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Text S1
FESOM 1.4 employs horizontal global scale unstructured triangular meshes, in our setup with 126859 wet nodes (Wang et al., 2012). The mesh flexibility allows for increased resolution in dynamically active places while maintaining relatively coarse resolution elsewhere (Semmler et al., 2021; Wang et al., 2014). Local refinement in a global context can better simulate climate changes and ocean circulation variability than the traditional regular grid (Rackow et al., 2019). As with most models, it ignores the freshwater influence of ice sheet melting. The model participated in the Coupled Model Intercomparison Project Phase 6 (CMIP6) , and a more specific introduction of AWI‐CM can be found in Semmler et al. (2020b).
About the control run (CTRL) and three sensitivity experiments, we left out the abrupt responses of the previous decades (not shown) and focus on the relatively stable phase (110 years) of ocean. We admit that it takes much longer for the coupled system to reach a full equilibrium than the simulations we used in this study. Note that these are not predictions, but rather idealized scenario simulations. To assess the expected climate changes, the calculation is generally done by subtracting control simulation from sensitivity simulation. This paper employs the differences between sensitivity and control experiments to exhibit the state of perturbation in regional CO2 forcings.


Text S2
Variations of ocean heat content (OHC) are mainly balanced by the advection heat transport (HT) across all the regional boundaries and the net surface heat flux (HF) (Desbruyères et al., 2015; Foukal & Lozier, 2018). To analyze the heat budget of deep convection zone in north Atlantic, we selected two closed irregular boxes in the Nordic Seas and Labrador Sea, respectively, as shown in the shaded area in Figure 4. For the closed region, the heat budget-solving equation is:
		 (1)
the term on the left-hand side is the OHC tendency, which has units of J/s or W,   is the sum of the advection heat transport.  is calculated using the four components of sensible and latent heat flux, shortwave and longwave radiation flux.  represents the heat content changes induced by vertical diffusion or other processes that are negligible.
The OHC is calculated as below:
		 (2)
where  is the reference density,  is the specific heat capacity for seawater, and  is the potential temperature, and the OHC is calculated from the monthly mean model output. Here, we use temperature transport to refer to heat transport (Lozier et al., 2019) for convenience. The oceanic (HT) across each section is:
		 (3)
		 (4)
where  is the integration depth,  and  are the western and eastern boundaries along the section,  is the velocity field normal to the section,  is the reference temperature, defined as the time-varying, volume-averaged temperature of the region, the methods introduced by Lee et al. (2004). In this way, changes in OHC due to temperature transport can be better evaluated in a relative context. The double integral is taken from west () to east () and over all the depth surface in upper layer (positive inward).  is the total heat transport through all the horizonal boundaries of irregular closed area (positive inward).
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Figure S1. Climatology March mixed-layer depth (km). (a) CTRL, (b) 60N, (c) 60NS, (d) GLOB. In CTRL run, the magenta line in Nordic Seas and Labrador Sea marks the areas of MLD greater than 2500 m, which are defined as the main area of deep convection in our study.
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[bookmark: _Hlk119858336][bookmark: _Hlk119858362]Figure S2. Maps of OHC (J) in the upper ocean (above 1200 m) at the subpolar region in March. (a) last 110 years of CTRL simulation, (b) 60N, (c) 60NS, (d) GLOB anomalies with respect to CTRL simulation, positive anomaly represents the ocean heat content increase.  
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Figure S3. Maps of net ocean surface heat flux (W/m-2) at the subpolar region in March. (a) last 110 years of CTRL simulation (downward positive, ocean heat gain). (b) 60N, (c) 60NS, (d) GLOB anomalies with respect to CTRL simulation, positive anomaly represents less ocean heat loss.  

[image: ] [image: ]

[image: ]
[image: ]
Figure S4. Volume transport along the pathways of the North Atlantic Current (NAC) in the upper 700 m. The red (light blue) bars indicate the volume transport northward (southward) into the subpolar region.  Transport direction is normal for sections. The position of each section is marked with magenta line on the map.


Table S1. List of four experiments, the detailed setup.  
	
	Simulation
	Forcing
	Time span

	CTRL
	no forcing
	global
	200 years

	60 N
	4×CO2
	north of 60°N
	150 years

	60NS
	4×CO2
	south of 60°N
	150 years

	GLOB
	4×CO2
	global
	150 years
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