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8. Climate Mitigation Policies 
Iñaki Arto, H. Boonman,  Iñigo Capellán-Pérez, T.G. Husby, Tati-
ana Filatova, Mikel González-Eguinob, Klaus Hasselmann, Dmitry 
V Kovalevsky, Anil Markandya, Saeed M Moghayer, L. Niamir, 
Meron Belai Tariku and Alexey Voinov  
Climate change is a complex phenomenon plagued of uncer-
tainties which are crucial for climate policy. Some of these 
uncertainties are related to the existence of non-linearities, 
thresholds, and irreversible events. The Stern report (Stern, 
2007) points out three main non-linear changes and thresh-
old effects from climate change. 

First, global warning will increase the chance of triggering 
abrupt and large-scale changes. These abrupt and large-scale 
changes could potentially destabilise regions, generating 
mass migrations and increasing regional conflicts. For exam-
ple, the thermohaline circulation of the North Atlantic 
ocean, suggests the existence of thresholds, multiple equilib-
ria, and other features that may result in episodes of rapid 
change (Stocker & Schmittner, 1997). While there is still 
uncertainty over the possible triggers for such changes, the 
latest science indicates that the risk is more serious than 
once thought. Fig. 8.1 shows the consequences of climate 
change against increases in global mean temperature (°C) 
after 1990. Each column corresponds to a specific “reasons 
for concern’’ identified by the Third Assessment Report 
(TAR) of the IPCC (McCarthy et al., 2001) and represents 
additional outcomes associated with increasing global mean 
temperature. The color scheme represents progressively in-
creasing levels of risk (Smith et al., 2009). The left hand side 
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of the figure shows the risks as reported by the TAR while 
the right hand side reflects the update impacts associated to 
an increase in global mean derived from the Forth Assess-
ment Report (AR4) of the IPCC (Parry et al., 2007). 

 
Figure 8.1. Risks from climate change, by reason for concern—
2001 compared with updated data. Source: (Smith et al., 2009) 

Second, melting of polar ice sheets would accelerate sea level 
rise and eventually lead to substantial loss of land, affecting 
around 5% of the global population. As temperatures rise, 
the world risks crossing a threshold level of warming beyond 
which melting or collapse of these polar ice sheets would be 
irreversible. This would commit the world to increases in sea 
level of around 5 to 12-m over coming centuries to millen-
nia, much greater than from thermal expansion alone, and 
significantly accelerate the rate of increase. A substantial area 
of land and a large number of people would be put at risk 
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from permanent inundation and coastal surges (Rahmstorf, 
2007; Stern, 2007). 

Finally, global warming may induce sudden shifts in regional 
weather patterns with severe consequences. The strongly 
non-linear nature and variability of some climatic systems, 
suggests that they may be particularly vulnerable to abrupt 
shifts. For example, recent evidence shows that an El Niño 
with strong warming in the central Pacific can cause the In-
dian monsoon to switch into a dry state, leading to severe 
droughts (Kumar et al., 2006). These types of shifts are tem-
porary, but in the past, there is evidence that climate changes 
have caused such shifts to persist for many decades. If such 
abrupt shifts were replicated in the future, they could have 
severe impacts. 

In this context, a critical issue is the definition of mitigation 
policies when the possibility for non-linearities, thresholds, 
and irreversible events is allowed. On the one hand, nonline-
ar phenomena characterize all aspects of global change dy-
namics: inputs and outputs are not proportional, change is 
often episodic and abrupt, rather than slow and gradual, and 
multiple equilibria are the norm (Rial et al., 2004). According-
ly, the damage caused by climate change does not increase 
linearly with the level of emissions/concentration of GHGs. 
Thus, damage functions tend to be highly nonlinear, with 
insignificant damages for low levels of pollution which turn 
to be severe or even catastrophic once some uncertain 
thresholds are reached. Similarly, the cost/benefits of cli-
mate mitigation may be very low for the abatement of low 
levels of emissions and extremely high for higher levels. 
However, as we will show in the following sections, most 
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modelling approaches ignore these catastrophic events when 
assessing the cost of climate change. To some extent this is 
due to the fact that there is not enough direct quantitative 
evidence on the impacts at higher temperatures (Stern, 
2007). For instance, (Hitz & Smith, 2004) found increasingly 
adverse impacts for several climate-sensitive sectors but 
were not able to determine if the increase was linear or not. 
Indeed, in most cases the shapes of the damage functions 
are unknown (see Table 8.1).  

The issue of non-linearity is essential for the definition of 
optimal mitigation and adaptation strategies, and is especially 
relevant in the presence of a threshold or ‘‘tipping point’’ at 
which the impact climate change could become extremely 
severe, but we do not know where that point is (Pindyck, 
2007). The implications of the existence of these critical 
thresholds have been widely addressed in climate science 
(Schellnhuber et al., 2006). Some climate researchers have 
argue that GHG emissions should be abated to avoid the 
high costs derived from exceeding climate thresholds 
(Rahmstorf, 1999), while others suggest that the trade-off 
between uncertain future climate damages and certain pre-
sent costs for controlling emissions justify only low abate-
ment levels (Tol, 1997). This discrepancy is close related to 
the parameter uncertainty about the threshold specific dam-
ages and the emissions level triggering a threshold (Keller et 
al., 2004). 

Irreversibility is also a major problem for the design and 
implementation of climate policy. There are two major 
sources of irreversibility relevant for climate policy (Pindyck, 
2007, 2000). On the one hand, emissions abatement policies 
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usually impose sunk costs on society in the form of discrete 
investments expenditure flows. In either case, if future costs 
and benefits of the policy are uncertain, these sunk costs 
create an opportunity cost of adopting the policy, rather 
than waiting for more information about expected impacts. 
Consequently, traditional cost-benefit analysis would be bi-
ased toward policy action. On the other hand, environmental 
damage is often partly or totally irreversible. For example, 
GHGs accumulate in the atmosphere for long periods; thus,  

Table 8.1. The types of relationship between rising damages and 
sectoral impacts. Source: (Stern, 2007). 
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were drastically reduced, it would take many years to reduce 
the concentration levels in the atmosphere. Carbon dioxide 
is removed from the atmosphere by terrestrial vegetation or 
by the oceans, but this is a long process (Fisher, 2003). Fur-
ther, many climate impacts such as the damage to ecosys-
tems may be permanent. This means that adopting a policy 
now rather than waiting has a sunk benefit, that is a negative 
opportunity cost. This implies that traditional cost-benefit 
analysis will be biased against policy adoption (Pindyck, 
2007). 

These two kinds of irreversibilities (sunk costs associated 
with an environmental regulation, and sunk benefits of 
avoided environmental degradation) interact with two kinds 
of uncertainty (over the future costs and benefits of reduced 
environmental degradation, and over the evolution of eco-
systems) affecting optimal policy timing and design 
(Pindyck, 2000). 

All these uncertainties are aggravated by the long time hori-
zon of climatic change. The costs and, especially, the bene-
fits from an environmental policy can extend for a hundred 
years or more. This long time horizon exacerbates the uncer-
tainty derived from non-linearities, thresholds and irreversi-
bilities. 

From the policy perspective, the existence of uncertainty 
about thresholds affects the timing and design of emissions 
abatement. In this sense, the uncertainty about the thresh-
olds suggests that climate policy should be ‘‘precautionary’’ 
in the sense of favouring earlier and more intense interven-
tion (Pindyck, 2007). However, due to this same uncertainty, 
it is not clear the level of precaution that should be adopted. 
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Policy and governance literature 
The issue of a non-linear transition from fossil-fuel based to 
low-carbon economy, which goes through thresholds and 
exhibit irreversibilities, attracts the attention of policy-
makers.  

Firstly, policy discussion is structured around the fact that 
climate-energy-economy systems exhibit non-linear behavior 
with thresholds and irreversible pathways. Majority of cli-
mate mitigation policies worldwide are formulated using a “2 
degrees Celsius” threshold as a target (McKinsey & Co, 
2009). It is widely accepted that if global warming is held 
below this threshold, humanity will avoid irreversible climate 
change with catastrophic non-linear impacts on all sectors of 
economy. In addition to the “2 degrees Celsius” threshold 
the World Bank (2012) considers a “4 degrees Celsius” 
point, which if crossed will lead to irreversible catastrophic 
consequences in 2060 or 2100. 

The EU Roadmap 2050 (European Commission, 2011) out-
lines an action plan to enable EU to achieve greenhouse gas 
reductions up to 80 to 95% agreed target by 2050 to avoid 
irreversible climate change. While policy discussions are of-
ten focused around non-linearities in climate system due to 
economic pressure, there is also a growing about non-linear 
changes in social and economic sphere systems due to 
changes in climate or our attitudes towards it. (Medhurst & 
Henry, 2011) highlight that economic systems are constantly 
undergo changes. However, while some changes can be in-
cremental and smooth, others are unpredictable sharp 
changes in trajectories driven either by external events or 
gradual changes and amplified by feedbacks.  This non-linear 
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dynamics, which has been also associated with long-term 
economic cycles such as Kondratieff waves, should be con-
sidered when exploring transitions to green economy. Ac-
cording to IHDP (2012) a successful transition to low-
carbon economy is possible only when society moves “be-
yond incremental technological change toward system inno-
vation”. Thus, business-as-usual with gradual improvement 
of energy technology and efficiency is not enough to achieve 
a green economy.  

Due to path-dependency complex climate-energy-economy 
systems are difficult to change, i.e. they are likely to be irre-
versible when on a certain development trend (Liu et al., 
2007). Thus, a transition to low-carbon economy is likely to 
undergo through a non-linear process of a system innova-
tion and a paradigm shift (IHDP 2012). IHDP report high-
lights that a paradigm shift – a “change in the underlying 
social habits, beliefs, and assumptions that drive our behav-
ior” – may break a traditional development path based on 
fossil-fuel-based economy. This systemic paradigm shift 
requires a deviation from the massive carbon-based produc-
tion (energy supply side) as well as consumption (energy 
supply side). 

Secondly, one of the most often discussed mechanisms that 
lead to non-linear responses in economic systems is emer-
gence and diffusion of new low-carbon technologies. The 
Europe 2020 Strategy (European Commission, 2010) sets up 
a goal to reduce GHG emissions by at least 20% compared 
to 1990 levels through an increase the share of renewable 
energy sources in the final energy consumption to 20% and 
through a 20% increase in energy efficiency. Thus, techno-
logical measures are at the core of the transformation to a 
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low carbon economy. European Commission (2011) high-
lights that future modelling efforts should better represent 
penetration of low-carbon technologies and improvements 
in resource efficiency. These two may lead to non-linear 
impacts on economy and CO2 footprints. Naturally, it is 
expected that break-through technological innovation occur 
spontaneously and lead to “unforeseeable structural change”. 
This rarely happens in a gradual way, which is used to justify 
marginal economic thinking in existing models. 

Thirdly, another underlying mechanisms of non-linear re-
sponse of socio-economic system frequently discussed in 
policy documents is behavioural change. In addition to sup-
ply-side effects driven by emergence and diffusion of low-
carbon technologies, the demand-side effects also receive 
attention in policy documents. The implementation of the 
Energy Efficiency Directive of 2012 in EU relies on a 
change in consumer behaviour, in particular in energy con-
sumption practices (EEA 2013). Behavioural changes at 
household level are expected to bring about 6% (4 GtCO2 
per year) of the required GHG emission reduction by 2030 
(McKinsey & Co 2009). Yet, as McKinsey report highlights, 
this is a very low bound of estimate, which inherits a lot of 
uncertainty and would be higher if considered before the 
implementation of technical measures. Behavioural changes 
that make a difference in terms of GHG emission reduction 
include cutting on travel, reduction of domestic heating and 
cooling, reducing appliance use and meat consumption 
(McKinsey & Co 2009). Yet, the impacts of major lifestyle 
changes have not been systematically quantified and are still 
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beyond the capabilities of the quantitative modelling tools 
for climate mitigation (European Commission, 2011).  

 
Figure 8.2. Impact of various forms of behavioural change on 
GHG emission reduction. Source (McKinsey&Co 2009). 

Such behavioural changes at individual level are gradual. Yet, 
their impact on a societal level can experience social amplifi-
cation effect, which is fuelled by social interactions and shift-
ing social norms regarding energy use, leading to thresholds 
and eventually non-linear transitions. A difference between a 
discrete technological change within one regime (carbon-
intensive economies) and a shift to a qualitatively new regime 
(low-carbon economies) lays in acceptance of new norms by 
a massive range of actors and institutions (IHDP 2012). This 
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said, practice shows that path-breaking regime shifts to a 
low-carbon economy start small and have roots at the local 
level (IHDP 2012). Thus, many incremental changes cumu-
latively may lead to a regime shift. 

Faber and colleagues (2012) distinguish two types of behav-
ioural change with respect to reducing GHG emissions: ha-
bitual actions and intended behaviour. The former include 
frequently-repeated actions, i.e. habits. The latter is the out-
comes of a planning process and conscious decision-making, 
e.g. a purchase of domestic appliances, and is usually a 
choice that does not occur on a daily/monthly or even an-
nual basis. The impact of behavioural changes in routines as 
opposed to changes in one-time strategic choices on GHG 
emissions can be different. Fig. 8.3 presents a quantification 
of the impact of the first category of behavioural change on 
GHG reduction.  

Behavioural changes would require energy-awareness pro-
grams supported by the governments and potentially eco-
nomic stimuli. The EEA (2013) argues that active engage-
ment of a consumer would require a range of changes in 
energy markets, including its form of functioning and possi-
ble changes in their regulation. Persistent change in energy 
consuming behaviour relies on long-term programs (educa-
tional, price, awareness, etc.) and should be studied in a dy-
namic way accounting for heterogeneity among households. 
As highlighted by EEA (2013) households and their behav-
ioural change are not driven exclusively by economic reason-
ing. In contrast socio-demographic factors (age, education) 
as well as social norms, belief systems and cultural traits – 
which are changing over time – are prevalent. Quantification 
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of the impact of a diffusion of 'green' beliefs and corre-
sponding choices through society are vital.  

 
Figure 8.3. Maximum mitigation potential for some categories of 
behavioral change for EU GHG emission mitigation targets, assum-
ing all households adopt it (Mt CO2). Source: (Faber et al. 2012). 
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While considering behavioural change in a larger system of 
transition to low-carbon economy, Jevons Paradox (i.e. re-
bound effect) also requires attention (McKinsey & Co, 2009; 
EEA, 2013). Improvements in energy efficiency and emer-
gence and diffusion of technological innovations may be 
bounced back by a behavioural response: as a unit of energy 
becomes cheaper and less harmful for the environment, a 
natural human response is to use more. This negative behav-
ioural effect may reduce savings due to technical energy effi-
ciency measures. Such feedbacks between technical and be-
havioral measures in coupled climate-energy-economy sys-
tems are likely to produce non-linear dynamics.  

Lastly, another important factor, which is important when 
discussing potentially non-linear transitions to green econo-
my, is impacts of transition for various economic sectors and 
their detailed representation in decision-support models. The 
feedbacks across sectors which may lead to non-linear econ-
omy pathways. The EU Roadmap 2050 (European Commis-
sion, 2011) underlines that changes in technology may lead 
to structural changes, which require detailed specificities of 
sectors and their interactions.  Moreover, as any structural 
change, a (non-linear) transition to green economy driven by 
emergence and diffusion of low-carbon technologies is ex-
pected to impose benefits and costs of transition. As with 
majority of economic cycles, e.g. Kondratieff waves, an eco-
nomic system will experience short-term costs of transition 
(e.g. bankruptcies of carbon-intensive businesses, unem-
ployment in corresponding sectors) in exchange for long-
term benefits (slow down of climate change, healthier envi-
ronment, green jobs, opportunities to develop in an energy-
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efficient way etc.) (Medhurst & Henry, 2011). Costs and 
benefits will be unevenly distributes across sectors, demand-
ing detailed representation of direct and indirect impacts of a 
transition to green economy. Some creative destruction as 
costs of transformation of energy use in various sectors, 
encourages path-dependence and attachment to the current 
fossil-fuel-based economy trend, which is difficult to reverse. 
Yet, a critical threshold on the expected future benefits and 
accumulating social commitment help to shift a system to a 
different trend (Medhurst & Henry, 2011). 
  


