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Abstract

The neo-classical economics literature incorporated the notion of
environment during the mid 20th century, but climate change has found its
place in the economics discourse during the early 1980s. During the last
three and half  decades, numerous research studies have been carried out
within the broader theme of  climate change economics. In view of  this, the
present study aims to take stock of existing literature under two themes:
(i) the journey of  climate change economics literature, and (ii) existing
controversies in the neo-classical economics literature.
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Climate Change Economics:
A Review on Theoretical Understanding

and Controversies

Chandra Sekhar Bahinipati
Unmesh Patnaik

1.   Introduction

The neo-classical economics literature incorporated the notion of
‘environment’, often cited as ‘natural capital’, during mid of  the 20th century.
Later ‘environmental economics (EE)’evolved as a separate discipline, an
outcome of  A. C. Pigou’s extensive analysis on ‘negative externality’ with
the onus being to look for the deeper inter-linkages between ecology and
society, while adopting the neo-classical economics principles
(Venkatachalam, 2007; see Sandmo, 2015 for the history of  EE). The micro
level studies within this discipline deal with issues related to optimal use of
scarce resources (i.e., renewable and non-renewable), economic valuation of
environmental goods and services (i.e., revealed and stated preferences),
negative and positive externalities, market based instruments to address
market failure (e.g., tax, subsidy, command and control approach, tradable
emission permit, etc.), common pool resources, public goods, etc. On the
other hand, studies at a macro scale establish the relationship between
environment and variables like economic growth, population, etc., and of
late, the concept of  green accounting also emerging as a major issue in the
EE discourse (see Dasgupta, 2009).

Furthermore, the notion ‘climate change’ has found its place in the economics
literature, notably in the EE discourse during the early 1980s, mostly after
the Rio ‘Earth Summit’ held in 19921. For instance, only one paper which

Chandrasekhar Bahinipati (chandrasekharbahinipati@gmail.com) is Assistant
Professor at Gujarat Institute of Development Research (GIDR), Ahmedabad; and
Unmesh Patnaik (unmeshpatnaik@gmail.com) is Assistant Professor at the Centre
for Climate Change and Sustainability Studies, School of  Habitat Studies, Tata
Institute of Social Sciences (TISS), Mumbai.

1 It was the first milestone in the international climate policy under the auspices of
UNFCCC (United Nation Framework Convention on Climate Change), and around
25,000 delegates including researchers, industrialists, NGOs, and activists etc
attended this (Schelling, 1992, p.1).
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addressed the economic dimensions of climate change was presented
by Ralph C d’Arge at the First World Climate conference held in
Geneva in 1979, and is believed to have the laid foundation for
economists to analyze issues associated with the global environmental
change (Spash, 2002). Consequently, a number of  research papers
addressing the economic perspectives of climate change are being
published not only in mainstream economics journals but also in environment
specific journals. Over the years, it has emerged as a leading area of
research in natural and social sciences. The scientific evidences also assert
that climate change poses a serious challenge to the entire human
society and ecosystems now and in the coming decades (Parry et al., 2007).
However, until the mid of  the last decade it was not an agenda in
the development economics theme. For instance, ‘eight eminent economists
were invited to Copenhagen in 2004 to offer advice on how the world community
could most usefully spend US$ 50 billion over a 5-year period, and in fact,
they placed climate change at the bottom of their list of 10 alternatives ’
(c.f. Dasgupta, 2007a, p.481). It is also noteworthy that there was
no discussion on it during the first meeting of the commission on ‘growth
and development’ in early 2006 (Dervis, 2008). However, things changed
after the publication of  Nicholas Stern’s review on ‘Economics of  Climate
Change’ (e.g., see Stern, 2007) and the noble peace prize 2007 which
was shared by the Intergovernmental Panel on Climate Change (IPCC)
and Al Gore. Issues related to climate change remain active issues for
investigation in the international research paradigm, with Stern’s review
injecting the key economic concepts into the climate change debate
(Mendelsohn, 2008).

The history of climate change research which is around two centuries
old has been dominated by the natural sciences, especially by a clique of
climate scientists. However the complexities involved in understanding
issues like global environmental change requires researchers to go beyond
the boundaries of  scientific literature (Spash, 2002), and for instance,
bringing the economics discourse will emphasize the human dimensions
to the complex environmental problems. In similar line, Tavoni and
Levin (2014) highlight the need for a multidisciplinary approach to solve
negative externalities of  the global environmental change, faced by
the modern societies. While the first assessment report of IPCC published
in early 1990s (e.g., 1991) had focused mainly on the climate science, a
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special emphasis on the economic dimensions of climate change2 was given
since the second assessment report published in the year 1995 (Spash,
2002). The IPCC has so far released five assessment reports (e.g., 1991,
1995, 2001, 2007 and 2013/2014) and a range of special reports5, and since
the third assessment report, the IPCC has been publishing three
volumes in each report: (i) the physical science basis, (ii) impacts, adaptation
and vulnerability, and (iii) mitigation of  climate change; the latter two
using principles of economics to address various issues associated with
impact, vulnerability, adaptation and mitigation. In addition, the human
development report 2007/08 of United Nation Development Programme
(UNDP) had focused on ‘fighting climate change: human solidarity in a
divided world’ (see UNDP, 2008). All these developments have resulted
in making climate change a priority area of research in the EE discourse
also. Within the economics stream although the early contributions were
from neo-classical economic thinkers, later, other branches within economics
disciplines like ecological economics, behavioural economics, experimental
economics, etc. have substantially contributed to climate change research
(e.g., see Gowdy, 2008, 2010; Brekke and Stenamn, 2008).

In the EE discourse, the crucial question for investigation was the role
of economic discipline to address issues associated with the global
environmental problems. Borrowing from the original definition of  economics
propounded by Lionel Robins4, the EE discourse viewed atmosphere
that assimilates different components of greenhouse gases (GHGs) and
fosters problems like climate change or global environmental change, as a
public good (which satisfies the characteristics of non-excludability and
non-rivalness), and is a scarce resource that needs to be distributed
sustainably across as well as within generations. The EE discourse mainly
contributes by explaining how choices of an economic agent (individual,
household, community and nation) lead to the global environmental change

3

2 As part of the second assessment report of the IPCC, a special report is published
as ‘social and economic dimension of the climate change’ (see IPCC, 1995).

3 Apart from these reports, the IPCC has been published various special reports, e.g.,
special report on emission scenario, carbon dioxide capture and storage, renewable
energy sources and climate change mitigation, managing the risks of extreme events
and disasters to advance climate change adaptation, etc.

4 ‘Economics as the science which studies human behaviour as a relationship between
ends and scarce means which have alternative uses’ (c.f. Barker, 2008: 5).



problem while treating the atmosphere as a public good, estimating potential
impacts of  climate change on human and ecosystems, and recommending
policies (i.e., both normative and positive) to alleviate it while maximizing
the economic welfare of both the current and the future generations
(Nordhaus, 1993; Stern, 2007; Barker, 2008). While addressing these,
simultaneous issues have also evolved, like how fast we should graze our
global commons, how to distribute the global commons with regard to the
intra- and inter-temporal scenarios, should we use conventional cost-benefit
analysis to identify the extent of  use of  the global commons, how much
we should invest and when, etc. (Nordhaus, 1982, 1993; d’Arge et al., 1982;
Arrow et al., 2004; Dervis, 2008). In fact, the prime research question for
the policy makers dealing with climate change right now is whether we
should adapt or mitigate or is there a trade-off  between these two (Nordhaus,
2007a). The economics discourse, in general, facilitates both positive and
normative policies to solve issues related to the climate change (Goulder
and Pizer, 2006). Neither scientists nor economists are able to solve the
moral ethics of  it, i.e., what should we do about it, and hence, there are
critics on its empirical findings and fundamental assumptions as well as
value judgments on which it is based (Toman, 2006).

Given this background, the present study reviews the relevance of EE
theory to address issues associated with the global environmental change. In
particular, two concepts are discussed in the remainder of  the paper: (i) the
journey of  climate change economics literature so far, and (ii) existing
controversies in the neo-classical economics discourse. The structure of  the
paper is as follows: the second section outlines the theoretical understanding
of climate change economics which is mainly referred to economics of
mitigation and adaptation, and the third section highlights the existing
theoretical controversies, especially between two noted economists William
D Nordhaus and Nicholas Stern; and finally, the fourth section presents the
concluding remarks.

2.   Economics of Climate Change: Understanding of Economic Theory

It is well understood that climate change induced events generate negative
externality for human society and ecosystems as a whole. There are two
broad policy responses to deal with it, namely, ‘mitigation’ and ‘adaptation’.
A large number of  research studies have been undertaken in the context of
former compared to the latter (Pielke et al., 2007), but it emerged as an
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important research issue in the international paradigm after the CoP
(Conference of Parties) meeting held in Bali in 2007 (Bahinipati, 2011).
The next section discusses how economics discourse so far has addressed
issues related to mitigation and adaptation.

2.1.  Mainstreaming Climate Change in Environmental Economics

Climate change has been analysed in the EE discourse since the early
1980s, and initially, it is treated as akin to the other environmental problems
such as pollution, acid rain, etc. Over the years, however, this has become
unique and also grabbed attention of  many environmental economists. It is
due to five reasons: first, it is global in its origin, risk and impacts; second,
the emission of the GHGs and other trace gases are irreversible and non-
separable; third, the potential impacts are long-term and its scale is trans-
boundary in nature; fourth, the extent and nature of uncertainties; and fifth,
uneven distribution of costs and benefits across the space and time (Hanley
et al., 1997; Goulder and Pizer, 2006; Spash, 2007a; Stern, 2008).

In general, the environmental problems are being addressed in two ways in
the EE discourse: (i) loss of human welfare which is analysed through
market and price mechanism, and (ii) implementing institutional regulation
to control it through taxation, tradable permits, command-and-control
approach, etc. (Spash, 2002; Bahinipati, 2011). But, the uniqueness of the
climate change problem has posed additional complexity issues: risk and
uncertainty, inter-generational and inter-temporal equity, un-even distribution
of  emissions and impacts, and economic ethics, i.e., notion of  rights, justice
and freedom, sustainability and stewardship (Spash and d’Arge, 1989;
Mendelsohn et al., 2006; Stern, 2007).

In the EE literature, the notion climate change is being viewed as a
‘public good’ (Hanley et al., 1997; Dasgupta, 2007b), which fosters
‘free rider’ problem as this provides an opportunity to an entity to emit
the GHGs without any limit. Based on the standard economic theory,
the entity emits up to the zero marginal benefit, i.e., ‘economical
optimum point’ – a situation of market failure as we do not consider
externality and fail to reach the social optimum point; it is the point
of highest difference between total cost and total benefit (Hanley et
al., 1997). As a result, the developed nations have been emitting the
GHGs into the atmosphere without any limit since the pre-industrialisation,
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and in recent past decades. The developing nations like India, China,
Brazil, South Africa, etc. are also rapidly increasing their share of
GHG emissions. Because of  the past and ongoing rapid emissions,
the complexity for the policy makers lies in deciding who should
reduce emission now and how much; more importantly, its impact on
the economy of that particular nation. The issues associated with
public goods could be overcome by adopting policies, proposed by
Wicksell and Samuelson, such as public provision and publicly subsidized
private provision (Dasgupta, 2007b). However, the climate change
problem not being confined within the boundaries of  a single country,
needs involvement of  the multi-national government entities (Dasgupta,
2007b).

In addition, climate change has both positive and negative externalities
upon human society and ecosystems. For instance, while nations situated
in global north have benefited from it, the nations in the global south
are the worst affected (Mendelsohn et al., 2006). Further, it has the
unique property of trans-boundary externality (Hanley et al., 1997),
and hence, the issue of  ‘carbon or ecological debt’ has emerged in
the literature, i.e., ‘compensation principle’ with the modern welfare
economists pointing out that the developed nations should facilitate
funding to the developing nations to reduce loss and damage occurring
due climate change induced events (Parikh, 1994)5. Since it satisfies
both the properties of  public good and a negative externality, Stern
viewed it as a ‘biggest market failure’6 which the world has ever seen
(Stern, 2008). Besides this, it has challenged international communities
on the distribution of carbon footprint among different nations on the
basis of  differentiation in terms of  geography, standard of  living, per
capita income, etc. The existence of  the notions of  externality, public
good, and market failure are the starting point for the economic discourse
to discuss it within the EE framework.

6

5 While the Alliance of Small Island states (AOSIS) had first tabled the proposal of
‘insurance mechanism’ (i.e., compensating the vulnerable countries) in 1991, the
term ‘loss and damage’ was appeared in the Bali Action plan in 2007.

6 Market failure occurs when the market does not generate an efficient allocation of
resources – the perfectly competitive market where private decisions lead to a social
optimum, and it has six characteristics: incomplete markets, externalities, non-
exclusion, non-rival consumption, non-convexities, and asymmetric information
(Hanley et al., 1997).
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Under the backdrop of above description, it could be highlighted that
the climate change has become a serious challenge for the international
communities, because of  the uniqueness in characteristics compared to
the other environmental problems. Since the society needs precautionary
principles to mitigate it, there are three options to follow: do nothing
and conduct ‘business as usual’, adapt to the extreme events (likelihood
to reduce costs of the potential impacts), and reduce the emission of
the GHGs- mitigation (likelihood to reduce the frequency and intensity
of  the climate related events) (Spash, 2002). Therefore, since the early
1980’s, literature has been looking for alternative strategies to reduce
or slow down the level of GHG emissions at a modest rate while
considering the welfare of  the future generation, i.e., Pareto-efficiency
(Nordhaus, 1993; Stern, 2007), and estimating both market and non-
market damages – through change in price and supply of the goods (Goulder
and Pizer, 2006).

2.2.  Economics of Mitigation

In the context of mitigation, the mainstream economics literature address
two issues: (i) optimal path of  emission control (e.g., see Nordhaus, 1993,
1994; Nordhaus and Yang, 1996; Stern, 2007), and (ii) possibilities of  energy
substitution (Goulder and Pizer, 2006). These issues are analysed through
market instruments such as tax, subsidies, emission quotas, tradable emission
allowance, performance standards, etc. (Goulder and Pizer, 2006).

The society incurs two types of costs associated with mitigation: (i) abatement
cost (e.g., switches to more expensive cleaner fuels and re-capture the
emissions through reforestation), and (ii) social cost of  carbon (e.g., potential
negative impacts on sensitive sectors like agriculture, health, water, etc.)
(Mendelsohn, 2008). The obligation for economics discourse is to identify
an efficient policy that could minimize present costs and enhance welfare
of  households across the generations. For empirical assessment, the
economics literature is centered on the traditional economic tool of cost-
benefit analysis (Nordhaus, 1993; Stern, 2007) – the equilibrium point is
arrived where marginal abatement cost (MAC) is equivalent to marginal
damage cost (MDC). In doing so, the neo-classical economics has given
more emphasis on rationality, via use of  utility maximisation and on
equilibrium. But, it has neglected strong kind of  uncertainty, particularly
fundamental uncertainty that persists in the future as consequences of the



climate change (Barker, 2008). Further, the entire theoretical analysis
has replaced the long term uncertainty with the certainty-equivalent
damages and treated individual preferences as fixed and utilities that
could be aggregated and converted into well behaved mathematical
equations in a ‘social welfare function’ (Barker, 2008). However, controversy
pertaining to the selection of discount rate in order to estimate the
present value of future benefits with the abatement cost still persists.
The ethical question is how we treat our future generation, which has
raised the issue like ‘inter-generational or inter-temporal equity’ (Spash
and d’Arge, 1989).

Stern’s review (2007), on the other hand, adopted the IAMs (Integrated
Assessment Models) – alternatively cited as dynamic cost-benefit analysis
– to assess the potential damages of the climate change and cost
of abatement, and to highlight emission paths that minimize the present
value sum of damage and control costs. A lively debate persists in
this perspective on the extent to which the conclusion of the IAMs
was driven by the discount rate. It is sensitive not only to the discount
rate but also to the inter-generational welfare function (Stern, 2008). In
fact, the traditional cost-benefit analysis tool was criticised on three
grounds: discount rate, accuracy of  the present value of  the future costs
and benefits, and ethics in terms of  selecting negative or positive or infinite
social discount rate (d’Arge et al., 1982) which are discussed in the
next section.

2.3.  Economics of Adaptation

During the early 1980s, both mitigation and adaptation have received
equal importance in the climate change discourse. Over a period, the
notion ‘adaptation’, however, was missing from the mainstream literature
(Pielke et al., 2007), as the objective of the UNFCCC (United Nation
Framework Convention on Climate Change) – particularly the ‘article 2’ –
is to stabilize GHGs in the atmosphere (McCarthy et al., 2001, p. 881).
It has bounced as a front runner issue in the climate change debate,
as the world is already committed to some of the potential impacts
of  climate change, even if  we adopt stringent mitigation policy now
(Pielke et al., 2007). The recent scientific studies, for instance, predict
that the world temperature would definitely increase by 2-40C in 2100,
given the past emission of GHGs (Panda, 2012), and as a result, we
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have to undertake various adaptation mechanisms to counteract the
consequences of  such increasing temperature. Further, it is also known
that the frequency and intensity of extreme events will increase in the
near future due to climate change (see IPCC, 2012; Wagner and
Weitzman, 2015).

It is well-known that all living beings are adapting to the changing
climatic patterns over the years, i.e., autonomous adaptation. But, in the
recent years, the impacts from the climate change have overwhelmed
adaptive capacity of  various entities, so that it requires pro-active adaptation
policy, i.e., planned adaptation. In the climate change economics
literature, the notion adaptation has been used in two discourses:
‘impact assessment’ and ‘vulnerability assessment’; both are different
in terms of not only the research question they ask but also the way
in which they assess adaptive capacity (Bahinipati, 2011). While following
a prescriptive or normative approach, impact studies estimate likelihood
impact cost, includes both adaptation and unmitigated costs, based on
the various projected emission scenarios (see Tol et al., 1998); these
studies calculate the cost in terms of net impact minus adaptation
(Bahinipati, 2011). The vulnerability studies, in contrast, adopt a
descriptive or positive approach, which views adaptation as a ‘starting point’,
i.e., current ability to cope with risk and secure livelihoods given the
socio-economic, environment and political conditions where the entity
resides (Bahinipati, 2011). Within both the approaches, there are three
issues which capture attention of economic discourse: (i) cost of adaptation,
(ii) financing adaptation, and (iii) households’ adaptive behaviour and
effectiveness of adaptation measures.

In December 2007 during Bali Action Plan (CoP-13), the developed
nations have agreed to provide adequate, predictable, sustainable financial
resources for developing country parties in order to adapt to the climate
change (World Bank, 2010). Therefore, a large number of  studies (i.e.,
both at macro and micro levels) have emerged to estimate ‘price tag’ for
adaptation to help policy makers in the global, regional and local context
(Bahinipati, 2011). On a macro scale, few studies have been carried out
to estimate the adaptation cost for different regions and sectors separately
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 2010;
World Bank, 2010). At a micro level, Mckinsey (2009) identifies cost-
effective adaptation options adopting a conventional cost-benefit analysis.
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Applying joint probability distribution method, Palanisami et al. (2015)
estimate cost of various farm-level adaptation measures in the major
river basins in India. Though there are limitations on the methods adopted
by the above studies (see Bahinipati, 2011), the advantage is that it
gives a figure for adaptation cost which helps policy makers to negotiate.
Nonetheless, a few philosophical questions arise like who will facilitate
funding and how much aid each developing nation could receive; in
this context, various issues have been put forward as fairness, equity and
justice (Adger and Paavola, 2006). Another research issue within adaptation
concerns right time to invest on adaptation, i.e., whether we should
invest now or wait for technological advancement for less adaptation
cost; here, the most persisting issue is uncertainty associated with the
climate change.

In the context of  assessing households’ adaptive behaviour, a large
number of  studies have been emerged in agriculture, which is highly
sensitive to the climate change and where the prime objective is to
assess determinants of  various farm-level adaptation options, in the context
of Africa, Latin America, China and South Asia. Considering adaptation
as a binary choice, Bryan et al. (2009), Deressa et al. (2011) and Di
Falco et al. (2011, 2012) investigate factors influencing farmers’ decision
to adapt with farmers adopting various options which are either mutually
exclusive or inclusive. Treating adaptation options as independent, Panda
et al. (2013) and Wood et al. (2014) identify major determinants of  them.
However, these studies did not take into account the relationship between
various adaptation mechanisms. While the options are not mutually
exclusive, Nhemachena and Hassan (2007), Piya et al. (2013), Bahinipati
and Venkatachalam (2015), Patnaik and Narayanan (2015), and Patnaik
et al. (2016) find out factors influencing various adaptation options
while allowing complementarities and substitutability relationship among
them. When the choices are mutually exclusive, the studies identify factors
influencing choice of an adaptation measure over no adaptation
(Kurukulasuriya and Mendelsohn, 2007; Seo and Mendelsohn, 2008;
Hassan and Nhemachena, 2008; Gbetibouo, 2009; Deressa et al., 2009;
Wang et al., 2010). Further, following crop diversity literature, Bahinipati
(2015) assesses farmers’ adaptive behaviour to farm-level adaptation
diversity, i.e., number of  adaptation options.
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In addition, it is also well-recognized that farm-level adaptation measures
could reduce potential impacts of  the climate change (Tol et al., 1998;
see Bahinipati, 2011). In the recent years, Di Falco et al. (2011), and
Di Falco and Veronesi (2013 and 2014) estimate the benefits of  undertaking
adaptation measures in Ethiopia. While Di Falco et al. (2011) and Di
Falco and Veronesi (2014) calculate benefits of  undertaking adaptation
(which is treated as a binary variable) to address food insecurity problem
at the household-level, Di Falco and Veronesi (2013) compute benefits
of  adopting various adaptation strategies (e.g., changing crop varieties,
water conservation strategies and soil conservation strategies) in isolation
or combination. These studies find that past adaptation decreases risk
of crop failure and the implementation of adaptation strategies is a
successful risk management strategy that makes the adapters more resilient
to climatic conditions.

3.   Controversies in Climate Change Economics

As pointed out in the previous section, it is a challenging task for both the
natural scientists and the economists as well to design effective policy to
mitigate potential impacts of  the global environmental change. At present,
the international community is vexed with a crucial issue as what should
be done right now to avoid the future potential impacts – whether we
should adopt ‘strong policy’ (i.e., invest now) or ‘wait and see principle’,
where it seems that the future wealthier generation would bear the burden
(Broome, 2008). Alternatively, it could be asked as whether we should
respond to the problem now or pass it to the future generation, and ensure
that they will respond to it efficiently due to the possible improvement of
the technological efficiency that could reduce cost, and the notion uncertainty
could have solved by that time. The answers to these crucial questions
depend upon how the future generation is being viewed in the telescope of
the mainstream economic thinkers. While addressing the above research
questions, climate change economics studies have come across a few
controversial issues, e.g., discount rate, uncertainty, and cost of  action and
inaction (Mendelsohn, 2008; Heal, 2008). In the following sections,
we explain each of  them separately, and also summarize the comments
by various scholars on the work by Stern and Nordhaus, particularly on
‘discount rate’.



3.1.  Theoretical Controversies

Since the early 1980’s, the climate change economics studies, as highlighted
above, have been focusing on the optimal path of  mitigation. The standard
economic theory suggests that the role of economics is to minimize the
present value of the abatement plus damage costs (Mendelsohn, 2008), and
therefore, a large number of  studies have adopted the conventional cost-
benefit analysis (CBA) to solve the long standing environmental problems.
Later this was criticized due to its economic assessment, and ethical as well
as methodological standpoint (Spash, 2002). In particular, the crucial issue
persists here as how the economists are discounting future generation relative
to the current, i.e., choosing a discount rate – pure rate of  time preference,
market rate of  interest or consumption discount rate. Most of  literature has
adopted Ramsey (1928) equation on ‘Theory of  saving which is shown in
equation 1.

(1)g    L L

Here, ‘’ refers to the discount rate, and ‘’ is the elasticity of  consumption,
and ‘g’ depicts the growth rate of the consumption. Both the discount rate
and elasticity of  consumption7 have dominated the entire controversy in
the climate change economics literature (see Dasgupta, 2007c; Nordhaus,
2007a, b; Mendelsohn, 2008).

In the context of  discount rate, it is well-known that there are two types
of  discount rate: pure time preference rate (PRTP) and consumption
discount rate (CDR) or market rate on interest (Heal, 2008). Basically,
economists are discounting the value of the future generation relative
to now because they are living in different time periods and having
different income levels. In doing this, concern about the existing intra-
generational equity is neglected, for example: someone could get same
kind of judgment with valuing the utility of household say in Asia
differently from that of household in Africa (Heal, 2008). In addition,
most of the models follow a general equilibrium model considering
the whole world as one country model rather than giving importance to
the notion of existing inequality (Heal, 2008). In the perspective of
choosing discount rate, Dasgupta (2008a) has raised wide range of  questions
as: how should society chose the discount rate – PRTP or CDR, how

12
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consumption.



are they related to the notion of  inter-generational justice and equity,
should they be constant over time or could they depend on date, do
they reflect the opportunity cost of  the capital, if  so, how the society
determines what that cost is, whether the discount rate is positive or
negative, and how the consumer prices future consumption with the
existing uncertainty. In addition, the positive or higher discount rate has
the disadvantage to give negligible present value of future disastrous
event, even if  it could bring huge damage cost in the future. For example:

“Suppose that Denmark needs to be evacuated due to f looding. Current real
estate value in Denmark is estimated at about USD$238 billion. If a discount
rate of 5 percent is applied, then over 500 years, the same real estate would
be worth just $6. Hence, if they did not enlarge their property in the meantime, the
loss of  all real estate in Denmark would be compensated if, today, we
make a saving equivalent to half a barbeque chicken with potato fritters”
(Gardiner, 2004: 572).

Since it is a controversial issue in the literature, Heal (2008) suggests
that it would be better to choose a lower discount rate, as most of
the literature, including Stern’s review, in the current decade is following the
lower discount rate. It will be more appropriate to choose zero or near to
zero as discount rate, because it has given equal importance to the each
generation. However, few neo-classical economists have argued that it would
be unfair between the current poor and the future wealthier generation.
Apart from this, the other controversial factor is elasticity of  consumption.
For instance: a low (high) value of  it implies that decision gives little
(much) attention about whether the future is richer or poorer than the
present.

Further, the notion uncertainty has dominated the controversies in the
climate economic literature. While the science is not uncertain, its’
estimations are too uncertain. For instance, will the temperature rise to
2O or 6O Celsius with respect to the temporal as well as spatial scale.
Likewise, the change in the patterns of  precipitation, humidity, ocean
circulation, and melting of ice sheets are too uncertain, and more importantly,
its implication on the social and economic activities are still not clear.
Therefore, it has become difficult to take decision regarding the future,
given the existing uncertainty. As the traditional economic model of
decision making under uncertainty assumes known state space as well as

13
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probability distribution, and an expected utility function, the characteristics
of the climate economics do not satisfy the above mentioned conditions.
Though we have some knowledge on the likelihood impacts in the
future period, it does not sufficient to build probability distribution and
additionally consequences also being irreversible (Heal, 2008).

Referring to cost of action, there is not much controversy as most of the
literature agrees with certain points. For example, the Fourth Assessment
Report of the IPCC estimates that the cost of maintaining the emission
of  CO2e below 450 ppm was 3% of  world’s GDP by 2030 and less
than 5.5% by 2050 (Heal, 2008, p. 18). Stern (2007) estimates that keeping
the concentration of CO2e less than 500-550 ppm requires 1 to 3%
of  world’s GDP. Since the estimation of  the costs are represented in
terms of  the proportion of  GDP, Heal (2008) raises the issue as whether
cost of  reducing emission will rise in proportion to income. For example:
suppose GDP doubles then the cost will also double, i.e. if  income doubles,
does the value of  land lost due to sea level rise double? (Heal, 2008, p.18).
Further, Nordhaus estimated an optimal carbon tax for 2005 of  around
$30/ton in current prices, and it will rise to $85/ton by the mid of
this century and again raise over a period (Nordhaus, 2007b, p.201). Stern
(2007), in contrast, proposed $300/ton carbon tax at current price,
which is 10 times higher than the earlier estimation. However, Mendelsohn
(2008) argues that whether Stern’s review is an economic analysis, as
the onus is to minimize the present value of the abatement plus damage
costs. Besides this, it does not estimate the present value of  the sum
of  damages and abatement costs of  its preferred policy, and in particular,
also does not compare with the other alternative efficient polices cited
by the mainstream literature (Mendelsohn, 2008). In the context of cost
of inaction, much controversy persists in the mainstream economics
literature. In particular, the result basically depends upon the five factors:
(i) assigned value to the costs of  climate change, (ii) choice of  discount
rate, (iii) elasticity of  marginal utility of  consumption, (iv) non-market
impacts, and (v) issue related to uncertainty (Heal, 2008, p.20).
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3.2.  Controversies between Nordhaus and Stern’s Approach

While Stern suggests that we should adopt stringent mitigation policy
in the near future, Nordhaus supports for reducing emission of  GHGs in
a moderate manner. Various scholars have criticized the methodology
followed by both the studies in order to arrive at these conclusions.

Similarly the selection of discount rate is a major disagreement between
both the studies. Nordhaus adopts market rate of interest for long-term
risk free bond to discount future benefits and costs, as he views it as
an opportunity cost of  alternative investment, say, infrastructure and
capital. Stern’s approach, in contrast, is more pluralistic giving importance
to the ethical principles of  economics, and therefore, it has adopted
ethical discount rate, which is near to zero at 0.1 (Barker, 2008). But,
it gives less emphasis to income inequality, thereby it saves a great deal
for the future and real return is low. Nordhaus, in contrast, assumes a
high discount rate and aversion to inequality, thereby the current savings
rate is low and the real return is high (Nordhaus, 2007b). On Nordhaus’s
approach, Barker (2008) points that it has given emphasis on rationality
via the use of utility maximisation, general equilibrium model, whereas
neglected uncertainty and irreversible impacts. Further, the whole analysis
is based on the single country approach, and the aggregated utility is
shown in a well-behaved social welfare function in order to investigate
implication on consumption of  different generations (Barker, 2008).

Broome (2008) has commented on the Nordhaus’s approach as it has
followed the principles of ‘‘prioritarianism’ – which gives priority to the
less well off, whereas on the Stern’s approach, he observes that it has
pursued the principles of ‘utilitarianism’- which gives equal benefit to
each generation and does not matter who receives it. Nordhaus (2007b)
distinguished it as the ‘descriptive’ – discount rate that determines actual
political and economic decisions, and ‘prescriptive’ approach – ethical
parameters determine the discount rate. Barker (2008) described it as
traditional (i.e., Nordhaus) and new economic (i.e., Stern) approach.
Besides these, the Stern’s review was criticized by the various scholars,
for example Dasgupta (2007c, 2008a), Nordhaus (2007a, b), Spash (2007a),
Mendelsohn (2008), etc. In particular, Mendelsohn (2008) criticizes the
Stern’s review on several grounds like: time horizons, discount rates,
abatement costs, environmental impacts of  alternative energy sources,
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market and non-market damages and the role of  uncertainty. Likewise,
Spash (2007a) criticizes it on the ground of  strong uncertainty,
incommensurability, plural values, non-utilitarian ethics, rights, distributional
inequity, poverty, and treatment of  future generations.

Based on these, it is observed that Stern’s review (2007) was severely criticized
on the basis of using traditional cost-benefit analysis to sort out the global
environmental change problem, over-estimating the abatement cost of
mitigation (i.e., 10 times higher than the other calculation given by the
other conventional economists), and also mistreating the notion discount
rate (Spash, 2007b). Stern (2007), on the other hand, treats the whole
problem as a simple externality with reference to Pigou without any
reflection on the critical literature of the intervening 90 years (c.f. Spash,
2007b, p.709). However, Stern (2007) highlighted the economic ethics
that need to reckon the impacts on the future generation and argued
that the earlier discounting, taken by the follower of the neo-classical
economists, is unethical (Spash, 2007a). Apart from the controversial
issues, the Stern’s review (2007) has some advantages with including
the estimation of  the non-market damages and for the first time, it has
estimated the potential impacts beyond the 21st century. More importantly,
it has given emphasis to the ethics of economics as he stated that “it is
not possible to provide a coherent and serious account of the economics of
climate change without close attention to the ethics underlying economic policy
raised by the challenges of  climate change” (c.f. Stern, 2007b, p.38).

4.  Concluding Observations

It is well established now that climate change poses serious challenges to
the human society and ecosystems as well. Up to the early 1980s,
the whole climate change research was dominated by the natural scientists,
and their findings being inconclusive; for instance, whether the world
temperature would increase 2O or 6OC, and to what extent the global
environmental change impact on different nations. The mainstream EE
discourse entered into the climate change debate during the early 1980s
treating atmosphere as a public good and its impact as a negative externality;
Stern (2007) pronounces it as a biggest market failure the world ever
seen. Numerous economic studies have emerged after the Stern’s review
on ‘economics of climate change’; but it was the first to inject economic
underpinnings into the climate change research.
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There are two broad policy responses to address problems related to
the global environmental change: mitigation and adaptation; the latter
being overlooked by many earlier studies, however, its importance emerged
during the mid of  the last decade. Mitigation studies basically identify
optimal path of emission control and estimate economic cost of energy
substitution. In the case of  former, the studies particularly adopt
conventional cost-benefit analysis technique to estimate present cost
and benefits of various projected emission scenarios – the onus is to identify
an efficient path of mitigation that could minimize the present costs
and enhance households’ welfare across generations. In this context, the
whole controversy is with choice of  discount rate. Since the world is
already committed to some of  the impacts from climate change, it is
necessary to undertake pro-active adaptation policy to mitigate the
potential impacts in the near future. It is found that the discourses
have used two notions of  adaptation: impact assessment and vulnerability
assessment. While the impact assessment views adaptation as an end-point
approach with estimating net impact (impact minus adaptation), the
vulnerability studies consider it as a starting-point approach, i.e.,
current ability to cope with risk and secure livelihoods (Bahinipati, 2011).
In both the approaches, three issues have captured attention of  the
economists: cost of adaptation, financing adaptation and households’
adaptive behaviour and effectiveness of  adaptation. In the mainstream
economics literature, the controversies persist with a few issues such as
discount rate, uncertainty, and cost of  action and inaction, and in fact,
the major debate between Stern and Nordhaus, being also related to the
treatment of discount rate and elasticity of consumption.
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