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WHAT IS CLIMATE INTERVENTION?



WHAT IS SOLAR 
RADIATION 

MODIFICATION (SRM)? 
SRM = limiting radiation at the Earth’s 

surface (in other words…’turning down 

the sun’)

1. Stratospheric aerosol injection (SAI) 

- increasing the number of  liquid or 

solid particles (e.g., sulfate) in 

stratosphere to reflect sunlight 

(analogue: volcanic eruptions)

2. Marine cloud brightening (MCB) - 

increasing the reflectivity of  low 

clouds over certain parts of  the ocean 

(analogue: ship tracks)

National Academies report, 2021, 
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MORE ON SAI

• There is no proven, scaled-up 

technology that can loft continuous, 

controlled amounts of  reflective 

particles into the stratosphere at the 

volumes needed to affect global 

climate

• Regional effects are the real 

battleground - there is no 

configuration that helps everyone 

equally & distributional impacts are 

unavoidable

• If  SAI stops abruptly after long 

deployment, warming resumes fast – 

much faster than ecosystems or 

societies can adapt (termination shock)



MORE ON MCB

• MCB is relevant almost exclusively to:

• Marine stratocumulus clouds

• Low-lying, persistent cloud decks

• Mostly eastern ocean basins (e.g., off  

California, Peru, Namibia)

• Ship tracks validate mechanism, not 

deployability

• No existing system can do sustained, targeted 

MCB with known outcomes

• Because MCB is spatially constrained, its 

impacts are not subtle



STATE OF THE FIELD: WHAT'S CHANGED RECENTLY



" Until I know more about the 
impacts to my community, I have 

to oppose it.

Rational position given current uncertainty

But opposition ≠ prevention
SRM could still be pursued under crisis conditions



SRM isn't just a scientific debate — it's a systems 

clash

Different actors see SRM as:

• A research problem

• A moral hazard

• A financial opportunity

• An emergency tool

The future of SRM depends on:

1. Who moves first

2. Who sets norms

3. Who defines "progress"



MARINE CARBON DIOXIDE REMOVAL 
Also technically ‘climate intervention’ but way more palatable & commercialization of  many techniques well underway 



The global carbon budget for 2022 

showing the approximate size of  CO2 

emissions sources and natural sinks 

compared to the projected size of  the 

CDR sink for 2050 and 2100 needed to 

meet the targets of  the Paris Agreement

INFOGRAPHICS ARE RUNNING OUT

OF SPACE…



Two Main Approaches to Marine CDR

Biotic Methods
Using photosynthesis and biology

• Macroalgae cultivation (kelp, Sargassum)

• Microalgae fertilization (iron, nutrients)

• Biomass sinking

• Ecosystem restoration

Abiotic Methods
Altering ocean chemistry

• Ocean Alkalinity Enhancement (OAE)

• Mineral dissolution (olivine, limestone)

• Electrochemical approaches



WHY THE OCEAN MATTERS IN CLIMATE 

INTERVENTION RESEARCH 
• Ocean absorbs 90% of  excess heat, drives much of  the planet’s carbon cycling, & 

underpins the majority of  global NPP

• Ecological systems respond to magnitude, rate, seasonality, and regionality of  

physical change

• CI modifies all four, but marine ecosystem impacts are one of  the least explored 

domains in the CI literature

• CI would happen against a backdrop of  mounting climate damages, not a pristine 

baseline

• Localized physical changes could scale up to alter basin-scale ecosystem 

structure



MOTIVATION: 

WE NEED 

STRUCTURE TO 

SEE CROSS-

SYSTEM 

TRADEOFFS 

OBJECTIVE: illustrate where CI approaches align, diverge, 
& where key knowledge gaps remain

A structured comparison is the only way to see trade-offs 
clearly

No single metric or narrative captures all the impacts we care 
about

Different CI approaches solve different problems; some 
create new ones

CI touches heat, carbon, ecosystems, and human systems in 
different – and sometimes conflicting – ways



HOW MCDR & SRM COULD PERTURB THE OCEAN

The mapping that underpins our comparative framework: 

1. Temperature changes: global vs local cooling → alters NPP, species ranges

2. Radiation changes: total radiative flux + diurnal/seasonal patterns → photosynthesis, coral 

bleaching, visual predators

3. Circulation & winds: regional changes in currents, upwelling → nutrient delivery and 

recruitment

4. [SRM] Aerosol deposition: acidifying inputs, nutrient fertilization potential

5. Direct hardware impacts: shipping, sensors, local disturbance

Cooling is not a single variable — different intervention pathways create different physical 

footprints, and ecosystems track the footprint (not the forcing target)







TABLE HIGHLIGHTS 

High importance: Nutrient addition (micro), biomass breakdown/respiration, and physical 

smothering of  benthic organisms (these cut across multiple CDR methods)

Medium importance: Macroalgae cultivation shows up consistently across biomass creation, 

DOM release, and transport pathways. Silicate mineral OAE has a few medium hits around 

contaminants.

OUR CONCLUSIONS

Broadest & highest risk profile: Macroalgae cultivation

Lowest risk profile: 1) Electrochemical OAE, 2) Anoxic storage of  terrestrial biomass 

Impacts: Nutrient dynamics and biomass decomposition are the processes that matter most 

regardless of  method; carbonate chemistry shifts are consistently low to none across the board





WHAT IF WE IMPLEMENT 
CDR & SRM TOGETHER?

CURRENT PROBLEM: Interventions 
are currently explored in isolation but 
will likely be adopted simultaneously = 
complex and interactive consequences 

FOR EXAMPLE: SAI & OAE

In theory, they could complement each 
other BUT considerations include 
temperature vs. chemistry, carbon cycle 
impacts, hydrological effects, 
governance, uncertainty, monitoring, 
and the list goes on….







KEY TAKEAWAYS 
➢SRM & mCDR will modify ocean 

ecosystems, intentionally or not

➢Marine ecosystem impacts are not 

a side issue; they’re part of  the 

core climate response

➢Our framework identifies which 

perturbations, which mechanisms, 

and which uncertainties matter 

most in this context

➢Future research should focus on 

hotspots – prioritize where table 

flags “High importance + Poor 

model representation”

ker242@cornell.eduRoberts et al., 2026: https://doi.org/10.1029/2024RG000876 
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