
Key question: 

How do the SST patterns associated with ENSO interact with the radiation budget?

1. Introduction
In the context of rapid anthropogenic climate change, a pressing research question is to understand the 
physical processes controlling the global radiation budget. Predicting the long-term forced radiative re-
sponse requires knowledge of the mechanisms driving natural unforced radiative variability (Colman & 
Hanson, 2017; Gregory & Andrews, 2016; Gregory et al., 2020). On decadal scales, climate model simu-
lations suggest that historical variations in the radiation budget were caused in large part by varying sea 
surface temperature (SST) patterns, through their impact on low-cloud amount (Andrews et al., 2018; Zhou 
et al., 2016)—the so-called “SST pattern effect” (Stevens et al., 2016)—though questions remain regard-
ing the reliability of SST reconstructions (Flannaghan et al., 2014; Fueglistaler & Silvers, 2021; Lewis & 
Mauritsen, 2021).

For the present study, we define the “pattern effect” as the component of the SST-driven radiative response 
that deviates from the response expected from near-uniform warming. While this pattern effect has gen-
erally been studied in the context of multidecadal climate variations in previous literature (e.g., Andrews 
et al., 2015; Ceppi & Gregory, 2017; Gregory & Andrews, 2016; Proistosescu & Huybers, 2017), here we 
consider its possible relevance to radiative variability on shorter, monthly to interannual timescales, where 
natural variability is largest (Lutsko & Takahashi, 2018).

On such timescales, the El Niño–Southern Oscillation (ENSO) constitutes the dominant mode of coupled 
ocean-atmosphere variability. In the atmosphere, ENSO is associated with large regional anomalies in trop-
ical temperature and circulation, accompanied by changes in cloud properties and the top-of-atmosphere 
radiation budget (Klein et al., 1999; Loeb et al., 2012; Middlemas et al., 2019; Park & Leovy, 2004; Rädel 
et al., 2016; Radley et al., 2014; Trenberth et al., 2002). Our focus here is on the smaller tropical-mean radi-
ative anomalies that occur during ENSO, as a residual of the much larger regional changes, and which are 
out of phase relative to ENSO-driven temperature anomalies: lead-lag relationships reveal a net input of 

Abstract El Niño–Southern Oscillation (ENSO) variability is accompanied by out-of-phase anomalies 
in the top-of-atmosphere tropical radiation budget, with anomalous downward flux (i.e., net radiative 
heating) before El Niño and anomalous upward flux thereafter (and vice versa for La Niña). Here, we 
show that these radiative anomalies result mainly from a sea surface temperature (SST) “pattern effect,” 
mediated by changes in tropical-mean tropospheric stability. These stability changes are caused by SST 
anomalies migrating from climatologically cool to warm regions over the ENSO cycle. Our results are 
suggestive of a two-way coupling between SST variability and radiation, where ENSO-induced radiative 
changes may in turn feed back onto SST during ENSO.

Plain Language Summary Predicting long-term climate change requires understanding 
how and why the Earth's radiation budget varies on short timescales. Natural climate variability on such 
timescales is dominated by the El Niño–Southern Oscillation (ENSO) phenomenon, involving large 
changes in sea surface temperature (SST) in the tropical Pacific. Here, we show that the evolution of the 
tropical radiation budget during ENSO events is dictated by the location of the SST anomalies, which 
migrate from colder regions to warmer regions. This change in the spatial distribution of SSTs affects 
the temperature at higher levels in the atmosphere, which in turn changes the amount of low cloud and 
thereby the tropical radiation budget. These relationships are suggestive of a two-way coupling between 
ENSO SST changes and radiation.
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Key Points:
•  Tropical-mean radiative anomalies 

are 90° out of phase with the El 
Niño–Southern Oscillation (ENSO) 
cycle

•  These radiative anomalies reflect 
a sea surface temperature (SST) 
“pattern effect” associated with the 
growth and decay of ENSO

•  The findings are suggestive of a 
two-way coupling between SST 
variability and the radiation budget
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• Tropical-mean T anomalies mostly 
in phase with Niño-3.4

• EIS and N out of phase with Niño-
3.4

• EIS and N anomalies suggestive of 
pattern effect, via low cloud 
changes
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• Tropical-mean T anomalies mostly 
in phase with Niño-3.4

• EIS and N out of phase with Niño-
3.4

• EIS and N anomalies suggestive of 
pattern effect, via low cloud 
changes

• GCMs reproduce the out-of-phase 
evolution of EIS and N relative to 
the ENSO cycle
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• Warm SST anomalies migrate towards warm pool

• EIS and N change sign across ENSO cycle
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Take-home points

• Tropical-mean radiative anomalies are ~90° out of phase with the ENSO cycle

• These radiative anomalies reflect an SST pattern effect associated with the growth and decay of 
ENSO

• The findings suggest a possible two-way coupling between SST variability and the radiation 
budget


