
Discussion: Predicting the near future depends on unravelling the near past

We’ve started to get a good handle on understanding how feedbacks depend on a 
given SST pattern, so the question becomes, how might the SST patterns evolve in 
the near future? This critically depends on understanding what caused the recent 
pattern, since difference hypothesis imply different futures….



Discussion: Predicting the near future depends on unravelling the recent past
A critical issue is to understand what caused the particular configuration of SST patterns over recent decades that drove such a large 
pattern effect (e.g. strong warming in the western Pacific while cooling in the eastern Pacific and Southern Ocean), since different 
hypothesis imply different futures. For example, various hypotheses have been put forward (note not an exhaustive list):

1. Natural variability: It could represent a mode of unforced coupled atmosphere-ocean variability (e.g. Xie et al., 2016; Watanabe et 
al. 2021), albeit an unusual one is that is rarely simulated by AOGCMs (Fueglistaler and Silvers, 2021). In this scenario, we might 
expect the pattern effect to reduce in the near-future as the configuration of tropical SST patterns shift to more warming in the east 
than the west. There is some evidence (Loeb et al. 2020; 2021) this has already begun in the most recent years. We might 
therefore, expect an acceleration of warming trends (unless buffered by changes in heat uptake efficiency).

2. Forcing: Spatiotemporal variations in anthropogenic forcings such as aerosols (e.g., Smith et al., 2015; Takahashi & Watanabe, 2016; 
Heede and Fedorov, 2021) or explosive volcanic eruptions (Smith et al. 2015; Gregory et al. 2020) have been implicated in driving 
tropical Pacific SST patterns. In these scenarios, the pattern effect may decline with the reduction in aerosol emissions in the future, 
or continue to have decadal variations associated with future volcanism.

3. Thermostat: While not explain cooling per se, delayed warming in the eastern Pacific relative to the west is an expected transient 
response to forcing due to the upwelling of (as yet) unperturbed waters from below (Clement et al., 1993; Heede and Fedorov, 
2021). The implication of this is that eventually the eastern Pacific will warm, and hence we might expect the pattern effect to 
reduce and ECS to increase.

4. Teleconnections: from either the Atlantic Ocean (McGregor et al. 2018) or Southern Ocean (Hwang et al. 2017) have potentially 
driven the tropical Pacific SST patterns. Under the scenario of a Southern Ocean influence, we might expect the pattern effect to 
reduce as the Southern Ocean surface warms; this could take years to decades if the Southern Ocean temperature trends have 
been largely mediated by internal variability (e.g., Zhang et al. 2019) but could take centuries or longer if Southern Ocean cooling 
continues due, for instance, to freshwater input (e.g., Sadai et al. 2020).



Are we already at a critical point?
Has the pattern effect already peaked?

• The major El-Nino event of 2015/16 associated with eastern Pacific warming caused a marked 
detectable change in the Earth’s radiation budget (Loeb et al., 2020; 2021).

• This reduces the observed λ from ~2.0 to 1.5 Wm-2 K-1 when calculated over 1990-2019 (25% 
reduction in magnitude compared to 1985-2014) and would suggest a much diminished 
pattern effect over the most recent data.

• If a shift in the tropical Pacific warning is sustained longer term (perhaps associated with the 
PDO) the pattern effect may wane and we enter a period of substantially positive feedbacks… 



Meeting Notes:
1) Follow up, Enable.
2) Computing/grant 

expiring Aug. 2022 
I like the cloud locking 
framework - It’s causal 
and fully coupled. What 
to do? A world without 

cloud feedbacks?

 DOI: 10.1175/JCLI-D-21-0391.1
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State dependence & the pattern effect: do we have a unified framework?
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A two-way interaction between clouds & the SST pattern

— Can we get a targeted SST pattern through “altering” the cloud feedback?

See also,  Mauritsen & Stevens (2015)

























from Quran Wu)














