Supplementary Material
1. Core material and age model
A piston core MZ01 (120°50.94’E, 26°32.82’N) was taken from a water depth of 64.7 m in the inner shelf of the East China Sea by the R/V Kan 407 during the “Coastal Investigation and Research Project of China” cruise in July 2007 (Liu et al., 2010). The climate in the studied area is strongly affected by the East Asian monsoons and Kuroshio Current. In summer, the Changjiang River carries huge amounts of fresh water and sediment to the ECS, developing a diluted water barrier layer in the vast continental shelf. When the EAWM prevails, the China Coastal Current (CCC) flows along the inner shelf of the Yellow Sea and ECS, carrying Changjiang diluted water (CDW) and large amounts of sediment to the Min-Zhe mud area (Lee and Chao, 2003). Together with the EAWM, the CCC leads to strong cooling along the inner shelf from the Yellow Sea to the northern SCS. In contrast, branches of the Kuroshio Current, including the Taiwan Warm Current (TWC) and Western Kuroshio Branch Current (WKBC), transport high temperature and salinity water northward and onward (Lie and Cho, 2016). They intrude into the ECS shelf and meet the colder CDW, leading to a distinctive stratification and oceanic front (Chern et al., 1990). In winter, colder CDW on the surface would dampen the vertical caused by the EAWM and thus keep the subsurface and bottom water warmer than the surface in winter and fall (Locarnini et al., 2013; Zweng et al., 2013) (Supplementary Figure 1).
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▲Supplementary Figure 1: vertical sea water temperature (left) and salinity (right) profile of winter (Locarnini et al., 2013; Zweng et al., 2013). The gray bar denotes the longitude position of MZ01.

In total, 148 samples were collected for the identification of grain size, major elements, sea surface and subsurface temperatures from the core length 2.96 m; each sample had a time resolution of approximately 60 years according to our constructed age model, schematized below (Supplementary Figure 2).
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▲Supplementary Figure 2: MZ01 Age model (left) and sedimentation rate (right).

A preliminary age model of core MZ01 has been published previously, which was based on five old Accelerator Mass Spectrometry (AMS) 14C dates (Liu et al., 2010) (Supplementary Table 1). In this study, a new age model for the core is presented using 12 new AMS 14C ages (Supplementary Table 1). The AMS 14C measurements were done by taking approximately 7 mg mixtures of strictly-selective mainly epifauna benthic foraminifer shells (>149μm), which were dated at the University of Tokyo, Japan. All measured ages were calibrated to calendar years according to the Marine 13 dataset (Reimer et al., 2013) through the CALIB 7.04 Program (Stuiver et al., 2017) with the 121±25 years (Yoneda et al., 2007; Supplementary Table 2) surface-ocean reservoir correction. The interpolated time series of the whole core was established by the Ager program of ARAND Software (Howell et al., 2006). The age model developed for this core suggests an average sedimentation rate of ~33.6 cm/kyr, and the bottom of the core thus reaches back to approximately 8,400 years ago. 
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2. BIT Index
The BIT (Branched and Isoprenoid Tetraether) index is an indicator of the terrestrial organic matter input. Higher BIT values in marine sediment means more terrestrial organic matter input, and may bias the seawater temperature estimation through using TEX86 (Weijers et al., 2006). Previous studies have shown that there would be a deviation of 2℃ in the temperature estimation by TEX86 once the BIT value exceeds 0.4 (Weijers et al., 2006). Besides, Zhu et al. (2011) also indicated that when the BIT value is less than 0.2 in the ECS, the TEX86 proxy is much more robust and represents precisely the satellite-derived annual mean seawater temperature.
The BIT values of MZ01 range from 0.03 to 0.09 (Supplementary Figure 3), indicating nearly zero or very minor contribution of terrestrial organic matter transported and deposited at this site. Thus, the uses of TEX86 as a seawater temperature proxy in MZ01 is reliable.
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▲Supplementary Figure 3: TEX86-derived temperature (up) and BIT (down) variations of core MZ01.


3. Continuity Superposition Error Calculation Method 
The commonly used method to assess the uncertainties of paleoclimatic records usually have failed to take account of the interrelationship between the errors in the X (ages) and Y (proxy) vectors. In an effort to solve such problems, the present method [named the Continuity Superposition Error Calculation Method (CSECM)] was designed to combine the errors in both X and Y and then applied to the Uk’37 and TEX86 records in this study. The CSECM was divided into four processes, and some specific steps involved in each process were depicted as follows. All the numerical computing were done by the mathematics software Matlab with the the Hibert-Huang Transformation (HHT) tool box provided by the Research Center of Adaptive Data Analysis (RCADA) at the National Central University, Taiwan (https://in.ncu.edu.tw/~ncu34951/research1.htm).
(1)  Data processing - the original Y series (Uk’37 and TEX86) were transformed by linear interpolation to create a new Y’ on uniformly-spacing (∆t=80 years*) for further analysis. Likewise, the age errors of each data point (X’) were obtained by applying the same method. In this way, we have the new X’, X’-error and Y’, while the Y’-error was calculated after the third process when the targeted signal had been decomposed out. 
* ∆t generated from the measuring resolution that emanates from the whole core age (approximately 8400 years) divided by the measuring number, which is 107 and 100 for Uk’37 and TEX86 separately. The measuring resolution was approximately 80 years.
(2)  Signal decomposition - like most natural systems, the climatic record is seldom generated from a signal or isolated force, which is nonlinear, non-stationary and composed of different timescale variability and noise. The EEMD (Ensemble Empirical Mode Decomposition; (Wu and Huang, 2004)) method can decompose a signal to a sequence of IMFs (Intrinsic Mode Function Components) according to the timescale of record. It is very suitable for processing the paleoclimatic data and providing detailed information. The EEMD decomposition of the Uk’37 and TEX86 sea water temperature records in this study can be seen in Supplementary Figures 4 and 5. 
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▲Supplementary Figure 4: EEMD decomposition of the Uk’37. Curves in right panel are IMF components dissected from linear interpolated Uk’37 record (first curve in the left panel) through EEMD, and the remaining curves in the left panel represents residuals.
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▲Supplementary Figure 5: EEMD decomposition of the TEX86. Curves in right panel are IMF components dissected from linear interpolated TEX86 record (first curve in the left panel) through EEMD, and the remaining curves in the left panel represents residuals.

 Supplementary Figures 4 and 5 show the process when performing a series of EEMD calculations; the IMF components ((Ci); in the right panel) and successive residues ((Ri); in the left panel) were extracted from the original data (Y’ (t); black curve). This means that the Y’ (t) can be decomposed into the first IMF component (C1) with a residual (R1), which (R1) still can be decomposed after, i.e., Ri = C(i+1) + R(i+1) for i ≥1. Ultimately, the calculation will end with the R(i+1) which is indecomposable. 
[image: ]▲Supplementary Figure 6: The eventual result of Uk’37 (left) and TEX86 (right) through EEMD decomposition.

(3)  Signal picking- After the EEMD calculation, the independent IMF components with different timescales and a final residue are provided as the Supplementary Figure 6. For caution’s sake, an additional procedure was used to inspect the decomposed results and remove the component which may contain any noises that indicate meaningless signals. 
According to the Nyquist-Shannon sampling theorem, the signal is meaningful when the Sampling Frequency (sf) equal to or larger than 2 times the Nyquist-Frequency (f), (Shannon, 1949).
                         sf ≥ 2 f     (Nyquist-Shannon sampling theorem)
Once the Nyquist-Frequency is larger than one-half times the sampling Frequency, under-sampled data points will be produced and thus lead to misinterpretation of the signal. In other words, the unreal value probably yields into the time series, leading to incorrect climatic mechanism interpretations. In this study, the sf = equal to the reciprocal of the measuring resolution; therefore the f must be less than. In this way, the frequency of IMF components not consistent with the limitation (IMF 1 in this study) should be removed. And the summations of the rest of the IMF components with final residual () is the targeted signal Y’’ (t). 
(4)  X-Y Error Superposition – Based on the processes (1)-(3), a difference ∆Y exists between the new time series Y’’ and the original Y series. The error of the Y-vector can be produced from the following standard deviation formulas: 
Y-vector error         (n= the number of data points)
   
The X-vector error of each data point was measured from each X’-error divide the mean of the X’-error which were mentioned in the first process:
                  X-vector error =    

The Continuity Superposition Error (CSE):
                CSE = (X-vector error)i  (Y-vector error)
                    = 
Supplementary Figure 7 demonstrates the CSE calculation result of the Uk’37 and TEX86. The black and blue curve stand for original Y and targeted Y’’ records separately. The gray strip region means the temperature range after CSE conversion. The wider the strip holds, the more likelihood the temperature will be and vice versa.
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▲Supplementary Figure 7: the CSE result of MZ01 Uk’37 and TEX86.
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Supplementary Table 1
Twelve AMS '“C dated point of core MZ01

Depth AMS"c age * error* Calendar age E
rror
(cm) (yrB.P.) (yrB.P.)
33 335470 214 =70 this study
57 1475485 897 +89 this study
99 1755480 1188 +84 this study
107 2639+25 2194 +35 this study
119 2745420 2311 +32 this study
127 3575+85 3325 +89 this study
141 4890+95 5044 +98 this study
199 5726430 5995 +39 this study
223 7385+32 7725 +41 this study
255 7505120 7843 +123 this study
263 7665430 7998 +39 this study
283 8086433 8422 +41 this study
67 1780+35 1221 (Liu et al., 2013)
131 3810435 3609 (Liu et al., 2013)
167 4949430 5121 (Liuetal,, 2013)
235 6190445 6489 (Liu et al., 2013)
293 7930435 8279 (Liu et al., 2013)

* Error is given in lo.




image4.jpeg
Supplementary Table 2
Sites used for reservoir age correction of core MZ01

Latitude  Longitude AR (yr) AR error (yr) Locality Reference

121.5° 24° 101 43 Suao, Taiwan (Yoneda et al., 2007)

121.1° 24.9° 101 53 Keelung, Taiwan (Yoneda et al., 2007)

121.2° 24.9° 135 42 Keelung, Taiwan (Yoneda et al., 2007)
121° 25° 113 37 Danshui, Taiwan (Yoneda et al., 2007)
124° 24° 119 31 Ishigaki, Ryukyus (Yoneda et al., 2007)

124.33° 24.55° 104 45 Ishigaki Island, Japan (Hideshima et al., 2001)

124.33° 24.55° 178 45 Ishigaki Island, Japan (Hideshima et al., 2001)
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