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Figure 3.4 Time profile of economic costs and GHG emissions price under the "550ppm-base" GHG 
concentration scenario (Scenario A)

Source: OECD, ENV-Linkages model.
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Figure 4.1. Public energy related R&D expenditures in OECD countries
(Per cent of GDP)

Source: IEA database.

1. Unweighted average of OECD countries less non-IEA member countries (Iceland, Mexico, Poland and Slovak Republic). Due to lack of data, 
Belgium and Luxembourg are also excluded.
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Figure 4.2. Estimated response of R&D and renewable power generation deployment under 
alternative world GHG emission price scenarios (650ppm and 550ppm GHG concentration 

stabilisation scenarios) 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded from these 
simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 450 ppm CO2 only 
scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 450ppm corresponds to 
stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.3. World energy R&D investment at given GHG emission prices under 650ppm 
and 550ppm GHG concentration stabilisation scenarios 1

2007-2032

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded from 
these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 450 ppm 
CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 450ppm 
corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.4. Projected world GDP costs under 550ppm GHG concentration stabilisation 
scenarios, with and without induced technological change 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 
450 ppm CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 
450ppm corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.5. Projected energy technology mix in the electricity sector under baseline, 650ppm 
and 550ppm GHG concentration stabilisation scenarios 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded from these 
simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 450 ppm CO2 only 
scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 450ppm corresponds to 
stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.6. Projected world GDP costs under 550ppm GHG concentration stabilisation 
scenarios, with and without constraint on nuclear energy and CCS 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 
450 ppm CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 
450ppm corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.7. Projected world GDP costs and GHG emission price levels under 550ppm 

GHG concentration stabilisation scenario, with and without backstop technologies 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 
450 ppm CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 
450ppm corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.8. Projected energy R&D investments under 550ppm GHG concentration 
stabilisation scenario, with and without backstop technologies 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 
450 ppm CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 
450ppm corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.9. Projected world GDP costs under 550ppm GHG concentration stabilisation 
scenario, with electricity backstop or non-electricity backstop only 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. The 550ppm greenhouse gas concentration stabilisation scenario run here is in fact a 
450 ppm CO2 only scenario and greenhouse gas prices are CO2 prices. Stabilisation of CO2 concentration at 
450ppm corresponds to stabilisation of overall greenhouse gas concentration at about 550ppm.
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Figure 4.10. Projected CO2 emissions and concentration under a global R&D policy 

only 1

Source: WITCH model simulations.

1. Emissions of non-CO2 gases are not covered by the model used in this analysis and are therefore excluded 
from these simulations. 
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Figure 6.1.  Regional costs from stabilising long-run GHG concentration at 550 ppm1

(% of GDP) 

2. The region includes the Middle East, Algeria-Libya-Egypt, Indonesia, and Venezuela
Source: OECD ENV-Linkages model

1. Scenario "550ppm-base" (Scenario A), see table 3.1. " 2050" denotes the cost as a per cent of GDP in 2050 relative to baseline. 
"Cumulated 2005-2050" denotes the cumulated costs over 2005-2050 and represents the gap (in per cent) between the (undiscounted) 
sum of annual GDPs over 2005-2050 in the "550ppm-base" scenario and the corresponding sum in the baseline scenario.
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Figure 6.2. Regional economic impacts
 (% of GDP)

Dispersion of long-run impacts across countries of a 2.0-2.5°C increase in temperature above its pre-industrial level

Source : Nordhaus and Boyer (2000),  Mendelsohn et al. (2000) and IPCC (1995).

Note : Estimates come from different sources that are not entirely comparable. Those by Mendelsohn (2000) and Nordhaus and Boyer 
(2000) represent the annual GDP impact (relative to a no-climate-change scenario) observed at the time when a +2.5° increase in 
temperature is reached (i.e. in 2100 in both exercises). They are not entirely comparable to first-generation estimates surveyed by 
IPCC (1995), which are static estimates representing the annual GDP impact of a +2.5°C rise in temperature based on 1990 economic 
structures. The figure should be read as follows: For example, for Africa, the impacts of a warming of 2-2.5°C is expected to fall within 
the range  of -1% to -9% of GDP according to existing estimates, with an average value of about -4% of GDP.
1. The OECD Pacific region includes Japan, which could not be featured separately due to the geographical aggregation of the 
underlying models. However, a few available estimates point to costs for Japan alone of -0.1 to -0.5% .
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Figure 6.3. Review of existing regional estimates of the co-benefits in 2010 at different GHG emission 
prices

 ($US/ton of CO2 eq1)

Source: OECD

2. The line ACB=AC” indicate situation where the average co-benefit is equal to the average cost of abatement. It assumes that 
abatement costs are a square function of emission reductions; average costs can then be computed as one half of marginal costs (i.e the 
carbon price). Points above this line indicate situations where the average co-benefit is higher than the average cost.

1. For each country, observations represent estimates from various studies and/or for various carbon prices. The base year for estimates 
is 1996 or the latest available year.
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Figure 6.4. Avoided premature deaths from reduced local air pollution through GHG mitigation 
policies1

(Differences from the baseline in %)

2. Including Russia.
3. Including Mexico.
Source: Bollen et.al  (2008).

1. Canada, Australia and New Zealand are in the same geographical area in the MERGE model.
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Figure 6.5. Co-benefits  per ton of CO2 equivalent and GHG emission prices
2020, $US per ton of CO2 eq

1. Including Russia.
2. Including Mexico.
Source: Bollen et.al (2008).

Note: Co-benefits per ton of CO2 eq reflect an average co-benefit while the carbon price reflects the marginal cost of abatement, which 
exceeds the average cost. Therefore, their values are not directly comparable.
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Figure 6.6. Co-benefits of reducing GHG emissions by 50% in 2050
(% of GDP)

1. Including Russia.
2. Including Mexico.
Source: Bollen et.al  (2008).
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Figure 6.7. GDP impact of participating in a global climate change agreement to reduce GHG 
emissions by 50% in 2050 : with and without co-benefits from local air pollution control1

2. Including Russia.
3. Including Mexico.
Source: Bollen et.al  (2008).

1. "Without co-benefits" is the return from GHG mitigation policy when co-benefits are not included, or the difference between the 
benefits in terms of avoided global climate change and the cost of mitigation policy. "When co-benefits are included" is the return 
from GHG mitigation policy when co-benefits are included, i.e  the difference between the benefit in terms of both avoided global 
climate change and local air pollution and the cost of mitigation policy to which the opportunity gain of not having to achieve the 
same level of LAP reduction through direct policies is then added.
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Figure 6.8. Projected fossil fuel intensities in world regions under baseline and 550ppm GHG 
concentration stabilisation scenarios1

2. The region includes the Middle East, Algeria-Libya-Egypt, Indonesia, and Venezuela.
3. Refined oil only.
Source : OECD ENV linkages model.

1. Energy intensity, defined as Domestic demand as a % of GDP in 2050. 
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Figure 6.9. Projected fossil fuel intensities in world regions under different mitigation policy 
coverages1

1. Energy intensity, defined as Domestic demand as a % of GDP in 2050.
2. The region includes the Middle East, Algeria-Libya-Egypt, Indonesia, and Venezuela.
3. Refined oil only.
Source : ENV linkages model.
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Figure 6.10.  International permit trade flows under alternative permit allocation rules
(550ppm GHG concentration stabilisation scenarios)

1. The region includes the Middle East, Algeria-Libya-Egypt, Indonesia, and Venezuela
Source : OECD ENV linkages model.

Note:  Exports (imports) of permits lead to GDP gains (losses).  Under "grandfathering", for the same emissions pathway, permits 
are allocated according to emissions in 2012. Under a "per capita" allocation rule, for the emissions pathway target, permits are 
allocated each year according to population. Under an "ability to pay" allocation rule, permits are allocated each year to each 
individual worldwide in inverse proportion to the gap between this individual's GDP per capita and average world GDP per capita 
(in PPP terms).
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1. The region includes the Middle East, Algeria-Libya-Egypt, Indonesia, and Venezuela

Source : OECD ENV linkages model.

Fig 6.11. The impact of permit allocation rules on the distribution of mitigation costs across countries, 
2050

Note: The "550ppm-base" (Scenario A in table 3.1) scenario is the reference case, where a carbon tax is imposed to achieve long-run 
stabilisation of GHG concentration at 550 ppm CO2 eq. Under "grandfathering", for the same emissions pathway, permits are allocated 
according to emissions in 2012. Under a "per capita" allocation rule, for the emissions pathway target, permits are allocated each year 
according to population. Under an "ability to pay" allocation rule, permits are allocated each year to each individual worldwide in inverse 
proportion to the gap between this individual's GDP per capita and average world GDP per capita (in PPP terms).

2. Hicksian “equivalent real income variation” defined as the change in real income (in percentage) necessary to ensure the same level of 
utility to consumers as in the baseline projection. 

-35

-30

-25

-20

-15

-10

-5

0

5

10

A
us

tr
al

ia
 a

nd
 N

ew
 Z

ea
la

nd

B
ra

zi
l

C
an

ad
a

C
hi

na

In
di

a 

Ja
pa

n 

O
il 

pr
od

uc
er

 c
ou

nt
rie

s 
(1

)

R
es

t o
f A

nn
ex

 1

R
es

t o
f t

he
 W

or
ld

R
us

si
a 

U
ni

te
d 

S
ta

te
s

E
U

27
+

E
F

T
A

% 
Costs as a % of real GDP

550ppm-base

grandfathering

per capita

ability to pay

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

A
us

tr
al

ia
 a

nd
 N

ew
 Z

ea
la

nd

B
ra

zi
l

C
an

ad
a

C
hi

na

In
di

a 

Ja
pa

n 

O
il 

pr
od

uc
er

 c
ou

nt
rie

s 
(1

)

R
es

t o
f A

nn
ex

 1

R
es

t o
f t

he
 W

or
ld

R
us

si
a 

U
ni

te
d 

S
ta

te
s

E
U

27
+E

F
T

A

% Costs as a % of equivalent real income (2)

550ppm-base

grandfathering

per capita

ability to pay



 ECO/WKP(2008)66 

 125

Fig 6.12. CDM development, host countries and allocation across sectors

Source: UNEP Risoe Center, Capacity Development for the Clean Development Mechanism.

1. Expected Certified Emission Reduction (CER) accumulated until end 2012, expressed in 1000 tons of CO2 eq.
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Figure 6.13. Bottlenecks associated with checking the "addionality" criterion 

1. Days elapsed between registration request and registration by the CDM Executive Board.
Source: UNEP Risoe Center, Capacity Development for the Clean Development Mechanism.
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