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                    Abstract
The mechanism is investigated by which extratropical thermal forcing with a finite zonal extent produces global impact. The goal is to understand the near-global response to a weakened Atlantic meridional overturning circulation suggested by paleoclimate data and modeling studies. An atmospheric model coupled to an aquaplanet slab mixed layer ocean, in which the unperturbed climate is zonally symmetric, is perturbed by prescribing cooling of the mixed layer in the Northern Hemisphere and heating of equal magnitude in the Southern Hemisphere, over some finite range of longitudes. In the case of heating/cooling confined to the extratropics, the zonally asymmetric forcing is homogenized by midlatitude westerlies and extratropical eddies before passing on to the tropics, inducing a zonally symmetric tropical response. In addition, the zonal mean responses vary little as the zonal extent of the forced region is changed, holding the zonal mean heating fixed, implying little impact of stationary eddies on the zonal mean. In contrast, when the heating/cooling is confined to the tropics, the zonally asymmetric forcing produces a highly localized response with slight westward extension, due to advection by mean easterly trade winds. Regardless of the forcing location, neither the spatial structure nor the zonal mean responses are strongly affected by wind–evaporation–sea surface temperature feedback.
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Appendix
Appendix
A two-dimensional diffusive energy balance model (EBM) is adopted to verify if the diffusive process by extratropical eddies is enough for the zonally homogenized responses in the tropics in HIGH. Since Kang et al. (2008) shows that in AM2 cloud-radiative and water-vapor feedbacks act to amplify the imposed extratropical forcing, additional positive feedback needs to be accounted for in the EBM to produce comparable magnitude of response as in AM2. Instead of imposing zonally asymmetric forcing H, the effect of positive feedbacks is taken into account by prescribing SST within the forced region in the EBM to that in the perturbed run in AM2. As in Frierson et al. (2007), we diffuse moist static energy at the surface, i.e. m
                  
                    s
                   = C
                  
                    p
                  
                  T
                  
                    s
                   + L
                  
                    v
                  
                  q where T
                  
                    s
                   is the surface temperature. The EBM in Kang et al. (2009) is extended into two-dimension as:

$$ S-I(T_s)=-D\nabla^2 m_s(T_s) $$

                    (5)
                

where S is the prescribed net incoming solar radiation and I is the outgoing longwave radiation, assumed to be a linear function of T
                  
                    s
                  . The diffusion coefficient D is obtained from the control run when A = 0 by averaging

$$ \left\vert{-\frac{\frac{1}{\Updelta p}\int^0_{p_s}\overline{mv}dp}{\frac{1}{a}\frac{\partial m}{\partial\phi}\vert_{p_s}}}\right\vert $$

over latitudes poleward of 40°N and 40°S, multiplied by the mean mass of an atmospheric column per unit area p
                  
                    s
                  /g = 104 kg m−2, which amounts to D = 1.6 × 1010 kg s−1. The surface temperature T
                  
                    s
                   is prescribed between 40°S/N and 90°S/N and 30°W and 30°E to that when f
                  
                    a
                   = 1/6 and A = 60 in HIGH. Equation (5) can be solved for surface temperature T
                  
                    s
                  . The surface temperature averaged between the equator and 10°N in the EBM is compared with that in AM2 in Fig. 5. The longitude with extratropical forcing is indicated by vertical lines.
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