
The Strategic Role of Negative Emission 
Technologies (NETs) and Solar Geoengineering 

(SG) under Alternative World Futures

Dale S. Rothman, University of Denver
Mariia Belaia, Harvard University

Twelfth Annual Meeting of the IAMC
Tsukuba, Japan

2-4 December 2019

(Work in progress)



Climate Strategies

Emissions

Atmospheric
Composition

Climate Changes

Radiative Forcing

Biogeophysical
Systems/Impacts

Human
System/Impacts

2



Key system flows
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Primary/Intended effects
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An Aside - My Missing Poster
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What if ‘Traditional’ Mitigation and NETs are Not Enough?



An Aside - My Missing Poster
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What if ‘Traditional’ Mitigation and NETs are Not Enough?

Change the World?
Climate Engineering

SG

Change Ourselves?
Social Engineering

Lifestyles
Population

Which is Riskier?



Today – Look at Bringing SG into an IAM
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Modeling NETs and SG in DICE

Why DICE?
• Many known limitations

• global aggregation, sectoral aggregation, energy source aggregation, damage 
function, welfare measure, etc., etc.

• But
• simple
• fast
• it closes the loop back from both spending on climate interventions and climate 

damages to economic growth (population is still exogenous)
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‘Traditional’ Mitigation in DICE

• identified as a fraction of baseline 
emissions

• 𝜇𝜇𝑡𝑡𝑀𝑀𝑀𝑀𝑀𝑀, where (0 ≤ 𝜇𝜇𝑡𝑡𝑀𝑀𝑀𝑀𝑀𝑀 ≤ 1)

• mitigation marginal costs
• 𝑐𝑐𝑡𝑡𝑀𝑀𝑀𝑀𝑀𝑀 𝜇𝜇𝑡𝑡𝑀𝑀𝑀𝑀𝑀𝑀 = 𝜃𝜃𝜃𝑡𝑡 ∗ (𝜇𝜇𝑡𝑡𝑀𝑀𝑀𝑀𝑀𝑀)𝜃𝜃𝜃

• 𝜃𝜃𝜃𝑡𝑡 represents the marginal cost when 
100% mitigation; value declines over 
time with improved technology

• includes Fossil CCS, but not BECCS 
or afforestation
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Adding NETs to DICE

• identified as a fraction of baseline 
emissions

• 𝜇𝜇𝑡𝑡𝑁𝑁𝑁𝑁𝑀𝑀, where (0 ≤ 𝜇𝜇𝑡𝑡𝑁𝑁𝑁𝑁𝑀𝑀 ≤
𝑁𝑁𝑁𝑁𝑀𝑀𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡
𝑁𝑁𝑡𝑡
𝐵𝐵𝐵𝐵𝐵𝐵 )

• 𝑁𝑁𝑁𝑁𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚𝑡𝑡: limit of NET in GtC

• CDR marginal costs
• 𝑐𝑐𝜃 𝜇𝜇𝑡𝑡𝑁𝑁𝑁𝑁𝑀𝑀 = 𝑘𝑘𝑡𝑡 ∗ 𝜃𝜃1𝑡𝑡 ∗ (𝜇𝜇𝑡𝑡𝑁𝑁𝑁𝑁𝑀𝑀)𝜃𝜃𝜃

• 𝜃𝜃1𝑡𝑡 and𝜃𝜃𝜃 same as for mitigation
• 𝑘𝑘𝑡𝑡: adjustment factor related to relative 

cost of NETs vis-á-vis mitigation

• includes BECCS and afforestation, 
but not Fossil CCS
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Adding SG to DICE

• Measured in terms of negative radiative 
forcing

• Deployment costs are ignored (negligible on 
a GWP scale)

• Modify damage function in DICE to account 
for share of cooling due to SG
• adjust for the fact that cooling due to SG is not 

the same as cooling due to reductions in GHG 
concentrations

• assumption is that SG does not reduce damages 
as much as reductions in GHG concentrations

• size of adjustment a function of absolute 
amount of  SG and relative size of SG compared 
to radiative forcing due to increased GHGs 13



Adding SG to DICE
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Representation of SSPs in DICE

• Use quantification from IMAGE baselines, with extensions beyond 
2100

• Replace key time-varying exogenous assumptions in DICE
1. Population
2. Total factor productivity (TFP)
3. Carbon intensity of output
4. Land-use emissions
5. Non-CO2 radiative forcing
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Sample Outputs: Baselines
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Sample Outputs: Mitigation + NETs + SG

17



Goal – Questions to Address

• Time sequence: When do SG and NETs enter (and leave) the policy mix?

• Can NETs catalyze SG phase-out, avoiding the risk of termination shock?

• What are the effects of introducing CDR and SG on carbon taxes, SCC, 

etc.?
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(Some) Expected Conclusions

1. Optimal climate policy will include some SG across all five SSPs

2. SG will enter the policy mix in the nearer-term, but will decline with 

increasing use of NETs

3. SG can help to reduce the level of carbon taxes needed to achieve 

climate goals

4. The larger the challenges to adaptation and mitigation:

1. the higher will be the optimal level of SG

2. the larger will be the benefits of SG
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(Some) Near-Term Issues for Model
• SG Representation

• Should we add constraints on SG deployment strategies reflecting the SSP 
narratives?

• Are there other data/modelling results that can help with estimating the ‘damages’ 
from SG?

• Are the costs of SG implementation really negligible?

• NETs Representation (some of these also apply to mitigation)
• Should the evolution of the cost of backstop (net-zero carbon) technology differ 

across the SSPs?
• Should the marginal costs be a function of their fractional values relative to baseline 

emissions, or should they be a function of absolute reductions?
• Can we use the SSP results from the mitigation scenarios in the SSP database to 

estimate marginal cost curves?
• What is an appropriate limit for NETs and is it cumulative, per time period, or both?
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(Some) Medium-Term Issues for Model
1. Can we derive an improved damage function for DICE, or at least an 

alternative based on work by Burke et al, Dasgupta et al, etc.?

2. Can we introduce lifestyle changes into DICE?

3. What would be the effect of an alternative welfare function? (the 

current one suffers from the Repugnant Conclusion)

4. How can we use what we learn to feed into the larger DP-IAMs and 

vice versa?

5. ?

6. ?
21



Comments and Suggestions Welcome

dale.rothman@du.edu
mbelaia@g.harvard.edu
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