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Resolving weather fronts increases the large-scale 
circulation response to Gulf Stream SST anomalies
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Motivation: Underestimation of multi-decadal atmospheric 
circulation variability in coupled models

Simpson et al. 2018

ÅWintertime multi-decadal variance in U700 

weaker in coupled models than reanalysis

Å Also found for multi-decadal variance in sea-

level pressure (SLP) (OõReilly et al. 2021)

Å Regression of SST anomalies on 

U700 anomalies shows an 

apparent relationship



Is the weak response of atmospheric circulations to midlatitude 
SST anomalies an artifact of low resolution?

High Atmospheric Resolution 
(0.25ϲ)

Low Atmospheric Resolution 
(1ϲ)

Atmospheric (Z200) response to sharp SST front:

Å The response of the large-scale atmospheric circulation to midlatitude SST anomalies 

has generally been found to be weak in AGCMs (Kushniret al. 2002)

Å However, some studies have found a much larger response at higher resolution (Smirnov 

et al. 2015; see also review by Czajaet al. 2019)

Smirnov et al. 2015



Higher resolution resolves influence of SST front on ascent in 
frontal bands

Sheldon et al. (2017)
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Ascent over SST fronts found 

to be much larger at 12-km 

(~1/8 °) resolution than 40-km 

resolution (in a regional 

model)

How does this influence the 

large-scale circulation?



Most existing high-resolution climate modeling efforts 
use 1/4ϲatmospheric resolution

Haarsmaet al. (2016); Chang et al. (2020)

Many efforts underway to resolve mesoscale ocean 

eddies (e.g., 1/10° iHESP), but the atmosphere is 

generally still 1/4° (~25 km) and does not fully 

resolve atmospheric fronts


