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IMPORTANCE OF UNDERSTANDING CLIMATE ECONOMICS

We are living in an era in which the average person emits ∼5 tons of carbon dioxide (hereafter
referred to as CO2) emissions each year (Le Quéré et al., 2018). CO2 emissions, along with other
greenhouse gases, distort the planet’s energy balance and result in climate change, which has a wide
range of causes and impacts, and those in low-income countries who contribute the least to climate
change are the most vulnerable to its effects (Tol, 2009; Partridge et al., 2017). Climate change
also poses another long-term problem because some greenhouse gases have tens of thousands of
years of atmospheric life, and a quarter of the emissions remaining in the atmosphere for over a
millennium (Archer et al., 2009). Numerous researches attempt to understand climate change in
a field of natural science have been already done, however, the key questions or measurements
about the consequences of climate change that are “economically” or “socially” crucial remain
unanswered (Hsiang and Kopp, 2018). Hence, starting from Nordhaus (1977), researchers seek to
understand climate change from economic and social perspectives and provide policy options that
canmitigate/adapt the consequences of climate change. To this end, climate economics starts to rise
as it allows us to understand climate change and provide solutions to combat it through toolkits that
incorporate various economic theories and empirical models to reflect people and the economy.

Climate economics covers a broad range of topics. In classical economic theory, climate
economics includes optimal natural resources extraction, which is known as Hoteling’s rule, and
optimal tax policies known as Pigouvian tax. Recently, Climate economics started to cover the urge
to reduce greenhouse gases and mitigate climate change as the harms of climate change would
dominate the world (Tol, 2014). These lists of topics have already been highlighted from the past.
Still, it has increasingly become essential with current global environmental problems: increasing
CO2 emissions, rising sea levels, and health impacts of climate change that start to emerge and
threaten the people and the economy. The broadness of climate change requires climate economics
to provide solutions that can encompass these various aspects.

To do so, climate economics requires global and interdisciplinary efforts because climate
change hazards incorporate various aspects, including technology (Karakosta et al., 2010; Gans,
2012), health (Deschênes et al., 2009; Jones, 2019; Barreca and Schaller, 2020), well-being (Kelly
and Adger, 2000; Barnett, 2003; Pecl et al., 2017), and energy (Karl and Trenberth, 2003;
Davis et al., 2010; Spence et al., 2011). Thus, reaching out to other disciplines and finding a
balance between disciplinary excellence and interdisciplinary collaboration is crucial for climate
economics. Additionally, given that the new topics frequently emerge in climate economics thanks
to technological innovations, globalization, new political agendas, and new social/environmental
problems, identifying the key challenges and opportunities would contribute when the new
challenge comes.

In this paper, therefore, we identify the two main challenges of climate economics and
opportunities for them. To do so, we review recent journal articles which cover two crucial topics
that incorporate challenges and opportunities in climate economics: Measurement of intangible
assets and estimating the social cost of carbon (SCC). While both issues are representative topics in
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climate economics, both in topical and methodological
aspects, there are still challenges therefore overcoming such
challenges would provide opportunities to tackle climate change.
Overcoming the challenges would allow climate economics to
reach interdisciplinary and global solutions.

MEASURING INTANGIBLE

CONSEQUENCES OF CLIMATE CHANGE

One of the most critical challenges that the researchers in
climate economics have addressed is assessing the environmental
intangibles, in other words, non-market values of emissions.
Environmental economists have tackled such issues by
valuing intangibles and developing policy structures such
as environmental taxes, environmental subsidy, and emissions
trading to incorporate the non-market prices into the market.

The standard methods to monetize non-market values are
categorized into two types. One is the revealed preference
method, estimating the values of intangibles through people’s
actual behaviors. The revealed preference method includes the
travel cost method and hedonic approach, which aim to infer
the economic value of recreation sites and green spaces. The
revealed preference method is also applied in climate economics
for evaluating carbon prices (Cullen and Mansur, 2017).

Another method is stated preference approach, based on
a survey in which a hypothetical policy that causes a change
in environmental condition is shown to respondents. The
respondents are asked to directly state their willingness to pay
for the policy or indirectly indicate their perceived value for the
environment through choosing a preferred policy. An advantage
of this method is that it can monetize a change in environmental
conditions that have not actually happened. For example, in
the context of climate change, MacKerron et al. (2009) have
conducted a stated preference survey and investigated the value
of a hypothetical project that can offset the emission from
airlines. It is also found that willingness to pay (WTP) for
reducing emissions varies depending on the type of policies and
sociodemographic characteristics (Alberini et al., 2018).

More recent studies have investigated the values of
environmental intangibles by focusing on subjective well-being
(SWB) indices represented by happiness and life satisfaction.
While stated and revealed preference methods are called a
decision utility approach because it is based on choice behaviors,
assessing environmental goods using SWB is classified as an
experienced utility approach because it captures the experienced
outcome of a choice. Using ex-post happiness and satisfaction
is effective for measuring intangible factors such as mental
benefits or costs from an improvement or deterioration of the
environment (e.g., Kumagai et al., 2021; Yoo et al., 2021). In the
context of climate economics, one strand of research focuses
on using SWB for evaluating the damage from natural hazards
that will happen more frequently in the future due to climate
change (Fernandez et al., 2019). Other studies have shed light
on the relationship between emissions and well-being through
agriculture and energy consumption and discussed how to

address both mitigating climate change and enhancing people’s
well-being (Lamb and Steinberger, 2017).

Although the impact of various aspects of climate change has
been quantified by focusing on individual’s choice behavior and
experienced satisfaction, it is not yet clear which method can
provide the most reliable outcome. Decision utility approach,
a conventional one, assumes that an individual predicts which
option is most likely to provide the highest utility among a set
of alternatives. In other words, decision utility becomes a precise
estimate of utility if an individual can accurately predict future
experiences from their choice for addressing climate change.
However, previous studies have found that people are likely to
underestimate the negative aspects of future experiences and
suffer more than they expected under the negative influences
of choice outcome (Stutzer and Frey, 2008; Frey and Stutzer,
2014). Using an experienced utility approach can address this
utility misprediction issues, but few studies have investigated the
impacts of climate change on people’s experienced utility such as
subjective well-being. Further studies are needed to clarify how
to correctly grasp and evaluate the impacts of climate change by
focusing on both people’s choice behavior and satisfaction.

SOCIAL COSTS OF CARBON

Followed by section Measuring Intangible Consequences of
Climate Change, climate economics attempted to monetize the
environmental externalities (i.e., carbon emissions), leading to
a well-known discussion on the “social costs of carbon” (SCC)
representing the economic cost caused by an additional ton of
CO2 emissions (or more succinctly carbon) or its equivalent.
Estimates of the SCC are a critical component of climate
change policy as it can propose the acceptable level of emissions
reductions or carbon pricing in policies to minimize emissions
at the national or international levels. Policymakers, for example,
might use SCC estimates to evaluate the optimal carbon tax or the
target rate of emissions reductions under a cap-and-trade regime
(Nordhaus, 2014).

Usually, the SCC is calculated using an integrated assessment
model (IAM) to simulate a “causal chain” that begins with
predicted socioeconomic futures and greenhouse gas emissions.
Following the SCC estimation process, the estimated resulting
climate change and climate damages for both a reference and a
CO2 pulsed emissions trajectory are presented (Rose et al., 2017).

While the estimates of SCC provide critical insights for
future climate policy, both have a vital challenge: uncertainty.
Numerous previous works are seeking ways to cope with the
uncertainty problem by providing methodological toolkits that
can address it. Pindyck (2019) proposes an alternative way to
calculate “average” SCC which is the ratio of the present value
of GDP loss from an extreme outcome to the total emission
reduction needed to avert that outcome. Greenstone et al.
(2011) suggests incorporating diverse aspects (i.e., technological
developments) to the considerations of SCC. Weitzman (2009)
mentions that the current SCC calculation needs to consider for
the potential catastrophe that can happen due to climate change
and not considering it would result in the underestimation of
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SCC. In the same line, some studies propose considering the
extreme events in the calculations of SCC. Aurland-Bredesen
(2020), Heal (2009), Weitzman (2014), and Millner (2013)
shows that considering the extreme disaster events in the SCC
calculation process would resolve uncertainty issues. Therefore,
it is necessary to better understand the low-problastic, on the
economic impact of extreme climatic events. On the other hand,
Burke et al. (2016) argue that technological innovations would
change SCC estimates while such innovations are not considered
in the current SCC calculations. Technological advances can
dramatically reduce the costs of climate change and SCC.
Therefore, research on SCC requires modeling improvements.

Another challenge is the choice of the discount rate of SCC
as climate change is a long-run problem. For several years,
debates about the discount rate have been vital to climate change
models and policy. Because of the long-delays between abatement
expenditures and returns in averted losses, the economic theory
of discounting, which was previously an obscure subject in
public finance and project research, assumes great prominence
in climate economics. The uncertainty for the discount rate can
lead to slight variations in assumptions, and it can therefore
lead to very different policy recommendations (Stern, 2008;
Freeman and Groom, 2016). Arrow et al. (2014) propose
resolving the uncertainty of SCC through constructive modeling
of discounting and state that discounting is a central issue for
current climate policy. For example, discussions on the declining
discount rate (DDR) schedule or a constant exponential rate. The
concept of DDR is straightforward: if shocks to the consumption
discount rate are unpredictable but positively associated, the
efficient outcome is a decreasing schedule of discount rates
(Gollier and Groom, 2013).

Lots of previous works propose alternative approaches of
discounting. Nordhaus (2019) suggests the growth-corrected
discount rates, which is defined as the rate of return on
capital minus the growth rate of output, which attempts to
recognize the damages of climate change is proportional to
the size of the economy. Considering regional differences or
national economies to estimate SCC is also being conducted
across previous works, particularly for the poor and vulnerable
(Hallegatte and Rozenberg, 2017; Rao et al., 2017). However,
despite such discussions, discount rates remain the major
unresolved issue of the SCC. Thus, piling up contributions to the
research on discount rates would provide an excellent pathway
for SCC-related research.

FUTURE WORKS

In this paper, we looked into the merits of climate economics,
identified the challenges and opportunities. Climate economics
helps understanding climate change, and it has drastically

improved through substantial amounts of research support.
In this subsection, we propose several branches of possible
future research.

First, as the damages from climate change often come with
the destruction of physical, human, and natural stocks, taking
into account the intangible damages is also necessary (IPCC,
2014). Such a process can consider methods proposed by
Benjamin et al. (2012) and Benjamin et al. (2014), which is
a unique methodology of measuring individuals’ well-being by
calculating each fundamental aspect’s weight. While there are
lots of previous works attempting to measure non-market goods
into the utility (Aghion et al., 2016; De Neve et al., 2018; Perez-
Truglia, 2020), previous works made lots of the same efforts in
climate economics as such “non-market” outcomes can include
the potential costs of human conflicts (Hsiang et al., 2013)
environmental damages (Luechinger, 2009; Ferreira and Moro,
2010) loss in biodiversity (Hoegh-Guldberg and Bruno, 2010)
and changes in human health (Watts et al., 2015) due to climate
change. Thus, exploring new ways of measuring critical non-
market outcomes should be necessary.

Second, for the social costs of carbon, which the great
attention of previous works attenuate, along with the
methodological improvements, a discussion for the right
direction for SCC and which SCC to choose needed to be
updated. Pizer et al. (2014) show that a regular update of
SCC should be conducted with reliable institutions [i.e.,
governments and the National Academy of Science’s National
Research Council (NRC)]. Kotchen (2018) mentions the
importance of reaching an international consensus of SCC,
while it would be challenging because they need developing
and using the SCC among sovereign countries is more than just
estimating and internalizing an externality. At the same time,
Landry (2021) presents that governments can achieve a Pareto
optimal allocation through their anthropocentric limit and/or
requirement choices. Along with SCC, discussing other types
of harmful emissions such as nitrogen (Keeler et al., 2016) is
also required as they also contribute to water quality, loss of
biodiversity, stratospheric ozone depletion and climate change
(Galloway et al., 2008; Townsend and Howarth, 2010). Working
on these problems would be needed further.

Overcoming the identified challenges in this paper would help
people and policymakers understand the causes, impacts, and
solutions for climate change and the implications for the entire
global society.
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