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Background: the 

CCSP Scenarios
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The CCSP Strategic Plan called for 21 

synthesis and assessment products
Product 2.1: Updating 

scenarios of greenhouse gas 

emissions and 

concentrations, in collaboration 

with the CCTP.  Review of 

integrated scenario 

development and application.
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Study Design

Stabilize greenhouse gases, not just CO2

¸ Stabilize total radiative forcingfrom CO2, N2O, CH4, HFCs, PFCs, and SF6

¸ Other radiatively-important substances (e.g., aerosols) not included

Long-term (many century) stabilization; study period through 2100.

Four stabilization scenarios roughly consistent with 450 ppmv through 750 
ppmv CO2, along with one reference scenario.

Total Radiative 

Forcing from 

GHGs (Wm-2)

Approximate 

Contribution to 

Radiative Forcing from 

non-CO2 GHGs (Wm-2)

Approximate 

Contribution to 

Radiative Forcing 

from CO2 (Wm-2)

Corresponding 

CO2

Concentration 

(ppmv)

Level 1 3.4 0.8 2.6 450

Level 2 4.7 1.0 3.7 550

Level 3 5.8 1.3 4.5 650

Level 4 6.7 1.4 5.3 750

Year 1998 2.1 0.65 1.46 365
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Fossil and Other Industrial 

Emissions ultimately decline toward 

the rate at which emissions are 

balanced by removal processes.

Stabilization at 450 ppmv is has 

fundamentally different implications 

than stabilization at 550 ppmv and 

above.

Emissions pathways are not identical 

across models.



6

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

Stabilization requires substantial 

changes in the energy system

The models present very different 

approaches to this evolution

All of the scenarios maintain a 

heterogeneous energy mix

IGSM MiniCAM

MERGE

PRIMARY ENERGY
(Reference)



7

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

Stabilization requires substantial 

changes in the energy system

The models present very different 

approaches to this evolution

All of the scenarios maintain a 

heterogeneous energy mix

PRIMARY ENERGY
(Level 4, 750 ppmv)

IGSM MiniCAM

MERGE



8

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

Stabilization requires substantial 

changes in the energy system

The models present very different 

approaches to this evolution

All of the scenarios maintain a 

heterogeneous energy mix

PRIMARY ENERGY
(Level 3, 650 ppmv)

IGSM MiniCAM

MERGE



9

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

Stabilization requires substantial 

changes in the energy system

The models present very different 

approaches to this evolution

All of the scenarios maintain a 

heterogeneous energy mix

PRIMARY ENERGY
(Level 2, 550 ppmv)

IGSM MiniCAM

MERGE



10

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

0

200

400

600

800

1,000

1,200

1,400

1,600

2000 2020 2040 2060 2080 2100

E
J

/y
r

Energy Reduction
Non-Biomass Renewables
Nuclear
Commercial Biomass
Coal: w/ CCS
Coal: w/o CCS
Natural Gas: w/ CCS
Natural Gas: w/o CCS
Oil: w/ CCS
Oil: w/o CCS

Stabilization requires substantial 

changes in the energy system

The models present very different 

approaches to this evolution

All of the scenarios maintain a 

heterogeneous energy mix

PRIMARY ENERGY
(Level 1, 450 ppmv)

IGSM MiniCAM

MERGE



11

Carbon Prices rise until stabilization is 

reached.

Expectations about the future 

(e.g., technology) influence carbon prices 

today

THESE SCENARIOS ASSUME PERFECT 

WHERE, WHEN, AND WHAT 

FLEXIBILITY

NOTE: All carbon prices are in $/tonne C ð

Prices in $/tonne CO2 would be 3/11 as 

large
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The Role of Post -2050 Technology

While the technology stories for the three modeling teams are similar through 

2050, they are different in the far future.
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Stabilization in a 

Heterogeneous 

World
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What Scenarios Should We be 

Considering?

Many long-term, global scenarios have assumed efficient carbon 

regimes: all countries participate fully in mitigation from the 

outset.

Reality is unlikely meet this ideal.

Strategy must consider the more likely possibility of a less 

coordinated and efficient future.

¸ What policy structures are possible or likely?

¸ What might these policy structures imply for the costs and burdens of 

stabilization?

¸ What might they imply for strategic decisions such as technology 

development and deployment?
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The Pocantico Process

A look at specific policy proposals.

Year 2050 Policy Performance
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Outline of this Research:

Second-Best Paths to Stabilization

Consider stabilization at four levels: 450 ppm, 550 

ppm, 650 ppm, and 750 ppm.

Consider four stabilization regimes:

Â Set 1: Idealizedñperfect global where and when flexibility.

Â Set 2:Add graduated accessionñsome countries wait to participate.

Â Set 3:Add regionally differentiated regimesñparticipating countries 

face differentiated carbon prices.

Â Set 4: Add sectorally differentiated regimesñsectors face 

differentiated carbon prices.

We will talk about the first three of these today.
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The Reference 

Scenario
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The GTSP Reference Scenario

The Importance of Participation
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Stabilization Set 1

Full Participation
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Scenario Set 1: Full Participation

Stabilize CO2 concentrations

¸ 450 ppm, 550 ppm, 650 ppm.

¸ Sectoral carbon pricesñAll EQUAL.

¸ Regional carbon pricesñAll EQUAL.

¸ Time path of carbon pricesñPeck-Wan-Hotelling.

Notes:

¸ We have chosen CO2 rather than radiative forcing for simplicity.  We 

have further simplified the analysis by assuming a fixed agriculture-land-use 

emissions path.  Unmanaged ecosystem extent and composition is fixed.

¸ This case sets an economically efficient benchmark for comparison with 

other cases.
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Scenario Set 1

The Global Carbon Price
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The carbon price rises 

at roughly the rate of 

interest until 

stabilization is reached.
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