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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030,

Mitigation options

2 reference

IPCC AR6 WG,

Figure SPM.T: Overview of mitigation options and their estimated ranges of costs and potentials in 2030,


http://ipcc.ch/report/ar6/wg3
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Offsetting 1°C would cost as little as tens of billions of dollars per year
$1.4 Billion per Mt per year

Table 2. Cost and capabilities comparison of lofting technologies.

Platform Cost (‘000S/1) SAIL multiple Source
Mission capable
C\QAIL“ D §1.4 ) 1%
McClellan New High Altitude Aircraft 1.5" ~1x McClellan et al (2010,2012)
Delft SAGA® 4.0 ~3X% Delft Report*
McClellan Modernized Gun 19 ~14x McClellan et al (2010,2012)
Balloons ~40 ~28x Near Space"’
NASA WB57 43 ~30% NASA*
NASA ER2 50 ~35x NASA*
NASA Global Hawk 70 ~50% NASA*
SpaceX Falcon Heavy Rocket 71° ~50 % Chang(2018)
GunMark7 16’ 137 ~100x McClellan et al (2010,2012)
Vector Rocket 1180° ~850x Chang(2018)
Virgin Orbit Rocket 2000° ~1400x Virgin Orbit"
Mission incapable
Existing Commercial Aircraft Not capable of reaching ~20 km'
Modified Commercial Aircraft Not capable of reaching ~20 km*
Existing Military Transporters" Not capable of reaching ~20 km*
Military Fighters Not capable of sustained flight at ~20 km®
Tethered Hose Not sufficiently mature technology”
Aerostats/Airships Not sufficiently mature technology®

Source: Smith & Wagner ERL (2018).



‘Free rider’



‘Free rider’
- “Free driver’



Not /f but when

Source: Wagner Geoengineering: the Gamble (2021)



There i1s no Plan B

“Wisdom, wit, and, m\xEm al, pnwaﬂut geonomic {sight”
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Plan A
Cut CO,, methane et al.

Adapt

Carbon removal
-2 “net-zero” emissions



Plan A
Cut CO,, methane et al.

Adapt

Carbon removal
-2 “net-zero” emissions

Suffer



Plan A+
Cut CO,, methane et al.

Adapt

Carbon removal
-2 “net-zero” emissions

Solar Geoengineering(?)



Climate risks

Fossil fuels forever

Emissions cut to zero

Carbon removal

Solar geoengineering

Time



Solar geoengineering risk and efficacy

Risks (of stratospheric sulfates)

Stratospheric ozone loss

Direct Cl and Br activation
NOx cycle

Warming of lower stratosphere

increased water vapor

changes in stratospheric
dynamics

Impacts in the troposphere

Health impacts of particulates
Acid rain
Upper tropospheric cirrus

Increase in diffuse light

Ecosystem changes

Tropospheric chemistry impacts
of increased fluence

Efficacy (of SRM)

Regional response
Precipitation
Variability
Cryosphere
“Standard” climate impacts:
* Crops
e Hydrology
* Unmanaged ecosystems.
e Air quality



What’s the low-probability, high-consequence way SG could go wrong?

Prior: SG good for crop yields due to lower temps

2018 Nature cover identifies negative effect due to
diffuse sunlight from Pinatubo

B

DTH REA But Nature study is wrong, too; e.g. misses CO,
fertilization effect!

VEILE

How much of what SG will produce

is known, not yet known,
or simply unknowable?

Source: Proctor et al 2018 Nature cover
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Balloons generally considered too costly, cumbersome for deployment
Experimental platform # deployment technology

Table 2. Cost and capabilities comparison of lofting technologies.

Platform Cost (‘000S/1) SAIL multiple Source

Mission capable

SAIL® 1.4 1%

McClellan New High Altitude Aircraft 1.5" ~1x McClellan et al (2010,2012)

Delft SAGA® 4.0 ~3X% Delft Report*

McClellan Modernized Gun 19 ~14x McClellan et al (2010,2012)
alloons ~40 ~28x Near Space"

NASA WB57 43 ~30x NASA*

NASA ER2 50 ~35x NASA*

NASA Global Hawk 70 ~50 % NASA‘

SpaceX Falcon Heavy Rocket 71° ~50 % Chang(2018)

GunMark7 16’ 137 ~100x McClellan et al (2010,2012)

Vector Rocket 1180° ~850x Chang(2018)

Virgin Orbit Rocket 2000 ~1400x Virgin Orbit"

Mission incapable

Existing Commercial Aircraft
Modified Commercial Aircraft
Existing Military Transporters"

Not capable of reaching ~20 km'

Not capable of reaching ~20 km*
Not capable of reaching ~20 km*

Military Fighters Not capable of sustained flight at ~20 km®
Tethered Hose Not sufficiently mature technology”
Aerostats/Airships Not sufficiently mature technology*

Source: Smith & Wagner, “Stratospheric aerosol injection tactics and costs in the first 15 years of deployment,” ERL (2018).



Hobbyists” high-altitude balloons:

~15-20 lbs (~7-9 kg) payload
>20 km
~S25/launch

Space Balloon, GoPro on a journey to the stratosphere




[Our] satellite will collect data about pollution
that is warming the planet. We will put that
data in the hands of people who can make
simple fixes that will change the course of
global warming in our lifetime.

—Fred Krupp, President, EDF




Highly decentralized nonstate solar geoengineering
High-altitude balloons with ~5 kg payload, at ~$5/kg SO, (?!)

TABLE 1. Categorization of solar geoengineering deployment by type and number of entities involved in
deployment

Order of magnitude of number of entities deploying solar geoengineering

Characterof | 1 ~10 ~100 ~1000 >~10,000
deployers
State Unilateral Minilateral | Multilateral | n/a n/a

Nonstate “Greenfinger” | Moderately decentralized nonstate sola§] Highly decentralized nonstate

geoengineering olar geoengineerin
Probable Aircraft or possibly large tethered balloons Small balloons
means of (deployment costs ~$1.4/kg SO,)? (~S$5/kg SO,)°

delivery

Source: Reynolds & Wagner, “Decentralized nonstate environmental intervention: the case of solar geoengineering” (mimeo), gwagner.com/decentralizedSG



from
Cutting CO, (Solar) Geoengineering
{o

Cutting CO, (Solar) Geoengineering”®

*Solar geoengineering research



from
*"Moral Hazard”
to

a risk-risk framework, or perhaps even
“Inverse Moral Hazard”



Acquiescence bias may dominate any “moral hazard” finding
n=1,000, part of 36,000-subject 2016 Cooperative Congressional Election Study of US electorate, Oct-Nov 2016

Ask whether solar geoengineering “will motivate society to cut emissions less”, get (weak) agreement.
Ask whether it will cut emissions “more,” get (weak) agreement.

Less rf+

Treatment: "will motivate society
to cut emissions

More H

Disagree Somewhat Somewhat Agree
disagree agree
Normalized: "will motivate society
to cut emissions more”

Mahajan, Tingley, Wagner, “Fast, cheap, and imperfect? U.S. public opinion about solar geoengineering” (2018)



“Inverse moral hazard”
Germans (n=658) increase voluntary offset purchases when told about stratospheric aerosol injection (SAl)

Table 1. Tobit regression explaining the amount of pur-

chased VCOs.

Dependent variable: Average marginal

amount of purchased VCOs effect (AME)

Treatment group

SAI 0.774™

AUG 0.033

Climate change

(1) Perception of impacts 0.029

(2) Daily mitigation 0.016

(3) Moral obligation to 0.782"""
mitigate

Experiment characteristics
(4) VCO effectiveness 1.145""

Merk, Ponitzsch & Rehdanz, Environ. Res. Lett. (2016)
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