960-2020 in China (CMA Climate Change
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