Supplementary table and supplementary figure captions:
Table S1 

Detailed information about the applied ice-core sulfate or sulfur records, including nominal and effective resolution of the records, the type of analytical technique, the applied ice-core thinning profiles and references. Abbreviations for measurement techniques: ECM=Electrical conductivity measurement, CFA=Continuous flow analysis, FIC=Fast ion chromatography, IC=Ion chromatography. Abbreviations for ice cores: NEEM=North Greenland Eemian Ice Drilling, NGRIP=North Greenland Ice Core Project, GISP2=Greenland Ice Sheet Project 2, WDC=WAIS Divide Ice Core, EDC=EPICA ice core from Dome C, EDML=EPICA ice core from Dronning Maud Land.
Table S2
Sulfate background and median absolute deviation comparisons among Greenland and Antarctic ice cores. Whole periods – the last glacial period (60-12 ka). The stadial and inter-stadial periods of DO-events in Greenland are defined in Rasmussen et al. (2014).  
Table S3 
Volcanic sulfate deposition for the NGRIP, GISP2 and NEEM ice cores in Greenland. Abbreviations for the head names of the columns: ‘Deposition’ is the volcanic sulfate deposition for individual events after correcting for layer thinning but without applying a scale factor to obtain the average Greenland deposition. ‘δ’ is the estimated uncertainty of the sulfate deposition. ‘Age (b2k)’ provides the eruption age according to the GICC05 time scale and relative to the year 2000 AD. ‘Depth’ refers to the center depth of the volcanic spike. ‘Thinning’ is the layer thinning deduced from the ice-core flow model at each site (Table S1). ‘Average deposition’ is the average area sulfate deposition, which is derived as the simple mean of ice cores (see ‘Methods 2.5’). ‘Deposition (min-max)’ is range of values of sulfate deposition spanned by the ice cores. ‘GISP2 correction’ and ‘NEEM correction’ are the manual corrections for low-resolution volcanic signal based on comparison to high-resolution ECM or DEP signals (see ‘Methods 2.4’). Numbers refer to the assigned fraction of the sulfate peak according to the peak areas of ECM or DEP, and ‘-’ means that the peaks have not been applied. 
Table S4
Volcanic sulfate deposition of the WDC, EDC and EDML ice cores in Antarctica. Abbreviations for head names of the columns: ‘Deposition’ is the sulfate deposition for individual events after correcting the layer thinning but without applying a scale factor to obtain the average Antarctic deposition.  ‘δ’ is the uncertainty of the volcanic sulfate deposition.  ‘Age’ provides the eruption age according to the GICC05 time scale and relative to the year 2000 AD. ‘Depth’ refers to the center depth of the volcanic spike. ‘Thinning’ is the layer thinning as deduced from the ice flow model of each core (Table S1). When an event is detected in three cores, the ‘Average deposition’ is the simple mean of the volcanic sulfate deposition at the three sites. When an eruption is detected in one or two cores, a scale factor is applied to obtain the averaged Antarctic deposition (see ‘Methods 2.5’). ‘Deposition (min-max)’ is the range values of volcanic sulfate deposition spanned by the ice cores without applying the rescaling factor. 

Table S5
Volcanic sulfate deposition of bipolar volcanoes detected in both Greenland and Antarctic ice cores. The volcanic sulfate deposition of the individual ice cores is shown in Table S3 (Greenland) and Table S4 (Antarctica). For the volcanic sulfate deposition at NGRIP, the column ‘E’ is measured by high-resolution CFA and the column ‘I’ is measured by low-resolution IC. The stratospheric aerosol loading was estimated using the method of Gao et al. (2007). The average stratospheric aerosol loading and the average global climate forcing are calculated from the averaged Greenland and Antarctic sulfate depositions. The reconstructed volcanic radiative forcing is obtained using three approaches (see section 4.3): 1) (column ‘AC’) The global mean SAOD is obtained using the method of Crowley and Unterman. (2013) and the radiative forcing calculation applies the scaling factor of Hansen et al. (2005). This approach is similar as Sigl et al. (2015). 2) (column ‘AD’) The global mean SAOD is obtained using the scaling factor of Aubry et al. (2020) and the radiative forcing calculation applies the scaling factor of Hansen et al. (2005). 3) (column ‘AE’) The global mean SAOD is obtained using the scaling factor of Aubry et al. (2020) and the radiative forcing calculation applies the scaling factor of Marshall et al. (2020). The range of global climate forcing (column ‘z’) is calculated from the range of volcanic sulfate deposition in Greenland and Antarctica and the volcanic forcing reconstructed using the approach 3). The prediction of the volcanic site is based on the SVM model (see section 2.6). ‘NHHL’ means high latitude of northern hemisphere, above 40° N, and ‘LL or SH’ means low latitude or southern hemisphere, below 40° N. 

Table S6
List of bipolar volcanic eruptions for which the eruption site is known based on literature. Full references are provided in the ‘references’ folder.

Table S7
The number of volcanic events detected in Greenland and Antarctic ice cores and indication of which cores they have been identified in.
Table S8
Number of volcanoes detected in the NGRIP high-resolution CFA sulfate record with smoothing to 1-year, 2-year, 3-year and 5-year resolution and on log-scale with 1-year smoothing, respectively. The total number of volcanoes represents all the sulfate peaks above the volcanic detection threshold.
Figure S1 (a-y)

Sulfate records of Greenland and Antarctic ice cores in the period of 60-9 ka. Non-sea-salt sulfate concentration from six ice cores (blue). The reduced running median (RMM, red) determines the non-volcanic sulfate background signal. The volcanic detection threshold (brown) is defined as three times the running median absolute deviation (RMAD) plus the RMM.

Figure S2
Layer thinning, sample resolution of sulfate record, time resolution of sulfate record and annual layer thickness of the NGRIP, NEEM, GISP2, WDC, EDML and EDC ice cores. A simple linear fit is applied to the WDC thinning profile below 2800m depth, labelled as WDC (combined), as the gas derived thinning profile has potentially unrealistic wiggles (Buizert et al., 2015). 
Figure S3
Comparison of volcanic sulfate deposition among Greenland ice cores and Antarctic ice cores.  Volcanic sulfate deposition of NGRIP compared to that of GISP2 (a) and to that of NEEM (b) for the large top 30 bipolar volcanoes. Volcanic sulfate deposition of WDC compared to that of EDML (c) and to that of EDC (d) for the large top 30 bipolar volcanoes. The slope shows the relationship of volcanic sulfate deposition between ice cores and R-square shows the goodness of the fit. Comparison of the volcanic sulfate depositions of NGRIP measured by CFA and IC (e). The blue dot and linear fit (red line) show a comparison between 57 large volcanic events in the NGRIP ice core as derived from the high-resolution CFA SO42- record and from the lower resolution IC SO42- records.

Figure S4 

The Support Vector Machine (SVM) model classified bipolar volcanic eruption sites. (a) The samples (trained + predicted) are classified by latitudinal band: above 40°N (NHHL) in red ‘+’, below 40°N (LL or SS) in green ‘*’. Support vectors, the circles close to the hyperplane, help tuning of the hyperparameter. (b, c) Bayesian optimization of the model with two parameters (kernel scale and box constraint) yields the best classification model.
Figure S5 

Comparison of number of volcanoes detected with increasing smoothed NGRIP sulfate record of 1, 2, 3 and 5 years, respectively (a-d) and the natural logarithm of NGRIP sulfate record (e) in the period of 60-10 ka b2k. The detected eruptions are classified into three size fractions similar to the Fig. 3. The blue curve is the NGRIP δ18O 


(Andersen et al., 2004) ADDIN EN.CITE .
Figure S6
Power spectral analysis of four climatic periods for NGRIP, WDC, EDML and EDC sulfate/sulfur records for 10 m depth intervals in 1 mm resolution (EDML and EDC have been interpolated to 1 mm resolution). Two interstadials and two stadial periods were chosen based on the definitions of Rasmussen et al. (2014). For NGRIP the depth intervals are defined as follows: GI14 = 2315m to 2325 m; GS13 = 2230m to 2240m; BA = Bølling Allerød 1575m to 1585m; YD = Youngers Dryas 1505m to 1515 m. For the other cores the corresponding depth intervals are applied. The ringing effect of WDC, EDC and EDML cores may be caused by the low resolution interpolation to 1mm resolution. The dark green dash line represents the best estimate of signal part and the light green dash line stands for the best estimate of the noise part.
Figure S7
Comparison of number of volcanoes per millennium detected from NGRIP sulfate record grouped for different climatic periods. The detected eruptions are classified into three size fractions, based on the 0.7 and 0.9 quantiles of the volcanic sulfate deposition distribution, and the corresponding values are 68 kg km-2 and 140 kg km-2. (a)-(d) applies increasing smoothing of the NGRIP sulfate record of 1, 2, 3 and 5 years, respectively. 

Figure S8
Linear trend of the number and the volcanic sulfate flux per millennium in Greenland and Antarctica. The same data is analyzed as Fig.3.
Figure S9
The distribution of number of volcanoes and volcanic sulfate flux with estimated uncertainty per millennium of Greenland and Antarctica. The uncertainty of the number of volcanoes is calculated by sqrt (N), where N is the number of volcanoes per millennium, assuming as the Poisson distribution. The uncertainty of the sulfate flux is calculated by the error propagation.
Figure S10
Relationship between the volcanic sulfate deposition and the number of insoluble dust particles and Sodium concertation for bipolar volcanic events in stadial periods (GS) and interstadial periods (GI) for NGRIP ice core.
Figure S11

The bipolar volcanic forcing reconstructed using three different methods. Xlabel – the volcanic forcing is reconstructed as ‘method 1)’ (section 4.3). Ylabel – the volcanic forcing is calculated with a scaling factor to obtained SAOD from Aubry et al. (2020) and a scaling factor to obtained radiative forcing from Marshall et al. (2020) (red dots, ‘method 3)’ in section 4.3), and the other volcanic forcing is calculated with a scaling factor to obtained SAOD from Aubry et al. (2020) and a scaling factor to obtained radiative forcing from Hansen et al. (2005) (blue dots, ‘method 2)’ in section 4.3).
