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We are currently experiencing compounding effects of 
anthropogenic warming and the 2023-24 El Niño

2Background & motivation  |

(Callahan & Mankin, 2023)



“attempts to moderate warming by 
increasing the amount of sunlight 
that the atmosphere reflects back 
to space or by reducing the 
trapping of outgoing thermal 
radiation”

Solar geoengineering was originally proposed as an 
approach to reduce long-term global warming
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(National Academies, 2021)
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…could regional marine cloud brightening instead 
target seasonal phenomena such as ENSO?
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“Natural” cloud brightening during 2019-20 Australian 
wildfires in CESM2 suggests regional MCB could enhance 
La Niña conditions
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(Fasullo et al., 2023)

Temperature



Simulating ENSO response to MCB with the Seasonal-to-
Multiyear Large Ensemble (SMYLE) using CESM2
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3) Run 10-member SMYLE using 
CESM2 with MCB for illustrative 
ENSO events

2) Select three historical events to 
test MCB’s influence on ENSO

1) Develop MCB masks nudging 
CDNC~500 #/cm3 with varying initiation 
months and durations

Could MCB be deployed after the 
spring predictability barrier and still 
have an influence on the developing 
ENSO event?

2020-21 
La Niña: 

Can we validate 
wildfire 

response in 
Fasullo et al. 
with MCB? 

2015-16 
El Niño:

How effective 
is MCB at 

weakening El 
Niño? 

1997-98 
El Niño:

Are the 
responses 

robust across 
different 
events? 

(Yeager et al., 2022)

SMYLE is a skilled seasonal prediction 
tool using CESM2 for near-term 
prediction of multiyear phenomena 
including ENSO. 



MCB enhances La Niña conditions, reproducing the 
observed cloud responses from the 2019-20 Australian 
wildfires as a natural analog for MCB
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Clouds brighten in the SESP region 
leading to negative surface SW flux

Intertropical convergence zone 
shifts northward

Niño3.4 region cools and La Niña-
like pattern develops

(Wan et al., submitted)



Could we deploy MCB after the spring predictability barrier 
to deliberately weaken El Niño?
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(Wan et al., submitted)



MCB dampens El Niño, and the responses depend on 
the timing of intervention 
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Control-Hist

Control-MCB

(Wan et al., submitted)



Timely strategic MCB deployment could ameliorate 
remote teleconnections caused by El Niño
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NOAA Climate.gov

(Wan et al., submitted)



11Conclusion

1.We exploit an experiment-of-opportunity for model validation. 
The 2019-20 Australian wildfire event contributing to La Niña is a 
good natural analog for regional MCB.

2.We establish a link between our observational analogue and a 
welfare-relevant climate risk. 
The responses are similar if cloud brightening had occurred prior 
to an El Niño instead.

3.We demonstrate physical feasibility within the constraints of ENSO 
predictive capabilities. 
MCB deployed after the spring predictability barrier could 
deliberately dampen El Niño.
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Thanks for listening!
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How does marine cloud brightening (MCB) work?
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(Feingold et al., 2024)



How well does SMYLE reproduce ENSO?
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(Yeager et al., 2022)

SMYLE Niño3.4 prediction 
skill is comparable to other 
operational seasonal 
forecast systems with an 
anomaly correlation 
coefficient (ACC) of ~0.6 at 
12-month lead times.



Early MCB disrupts ENSO growth feedbacks, effectively 
restoring neutral conditions
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1997-98 El Niño is also substantially weakened by MCB, 
but the magnitude and spatial response varies

17Results  |
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