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Solar Geoengineering Concept and Rational

Raise Strato.spherlc Aerosols to Reflect Global Post Pinatubo Cooling Fa.st rc:esporrse, needs steady
More Sunlight and Cool the Surface injection, risks unknown

Lower-Tropospheric Temprature Anomaly

1 Method inspired by

observed cooling
after large-scale

volcanic eruptions "
P 3 An aerosol layer is

formed that reflects
some sunlight

as usual,

A, Cut emissions
\\aggressively

STRATOSPHERE : 9 Acompoundis
released into the
TROPOSPHERE stratosphere

Mt Pinatubo eruption
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SAl Risks: Known and Unknowns

* Human Engineered Model Simulations
* Sulfate, Smoke, CaCO,

* Use Natural Analogues to evaluate model skill B smonth e
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* Knowledge Gaps and Heterogeneous Impacts

No organics

Solubility

Dilution

N,Og only

MLS/ACE 2020 observations
—— MLS/ACE 2005-2019 observations
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SAl simulation  § ",
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Ozone Loss (DU)

== Geo-eng. Large Aerosols

== Geo-eng. Small Aerosols

== Background Case
Observed Aerosols
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CMIP5: 50-75° Winter Warming after Volcanoes captured by 7/30 Models

Chylek GRL 2020
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Post Volcanic Winter Warming over Eurasia for 2 years

Winter Warming over o HadCRUT Eurasia and N America 50-7O0N (=) Winter Warming over
Eurasia (2 yr)  hd i : : Eurasia (2 yr)
_>

None over N America i i i ' None over N America
i i c

Dynamics +
chemistry
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Winter warming via stratospheric dynamics (positive Northern
Annular Mode excitation and positive North Atlantic Oscillation)

Geoengineering: Eurasian Winter Warming 2020-2095
Pinatubo NH Winter 91/92 Warming o eton : o) GEOB.5 (©) RCPa S

Temperature
" R =
(d) GEO8.5 (e) GEO8.5
Preupltation Preapltat\on
DJF A
. — ]
f N ; | RN
; : \
4

,_.
mmjd per 30 yrs

WACCM4 CAM5-LE CanESM2
Polvani 2019 (13) (42) (50)

Bannerjee 202

1% Los Alamos


https://acp.copernicus.org/articles/19/6351/2019/acp-19-6351-2019-f04-web.png

Temperature vs Hydrological Cycle (P-E)
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PyroCb Stratospheric Smoke: British Columbia & Australia
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Large Plumes Volcanic-Scale Plumes
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PyroCb Smoke Mass & Lifetime Captured by LES + CESM

D’Angelo JGR 2022, Reisner JGR 2023

Australian Fires
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Australian Fires injected 0.8 Tg smoke: Small 0.1-0.2 C
cooling (20-60S), -3 W/m? sunlight reduction for <6 months

D’Angelo JGR 2022
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Engineered CaCO,. Chemistry/lce-Nucleation Gaps

Model: SAl without O, loss (Keith PNAS 2016) Gaps: O, loss by hydrates (czisco, Sci. Rep. 2019)
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https://www.pnas.org/doi/full/10.1073/pnas.1615572113#fig03

Incomplete knowledge of natural aerosol perturbations that is
worse for engineered aerosols is the limiting factor

Cooling of 0.5 C from 20 Tg Pinatubo SO, & 0.1 C from 1 Tg Australian fire smoke.
Stratospheric O, loss/warming observed after natural pulses, also predicted for SAl.
Dynamical (tropics-pole) changes cause Eurasian winter warming after volcanoes.
Model CaCO, chemistry is incomplete and cirrus cloud feedbacks unknown.

Cloud shielding reduces the efficacy of SAl cooling by ~50%.

Historically models have lagged observations in capturing the chemical-dynamical
complexities: Research, caution and carefully managed expectations are critical.

Unilateral action, heterogeneous impacts & no governance are security concerns.

Fundamental aerosol-climate-chemistry research on impacts of pollution,
volcanoes, fires, nuclear exchange, and SAI need to be coherently integrated.
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