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Climate policy choices are influenced by the economics literature which analyses the costs and benefits of al-
ternative strategies for climate action. This literature, in turn, rests on a series of choices about: the values and
assumptions underlying the economic analysis; the methodologies for treating dynamics, technological
change, risk and uncertainty; and the assumed interactions between economic systems, society and the en-
vironment, including institutional constraints on climate policy. We identify and discuss such critical issues,
pushing at the boundaries of current climate economics research. New thinking in this area is gathering pace
in response to the limitations of traditional economic approaches, and their assumptions on economic behav-
iour, ecological properties, and socio-technical responses. We place a particular emphasis on the role of in-
duced technological change and institutional setups in shaping cost-effective climate action that also
promotes economic development and the alleviation of poverty.
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1. Introduction

The debate on whether climate change is happening or not,
whether it is manmade or caused by natural factors, and whether it
poses or not a long term real threat to human societies and the envi-
ronment has largely concluded. The scientific climate community has
clearly stated that: “most of the observed increase in global average
temperatures since the mid-20th century is very likely due to the ob-
served increase in anthropogenic greenhouse gas concentrations”,
and that “warming of the climate system is unequivocal” and due pri-
marily to human interference via fossil fuel use, agriculture and land
use change (IPCC, 2007). Though several counter claims continue to be
made at different levels (Carter, 2010; Montford, 2010), these, in turn,
have met their own systematic counter-argumentation (e.g. Carr et al.,
2010; Rennie, 2009). Furthermore, other leading scientists have
expressed concerns that IPCC projections are, on the contrary, too conser-
vative, and that human-induced climate changemaybe occurring at a fas-
ter pace than previously thought (Hansen et al., 2008; Rahmstorf, 2007).

All in all, the scientific understanding of the climate change prob-
lem has advanced sufficiently to clearly convey the message that na-
tions across the globe need to take prompt action in terms of both
mitigation and adaptation. The risks of doing nothing are increasing
rapidly as concentrations and emissions keep increasing, despite un-
certainties in climate projections and tipping points. In addition, the
precautionary principle embedded in the 1992 Rio Declaration on
rights reserved.
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Environment and Development reminds us that uncertainty is not a
reason to postpone or avoid action (Costello et al., 2009). The debate
has moved on from “do we need to act now” to “how to act now in
order to best mitigate and adapt to climate change”. The work-load
is being passed from climate scientists via politicians to economists,
engineers, sociologists, ecologists and others involved in climate pol-
icy planning and analysis. Climate science will continue nevertheless
to provide valuable input, such as understanding interactions be-
tween the carbon cycle and climate change, the impact of the latter
on hazards, and refining climate change projections, particularly in
terms of down-scaling impacts to national or local level with crucial
implications for adaptation policy. Since action on the climate change
front touches upon a myriad of inter-related and multi-dimensional
aspects of societies, economies and the environment, any climate pol-
icy response would require interdisiciplinary analysis. The economic
problem needs to be less concerned about choosing the targets them-
selves and focus instead on how to achieve political climate targets
that are based on scientific evidence (Barker, 2008). What we should
do about climate change is an ethical question involving conflicting
interests; economic analysis helps out instead on the question of
what we can do about climate change (Broome, 2008). This is not to
say that economics should be decoupled from ethics and moral argu-
ments. On the contrary, any new developments in climate economics
need to acknowledge underpinning values and explicitly state their
implications for policy and society.

New economic analysis is needed to provide answers in this re-
spect not only by focusing on cost-effective strategies, but also by en-
suring that any climate action is equitable and compatible with
limate economics: Critical issues to consider in climate policy analysis,
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context-specific development goals and priorities. As such, climate
economics research has to break away from its own current disciplin-
ary limitations, whilst developing stronger links with other relevant
disciplines. To some extent this is already occurring with mainstream
economic thinking on climate change shifting from a single-discipline
focus of cost-benefit analysis preferred by traditional economists1 to
a new inter-disciplinary risk analysis approach (Ackerman, 2008;
Barker, 2008; Dietz and Stern, 2008; Heal, 2009; Stern, 2007). This
paper hopes to contribute along the lines of spurring new thinking
in climate economics. It puts forward a series of what we consider
critical issues for the economic analysis of climate policies,2 with an
emphasis on induced technological change (with reference to mitiga-
tion) and institutional barriers (applied to both mitigation and adap-
tation). It also recommends future pathways that research might
follow towards a more realistic and comprehensive understanding
surrounding the economic problem of climate action.
2. Fundamental Requirements for an Adequate Climate Economic
Analysis

There is great uncertainty concerning the human, environmental,
and economic impacts of climate change, and the arguments for and
against potential policy responses. In order to formulate and adopt
policies in a timely fashion, we are compelled to gaze deeply into a
cloudy crystal ball, to look far into the uncertain future and project
what may happen, what it may cost, and what responses could lead
to better outcomes. Projections of future climate policy impacts and
costs are based on both detailed empirical research, and structures
of assumptions that frame the analysis. The “cost” of climate policy
is not an observable market price; rather, it is a construct shaped by
the modelling apparatus and its explicit and implicit assumptions.

As in any economic modelling, the future macro-level assump-
tions driving the analysis have important implications for the costs
and impacts of climate policy. The anticipated growth of population
and per capita production and consumption represent major influ-
ences on future emissions in a business-as-usual scenario. Higher
baseline growth rates typically imply greater emissions and climate
damages, but also greater potential for benefits (i.e. avoided costs)
from emissions reduction. Higher oil prices increase the economic
benefit of energy conservation measures, thereby inducing more en-
ergy saving technology. Major studies of climate impacts and policy
costs have differed widely on this point, with climate policy “opti-
mists” often assuming higher oil prices, and hence deducing lower
net costs of mitigation, than “pessimists” (Ackerman et al., 2009).
Baseline assumptions employed in modelling studies are often arbi-
trary and inconsistent with each other, particularly when projections
are taken off-the-shelf from different sources. A completemodel of cli-
mate policy costs and impacts should, in theory, make some of these
data endogenous: climate damages can affect the rate of (business-as-
usual) growth of per capita incomes; climate policies can change the
price of oil. This, however, requires the development of a complex glob-
al system of energy-environment-economy interactions, with credible,
endogenous dynamics of output, emissions, prices, and incomes.
1 We use the terms “traditional economics” throughout this paper to refer to the cur-
rent orthodoxy or dominant school of economic thought, i.e. neoclassical economics.
The latter may be summarised as “a combination of the emphasis on rationality in
the form of utility maximisation; the emphasis on equilibrium or equilibria; and the
neglect of strong kinds of uncertainty and particularly of fundamental uncertainty”
(Dequech, 2008, pp.300, and similar characterisations in Hodgson, 1999, and Colander
et al., 2004). It is also important to make the qualification here that “traditional” and
“mainstream” are not interchangeable in this paper, as mainstream thinking may in-
clude increasingly accepted and influential non-neoclassical segments of research.

2 Some preliminary work in this direction has already been initiated at the Energy
Branch of UNEP's Division of Technology, Industry, and Economics in Paris under the
auspices of the MCA4climate initiative “Multi-criteria analysis for climate change: de-
veloping guidance for pro-development climate policy planning” (UNEP, 2011a,b).
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Beyond the universal dilemmas of modelling uncertain futures,
the economics of climate change poses unique challenges to orthodox
styles of economic analysis. There are four fundamental requirements
for an adequate economic framework for climate policy (Ackerman,
2008, 2009):

• Judgment about the importance of current versus future genera-
tions, with implications for discounting;

• Incorporation of multi-dimensional, often unmonetisable impacts,
rendering cost-benefit analysis problematical;

• Recognition of the problems of catastrophic risks and irreducible
uncertainty, leading to a precautionary approach to policy;

• Understanding the nature of implementation costs in dynamic and
institutional settings grounded in empiricism, with multiple conse-
quences for policy formation. This includes issues of induced techno-
logical change and institutional barriers addressed in more detail in
the following two sections of this paper.

2.1. Discounting

Discount rates have been the focus of much debate in the litera-
ture, particularly with the publication of the Stern Review (Stern,
2007). Because the benefits of climate policy stretch over a longer
time horizon than the costs, a lower discount rate makes the benefits
relatively larger in present value, while a higher rate does the oppo-
site. Disagreement is longstanding and inescapable.

Some argue for a significantly positive discount rate and criticise
the use of a near-zero discount rate for climate policy analysis (e.g.
Nordhaus, 2007). Their discounting should not be dismissed lightly.
For financial decisions spanning a few years or decades, it is an indis-
pensible tool for inter-temporal comparisons, appropriately weighing
commensurable costs and benefits that are experienced by the same in-
dividual. If extended to cover the longer-term and multi-dimensional
future costs and benefits of any climate policy action, discount rates
have an important influence on decision-making. They simplify calcula-
tions and theories, follow the logic of financial markets, and prevent
arbitrage and paradoxes of preference reversal.

However, others disagree and support the use of a near zero dis-
count rate. The arguments are twofold. First there is the ethical or
philosophical argument advocating for a zero utility discount rate
(i.e. zero rate of pure time preference in the Ramsey equation) on
the grounds that the welfare of all generations is of equal importance
(Broome, 1994; Cline, 1992; Stern, 2007). Second, there are many
“market” interest rates and for climate mitigation investments it is
more appropriate to apply an interest rate for insurance-type invest-
ments rather than for ordinary capital investments. This is because
climate mitigation efforts are better understood as social insurance
against disaster rather than ordinary profit-seeking investments. As
is typical for insurance, their returns are uncorrelated or negatively
correlated with the broader market. This would argue for discounting
at a risk-free rate of return, often averaging 1% or less in real terms
(e.g. long-term government bonds issued by developed countries)
(Howarth, 2003).

Whenever possible, outcomes that cannot be adequately expressed
in monetary terms should not be discounted. This avoids paradoxes
such as the devaluation of future lives: if one asserts that saving a
human life is worth exactly €1,000,000, or any other fixed monetary
amount, does that mean that one life today is worth about 20 lives, or
150 lives, a century from now (as would be implied by a 3% or 5% dis-
count rate, respectively)? Nevertheless, since the practice of discount-
ing is widely accepted, and even expected in climate analyses, choices
must be made about the appropriate rates to use, at least for future
quantities that lend themselves to monetary valuation. The arguments
made by Stern and others for low discount rates, particularly for zero
or near-zero rates of pure time preference, should be carefully consid-
ered. In addition, the assumption of constant discount rates could be
limate economics: Critical issues to consider in climate policy analysis,
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reconsidered. Arguments for fixed discount rates emerge from the
analysis of short or medium-term financial calculations. For interge-
nerational public policy choices, however, there is less need for consis-
tency with markets. As an alternative, discount rates that decline over
time could be explored on the grounds of psychological research on
individuals' time preferences, and separately on the basis of uncertainty
about future interest rates and growth rates. Declining discount rates
are starting to appear in climate policy analyses, e.g. in recent UK
government guidance on such analyses (Lowe, 2008).
2.2. Multi-dimensional Valuation

Monetisation of the environment, health and other social issues
has become a common practice, but it reduces transparency of the re-
sults, and raises a range of ethical and analytical dilemmas. Is it nec-
essary to monetise every significant benefit? Are standard values
available for non-market benefits? If the values are based on willing-
ness to pay, do they vary with income? Economic logic suggests that
they must depend on income; but are health and the environment
worth more in a rich country? These and other problems arise from
the attempt to put a price on intrinsically priceless values (Ackerman
and Heinzerling, 2004).

Alternatively, can the most important damages or benefits be
reported in natural (physical or medical) units as well as in monetary
equivalents? Three approaches could be taken to the issue of incorpo-
rating marketed and non-marketed impacts in climate policy analysis.
The first entails applying the best available estimates of monetary val-
uations of all health and environmental impacts. This has the advan-
tage of internal consistency, and creates a bottom-line numerical
estimate for any scenario; it is traditional in the economics literature,
and is required for cost-benefit analysis. The second consists of apply-
ing only the most established, least controversial valuations of non-
market benefits, such as the externality prices for common air pollut-
ants used in energy sector analyses.3 In addition, all major health and
environmental impacts could be reported in their natural units; health
impacts could be reported both in Disability Adjusted Life Years
(DALYs) and in specific health outcomes. Finally, a third option would
avoid all use of monetary valuations of non-market benefits. This
would result in all market costs and benefits being reported in mone-
tary terms, while health and environmental impacts are expressed in
natural units. For health outcomes, DALYs, as well as surrogate prices,
would be avoided. This has the advantage of avoiding the ethical
and logical paradoxes of pricing the priceless values of life, health,
and nature — at the cost of losing comparability with other studies.

The second option might be preferable to the third option, since it
allows comparison to studies using now-standard monetary values
for some externalities, and DALYs for health impacts. Having said
this, it is important to establish from the start whether more relevant
information is actually being created when reporting non-marketed
impacts in both monetary terms and their natural units, compared
to looking at only impacts expressed in natural units. This particularly
applies for instance to DALYs that represent generalized health mea-
sures integrating morbidity and mortality and aggregating across dis-
eases, age groups and gender. They have inbuilt controversial value
judgments on disease and age-weights and bring together in one
measure complex health or disability issues. If their assumptions are
not clearly conveyed, their use might generate more disinformation
rather than any added value or real contribution to the health im-
provements of a nation. Moreover, in a multi-criteria analytic frame-
work it makes more sense to work with raw measures of health
effects rather than with generalized measures of health, as value
judgments can be introduced directly by stakeholders using a multi-
3 The European Commission's ExternE research project is a well-known source of
such valuations; see http://www.externe.info .

Please cite this article as: Scrieciu, S.Ş., et al., Pushing the boundaries of c
Ecol. Econ. (2011), doi:10.1016/j.ecolecon.2011.10.016
criteria decision analysis (MCDA) approach (Chalabi and Kovats,
2011).

Both second and third option preserve and present, however, the
essential information about impacts in natural units, which is re-
quired for transparency and communication with experts from
other disciplines as well as with non-specialist readers. Both of
these options are preferable to the first alternative. This is because
an attempt at complete monetisation threatens to obscure the under-
lying information on climate impacts and policy action, while inevita-
bly omitting some important categories.4 The underlying information
generated by the second or third option may be summarised in sepa-
rate impacts for policy-makers or may be brought together for prior-
itisation and resource allocation decisions using formal methods for
multi-dimensional evaluation.
2.3. Risk and Uncertainty

It is now widely recognised that the economics of climate change is
centrally concerned with risk and uncertainty, a feature of the problem
that has been evident from the early 1990s, when the scientific assess-
ments began in earnest (Barker, 2008; Stern, 2007). Despite the im-
mense accumulation of knowledge about climate science, there is
continuing and perhaps inescapable uncertainty about fundamental
questions such as the value of the climate sensitivity parameter (gov-
erning the overall magnitude of climate change). The traditional eco-
nomics approach to such uncertainties converts them to “expected
values” by assuming a probability distribution, which is used to con-
struct a weighted average of likely outcomes. This approach, however,
is not helpful in the face of catastrophic risks and deeply uncertain prob-
abilities of worst-case scenarios, i.e. events which have very low proba-
bilities of occurrence and very high impacts. Under such conditions the
appropriate probability distribution may be so “fat-tailed” that the
value of an incremental reduction in emissions could be, technically
speaking, infinitely large (Weitzman, 2009).

The future development of climate economics research will need
to take forward uncertainty analysis by developing stronger links
with relevant (sub)disciplines within fields such as mathematics
and risk analysis, as well as strengthening the dialogue with climate
science and its treatment of uncertainty. Economies are highly com-
plex non-linear systems and it is impossible to accurately predict their
future evolution. For example, GDP growth trajectories are subject to
considerable uncertainty; they may even at times be sensitively depen-
dent on small events, as in the bursting of speculative bubbles, suggest-
ing patterns that characterise chaotic dynamics (Rosser, 1999). Having
said this, although future behaviour of economic systems cannot be
accurately predicted, it is possible to be aware of a range of future states
(Hayward and Preston, 1999, on chaos theory and economics).

Climate economic analysis would need to cover the entire spec-
trum of uncertainty ranging from unknown uncertainty (variations
around expected system behaviour that cannot be quantified) to uncer-
tainties that can be quantified, be they internal (relating tomodelling as-
sumptions and concepts used) or external (relating to the unpredictable
variation in the phenomena under study). The latter are beyond the con-
trolling capacity of the analyst, though they can be quantified, some-
times being referred to in the literature as aleatoric or chance events
(Daneshkhah, 2004). In practice this might mean that for climate-
related uncertainties, analyses and calculations could be performed for
at least two distinct scenarios: one representing most likely outcomes,
and one representing credible worst-case risks. For macro-level socio-
economic uncertainties, which may be better understood than climate
change, a fully-fledged uncertainty analysis, examiningmultiple possible
4 The theoretical foundation of traditional cost-benefit analysis is compromised if
benefits cannot be fully monetised or if the probabilities of worst-case outcomes are
not known — as is the case in the analysis of climate change.

limate economics: Critical issues to consider in climate policy analysis,
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values or pathways, could in principle be undertaken— although climate
and socioeconomic uncertainties are not necessarily separable in all pos-
sible futures. In other words, climate policy-making could drawmore on
scenario analysis (as is practiced in climate science) and robust strate-
gies, and choose options that are most insensitive to future climate and
socioeconomic conditions (e.g. Lempert and Collins, 2007). Current tra-
ditional optimisation algorithms based on well-posed objectives and
known climate conditions are difficult to apply under uncertainty, and
new methods supporting policy-making, favouring robustness and
including uncertainty information need to be put forward (Hallegatte,
2009; Wilby and Dessai, 2010).

An alternative economic paradigm, used for low-probability cata-
strophic risks in other arenas, arises in insurance. People buy insur-
ance to guard against things that don't usually happen, but would
cause unaffordable losses if they did occur; the argument for fire in-
surance is not that you are sure that your house will burn down,
but that you cannot be sufficiently sure that it will not. Insurance pol-
icies are thus driven by risk aversion, and always fail a simple cost-
benefit test: an insurance company must charge its policy holders
more than the present value of the payments it will make to them;
to do otherwise would bankrupt the company. Public policy to
guard against catastrophic climate risk could be viewed analogously:
it insures society against the possibility of extreme losses, since we
cannot be sufficiently sure that those losses will not happen. The anal-
ogy is not perfect; private insurance covers recurring individual risks
with empirically known probability distributions, not fundamentally
uncertain threats to human society as a whole. In the face of such
threats, we can at best provide a form of collective self-insurance,
through precautionary policies. This suggests setting safe minimum
standards (e.g., 400 or 450 ppm CO2-equivalent by 2100, not more
than 2° warming, etc.), then seeking a least-cost strategy for achiev-
ing those standards. This cost-effectiveness framework may be less
familiar to economists than a cost-benefit approach, but also appears
to be more congruent with the main lines of climate policy discourse.
Furthermore, low-cost climate strategies could be assessed against
their contribution to other development priorities resulting in an
array of potentially cost-effective and pro-poor climate measures.

2.4. Reframing Climate Policy Costs

Economic analysis is appropriately focused on reducing the costs
of policy implementation. In the case of climate change, it is a com-
plex and demanding research challenge to identify the least-cost
pathway to the necessary levels of emission reductions or to more cli-
mate resilient systems. The task is all the more difficult because the
costs of abatement or proofing play multiple economic roles. These
costs, for example, representing the expense of adopting new energy
technologies, are well-defined in monetary terms; that is, they are
free of the extreme ambiguity surrounding the valuable but often
unmonetised benefits of climate action, discussed above. Determining
the current cost of a new technology, however, is only the beginning
of the story. How should that cost be evaluated?

In an economy that is at or close to full employment, any new cost
imposed by public policy might crowd out an equal amount of other
expenditures. In that case, there is no net gain in employment or pro-
duction; there is simply a shift from goods and services chosen by the
private sector, to those required by public policy. This is often the im-
plicit framework in traditional climate economics, leading to the
treatment of abatement expenditures as a welfare loss, subtracted
from desirable goods and services in models such as DICE (Nordhaus,
2008). On the other hand, in an economy that is far below full em-
ployment, expenditure on new energy technologies or other costs
resulting from climate policies would be expected to provide a
Keynesian stimulus to employment and output. In a very long-term
analysis, the Keynesian benefits may appear transitory – since it
seems unlikely that unemployment will be consistently high for
Please cite this article as: Scrieciu, S.Ş., et al., Pushing the boundaries of c
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time spans of many decades. The shorter the time frame of analysis,
however, the more important the question of initial Keynesian effects
may be (assuming a starting point of significant unemployment
levels).

The costs of new technologies are also entwined with the future
path of technological change and the dynamics of the economic
system. Moreover, understanding the nature of climate policy imple-
mentation costs also requires understanding the various institutional
factors that constrain or encourage the adoption of technologies for
low-carbon or climate-proof developments. These two critical topics,
technological change (with a focus on mitigation) and institutional
barriers are the subject of the remainder of this paper.

3. Induced Technological Change

The reason that induced technological change (ITC)5 is a critical
issue for climate policy is that it offers a way of substantially reducing
the costs of GHG mitigation and increasing the rate at which econo-
mies may be able to decarbonise. However, economic models for cli-
mate policy may not include ITC at all or include it with restrictive
assumptions and in a partial form so that it has only weak effects. Fur-
thermore, the models may not include all the policy instruments that
affect ITC. In consequence, the results of the models exaggerate, from
this perspective, the costs of mitigation and give the impression that
stringent mitigation is not possible without economic collapse.

In this section, we address three features of the treatment of ITC,
which suggest that the costs of mitigation may be much lower than
supposed from the model results. (1) If all sources of ITC are covered
together in the models the technological change will be greater and
costs lower. (2) The assumption of full “crowding out” of GHG-
emission-saving R&D has been found to be too restrictive and not jus-
tified theoretically or empirically. (3) The models generally fail to in-
clude all significant policy instruments that affect ITC in combination,
especially regulation. The challenge for climate economics and policy
is to bring together the disparate and fragmented knowledge about
the processes involved, to assess the potential scale of the cost reduc-
tion and to design portfolios of policies in the light of this knowledge.

3.1. ITC in Top-down Economic Models

A substantial literature in representing ITC and the relevant poli-
cies in top-down economic models has been developing (see Barker
et al., 2007; Gillingham et al., 2008, for surveys). The studies cover
modelling the channels of ITC, such as private sector R&D and
learning-by-doing, which may be influenced by climate policy, and
climate policies that influence ITC, such as regulation, public spending
on R&D, and carbon taxes or trading. Unfortunately, as Gillingham
et al. (2008) conclude, there is no agreement as to how ITC should be
modeled, although they add: “Despite these difficulties, with only a
few exceptionsmost studiesfind that the ramifications and insights elu-
cidated by incorporating [endogenous technological change] are impor-
tant quantitatively” (p. 2750). In addition, most of the models have
adopted the limiting assumptions of traditional economics about the
working of the economy as well as for the representation of technology
as noted above. In consequence there is amajor problem in interpreting
the results for climate policy when these assumptions do not hold, e.g.
when economies are not at full employment, outcomes are uncertain,
there is a widespread lack of information and expertise across con-
sumers and firms, and non-market considerations are important. The
limate economics: Critical issues to consider in climate policy analysis,
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rapid decarbonisation of the energy system implied by the internation-
ally agreed 2 °C target calls for a non-marginal economic analysis in-
volving radical adoption of low-GHG technologies in critical sectors.

Clarke et al. (2008) provide a framework for classifying the
sources of technological change in GHG abatement. They divide the
sources into R&D, learning by doing, and spillovers. These sources
can be inside the GHG producing firms or sectors or those supplying
the technologies for reducing GHGs, or outside, in other firms and
sectors. The spillover effects from other sectors, usually taken as ex-
ogenous technological change, can be very important, e.g. from
changes in information systems, materials or biotechnology. One of
their main conclusions is that few if any of the models in the litera-
ture allowing for endogenous technological change include all these
sources. The presumption is that the model results will tend to over-
estimate the costs of abatement by omitting one or more sources of
cost-reducing technological change. If R&D effects are combined
with learning-by-doing and spillover effects from other sectors, it is
also conceivable that the transformed energy system could eventually
be lower cost that the fossil-fuel-based system.

The introduction of a more complete specification of the channels
for ITC in the models is a rich agenda for future research. Several of
the models already include R&D and learning-by-doing effects, but
with a weak empirical basis. As an example, Magné et al. (2010) in-
clude both effects in their application of the MERGE model but
admit a lack of empirical estimates of the rates, relying on sensitivity
tests to assess the uncertainty in their assumptions. The empirical
“experience curves” of the literature (see surveys in Kahouli-Brahmi,
2007; Weiss et al., 2010) include the mixture of effects from all chan-
nels in the historical observations that unit costs of a new technology
fall as the scale increases. The problem of combining R&D and
learning-by-doing in the models is to be able to distinguish them
without double counting and to identify empirically the different
effects in the historical record. Progress has beenmade, however, spe-
cifically for wind power technologies. For instance, Ek and Soderholm
(2010) provide econometric estimates for both learning-by-doing
and R&D (learning-by-searching) in the case of the investment costs
and the scale of public R&D in wind power in five European countries.
Whilst the coefficient on the cumulated capacity (with an estimated
rate for learning-by-doing of 17% a year) has been explored in other
studies and is in agreement with other estimates (McDonald and
Schrattenholzer, 2001), that on the R&D variable (giving an estimate
of learning-by-searching of about 20% a year) makes an additional
contribution to research in identifying the importance of public sector
R&D in reducing costs.

3.2. The Crowding Out of Low-GHG R&D

One of the channels by which policy can influence technological
change is that of R&D in the relevant technologies. There is support
from traditional economics for public subsidies to R&D and other in-
novation in general as a response to the market failure that insuffi-
cient innovation is undertaken by private firms because they cannot
capture all the benefits. In other words, the social returns to R&D
are much higher than the private returns. However the literature
(e.g. Newell 2010, p. 258) emphasises that, unless the R&D is primar-
ily demand-driven by higher GHG emission prices, it is unlikely to
lead to lower GHG emissions.

A critical issue is the extent of crowding out of other R&D by
policy-induced R&D. Gerlagh (2008) has directly modelled the effects
of including such change using a traditional economic approach and
found that the carbon price is halved to achieve the same levels of
mitigation. With induced technological change and R&D allowed to
increase above base, consumption was less than 0.5% below base by
2100 for the 450ppmv scenario, compared to just over 6% below
base without. Interestingly, consumption is slightly higher than base
in 2050 in the 450 scenario with induced technological change. This
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is in contrast with the conclusion of Nordhaus (2002), who found a
very small effect due to the crowding out of non-GHG R&D. The crit-
ical difference in the cost reduction comes from Gerlagh allowing for
higher carbon prices to switch R&D out of high-carbon R&D and into
low-carbon R&D. A study of US patents 1973–1997 (Popp and Newell,
2009) is consistent with Gerlagh's assumptions in that it finds no sig-
nificant evidence of crowding out of non-energy R&D by energy R&D
and some evidence of crowding out of carbon-intensive energy R&D
by low-carbon energy R&D.

One suggestion for future work is much more research into the ef-
fects of additional R&D in themodels. A reasonable conclusion frompre-
vious work is that the extension of the models that assume crowding
out to allow switching between high- and low-carbon R&Dwill radical-
ly reduce their estimated costs of mitigation. If the models allow for
additional R&D as well as switching, then costs are even lower and
may become negative (i.e. benefits to aggregate consumption).

3.3. Modelling Portfolios of Policies

The issue for policy is how to design a portfolio of economic and
regulatory instruments that induces rapid technological change to re-
duce costs over the long term. Addressing the problem of rapid reduc-
tion in GHG emissions becomes an interdisciplinary task involving,
for instance, engineering and economics.

There are three main ways by which technological change can be
influenced by climate policy: regulation to increase energy efficiency
or reduce permitted GHG emission rates e.g. from vehicles or power
stations; innovation policies to increase R&D spending in order to im-
prove the emissions performance of existing technologies or develop
new low-GHG technologies; and the effects of taxes or emission trad-
ing schemes in increasing fossil fuel and carbon prices, which in turn
directly increase the take up of low-GHG technology. All three ways
can lead to acceleration of technological change especially if they
focus on technologies with more potential for learning by doing.

Regulation of standards in various forms is often adopted by gov-
ernments to reduce energy use and GHG emissions (e.g. fuel and/or
emission standards for the road vehicle fleets in Europe and USA).
Traditional economic analysis for climate policy assumes that the
economy is working at full efficiency. However, it takes time for
new or improved technologies to be adopted. Actual equipment and
practices can be far from the most efficient available. Regulation of
markets to require higher standards of efficiency or reduced GHG
emissions can induce technological change and shift the emission
characteristics of energy use. One example is the regulations imposed
to improve fuel efficiency in the US automobile industry (Lee et al.,
2010).

Most traditional economic models assume that regulation will re-
duce economic welfare, but this may not always be the case. Just as in
some cases health and safety regulations can restrict choice but im-
prove welfare, so its extension to regulation for climate effects may
be similarly beneficial. The critical issue for the costs of regulation is
the lifetime of the capital stock affected. The period of transition to
a low-carbon economy is some 40 years if the 2 °C target has a good
chance of being achieved. This comparatively long time period
means that technologies have time to be developed, diffused, and
scaled to mass markets. Technological change via low-cost regulation,
such as GHG-emission standards on new vehicles and electricity
plant, has time to make a major contribution to reducing GHG emis-
sions. In addition, if the regulation leads to substantial increases in
investment, and there are unemployed resources, then the wider
economy will benefit and unemployment will be reduced. If in turn
long-term economic growth is demand-driven then the growth rate
may even increase.

There is a notable contrast between the policies considered in the
modelling literature and the portfolios of policies introduced and pro-
posed by governments, including the International Energy Agency in
limate economics: Critical issues to consider in climate policy analysis,
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its projections of the 450 scenario (IEA, 2010) and the German gov-
ernment (Jochem et al., 2008). The modelling literature tends to
focus on highly stylised carbon price assumptions via taxes or emis-
sion trading, with some studies including either R&D or learning by
doing (Gillingham et al., 2008), but only a few (e.g. Magné et al.,
2010) including both (so called “two factor” endogenous technologi-
cal change). In contrast, the government scenarios include all three
ways for policy to affect ITC, in varying mixes depending on sector
and country-specific institutions. The German study uses a systems
dynamics model, ASTRA, to assess the effects on GDP and jobs
(Jochem et al., 2008).

One reason for a portfolio approach comes from recognising the
feedback effects in the energy-environment-economy (E3) system.
One feedback is the rebound effect associated with improvements in
energy efficiency. The improvement will lower the real price of ener-
gy and hence this will lead to an increase in the energy demand, if the
demand is not at saturation levels. The inclusion of increases in car-
bon and energy prices through taxes and trading alongside the effi-
ciency regulation will offset this effect. However the main reason
for including an increase in real carbon prices is that the modelling
strongly suggests that without the price incentive the technological
change will not be implemented and the costs will not fall. Newell
(2010) addresses the issue directly and emphasises the importance
of a GHG emissions price to encourage low-GHG innovation from
both the demand and supply sides.

Fischer and Newell (2008) develop a ranking of policy instru-
ments for a portfolio to reduce GHG emissions from the US electricity
sector. They find that emissions price is most cost-effective, then
emissions performance standard, a fossil fuel tax, a renewables
share requirement, a renewables subsidy and finally R&D subsidy.
The combination of instruments is expected to reduce emissions at
significantly lower cost. Gerlagh and van der Zwaan (2006) compar-
ing a similar list of instruments find that the emission performance
standard, achieved through carbon taxes recycled as subsidies to
non-fossil-fuel use, is the most cost-effective option. Barker et al.
(2008) and Barker and Scrieciu (2010) develop and use a hybrid
energy-environment economy model (E3MG) allowing for all the
channels for ITC. They bring together several instruments of policy
(carbon trading, carbon taxes, R&D subsidies, regulation) in a portfo-
lio designed to accelerate technological change over the period to
2050 towards low-GHG technologies. They report that stringent
abatement targets can be achieved with carbon prices rising to high
levels, but with macroeconomic benefits. The carbon prices are
much lower if regulation is included in the policy portfolio. The ben-
efits come mostly from induced investment and lower unemploy-
ment, but also from higher technological change.

However, in order for climate policy portfolios to induce more
rapid technological change and reduce costs over the long term, it is
necessary that current institutional factors constraining their imple-
mentation or adoption are well understood and effectively addressed.
The next section discusses such institutional constraints, including
market and non-market barriers, transaction and transition costs,
and the role of social institutions and collective action in delivering
robust climate policy.

4. Institutional Constraints

In both mitigation and adaptation areas, there is a wide range of
studies investigating the need for climate investments, identifying
the sources of investment or exploring the policy mechanisms to
raise the funds required (Haites, 2008). That is, a large body of the lit-
erature on climate economics is concerned with quantifying in mon-
etary terms the investments necessary to mitigate and/or adapt to
climate change. In the case of mitigation, a carbon price (typically
expressed in US$ per tonne of CO2 equivalent) is usually calculated
that would reach a certain emissions reduction target. For example,
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a set of different simulation models point towards a 50% emissions re-
ductions below baseline by 2030 (but with a wide range of 30–60%)
that could be achieved with a carbon price set below 100 US$/tCO2-
eq (van Vuuren et al., 2009). For adaptation, targets are much more
elusive, since adaptation policies are often intertwined with develop-
ment strategies and relate to multi-dimensional wellbeing aspects of
an entire community, city, area or sector. The concepts of “resilience”
and “vulnerability” aremulti-faceted terms open to ongoing debate. De-
spite such difficulties and complexities, financial values have also been
attached to the adaptation investments needed in order to copewith in-
creasing climate instability and more likely extreme weather events.
Tens of billions of dollars per year of investments and financial flows
are argued to be needed for overall adaptation several decades from
now on (UNFCCC, 2007; World Bank, 2010a,b).

However, there continues to be a significant gap in the climate
economics and policy analysis literature on the changes in institu-
tional setups required or the policy-dependent structural barriers
that need to be overcome, such that climate policy mechanisms are
functional and investment needs are raised effectively. Institutional
setups (varying in their degree of formality) or institutions are defined
as “systems of established and prevalent social rules that structure so-
cial interactions” or, in short, “socially embedded systems of rules”
(Hodgson, 2006). Or in more elaborate terms, “institutions are the
prescriptions that humans use to organise all forms of repetitive
and structured interactions including those within families, neigh-
bourhoods, markets, firms, sports, leagues, churches, private associa-
tions and government at all scales” (Ostrom, 2005: 3). Economic and
energy behaviours (such as our dependency on fossil-fuels) are
grounded in the social and regulatory fabric of human interactions.
Challenging established institutional structures is a pre-requisite for
any radical or revolutionary (as opposed to marginal) change in the
current mode of production, consumption and distribution of energy,
as required for stringent mitigation, climate stabilisation, and bolder
and more sustainable development pathways.

Though the concept of “adaptive capacity” is often referred to in
economic assessment studies of adaptation needs, some of its deter-
minants are less researched.6 This particularly relates to institutions
comprising the regulatory policy framework and societal norms that
represent a key factor in enhancing or constraining adaptive capacity
(Smit et al., 2001). For example, in the various models and scenarios
employed in the UNFCCC (2007) study estimating adaptation costs
or investment needs by sector, it is recognised that institutions are
often not defined and their impact is either ambiguous or simply
not accounted for. There is limited understanding of why climate ad-
aptation investment actions are not implemented despite their no re-
gret potential (e.g. controlling leakages in water pipes often brings
net savings even in the absence of climate change), and this has
been attributed to little research on relevant institutional and legal
constraints (Hallegatte, 2009). The focus in the literature is instead
mostly on economic resources, technologies and some market-
related transaction costs (to which we will return below). Whilst
these are important, they provide only a one-sided perspective and
interpretation of the obstacles to climate policy implementation.

On the mitigation side, the range of carbon prices simulated in the
literature is largely disjointed from the analysis of the institutional
and social changes that would need to accompany any transition to
a low-carbon world. For example, though it has been estimated that
emissions savings from avoided deforestation in eight countries re-
sponsible for 80% of global emissions from deforestation could yield
CO2 reductions for under 5 US$/tCO2, any large-scale reduction
would need to be well monitored and carefully managed if it is to
limate economics: Critical issues to consider in climate policy analysis,
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become effective (Stern, 2007). It is this “carefully managed” part that
requires more exploration and is frequently sidelined in the traditional
economics literature, which instead has a preference for the homogeni-
sation of institutions under its strong assumption of “representative
agent”.

4.1. Market and Non-market Barriers

Institutional changes for climate protection and adaptation are
closely interlinked with issues of structural constraints in the shape
of market and non-market barriers. Institutional factors may be
regarded as including such barriers to widespread climate action,
since the latter are mostly a result of dominant institutional systems
and the status quo of ingrained social rules. Market (sometimes re-
ferred to as economic) barriers depend on the nature of markets
under analysis, in turn influenced by various institutional arrange-
ments. They prevent not only the smooth functioning of existing
markets, but also any significant departure from the prevailing con-
figuration of market players or rules of play. For instance, more than
80% of the economic mitigation potential of the buildings sector has
being identified at negative costs (Barker et al., 2007). However,
such mitigation potentials might prove in reality smaller or the
costs higher since “significant barriers need to be overcome to
achieve these” (Barker et al., 2007). Amongst mitigation areas of in-
tervention, the building sector is argued to present one of the highest
number of institutional barriers (Iwaro and Mwasha, 2010). In this
case, market barriers may relate to: restricted access to credit and
lack of funding, subsidies on energy prices, lack of proper incentives
(landlords versus tenants), fragmentation of the building industry,
and the often high costs associated with gathering information on en-
ergy efficiency measures (Levine et al., 2007). In other words, market
barriers may significantly influence differences between economic
and market potentials or the amount of mitigation or adaptation
that could be realised.

Non-market (or non-price) barriers to effective climate action
have also been typically downplayed in the traditional economics
literature. This is because, in general, neoclassical theory has had an
exclusive preference for attaching market prices to all sorts of non-
marketed capital, which distorts understandings on the nature of so-
cial, environmental, informational, attitudinal, behavioural and other
non-market barriers. While there is no doubt that market-based pol-
icies and pricing mechanisms play a significant part in solving the cli-
mate problem, it is also important to acknowledge the contribution of
non-market elements to explaining economic behaviour. As an exam-
ple, the demand for vehicles, vehicle travel and fuel use are signifi-
cantly price inelastic, and as a result only large increases in prices or
taxes often, politically infeasible will make a relevant dent in GHG
emissions from the transport sector (Kahn Ribeiro et al., 2007).
Non-market barriers have been signalled, as well, when attempting
to scale up electricity provision from wind sources, such as difficult
grid access or convoluted administrative procedures (Pfenninger,
2010). They have also been emphasised when implementing climate
change adaptation and risk management activities, particularly in
poor countries lacking the knowledge on climate change risks and
the institutional capacity to address the challenges at the local level
(UNEP-UNDP, 2011). Lack of information and low awareness are
prevalent, as well, in mitigation efforts, such as energy efficiency im-
provements and renewable energy investments, particularly in devel-
oping countries (Iwaro and Mwasha, 2010; OECD/IEA, 2010). In many
cases, price and technology-based policy options need to be comple-
mented with non-price and non-technological options accounting for
relevant cultural, behavioural and other social choices. Despite a poor
understanding in the traditional economics literature of the potential
leverage of the latter, available evidence suggests that they do
represent important preconditions to fully operating climate policies
(Levine et al., 2007). This would argue for embedding climate
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economics research in more active and engaging intra- and interdisci-
plinary work, i.e. both within and across disciplines.7 Moreover, pric-
ing policies could support non-price policies and reduce the costs of
climate action. Carbon taxes or an emissions trading scheme based
on carbon permit auctioning could raise revenue to help remove bar-
riers to mitigation and adaptation lowering climate policy costs
(Barker et al., 2007).
4.2. Transaction and Transition Costs

Market and non-market barriers for an effective climate policy im-
plementation may also be interpreted in terms of transaction and
transition costs associated with removing the respective (institution-
al) constraints. The transaction cost concept has been associated in
the broader economics and organisation theory literature with multi-
valent definitions and often ambiguous conceptualisations (Klaes,
2000; Musole, 2009). The term has varied from the cost of using the
price mechanism or carrying out transactions on the market (i.e. mar-
ket transaction cost as defined by Coase, 1992), to the costs internal to
an organization (see Williamson, 1981, undermining the neoclassical
theory of the firm), or the cost of running and adjusting the institu-
tional framework of the polity (Levi, 1988 as cited in Musole, 2009).
Transaction costs are inherent to any system. They cannot be easily
set aside as it has been practiced in neoclassical economic theory,
which often assumes a purely theoretical world almost devoid of fric-
tions (Furubotn and Richter, 1997) or, when transaction costs are
considered, leads to contradictory assumptions (Kaufman, 2007).

Transaction costs and appropriate institutional responses vary
across economic sectors, partly depending on the behaviour of de-
mand with respect to prices. In sectors where demand is price in-
elastic (e.g. transport sector) or where there are important market
and non-market barriers (e.g. efficiency improvements in the build-
ings sector), climate action may be better achieved through a com-
bination of regulatory changes, command & control instruments,
information-based measures, and market-incentives. However, the
sequencing of policy measures or policy pathway is also critical for
achieving the stated objectives (Wilby and Dessai, 2010).8 The cli-
mate economics literature on the links between sectoral demand be-
haviour, institutional constraints and climate policy responses,
including sequencing is nevertheless limited, and more research is
required in this area.

Most importantly, transaction costs tend to be much higher
when the transformations required involve systemic changes, and,
generally, higher levels of novelty and uncertainty. In other words,
a transition from one type of prevailing dynamics or operating envi-
ronment to another (e.g. from fossil-fuels to low-carbon energy
sources) incurs a switch in the nature and magnitude of transaction
costs, sometimes referred to as a “transition cost”. As an example, fi-
nancial support for climate policy needs to target not only the ac-
tions per se (e.g. capital expenditures of low-carbon technologies),
but also changes in the regulatory environment and institutional
profiles required to render those actions effective (e.g. promoting
labour skills to service new technologies, setting up new institution-
al bodies and legislative frameworks, creating mechanisms for
limate economics: Critical issues to consider in climate policy analysis,
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monitoring, reporting and verification, understanding social atti-
tudes, ensuring social safety nets).9

If such transition costs are overlooked and climate policy actions
are prioritised according to the orthodox least cost way of delivering,
then many of the trigger points that could facilitate long-terms tran-
sitions and more sustainable development pathways will be missed
(Neuhoff et al., 2009). For instance, a country not having a credible
lasting legislative framework that supports low-carbon investments
and transcends the short-term interests of political parties in power,
would increase the policy risk and diminish profitability prospects
of potential climate investors. This would mean that “a significant
share of the risk associated with low-carbon investments relates to
the stability of the regulatory framework” (Neuhoff et al., 2009: 10).10

4.3. Social Institutions and Collective Action

A further lacuna in large parts of the climate economics literature
is the neglect of the role of multi-level collective action, particularly
that engaging the third (civic) sector in its broader sense.11 Most re-
search efforts have been instead focusing either at the state policy
level (public sector) or at business/firm scale (private sector). Yet,
the importance of bottom-up participatory action in the social man-
agement of many externalities or the governance of the commons
has been frequently highlighted in other parts of the literature on in-
stitutional economics, political economy, political science or sociology
(Bromley et al., 1992; McKean, 2000; Ostrom, 1990; Ostrom et al.,
1994, 2002). Measures for coping with climate change may be better
off by taking a polycentric approach at multiple local, regional and na-
tional levels involving different stakeholders rather than focusing on
single top-down policies (Ostrom, 2009). Whilst not downplaying
the role of governmental regulatory institutions for managing climate
change (particularly for international mitigation efforts), it is also rel-
evant to account for social institutions in the form of locally-initiated
civic forms of action or grassroots associations. From a mitigation
standpoint, the climate is a global common good and emissions re-
duction efforts represent a classical collective action problem. The
same logic applies for adaptation to climate change, at least in areas
that involve the governance of the commons. Examples include in-
creasing ecosystems resilience to more intense climate variations,
and improving the management of water or common land resources
confronted with additional climate instability. Having said this, a
challenge is how any community-based environmental governance
initiatives may be scaled-up at the national level. Research avenues
on multi-level nested governance systems drawing on the principles
of subsidiarity and decentralisation (e.g. Marshall, 2008) may also
provide useful insights in the climate change arena.

Local-community driven institutions for collective action may also
push governments towards making credible commitments towards
mitigation and adaptation. Social actors could be well placed to
achieve mutual monitoring and verification, and may play a critical
role in the supply of new or reformed institutions (Ostrom, 1990).
Developing societal resilience to climate change requires building so-
cial diversity and supporting a strong civic community, which in turn
9 The body of transition theory and research focusing on radical or systemic change
spurred by the growth of socio-economic-technical niches may also bring some useful
insights to the climate change economics literature (Rotmans et al., 2001). The theory
argues that if a transition or a socio-technical transformation process (e.g. towards a
low-carbon energy infrastructure) is to occur, a niche must arise and either grow to
form a new regime or force the existent regime to change to adopt the new technology
and practices of the successful niche (Köhler et al., 2010).
10 Credit guarantees backed by governments could remove some of the risks of
investing in new technologies under uncertain regulatory investment regimes (Neuh-
off et al., 2009).
11 For instance, to include quasi-public or quasi-private organisations such as cooper-
ative associations, green banks or other specialised credit institutions carrying out ac-
tivities for public purposes (e.g. a list of quasi-public institutions or public-private
partnerships in finance in US, covering clean-energy is provided in Lind, 2010).
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reproduces itself, generates economic development, and alleviates
poverty (Rayner and Malone, 2001). In large parts of the economics
literature, mitigation and adaptation options are assumed, meaning
that the underlying causes or conditions impacting the effectiveness
of climate policy options and influencing their outcomes are not suf-
ficiently explored. Participatory approaches are important for the
feasibility and practicality of climate change measures, and local
initiatives in this sense need to be integrated into or consistent with
the wider transformations of geo-political-economic systems (Smit
and Wandel, 2006). Closer links could be developed, for instance, be-
tween climate adaptation economics research at the national level
(mostly focusing on planned adaptation) and community-based ad-
aptation studies at the local level (focusing on autonomous adapta-
tion and local adaptive behaviour) (Adger et al., 2003; Jones, 2010).
Ultimately, social capital and collective action based on trust and rec-
iprocity are pre-conditions for the success of climate action and eco-
nomic development in general (Adger, 2003; Rayner and Malone,
2001).

Traditional economic modelling approaches (under their typical
form of optimal growth models or computable general equilibrium
models) to climate mitigation and adaptation policy analysis need to
be thoroughly checked and empirical tested for their assumptions on
the multitude of institutional barriers that may dampen climate
efforts or even result in undesired impacts, i.e. “malmitigation” or
“maladaptation”. These generally rely on perfectly or fully rational eco-
nomic agents who are delinked from social bonds in their decision-
making. However, considerable experimental evidence, not to mention
common sense, has shown the relevance of social norms in people's
decision making and the context-specific heterogeneity of their prefer-
ences (Patt and Siebenhüner, 2005). Also, the validity of the representa-
tive agent assumption often made in traditional economic models (i.e.
the behaviour of an economic group is adequately represented by
eachmember of the group having the identical characteristics of the av-
erage) is not grounded in empirical evidence. Data, on the contrary, has
been suggesting that economic behaviour is differentiated by industry
and region (Barker and de-Ramon, 2006).

New avenues of climate economics research may spread towards a
better understanding of the role that heterogeneous actors play in
complex dynamic systems and their contribution towards meaningful
climate action. These may include advances in economic modelling
grounded in interdisciplinary innovation in knowledge that would
simulate the complexity of interactions between different actors
both at a local level and at a macro-scale. For instance, macro-
econometric models simulating energy-environment-economy inter-
actions relevant for climate mitigation continue to be very sparse in
the literature despite their ability to capture the behaviour of hetero-
geneous agents and sectors grounded in empirical analysis. Examples
in this sense include the global E3MG model (Barker and Scrieciu,
2010; Barker et al., 2006; Köhler et al., 2006), the global GINFORS
model (Lutz et al., 2010) and the country-level PANTA RHEI model
(applied to Germany, Meyer, 2005). Another novel approach is repre-
sented by agent based models (ABMs). These simulate complex sys-
tems and allow the modeller to investigate both the potential for
and the sources of emergent properties, with underlying principle
that the behaviour of the system is quite different from the behaviour
of any of the elements within it (Patt and Siebenhüner, 2005). Exam-
ples include ABMs linked to system dynamics techniques and applied
to sustainable transport (Bergman et al., 2008; Schilperoord et al.,
2008), or the MASON model tackling “swarm”-style multi-agent sys-
tems research also applicable to relevant climate policy issues such as
urban traffic modelling (Luke et al., 2005) or climate variability, food
security and health (Cioffi-Revilla et al., 2010). Other relevant inter-
esting numerical simulation approaches relate to system dynamic
models, such as the ASTRA model applied for the integrated assess-
ment of transport and low-carbon policy strategies within Europe
(Köhler et al., 2010; Schade, 2005).
limate economics: Critical issues to consider in climate policy analysis,
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The role of economic modelling would thus be to capture the ef-
fects of collective action and to inform decision-makers at all levels
and the public in general as to what action may be most effective
and with what consequences. Furthermore, the likely performance
of proposed climate policy options could be assessed against a set of
institutional criteria highlighting the various institutional constraints
that might be at play. These could be framed in terms of policy feasibil-
ity, including, for example, required institutional capacity and legislative
changes, social acceptability of proposed actions, or social engagement
and stakeholder participation.12 However, even for more data-intensive
models departing from traditional neoclassical models, a critical chal-
lenge remains their ability to simulate the past or generate a set of
observed data. To some extent the empirical validation of such simula-
tionmodels has progressed (seeWindrum et al., 2007 for ABMs), though
far more work needs to be done in this area. In addition, interesting
alternative approaches to the empirical validation of socioeconomic
simulation models have emerged, for example the French school of
“companion modelling” (e.g. Barreteau et al., 2003), whereby stake-
holders are engaged in the modelling and validation process (Moss,
2008).

“Understanding institutions is a serious endeavor” (Ostrom, 2005:
3). When riddled with uncertainties, long term perspectives and
cross-boundary effects, as induced by the climate change problem,
the challenges of understanding endogenous institutional develop-
ment and achieving the desired institutional change are even greater.
Accounting for institutional constraints along the lines discussed
above may lead to more robust and socially acceptable climate policy
design and implementation. It may reveal greater costs of achieving
the emissions reductions or climate proofing desired, but also result
in important opportunities for institutional regime change towards
improved socioeconomic and environmental governance. Drawing
on alternative economic approaches with a greater propensity to-
wards inter-disciplinarity and exploring the institutional aspects of
climate actionmay go a long way forward in this respect. New climate
economics research could take forward investigations on the inter-
related nature of economic institutions and behaviour, the inter-
dependence between market relations and social relations. This
would represent an important break from the traditional perspective
that often “de-institutionalises”, “de-historicises” and “de-contextualises”
economic policy responses.

5. Concluding Remarks

Climate policy planning and decision-making is influenced by the
economics literature exploring the implications of climate action and
supporting different strategies. Simulating the impacts and costs of
climate policy is based, in turn, on varying assumptions and theories
that frame the economic problem. The paper has highlighted some
of the knowledge gaps on climate economics research that warrant
further research efforts and directions. The economics of climate
change poses unique challenges to orthodox styles of economic anal-
ysis, placing their rigid assumptions in the spotlight.

Critical requirements for an adequate economic framework for cli-
mate policy could be fourfold. First, one needs to explicitly state the
value judgements underlying the economic analysis, particularly judge-
ments about the importance of current versus future generations, with
implications for discounting. Second, climate policy induced interactions
between the economy, environment and society would need to be con-
sidered in their multi-dimensional, often unmonetisable integrity. This
renders the traditional cost-benefit analysis approach problematical, war-
ranting its replacement by other methodologies, such as those based on
multi-criteria analysis. Third, the problems of catastrophic risks and
12 A methodological framework for climate policy planning at a strategic level based
on multi-criteria analysis including institutional constraints has been developed, for
instance, at UNEP (2011a), see www.mca4climate.info.
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irreducible uncertainty need to be fully recognised, resulting in a collec-
tive insurance-based or precautionary approach to climate policy. Fourth,
it is important to understand the nature of implementation costs in dy-
namic and institutional settings, with multiple consequences for policy
formation. This would render not only increased empiricism to the
characteristics of economic systems under analysis (e.g. accounting for
unemployment and underemployment versus merely assuming full
employment), but also improved treatment of policy-induced technolog-
ical change and the context-specific institutional barriers that might con-
strain climate policy implementation.

The roles of technological change and institutional constraints
have been in particular identified in this paper as essential in shaping
robust and effective climate policy responses. The stylised models of
economies working at optimal efficiency and full employment in
which prices clear markets and reflect marginal costs are inadequate
for analysing system-wide global technological change, where diver-
sity of institutional and technical responses across economies at dif-
ferent stages of development is to be considered and regulation is
an important policy option. One of the implications for future climate
economics research, in this respect, is that more attention should be
given to modelling system-wide change to include all the main chan-
nels for induced technological change effects, and all the main policy
instruments that affect induced technological change. Another impli-
cation is that more research needs to be geared towards understand-
ing and capturing current institutional setups that favour or hamper
the adoption of new technologies or the implementation of climate
policy portfolios. Such analysis could explore the market and non-
market barriers, or the transaction and transition costs of policy im-
plementation, as well as the contribution of social institutions and
the civic sector towards effective action.

It is difficult to predict what it would take for new approaches to
have a real and wide-reaching impact on thinking about climate eco-
nomics. In fact, contemporary global man-made crises (climate crisis,
financial crisis) have triggered scholars and practitioners to rethink
their understanding of the issues involved and explore new avenues
of research. Greater and sustained investments into innovative re-
search that fill the gaps identified would be a start. Increased trans-
parency of new information produced from different perspectives
would help build a more diverse and solid base of evidence. This
would support policy makers and civil society in making more in-
formed choices and contributing to progress towards more sustain-
able futures. The potential for change towards a new consensus on
climate economics has already been building up for last few decades.
It remains to be seen whether this will gather pace and reach the crit-
ical mass required to break-through to new horizons that would re-
define economics and change its methods of investigation and proof.

Ultimately progress in economics is measured by the shaping of
better working solutions to existing and emerging problems. New
ideas emphasising the role of economics as a problem-solving activity
could replace old ideas clinging onto supposedly value-free notions.
There is a need for a break in the pattern of economic thinking
away from approaches that have contributed to the climate problem
and unsustainable modes of production and consumption in the
first place. This could be achieved if those pursuing economic theories
and approaches that better represent the realities of the climate
change problem were to form a common platform and advance re-
search along the lines suggested in this paper. Climate change policies
need not be seen or undertaken at the expense of development or
poverty alleviation. On the contrary, they can act as a catalyst for
shifting the development process towards economic outcomes that
are compatible with social and environmental goals.
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