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What role should SRM have in climate policy?

The potential and limits of SRM and the trade-offs 
involved in substituting it for mitigation

Peter Irvine, Research Fellow IASS Potsdam  Harvard in January
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Direct CO2 risks (ocean acid, etc.)

Dangerous Climate Change

Figure SPM 10 from IPCC AR5 Temperature is proportional 
to cumulative CO2 emissions

Risks of climate change will 
be greater if we emit more

How would SRM affect 
climate risks?

SRM?
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Would SRM work?

What are it’s side-effects?
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Stratospheric Aerosol Injection (SAI)

South NorthEquator

Stratosphere

Troposphere

Tropopause

Release

Stratosphere (12–18+ Km)

• Cold, dry, stable

• Aerosols have lifetime of 
around a year

SAI Geoengineering

• Release millions of tons of 
aerosol in Tropical 
stratosphere

• Creating a global aerosol 
cloud to cool the climate

• Constant injections needed to 
keep aerosol cloud due to one 
year lifetime of aerosols
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SAI is plausible and relatively cheap

• Volcanoes cool climate with Mt SO2 release
• Cost to Strat: $1 – $10 B Mt-1 yr-1

• SO2 known to work but with diminishing returns
• Alternative, more effective aerosols possible

Deployed using
High-Altitude Jets

Niemeier + Timmreck (2015) 

$160B – $1.6T yr-1

$50B – $500B yr-1

$20B – $200B yr-1
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Side-effects of SAI Geoengineering

SAI has non-climatic effects

• Increased diffuse light fraction
• Changes to stratosphere
• Ozone loss  greater UV?

Increased 
Productivity?

Decreased 
Productivity
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Direct effects of CO2

Ocean acidification
• Ocean pH falling
• Carbonate concentration falling
• Shells harder to form / maintain
• Many species will struggle

CO2 effect on plants
• Increases productivity and water 

use efficiency of plants
• Decreases transpiration
• Changes competition btw. species
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The Climate Response
to Sunshade SRM
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Sunshade SRM in GeoMIP

Geoengineering Model Intercomparison Project 
(GeoMIP)

• Set of standardized climate model experiments
• Many CMIP5 models participated
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SRM Global Climate response

Irvine et al. 2010
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• Magnitude of cooling is a choice
• Global-mean temperature or precipitation can be restored

4xCO2 G1
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• Sunshade SRM overcools Tropics and under-cools high 
latitudes

• Residual temperature change a small fraction of GHG 
changes

Temperature Change

4xCO2 G1 (4xCO2 + SRM)

Irvine, Peter J, et al. (2012)
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Hydrological Cycle – 4xCO2

GHG trends (4xCO2)

• Precipitation good proxy 
for broader wet/dry trends 

• Wet-gets-wetter
• Dry-gets-drier
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Hydrological Cycle – G1

GHG trends (4xCO2)

• Precipitation good proxy for 
broader wet/dry trends 

• Wet-gets-wetter
• Dry-gets-drier

GHG + SRM trends (G1)

• Precipitation terrible proxy 
for broader wet/dry trends

• Greater runoff on land in 
most regions 

*Note scale exaggerates change
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The Climate Impacts
Implications of SRM
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Climate Impacts – Focus on Hydrology

Drivers of change / Hazards:
• Changes in the climate 
• Direct effects of CO2

Response of various sectors 
not a simple function of 
climate:
• Physical (geography),
• Natural (ecosystems),
• and Human systems (e.g. 

agriculture) affect outcomes

Climate risks a function of 
hazards, exposure and 
vulnerability
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Climate impacts research needed!

• GeoMIP input can be used in 
same way as CMIP input

• ISI-MIP Modeling Community: 
consistent approaches, shared 
knowledge, known limits

• Science-policy practitioners –
Grounded regional knowledge 
applied to adaptation policy

Impacts community needs to engage with SRM!
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How to treat SRM in Integrated 
Assessment Models
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The Problem of SRM for IAMs

1. How significant are non-
climatic risks of SRM and 
GHG emissions?

2. What effect would it have 
on aggregate climate risk?

3. How different would the 
nature and distribution of 
climate risk be?

Magnitude of SRM cooling
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Direct Risks SRM

Direct Risks CO2

Ocean Acidification!
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Workshop on Damage Functions

Funder: German SPP program, Date: TBD (mid-2016)

How to represent SRM fairly with simple metrics?
How to avoid results being arbitrary function of metric choice?

Goals:
• Review IAM + other literature that represents SRM damages
• Identify and critique classes of approaches
• Review latest climate and impacts research on SRM
• Identify frameworks that can guide future work on this topic

• Write a review / perspective article on this topic



Institute for Advanced Sustainability Studies e.V. Title 20

Conclusions

SAI geoengineering seems feasible but has side-effects
• SAI could be implemented for tens of Billion dollars per year
• SAI would affect ozone and quality of light

SRM and climate risk
• GeoMIP is developing our physical understanding of SRM
• Sunshade SRM (proxy for SAI) could reverse many climate trends
• Beware precipitation – It is a poor proxy for hydro changes!
• Climate impacts need to be studied to evaluate risks of SRM

IAM Challenges
• SRM decouples climate risk from CO2 emissions
• Need to rethink damage functions
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Thanks

Email: p.j.irvine@gmail.com
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My Work

What role should SRM have in climate policy?

Published work
• Heyen, Wiertz, Irvine (2015) – diverging preferences over 

baseline likely to reduce agreement + “quality” of SRM
• Various GeoMIP and other studies into consequences of SRM

Works in progress
• NCC Perspective on climate impacts implications of SRM
• Wiley Review on climate response to SRM

Proposals
• SPP Workshop to develop damage functions for SRM
• Harvard Workshop to rethink “Dangerous climate change”
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SRM and Climate Damage

• Assume total climate risks can be reduced by SRM
• Employ optimal level of SRM where risks minimized
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Optimal level of SRM

Residual Damage

Climate Risk (GHGs)

Climate Risk 
(optimal SRM)

Climate Risk 
(too much SRM)

QSRM = Dopt / Dno-SRM

Magnitude of SRM cooling
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Cumulative CO2 emissions Cumulative CO2 emissions
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Optimal Mitigation Costs

climate change 
w/out SRM

Ocean acid alone

Costs > Damages

Costs < Damages
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No Climate 
Damages

Full Climate 
Damages

Less Climate Risk  Less mitigation
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Climate Quality of SRM

$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
$ $ $  Mitigation Costs  $ $ $
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
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Optimal Policy leads to:

• Less but different
Climate Damage

• Direct Damage of SRM
• More Ocean Acid
• Less Mitigation
• Reduced total costs

More Winners than 
Losers

SRM  Reduced but Different Costs
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Climate Quality of SRM

$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
$ $ $  Mitigation Costs  $ $ $
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
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SRM is an illusion!

SRM doesn’t work
Or fails at some point:

• Less Mitigation
• Greater Total Damage
• More Climate Damage
• More Ocean Acid

Mainly Losers but 
Some Winners


