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Figure S1. Holocene relative sea-level (RSL) data compared with predictions from 3D glacial isostatic adjustment (GIA) model ANU-ICE (HetML140). Holocene RSL data showing sea-level index points (SLIP) are plotted as boxes with 2 vertical and temporal uncertainties and terrestrial and marine limiting data providing upper and lower constraints on RSL, respectively.



Table S1 Future projections of relative sea-level (RSL) rise to 2150 for the Oka estuary. Magnitudes and rates of RSL rise to 2150 showing 50th percentile and likely (17th–83rd percentile) ranges for Shared Socioeconomic Pathways (SSP) 1-1.9, SSP2-4.5, and SSP5-8.5 scenarios. The magnitudes and rates from IPCC AR6 using updated vertical land motion (VLM) rate of -0.96 mm/yr are shown in the columns with “VLM updated”. Projections are relative to a baseline period of 1995–2014 for the BILBAO tide gauge station (Figure 1C). 
	SSP
	Year
	Magnitude (m) 
	Magnitude (m)
VLM updated
	Rate (mm/yr)
	Rate (mm/yr)
VLM updated

	1-1.9
	2030
	0.12 (0.03–0.20)
	0.14 (0.06–0.23)
	3.7 (1.6–6.2)
	4.5 (2.4–7.0)

	
	2040
	0.15 (0.06–0.25)
	0.18 (0.09–0.28)
	4.4 (2.5–6.8)
	5.2 (3.3–7.6)

	
	2050
	0.21 (0.09–0.33)
	0.24 (0.13–0.37)
	5.0 (2.9–7.6)
	5.8 (3.7–8.4)

	
	2060
	0.25 (0.12–0.40)
	0.30 (0.17–0.45)
	4.7 (2.6–7.4)
	5.5 (3.4–8.2)

	
	2070
	0.30 (0.15–0.48)
	0.36 (0.21–0.53)
	4.4 (2.3–7.0)
	5.3 (3.1–7.8)

	
	2080
	0.35 (0.18–0.54)
	0.41 (0.24–0.60)
	4.2 (2.3–6.8)
	5.0 (3.1–7.6)

	
	2090
	0.39 (0.22–0.60)
	0.46 (0.29–0.67)
	3.4 (1.2–6.1)
	4.2 (2.0–6.9)

	
	2100
	0.42 (0.22–0.66)
	0.50 (0.30–0.73)
	3.6 (0.9–6.7)
	4.4 (1.7–7.5)

	
	2110
	0.46 (0.22–0.74)
	0.54 (0.31–0.82)
	4.2 (1.8–7.3)
	5.0 (2.6–8.1)

	
	2120
	0.50 (0.24–0.81)
	0.59 (0.33–0.90)
	4.1 (1.5–7.1)
	4.9 (2.3–7.9)

	
	2130
	0.54 (0.25–0.88)
	0.64 (0.35–0.98)
	4.0 (1.4–7.0)
	4.8 (2.2–7.8)

	
	2140
	0.58 (0.27–0.95)
	0.68 (0.37–1.06)
	3.8 (1.3–6.8)
	4.6 (2.1–7.6)

	
	2150
	0.61 (0.28–1.01)
	0.73 (0.40–1.13)
	3.8 (1.2–6.8)
	4.6 (2.0–7.6)

	2-4.5
	2030
	0.12 (0.07–0.17)
	0.14 (0.09–0.19)
	4.5 (3.0–6.6)
	5.3 (3.8–7.4)

	
	2040
	0.17 (0.10–0.24)
	0.19 (0.13–0.26)
	5.4 (3.6–7.7)
	6.2 (4.4–8.5)

	
	2050
	0.23 (0.15–0.33)
	0.27 (0.19–0.36)
	6.4 (4.4–9.1)
	7.2 (5.2–9.9)

	
	2060
	0.30 (0.21–0.42)
	0.34 (0.25–0.46)
	6.8 (4.6–9.8)
	7.6 (5.4–10.6)

	
	2070
	0.38 (0.26–0.52)
	0.42 (0.30–0.57)
	7.0 (4.2–10.4)
	7.8 (5.0–11.2)

	
	2080
	0.44 (0.30–0.63)
	0.50 (0.36–0.68)
	6.8 (4.0–10.8)
	7.6 (4.8–11.6)

	
	2090
	0.51 (0.35–0.73)
	0.58 (0.41–0.79)
	6.8 (4.0–10.8)
	7.6 (4.8–11.6)

	
	2100
	0.59 (0.41–0.83)
	0.66 (0.48–0.90)
	7.0 (4.4–11.2)
	7.8 (5.2–12.0)

	
	2110
	0.64 (0.41–0.95)
	0.72 (0.49–1.03)
	7.3 (4.4–11.4)
	8.1 (5.2–12.2)

	
	2120
	0.72 (0.45–1.06)
	0.80 (0.54–1.15)
	7.2 (4.2–11.4)
	8.0 (5.0–12.2)

	
	2130
	0.79 (0.50–1.17)
	0.88 (0.59–1.27)
	7.1 (4.2–11.3)
	7.9 (5.0–12.1)

	
	2140
	0.86 (0.54–1.29)
	0.96 (0.64–1.39)
	7.0 (4.0–11.2)
	7.8 (4.8–12.0)

	
	2150
	0.93 (0.58–1.40)
	1.04 (0.69–1.51)
	6.9 (4.0–11.0)
	7.7 (4.8–11.8)

	5-8.5
	2030
	0.12 (0.07–0.17)
	0.13 (0.09–0.19)
	5.2 (3.6–7.4)
	6.0 (4.4–8.2)

	
	2040
	0.18 (0.12–0.25)
	0.20 (0.15–0.27)
	6.4 (4.4–8.8)
	7.2 (5.2–9.6)

	
	2050
	0.26 (0.18–0.35)
	0.29 (0.21–0.38)
	7.3 (4.8–10.5)
	8.1 (5.6–11.3)

	
	2060
	0.33 (0.23–0.46)
	0.37 (0.27–0.50)
	8.2 (5.3–12.2)
	9.0 (6.1–13.0)

	
	2070
	0.43 (0.30–0.60)
	0.48 (0.35–0.64)
	9.5 (6.2–14.0)
	10.3 (7.0–14.8)

	
	2080
	0.54 (0.38–0.74)
	0.59 (0.43–0.80)
	10.8 (7.7–15.6)
	11.6 (8.5–16.4)

	
	2090
	0.66 (0.48–0.90)
	0.72 (0.55–0.97)
	11.8 (8.0–17.6)
	12.6 (8.8–18.4)

	
	2100
	0.79 (0.58–1.09)
	0.86 (0.65–1.16)
	12.0 (7.6–18.3)
	12.8 (8.4–19.1)

	
	2110
	0.87 (0.58–1.25)
	0.95 (0.66–1.33)
	11.7 (7.6–17.7)
	12.5 (8.4–18.5)

	
	2120
	0.98 (0.66–1.43)
	1.07 (0.74–1.52)
	11.5 (7.4–17.5)
	12.3 (8.2–18.3)

	
	2130
	1.10 (0.73–1.60)
	1.19 (0.83–1.70)
	11.1 (7.0–17.2)
	11.9 (7.8–18.0)

	
	2140
	1.20 (0.80–1.77)
	1.31 (0.90–1.87)
	10.7 (6.6–16.8)
	11.5 (7.4–17.6)

	
	2150
	1.31 (0.87–1.93)
	1.42 (0.98–2.04)
	10.2 (6.1–16.4)
	11.0 (6.9–17.2)





Text S1 Sea-level projections under SSP1-1.9 and SSP5-8.5 scenarios.
According to IPCC AR6, for the very low emissions Shared Socioeconomic Pathway (SSP) 1-1.9 scenario, future RSL in the Oka estuary will increase 0.12 m (likely range of 0.03–0.20 m) with a rate of 3.7 mm/yr (1.6–6.2 mm/yr) by 2030, 0.21 m (0.09–0.33 m) with a rate of 5.0 mm/yr (2.9–7.6 mm/yr) by 2050, and 0.61 m (0.28–1.01 m) with a rate of 3.8 mm/yr (1.2–6.8 mm/yr) by 2150 (Fig. 5A, B, Table S1). Projected RSL will exceed 0.5 m threshold by 2120 (likely range of 2073–>2300, Figure 5A, Table 1). If we update the VLM rate of -0.20 mm/yr used in the IPCC AR6 projections with the estimated long-term VLM rate of -0.96 mm/yr, future RSL in the Oka estuary will increase 0.14 m (0.06–0.23 m) with a rate of 4.5 mm/yr (2.4–7.0 mm/yr) by 2030, 0.24 m (0.13–0.37 m) with a rate of 5.8 mm/yr (3.7–8.4 mm/yr) by 2050, and 0.73 m (0.40–1.13 m) with a rate of 4.6 mm/yr (2.0–7.6 mm/yr) by 2150 (Fig. 5C, D, Table S1). Projected RSL will exceed 0.5 m threshold by 2101 (2066–>2300, Figure 5C, Table 1). Therefore, the IPCC AR6 underestimates the rate of sea-level rise continuously by 0.76 mm/yr due to the underestimation of the VLM rate. Consequently, the projected rate of sea-level rise with updated VLM rate increased by 17.0% by 2030, 13.2% by 2050, and 16.7% by 2150 and the magnitude of sea-level rise increased by ~0.02 m (16.0%) by 2030, ~0.04 m (15.7%) by 2050, and ~0.11 m (15.7%) by 2150. The timing of exceedance of 0.5 m threshold occurs earlier by 19 years from 2120 to 2101 (Fig. 5A & C, Table 1).

Under the highest emissions SSP5-8.5 scenario, similarly, the projected rate of sea-level rise with updated VLM rate increased by 12.8% by 2030, 9.4% by 2050, and 6.9% by 2150 and the magnitude of sea-level rise increased by ~0.02 m (13.4%) by 2030, ~0.04 m (11.5%) by 2050, and ~0.11 m (7.7%) by 2150 (Fig. 5, Table S1). The timing of exceedance of 0.5 m and 1.0 m thresholds occur earlier by 8 years from 2079 to 2071 and 7 years from 2121 to 2114, respectively (Table 1).


Text S2 Relative sea-level database age recalibration.
The chronology includes dates compiled by ref.1, with updates for region 8 following ref.2: removal of salt-marsh samples dated from shells and wood and addition of a new salt-marsh sample.
Age calibration was performed using CALIB 8.23 with IntCal204 and Marine205 calibration curves for terrestrial and marine materials, respectively. For marine samples in regions 1, 3, 6 and 7, 34 points on the Marine Radiocarbon Reservoir Correction database (http://calib.org/marine/) were averaged following ref.6 to obtain a local marine reservoir correction (ΔR) value of -148 ± 78 14C yr. For region 8, a ΔR was not available on the Marine Radiocarbon Reservoir Correction database, and it was necessary to recalculate published ΔR values7 based on six paired marine and terrestrial radiocarbon dates, relative to Marine205 using deltar8. The average was calculated following ref.6 to obtain a ΔR of -293 ± 59 14C yr. For region 10, a ΔR was not available on the Marine Radiocarbon Reservoir Correction database (http://calib.org/marine/), and it was necessary to recalculate published ΔR values9 based on six paired marine and terrestrial radiocarbon dates, relative to Marine20 (Heaton et al., 2020) using deltar (Reimer & Reimer, 2017). The average was calculated following ref.6 to obtain a ΔR of -330 ± 91 14C yr. For marine samples in region 12, nine points on the Marine Radiocarbon Reservoir Correction database were averaged following ref.6 to obtain a local ΔR value of 107 ± 114 14C yr. For marine samples in region 13, eight points on the Marine Radiocarbon Reservoir Correction database were averaged following ref.6 to obtain a local ΔR value of 99 ± 85 14C yr.
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