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1. Integrated Assessment Models

I Pioneering work of Nordhaus (RICE, DICE)
I Main elements

1. An economic model  income per capita in one or more
regions of the world

2. A carbon cycle model that links CO2 emissions and
atmospheric concentration of carbon

3. A temperature model that links temperature to atmospheric
concentration

4. A feedback to economics: damage function that links
temperature to losses (TFP, preferences, ...)
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1. Integrated Assessment Models
The Carbon Cycle

MAT (t) = 10 × ET (t − 1) + φ11MAT (t − 1) + φ21MUP(t − 1)

MUP(t − 1) = φ22MUP(t − 1) + φ12MAT (t − 1) + φ32MLO(t − 1)

MLO(t) = φ33(t − 1) + φ23MUP(t − 1)
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1. Integrated Assessment Models
Radiative Forcing and Temperature

F (t) = η

(
log

(
MAT (t)

MPI
AT

)
/ log(2)

)
+ O(t)

T (t) = T (t − 1) + σ1(F (t) − λT (t − 1)

−σ2(T (t − 1) − TLO(t − 1)))

TLO(t) = TLO(t − 1) + σ3(T (t − 1) − TLO(t − 1))
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1. Integrated Assessment Models
A quite ambitious task

I Assuming that the non-econ block is OK (...)

I Global warming is ... global  the model is a model of the
whole planet

I Global warming is not about emissions per capita but about
total emissions  need to model/forecast population

I Emissions per dollar of output is key  need to forecast
technology

I Model of the world economy  need to forecast growth and
speed of convergence.

I Long run phenomenon  the horizon is at least one century
I This is for the positive side. On the normative side:

× Discounting the very long run
× Static distribution
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2. Baseline scenario

I It is useful to have an idea of the baseline scenario

I It is computed using Boyer & Nordhaus (2000) assumptions
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2. Baseline scenario
Exogenous forces

I Growth rate of income per capita in the different geographical
zones

I Growth rate of population in the different geographical zones

I (Negative) Growth of CO2 emissions per dollar of output in
the different geographical zones

I Start in 1995 (...)
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2. Baseline scenario

Figure 1: Output per capita: levels and trends
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2. Baseline scenario

Figure 2: Output per capita: levels and trends
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2. Baseline scenario

Figure 3: Population: levels and trends
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2. Baseline scenario

Figure 4: Population: levels and trends
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2. Baseline scenario

Figure 5: Total output: levels and trends
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2. Baseline scenario

Figure 6: CO2 emissions: levels and trends
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2. Baseline scenario

Figure 7: CO2 emissions: levels and trends
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2. Baseline scenario

Figure 8: CO2 emissions: levels and trends

1980 2000 2020 2040 2060 2080 2100 2120
2

3

4

5

6

7

8

9

10

11

12
Emissions

G
tC

RDM 
OCDE

1980 2000 2020 2040 2060 2080 2100 2120
6

7

8

9

10

11

12

13

14

15

16
Emissions mondiales

G
tC

20 / 46



2. Baseline scenario

Figure 9: Carbon concentration, temperature et output losses
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2. Baseline scenario

Figure 10: Carbon concentration, temperature et output losses
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3. Some variations

I I study three alternative scenarios that show

× The inertia of the concentration/temperature block
× The relative irrelevance of Oecd countries choices
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3. Some variations
Zero emission scenario

Figure 11: Emissions and concentration
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3. Some variations
Zero emission scenario

Figure 12: Temperature and losses
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3. Some variations
Zero emission scenario

Figure 13: Temperature in the very long run
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3. Some variations
CO2/output ratio fixed at its 1995 level

Figure 14: Emissions and concentration
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3. Some variations
CO2/output ratio fixed at its 1995 level

Figure 15: Temperature and losses
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3. Some variations
Oecd emissions at their 1995 level

Figure 16: Emissions
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3. Some variations
Oecd emissions at their 1995 level

Figure 17: Emissions
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3. Some variations
Oecd emissions at their 1995 level

Figure 18: Concentration
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3. Some variations
Oecd emissions at their 1995 level

Figure 19: Temperature
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3. Some variations
Oecd emissions at their 1995 level

Figure 20: Losses
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4. Krusell & Smith

I General Equilibrium

I Forward looking agents

I Important work because it is mostly needed to go beyond
aggregate effects

I There are losers and winners to global warming.
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4. Krusell & Smith

Figure 21: Losers: Central Africa
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4. Krusell & Smith

Figure 22: Losers: Small islands
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4. Krusell & Smith

Figure 23: Losers: Polar bears
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4. Krusell & Smith

Figure 24: Losers: Various places
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4. Krusell & Smith

Figure 25: Losers: Coastal cities
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4. Krusell & Smith

Figure 26: Winners: Siberia
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4. Krusell & Smith

Figure 27: Winners: Some penguins (Pygoscelis adeliae)
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4. Krusell & Smith

Figure 28: Bayesian skyline plots showing the change in effective female
population size for each species and sub-species (Nature (2014))
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4. Krusell & Smith
To do

I Cost / Role of uncertainty

I Optimal policy (with a Social Welfare Function)

I Taxing emissions

I Subsidize migrations
I Hard to do as some key features of the model will be

endogenous

× (Directed) Technical progress
× Population size / location

I etc ...
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