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Text S15

We have calculated the CFC-12 and SF6 surface saturation for 25.45 kg ·m−3 to 25.55 kg ·m−3 at the outcrops in the

Atlantic Ocean, Pacific Ocean, Indian Ocean, Arctic Ocean, and Southern Ocean. The hemispheric winter saturation state of

CFC-12 generally increases from 1936 to 2015 in our FOCI esm-piControl simulations, i.e. without climate change (Fig. S3).

This increasing trend might be caused by the changes of the increasing rate of atmospheric CFC-12 partial pressure (Shao

et al., 2013; Raimondi et al., 2021). At different regions, the saturation state also differs, which might be due to the varying10

convection, magnitude of seasonality on CFC-12 solubility (potential temperature and salinity), air-sea gas exchange velocity,

etc. Generally, the saturation state in the Atlantic and Pacific (from 90% to 100%) is higher than it in the North Indian Ocean

(from 80% to 98%).

In the TTD calculation, the hemisphere from which the water originates might also matter, especially when considering slight

differences in the tropospheric surface mixing ratio of CFC-12 and the saturation at isopycnal surfaces between the Northern15

and Southern hemispheres. In our calculation, we assume that no water moves across the equator and between ocean basins

(except that waters from the Southern Ocean can move to the South Pacific Ocean, South Atlantic Ocean, and South Indian

Ocean), i.e. waters in the Northern Hemisphere only originate from outcrops in the Northern Hemisphere. Also, the un-even

saturation state of CFC-12 over outcrops, indicated by the standard deviation (Fig. S3), raises uncertainties of Γ considering

the CFC-12 saturation state of water parcels. Therefore we calculate Γ considering the temporal change of the up-limit (mean20
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plus one standard deviation) and low-limit (mean minus one standard deviation) of the CFC-12 saturation state. For TTD

calculation, we use the saturation-corrected CFC-12/SF6 mixing ratio history to constrain ∆/Γ.
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Figure S1. Observed histories of the annual mean atmospheric mixing ratio of CFC-11 (blue), CFC-12 (light-blue), and SF6 (purple) for the

North Hemisphere (solid) and South Hemisphere (dash), with the unit of part per trillion (ppt) (Bullister, 2015).
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Figure S2. The same as Fig. 5, but for the esm-hist simulations.
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Figure S3. The temporal trend of the hemispheric winter saturation (in unit of %) of CFC-12 (red) and SF6 (blue) at outcrop of 25.5 kg ·m−3

in the esm-piControl simulation. The outcrop is calculated from March (northern hemisphere) and September (southern hemisphere) mean

temperature and salinity. The shading color is the surface saturation’s standard deviation at the outcrop.
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Table S1. Mean state and temporal trends of ideal age and mean age of the IG-TTD applying spatial homogeneous and CFC-12 and SF6

constrained ∆/Γ in esm-piControl simulations from 1981 to 2015. We focus on the upper tropical thermocline (σ0=25.5 kg ·m−3). "±"

means 95% confidence interval.

Variable Mean state (yr) Trends (yr/yr)

ideal age 46.0 ± 0.8 -0.016 ± 0.012

mean age (∆/Γ=0.8) 22.0± 2.0 0.091± 0.016

mean age (∆/Γ=1.0) 25.6± 1.1 -0.036 ± 0.014

mean age (∆/Γ=1.2) 29.8± 3.7 -0.178 ± 0.015

mean age (∆/Γ=1.4) 35.1± 6.9 -0.340 ± 0.018

mean age (constrained ∆/Γ:2000) 26.0± 0.9 -0.018 ± 0.015

mean age (constrained ∆/Γ:2005) 26.0± 1.0 -0.026 ± 0.014

mean age (constrained ∆/Γ:2010) 25.9± 1.2 -0.039 ± 0.015

mean age (constrained ∆/Γ:2015) 25.6± 1.3 -0.043 ± 0.016

6



Table S2. The same as Table S1, but for the esm-hist simulation.

Variable Mean state (yr) Trends (yr/yr)

ideal age 47.9 ± 1.6 0.056 ± 0.019

mean age (∆/Γ=0.8) 23.8± 2.6 0.115± 0.020

mean age (∆/Γ=1.0) 27.8± 1.2 -0.009 ± 0.020

mean age (∆/Γ=1.2) 32.9± 3.3 -0.151 ± 0.022

mean age (∆/Γ=1.4) 39.0± 6.5 -0.313 ± 0.026

mean age (constrained ∆/Γ:2000) 26.6± 1.7 0.064 ± 0.019

mean age (constrained ∆/Γ:2005) 26.1± 1.6 0.055 ± 0.020

mean age (constrained ∆/Γ:2010) 27.5± 1.3 0.017 ± 0.021

mean age (constrained ∆/Γ:2015) 28.3± 1.3 -0.016 ± 0.021
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