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Abstract: In this paper we carry out a meta-analysis of recent studies into the costs
of greenhouse gas mitigation policies that aim at the long-term stabilization of these
gases in the atmosphere. We find the cost estimates of the studies to be sensitive to
the level of the stabilization target, the assumed emissions baseline, intertemporal
optimisation, the choice of control variable (CO2 only versus multigas), assumptions
on future technological options (backstop and carbon capture and storage), and, to a
lesser degree, the scientific “forum” in which the study was developed.
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Marginal Abatement Costs of Carbon-Dioxide Emissions:
A Meta-Analysis

1. Introduction
In recent years, many research teams have developed computer-based economic models that have
computed marginal abatement costs (MAC) of greenhouse gas emissions that are consistent with
long-term climate policy targets. These targets are usually expressed in terms of the stabilization
at a certain level of concentration of CO2 or greenhouse gases in the atmosphere or stabilization at
a certain level of radiative forcing or global mean temperature. It is possible to interpret these
MAC as carbon permit prices in an idealized global emissions trading system that allows the
participants maximum “where”, and “when” flexibility, and in some models also “what”
flexibility. This means that MAC are equalised across all sources (“where” flexibility), MAC
change over time according to some intertemporal optimization rule (“when” flexibility), and that
in some models MAC of abating different greenhouse gases are equalised, taking into account
their relative warming potentials and different lifetimes (“what” flexibility).
We collected information from 26 different models that were presented in three so-called
modelling fora in 2006. A modelling forum is a meeting or a series of meetings of modelling
groups that address a common research question, and that use a commonly agreed set of
assumptions and a common reporting format. One of the oldest of such fora is the Energy
Modeling Forum (EMF) that was established at Stanford University in 1976 to provide a
structured forum for discussing important energy and environmental issues. For this study we
used the results of the models that participated in EMF-21 that specifically addressed “what”
flexibility (trade-offs between different greenhouse gases). We also used results of the models that
participated in the Innovation Modeling Comparison Project (IMCP) that specifically addressed
the potential impact of induced technical change on long-term abatement and abatement costs and
the U.S. Climate Change Science Program (USCCSP) that addressed all these issues.
These different models produce varying estimates of MAC. The analysis presented in this paper
examines the sensitivity of MAC estimates to the specifications and assumptions underlying these
models. By conducting a meta-analysis of model results we aim to identify consensus in the
outcomes and the methodological characteristics that drive differences in results. In addition to
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providing a statistical synthesis of model outcomes, the meta-regression function can also be used
to predict MAC given specific values for explanatory variables included in the regression.
The meta-analysis in this paper uses more up-to-date model results than previous research
(Repetto and Austin, 1997; Barker et al., 2002; Fisher and Morgenstern, 2005). This paper uses
the same model results as Barker et al. (2006), but many more in addition.
The structure of this paper is as follows. Section 0 introduces the concept of long-term
stabilization targets for greenhouse gas emissions in the atmosphere. Section 0 presents the metaanalysis research methodology used in this paper, and section 0 describes the data. Section 0
presents the results of the meta-analysis, while Section 0 concludes.

2.

Stabilization Targets

The ultimate objective of the United Nations Framework Convention on Climate Change
(UNFCCC) is the “stabilization of greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate system. Such a level
should be achieved within a time-frame sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not threatened and to enable economic
development to proceed in a sustainable manner” (UNFCCC, art. 2). There is no consensus yet on
the level at which GHG concentrations would need to be stabilised in order to prevent such
dangerous anthropogenic interference, although the European Council and Parliament agreed on
the objective to limit average global temperature increase to a maximum of 2°C compared to preindustrial levels (Asselt and Biermann 2007; Tol, 2007). The different studies that we analyse in
this paper have examined different stabilization targets, both in terms of metrics and levels. To be
able to compare study results we need to standardise the various stabilisation targets to a common
metric. The most commonly used metrics are radiative forcing (W.m-2), concentrations of
greenhouse gases in the atmosphere expressed in CO2 equivalents (ppm CO2-eq), the
concentration of the greenhouse gas CO2 (ppm CO2), and global mean temperature (ºC). Fisher,
Nakicenovic et al. (2007) classified stabilization targets into six different categories (I…VI), and
showed how the concordance between the targets in alternative metrics (see Table 1).
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Table 1 Concordance between stabilization targets in alternative metrics
Additional
CO2
radiative forcing
concentration
Category
W.m-2
Ppm
I
2.5 – 3.0
350 – 400
II
3.0 – 3.5
400 – 440
III
3.5 – 4.0
440 – 485
IV
4.0 – 5.0
485 – 570
V
5.0 – 6.0
570 – 660
VI
6.0 – 7.5
660 – 790
Source: Fisher, Nakicenovic et al. (2007).

3.

CO2-eq
concentration
ppm
445 – 490
490 – 535
535 – 590
590 – 710
710 – 855
855 – 1130

Temperature
ºC
2.1 (1.4–3.1)
2.9 (1.9–4.4)
3.6 (2.4–5.5)
4.3 (2.8–6.4)
5.5 (3.7–8.3)

Research Approach: Meta-analysis

Meta-analysis is a statistical technique to combine the results of several studies that address a set
of related research hypotheses. Meta-analysis extends beyond a standard literature review by
analysing and synthesising the results of multiple studies in a statistical manner. This study is the
second meta-analysis of MAC estimates, the first being Fischer and Morgenstern (2005).
In this paper, meta-analysis is used to examine whether modelled estimates of MAC are
dependent upon some key modelling assumptions and structural characteristics of the models. To
test such dependencies, a meta-regression model is constructed in which the dependent variable
(MAC) is a linear function of a set of i explanatory variables (EVi) and a random error (ε):

MAC = ∑ β i EVi + ε

1)

i

When the function is estimated, the estimate b of the coefficient β shows if and how the
explanatory variable affects the dependent (MAC) variable. We are particularly interested in the
significance (does the variable have a significant effect on MAC?) and sign (if the effect is
significant, what is the direction of the effect: will an increase in the explanatory variable increase
or reduce the MAC estimate?).
We estimated the meta-regression model by the Ordinary Least Square (OLS) method in the SPSS
software package.

4.

Description of the Database

The 26 models in our database provided “observations” of MAC for different points in time. We
collected 62 observations of MAC for the years 2025 and 2050. We normalized these
observations that are expressed in different dimensions and currencies into 2005 Euros per tonne
of CO2 (€2005/tCO2). For normalization, we used consumer price indices (CPI) from the OECD to
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convert all prices to a common year (2005), market exchange rates from OECD to convert all
currencies to a common currency (Euro, €), and molecular weights to convert all physical
dimensions to one common physical dimension (CO2).
Differences between MAC estimates from different studies can be ascribed to differences in the
stabilisation targets, assumptions on exogenous developments, and differences in model
specification and parameterization. We selected a number of explanatory variables to include in
the meta-regression model on the basis of general discussions on MAC in the literature, e.g. IPCC
(Fisher, Nakicenovic et al. 2007), and on the basis of an earlier meta-analysis of models that were
used to assess the compliance costs of the Kyoto Protocol (Fischer and Morgenstern 2005). The
explanatory variables include stabilization target, emissions baseline, various model and policy
assumptions, and also the particular forum in which the study was developed. Information on
these variables was not available for all MAC estimates. From the 62 observations in our
database, 47 (49) observations provided sufficient information to include in the meta-analyses for
2025 (2050). In describing the data below, we therefore make a distinction between the full and
restricted data.
The mean MAC value across all 62 observations is € 23.8 per tonne of CO2 in 2025 and € 63.0 in
2050. (Table 2). The median MAC are lower: € 16.2 in 2025 and € 34.0 in 2050. Table 2 shows
that the spread of MAC across observations is quite large: for 2025 the minimum and maximum
estimates are € 0.0 and € 199.9 and for 2050 the spread is € 1.4 to € 449.3 per tonne of CO2. Table
2 also presents the descriptive statistics for the restricted database. The differences between the
full database and the restricted database for 2025 are minor. The differences for 2050 are larger, to
a large extent because of the exclusion of one study that reported a very high MAC of € 449/t in
2050. The study was excluded from the restricted database because of incomplete information
regarding its baseline emissions.
Table 2 Summary statistics of MAC of 26 models (€2005/tCO2)

Mean
Median
Maximum
Minimum
St.dev.
N

2025
Full
Restricted
database
database
23.8
23.8
16.2
16.2
119.9
119.9
0.0
0.4
26.7
27.9
62
47

2050
Full
Restricted
database
database
63.0
55.8
34.6
32.2
449.3
209.4
1.4
1.4
72.5
52.9
62
49

The large differences between mean and median MAC values suggest that the distribution of
MAC values in our databases is skewed to the right, perhaps with a “thick” right tail with high
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values. This is indeed the case, as is shown for the restricted data of the year 2050 in the left panel
of Figure 1. Because this skewedness may lead to estimation problems, we have taken natural logs
of the MAC values and used ln(MAC) as the dependent variable. The right panel of Figure 1
below shows that the distribution of ln(MAC) tends more towards the normal distribution.

CP2050_ln

CP2050
12

20

10

Frequency

Frequency

15

10

8

6

4

5

2

_

0
0,00

50,00

100,00

150,00

200,00

250,00

___ __

0
0,00

1,00

2,00

3,00

4,00

5,00

6,00

Figure 1 Frequency distribution of MAC (left panel) and ln(MAC) (right panel)
The following description of data will focus on the restricted database that will be used for the
actual meta-analysis.
Most of the studies we collected use stabilization targets in categories III and IV (approx. 3.5 to
4.7 W.m-2). These stabilization targets imply a peak of emissions between 2010 and 2030, and
between 2020 and 2060, respectively. The change in global emissions in 2050 relative to
emissions in 2000 range between – 30 to + 5 percent for category III targets, and + 10 to + 60
percent for category IV targets (Fisher, Nakicenovic et al. 2007). Results of higher stabilization
targets (categories V and VI) have been reported, but as Fisher et al (2007) have commented, they
are not very ambitious and even overlap with low to medium baseline scenarios – that is, these
targets may be reached without explicit climate policy. We have not included these studies in our
analysis. Recent scientific evidence suggests that very low stabilization targets may be needed to
avoid irreversible and catastrophic damages, and the European Commission recently confirmed its
commitment to a long-term stabilization target of 450 ppmv CO2-eq (= category I stabilization
target) (EC 2007). The modelling fora did not, however, include studies that computed marginal
CO2 abatement costs for stabilization targets below 3.5 W.m-2 (categories I and II). In order to
increase the range of the stabilization targets included in the data, one study that estimated MAC
in accordance with a stabilization target of 350 ppmv CO2 (450 ppmv CO2-eq) was added to the
database (Van Vuuren et al., 2006).
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We converted all stabilization targets to ppmv CO2 concentration measures. The variable
TARGET ranges between 350 and 550 ppmv CO2. The average stabilization target across all
observations in the restricted database is 506 ppmv CO2.
The studies use different assumptions on economic growth, industry structure and technological
developments, resulting in widely differing baseline emissions paths over time. For example, in
our restricted database, the increase in baseline CO2 emissions from energy and cement over the
period 2000-2100 ranges between 8 and 380 percent. Fisher et al. (2007) show that the range of
baseline emissions for CO2 and other greenhouse gases in the EMF-21 studies is comparable to
the full range of the IPCC SRES scenarios. They report that the median increase in baseline CO2
emissions in 133 post-SRES studies is 240 percent. The average increase in baseline emissions
over the period 2000-2100 across all observations in our database is 174 percent and the median is
179 percent. The baseline in conjunction with the stabilization target determines the emissions
reduction effort and thus, we conjecture, the MAC.
Recent studies have emphasized the cost savings potential of a multigas policy towards the
stabilization of greenhouse gas concentrations and radiative forcing. The EMF-21 forum was for
example specifically organised to assess this potential. On the basis of the EMF-21 studies, it can
be concluded that a multigas policy (“what” flexibility) can potentially reduce marginal abatement
costs substantially in comparison to a “CO2 only” policy. Weyant et al. (2006) report that the
EMF-21 studies find on average that MAC of a multigas policy in 2025 are 48 percent lower than
a CO2 only policy for the same long-term stabilization target. The reduction in MAC ranges from
15 to over 70 percent in individual models. In our database, we constructed the dummy variable
MULTIGAS, which takes a value of 1 if the study examined a multigas policy, and 0 otherwise.
Of the 49 observations in our database, 22 are for multigas.
Another “hot” issue in climate economics research is the impact of “induced” technical change on
abatement costs. The IMCP forum specifically addressed this issue. The central idea of induced
technical change is that the direction and magnitude of technical change in abatement
technologies is dependent upon the overall greenhouse gas reduction policy and the subsequent
carbon price. Hence, dynamic economic models should not take technical progress over time as
given, but should explicitly model the interactions between policy and technical change. The
models in the IMPC forum generally found that induced technical change would lower MAC in
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comparison to a calculation without this feature. 1 An interesting result of induced technical
change is that it can create “path dependency” in the sense that the transformation to a carbon-free
energy system can become irreversible if the carbon-free technologies become the least-cost
option because of (induced) technical progress. If this occurs, the carbon price can begin to
decline. Some studies project such a turning point towards the end of this century. The dummy
variable ITC has a value of 1 if the model included a specification of induced technical change,
and 0 otherwise. 17 observations are for ITC.
In a meta-analysis of economic models that examined the economic consequences of the Kyoto
Protocol, Fisher and Morgenstern (2005) found evidence that a model’s level of aggregation of
regions and sectors had an impact on its estimate of MAC. Statistical significance was found for
the number of regions and the number of energy sources in a model. For both variables the
relationship with MAC was positive. The authors suggested that greater disaggregation might
result in a more realistic representation of rigidities in, for example, international energy markets.
We constructed the variables REGIONS and ENERGIES, where REGIONS indicates the number
of regions in a model, and ENERGIES the number of primary energy sources. In our database
REGIONS varies between 1 and 77; ENERGIES varies between 1 and 9.
From the 1970s there has been a fierce debate on the relative advantages and disadvantages of socalled “top-down” and “bottom-up” approaches in modelling energy-economy interactions.
Traditionally, bottom-up models are rich in technical detail, but poor in modelling microeconomic behaviour and macro-economic feedbacks, while the opposite is true for traditional topdown models. The “top-down/bottom-up” controversies have naturally propagated into the area of
climate change economics. However, since the mid-1990s a productive dialogue has started
between the proponents of the two approaches (Hourcade, Jaccard et al. 2006). Observers have
noticed some convergence to a middle ground that they have labelled “hybrid modelling”
(Hourcade, Jaccard et al. 2006). Nevertheless, there are still differences between the approaches
that might affect the assessment of abatement costs. The dummy variable CGE takes a value of 1
when the model is CGE (”top-down”) and 0 otherwise. 33 observations were derived from a CGE
model.
A different issue concerns the treatment of intertemporal dynamics within the models. Some
models assume the existence of long-lived decision-makers that optimize the timing of
1

Note that Smulders and de Nooij (2003) argue that this result is likely in partial models of the knowledge
market as used in the IMCP, but unlikely in a complete model of innovation and diffusion.
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consumption, investments and abatement over the entire planning period (intertemporal
optimization), while other models optimize only period for period (recursive dynamic). It might
be that different dynamics lead to different emissions profiles over time, thereby affecting MAC
in any particular year. For further reference we notice, however, that the more stringent the
stabilization targets, the less flexibility there is for alternative emissions pathways (Fisher,
Nakicenovic et al. 2007). The dummy variable IDO takes the value 1 when the model solves by
intertemporal dynamic optimization (IDO), and 0 otherwise. 23 observations are from models that
used IDO as the solution concept.
In some models, MAC are bound by some “backstop technology”. 2 A backstop technology with
respect to energy-related CO2 emissions is a (hypothetical) technology that can produce any
amount of CO2-free energy at constant (high) cost. Marginal CO2 abatement costs in a model with
a backstop technology can never rise above a level for which the backstop technology would be
the least-cost option. Some recent models have included the technology “carbon capture and
storage” (CCS) as a sort of quasi-backstop technology. It is not a real backstop technology
because the economic model still endogenously determines the price of CCS, but it nevertheless
puts some quasi-cap on MAC.
We have constructed the dummy variable CCS that has value 1 if the model includes CCS or
some undefined backstop technology, and 0 otherwise. Among the 49 observations, 26 have
explicitly considered CCS or a backstop technology.
Finally, we have constructed dummy variables for the different modelling fora. The dummy
variables IMCP and USCCSP have been introduced to check whether there are significant, but
otherwise unexplained differences between the three modelling fora. This is all the more
interesting as the IMCP models have been accused of making overly optimistic assumptions on
technological progress and the costs of emissions abatement (Tol 2006).
The dummy variables IMCP and USCCSP have values 1 if the observation was presented in this
forum, and 0 otherwise (some models participated in multiple fora). The forum EMF-21 does not
have a dummy; the results of this forum are included in the constant of the regression in the
following section. Among the 49 observations, 14 are from IMCP and 6 from USCCSP.

2

In other models, the upper bound on the MAC is implicit and may be rather complex.
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5.

Results

We present the results of two meta-regression models in Table 3. The first model (model 1)
includes all variables that were described above. The second model (model 2) was derived by
stepwise regression and only includes variables that are at least significant at the 10% level.
Results of models 1 and 2 are presented for the years 2025 and 2050.
Model 1 explains more than 50 percent of the variance in the projected MAC across the studies,
and it explains the MAC for 2025 a little better than those for 2050. The unexplained share of the
variance is due to unobserved differences in, e.g., model structure and parameterization. The sign
and significance of the independent variables are as follows.
The stabilization target and the baseline emissions have a significant effect on MAC, as we would
expect. The signs of the coefficients are also as expected: an increase in the stabilization target
reduces MAC, and an increase in baseline emissions increases MAC.
A multigas policy, offering “what” flexibility in climate policy, reduces MAC in 2025. This result
is as expected, as we argued above. While the coefficient of multigas is still negative in 2050, it is
no longer significant. Overall, the difference between single gas and multigas models appears
smaller than might be expected. As argued in Tol (2006), the option to mitigate other greenhouse
gases than carbon dioxide increases flexibility and so reduces costs. However, the only way to
stabilize climate change is to reduce carbon dioxide emissions to zero. Therefore, the other
greenhouse gas emissions have a substantial effect on costs only in the medium term.
Furthermore, differences between models in the treatment of non-CO2 greenhouse gases are large,
and some models have many such gases while other models have few. The distance between
baseline emissions and target emissions depends on the gases included in the analysis. Therefore,
the multigas results are noisier than the single gas results, and this also explains the lack of
significance in 2050.
The dummy variable indicating the assumption of induced technical change is significant for
2025, but not for 2050. What is remarkable, however, is that the 2025 coefficient seems to have
an unexpected sign. The assumption of ITC seems to increase MAC rather than reduce it. This is
not completely contrary to the conclusions of the IMCP forum, that emphasized the large
differences among models regarding assumptions on, for example, existing market distortions,
long-term investment behaviour and the nature of the technological options considered
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(Edenhofer, Lessmann et al. 2006). In general we might conclude that the inclusion of ITC in
IAMs is still, to a large extent, in an experimental phase.
Contrary to the results of Fisher and Morgenstern (2005) we do not find significant effects for
aggregation characteristics across our models. There is no significant difference between MAC
from models with a high level of detail in terms of primary energy sources and regions and those
with low levels of detail.
Table 3 Results of meta-analysis
MAC2025
Model 1
b
CONSTANT
TARGET
BASELINE
MULTIGAS
ITC
REGIONS
ENERGIES
CGE
IDO
CCS
IMCP
USCCSP

10.623
–.016
.667
–.643
.586
.000
–.061
–.444
–.791
–.511
–.727
.415

t

5.218 ***
–4.565 ***
3.524 ***
–1.787 *
1.908 *
.030
–.869
–.977
–2.229 **
–1.302
–1.338
.785

.650
R2
.533
R2 (adjusted)
* significant at 10% level
** significant at 5% level
*** significant at 1% level

MAC2050
Model 2
b

Model 1

T

8.922
–.015
.677

6.523 ***
– 5.487 ***
4.202 ***

.607

2.115 **

–.790
–.636

–2.930 **
–2.153 **

b
10.594
–.013
.267
–.499
–.021
.006
–.017
–.009
–.822
–.250
–.764
.146

.602
.551

.536
.381

Model 2
t

5.480 ***
–3.902 ***
1.487
–1.459
–.073
.593
–.247
–.022
–2.441 **
–.670
–1.481
.290

b

t

8.217
–.010
.308

7.355 ***
–4.204 ***
2.124 **

–.852

–3.433 ***

.477
.439

There are also no significant differences between CGE and other models. The absence of a
significant difference might be interpreted as a confirmation of the suggestion of Hourcade,
Jaccard et al. (2006) suggestion of a convergence of the modelling approaches – or at least the
results.
Intertemporal dynamic optimisation is significant and has the expected sign. Flexibility in
choosing the optimal reduction path (“when” flexibility) seems to matter a great deal.
The difference between models that include backstop technologies and CCS is significant for
2025 (for Model 2), but not for 2050. The sign of the coefficients is negative, suggesting that
backstop technologies and CCS reduce MAC in comparison to models that do not include these
options. The signs seem to make sense, and are contrary to the results of Fisher and Morgenstern
(2005).
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Compared to the EMF-21 modelling forum, the models in the IMCP forum tend to report lower
MAC, and the models in USCCSP tend to report higher values. The coefficients, however, are not
significant. The lower values for MAC in IMCP are not due to their inclusion of ITC. In the first
place, the data include IMCP both results computed with and without ITC. Furthermore, in the
regression model ITC is already accounted for in a separate variable.
In sum, the meta-analysis suggests that differences between MAC across studies can to some
extent be explained by differences in target and baseline, intertemporal optimization, the inclusion
of non-CO2 gases, and the inclusion of CCS or a backstop technology. Other technical features of
models, such as type (CGE or not), ITC, and aggregation issues, have random effects on MAC.
There is some influence of the Modelling Forum on the MAC results: the more “experimental”
models of the IMCP forum tend to report lower values than the more mature and standard models
that participated in the USCCSP forum. This gives some support to the critique of Tol (2006) on
IMCP. The EMF-21 forum takes a middle position.
The estimated meta-regression functions can be used to predict MAC given specific values for the
significant explanatory variables. We have tried to examine the association between MAC and
TARGET based on the estimated meta-models (model 2). A problem in using these models for
prediction is that the dependent variable is a logarithmic transformation of MAC and not MAC
itself. We therefore use the following formula to recover the MAC value in original dimension
from the estimated function.

1 ⎞
⎛
MAC = EXP⎜ ln(MAC ) + σ 2 ⎟
2 ⎠
⎝

(2)

where σ2 is the variance of the error term of the regression. The half-variance term is included in
the exponent of Eq. (2) because the logarithmic transformation is a non-linear transformation
(Verbeek 2004).
Figure 2 shows the association between MAC and TARGET for the full range of TARGET values
in our database (350-550 ppmv). Figure 2 also shows the 95% prediction interval around the
central prediction. The prediction interval quickly increases if we leave the range 450-550 ppmv
where the bulk of our observations are. According the Figure 2, MAC for a stringent long-term
target of 350 ppmv CO2, which is more or less consistent with the EU’s 2°C target (see Table 1),
could be between € 74 and € 227 in 2025 and between € 132 and € 381 in 2050.
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As explained in the Introduction, our MAC estimate can be viewed as the carbon permit price in
an idealized global emissions trading system. We can compare this “ideal global” MAC with two
recent policy estimates at country and EU levels. The first relates to the United Kingdom’s (UK)
target of achieving a 60% reduction in greenhouse gas emissions by 2050 3 , and the second to the
recently announced policy targets of the EU (EC 2007; Elzen, Lucas et al. 2007).4 Table 4
presents estimated MAC for the UK and EU targets in 2020 and 2050 (2050 for the UK only).
Table 4 shows that estimated MAC (across the target range 550-350 ppmv) span the full range of
the national estimates for both years.
Table 4 National and regional MAC (€2005/tCO2)
2020
2050
UK
15 – 60
142 – 193
EU27
23 – 93
MAC*
13 – 119**
34 – 212
* MAC across the target range 550-350 ppmv CO2.
** These values refer to 2025.

6.

source
(Watkiss 2005)
(Elzen, Lucas et al. 2007)
This paper

Conclusions and Discussion

We have analysed information on MAC from 62 recent studies that assessed the economic
impacts of meeting long-term stabilization targets of greenhouse gases in the atmosphere. All the
studies computed a least-cost trajectory of global abatement efforts to meet such a target. The
MAC assessed by these studies were shown to depend on the level of the stabilization target, the

3
4

The Energy White Paper “Our Energy Future – Creating a Low Carbon Economy” (2003).
In January 2007, the European Commission proposed that the EU should (in the context of international
negotiations) pursue the objective of a reduction of 30 percent in greenhouse gas emissions by 2020
(compared to 1990). Without international cooperation the EU should unilaterally commit to a reduction
target of 20 percent in 2020 (EC, 2007).
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assumed emissions baseline, intertemporal optimisation, the choice of control variable (CO2 only
versus multigas), assumptions on future technological options (backstop and CCS), and, to a
lesser degree, on the scientific “forum” in which the study was developed.
The estimated MAC can be considered as “idealized global MAC”: they assume a perfectly
rational, efficient and global policy that would equate MAC across a ll sources of emissions at
each point in time and would also result in an optimal trajectory of MAC over time. In less “ideal”
settings, the MAC may well be substantially higher. We compared our “ideal global MAC” with
MAC that were assessed in the context of real policy proposals in the UK and the EU and found
that the policy-specific estimates and our central estimates are of the same order of magnitude.
We also found, however, that the uncertainty of the estimates increases quickly if we move in the
direction of more stringent targets.

1.1 Annex I Database of GHG stabilization studies
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Model
AIM
AMIGA
GTEM
GEMINI
PACE
EDGE
EPPA
IPAC
SGM
WIAGEM
COMBAT
FUND
GRAPE
MERGE
IMAGE
MESSAGE
MiniCAM
POLES
DEMETER-ICCS
DNE21+
E3MG
ENTICE-BR
FEEM-RICE
GET-LFL
IMACLIM-R
IGSM

Platform
EMF-21, IMCP
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21
EMF-21, USCCSP
EMF-21
EMF-21, IMCP
EMF-21, USCCSP
EMF-21
IMCP
IMCP
IMCP
IMCP
IMCP
IMCP
IMCP
USCCSP

14

References
Asselt, H. v. and F. Biermann (2007). "European emissions trading and the international
competitiveness of enery-intensive industries: a legal and political evaluation of possible
supporting measures." Energy Policy 35: 497-506.
Barker, T., J. Koehler and M. Villena (2002). "The Costs of Greenhouse Gas Abatement: A Metaanalysis of Post-SRES Mitigation Scenarios". Environmental Economics and Policy Studies 5:
135-166.
Barker, T., M.S. Qureshi and J. Koehler (2006). The Costs of Greenhouse Gas Mitigation with
Induced Technological Change: A Meta-Analysis of Estimates in the Literature. HM Treasury,
London.
http://www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_
climate_change/stern_review_supporting_documents.cfm
Bickel, P. and R. Friedrich, Eds. (2005). ExternE Externalities of Energy, Methodology 2005 Update.
Brussels, EU Directorate-General for Research: Sustainable Energy Systems.
EC (2007). Limiting global climate change to 2 degrees Celcius. The way ahead for 2020 and beyond.
Impact Assessment Summary. Brussels.
Edenhofer, O., K. Lessmann, et al. (2006). "Induced Technical Change: Exploring its Implications for
the Economics of Atmospheric Stabilization: Synthesis Report from the Innovation Modeling
Comparison project." The Energy Journal: Endogenous Technical Change and the Economics
of Atmospheric Stabilisation: 57-107.
Elzen, M. G. J. d., P. L. Lucas, et al. (2007). Exploring European countries' emission reduction targets,
abatement costs and measures needed under the 2007 EU reduction objectives. Bilthoven,
Netherlands Environmental Assessment Agency (MNP): 155.
Fischer, C. and R. D. Morgenstern (2005). Carbon Abatement Costs: Why the wide range of
estimates? Washington D.C., Resources for the Future: 18.
Fisher, B. S., N. Nakicenovic, et al. (2007). Issues related to mitigation in the long term context.
Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. B. Metz, O. R. Davidson, P. R. Bosch, R. Dave and
L. A. Meyer. Cambridge, Cambridge University Press.
Hourcade, J.-C., M. Jaccard, et al. (2006). "Hybrid Modelling: New answers to old challenges.
Introduction to the Special Issue of the Energy Journal." The Energy Journal: Hybrid
Modeling of Energy-Environment Policies: Reconciling Bottom-up and Top-down: 1-11.
Repetto, R. and D. Austin (1997). The Costs of Climate Protection: A Guide for the Perplexed.
Washington, D.C., World Resources Institute
Smulders, S. and M. de Nooij (2003). "The Impact on Energy Conservation on Technology and
Economic Growth." Resource and Energy Economics 25 (1): 59-79.
Tol, R. S. J. (2005). "The marginal damage costs of carbon dioxide emissions: an assessment of the
uncertainties." Energy Policy 33(16): 2064-2074.
Tol, R. S. J. (2006). "The Stern review on the economics of climate change: a comment." Energy &
Environment 17(6): 977-981.
Tol, R.S.J. (2006). "Multi-Gas Emission Reduction for Climate Change Policy: An Application of
FUND." Energy Journal (Multi-Greenhouse Gas Mitigation and Climate Policy Special Issue):
235-250.
Tol, R.S.J. (2007). "Europe’s Long Term Climate Target: A Critical Evaluation." Energy Policy 35
(1): 424-434.
UN, EC, et al. (2005). Handbook of National Accounting: Integrated Environmental and Economic
Accounting 2003. New York, United Nations.
Verbeek, M. (2004). A Guide to Modern Econometrics. Chichester, West Sussex, England, John
Wiley & Sons Ltd.
Watkiss, P. (2005). The Social Cost of Carbon. The Social Costs of Carbon (SCC) Review –
Methodological Approaches for Using SCC Estimates in Policy Assessment. Didcot, Oxon,
UK, AEA Technology Environment: 109.
Weyant, J. P., F. C. d. l. Chesnaye, et al. (2006). "Overview of EMF-21: Multigas Mitigation and
Climate Policy." The Energy Journal: Multi-Greenhouse Gas Mitigation and Climate Policy:
1-32.

15

Title/Author(s)
ESRI Authors/Co-authors Italicised

Year

Number

2008

247

Incorporating GHG Emission Costs in the Economic
Appraisal of Projects Supported by State
Development Agencies
Richard S.J. Tol and Seán Lyons

246

A Carton Tax for Ireland
Richard S.J. Tol, Tim Callan, Thomas Conefrey, John
D. Fitz Gerald, Seán Lyons, Laura Malaguzzi Valeri
and Susan Scott

245

Non-cash Benefits and the Distribution of
Economic Welfare
Tim Callan and Claire Keane

244

Scenarios of Carbon Dioxide Emissions from
Aviation
Karen Mayor and Richard S.J. Tol

243

The Effect of the Euro on Export Patterns:
Empirical Evidence from Industry Data
Gavin Murphy and Iulia Siedschlag

242

The Economic Returns to Field of Study and
Competencies Among Higher Education Graduates
in Ireland
Elish Kelly, Philip O’Connell and Emer Smyth

241

European Climate Policy and Aviation Emissions

Karen Mayor and Richard S.J. Tol

240

Aviation and the Environment in the Context of the
EU-US Open Skies Agreement
Karen Mayor and Richard S.J. Tol

239

Yuppie Kvetch? Work-life Conflict and Social Class
in Western Europe
Frances McGinnity and Emma Calvert

238

Immigrants and Welfare Programmes: Exploring
the Interactions between Immigrant
Characteristics, Immigrant Welfare Dependence
and Welfare Policy
Alan Barrett and Yvonne McCarthy

237

How Local is Hospital Treatment? An Exploratory
Analysis of Public/Private Variation in Location of
Treatment in Irish Acute Public Hospitals
Jacqueline O’Reilly and Miriam M. Wiley

16

236

The Immigrant Earnings Disadvantage Across the
Earnings and Skills Distributions: The Case of
Immigrants from the EU’s New Member States in
Ireland
Alan Barrett, Seamus McGuinness and Martin

O’Brien

235

Europeanisation of
Reference Groups

Inequality

and

European

Christopher T. Whelan and Bertrand Maître
234

Managing Capital Flows: Experiences from Central
and Eastern Europe
Jürgen von Hagen and Iulia Siedschlag

233

ICT Diffusion, Innovation Systems, Globalisation
and Regional Economic Dynamics: Theory and
Empirical Evidence
Charlie Karlsson, Gunther Maier, Michaela Trippl,
Iulia Siedschlag, Robert Owen and Gavin Murphy

232

Welfare and Competition Effects of Electricity
Interconnection between Great Britain and Ireland
Laura Malaguzzi Valeri

231

Is FDI into China Crowding Out the FDI into the
European Union?
Laura Resmini and Iulia Siedschlag

230

Estimating the Economic Cost of Disability in
Ireland
John Cullinan, Brenda Gannon and Seán Lyons

229

Controlling the Cost of Controlling the Climate:
The Irish Government’s Climate Change
Strategy
Colm McCarthy, Sue Scott

228

The Impact of Climate Change on the BalancedGrowth-Equivalent: An Application of FUND
David Anthoff, Richard S.J. Tol

227

Changing Returns to Education During a Boom?
The Case of Ireland
Seamus McGuinness, Frances McGinnity, Philip

O’Connell

226

‘New’ and ‘Old’ Social Risks: Life Cycle and Social
Class Perspectives on Social Exclusion in Ireland
Christopher T. Whelan and Bertrand Maître

17

225

The Climate Preferences of Irish Tourists by
Purpose of Travel
Seán Lyons, Karen Mayor and Richard S.J. Tol

224

A Hirsch Measure for the Quality of Research
Supervision, and an Illustration with Trade
Economists
Frances P. Ruane and Richard S.J. Tol

223

Environmental Accounts
Ireland: 1990-2005

for

the

Republic

of

Seán Lyons, Karen Mayor and Richard S.J. Tol

2007

222

Assessing Vulnerability of Selected Sectors under
Environmental Tax Reform: The issue of pricing
power
J. Fitz Gerald, M. Keeney and S. Scott

221

Climate Policy Versus Development Aid

220

Exports and Productivity – Comparable Evidence
for 14 Countries

Richard S.J. Tol

The International Study Group on Exports and
Productivity

219

Energy-Using Appliances and Energy-Saving
Features: Determinants of Ownership in Ireland
Joe O’Doherty, Seán Lyons and Richard S.J. Tol

218

The Public/Private Mix in Irish Acute Public
Hospitals: Trends and Implications
Jacqueline O’Reilly and Miriam M. Wiley

217

Regret About the Timing of First Sexual
Intercourse: The Role of Age and Context
Richard Layte, Hannah McGee

216

Determinants of Water Connection Type and
Ownership of Water-Using Appliances in Ireland
Joe O’Doherty, Seán Lyons and Richard S.J. Tol

215

Unemployment – Stage or Stigma?
Being Unemployed During an Economic Boom

Emer Smyth

214
213

The Value of Lost Load

Richard S.J. Tol

Adolescents’ Educational Attainment and School
Experiences in Contemporary Ireland

Merike Darmody, Selina McCoy, Emer Smyth

18

212

Acting Up or Opting Out? Truancy in Irish
Secondary Schools
Merike Darmody, Emer Smyth and Selina McCoy

211

Where do MNEs Expand Production: Location
Choices of the Pharmaceutical Industry in Europe
after 1992
Frances P. Ruane, Xiaoheng Zhang

210

Holiday Destinations: Understanding the Travel
Choices of Irish Tourists
Seán Lyons, Karen Mayor and Richard S.J. Tol

209

The Effectiveness of Competition Policy and the
Price-Cost Margin: Evidence from Panel Data
Patrick McCloughan, Seán Lyons and William Batt

208

Tax Structure and Female Labour Market
Participation: Evidence from Ireland
Tim Callan, A. Van Soest, J.R. Walsh

207

Distributional Effects of Public Education Transfers
in Seven European Countries
Tim Callan, Tim Smeeding and Panos Tsakloglou

19

