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Abstract
We have assessed the risks associated with setting 1.5, 2.0, or 2.5 °C temperature goals and ways to manage them in a sys-
tematic manner and discussed their implications. The results suggest that, given the uncertainties in climate sensitivity, “net 
zero emissions of anthropogenic greenhouse gases in the second half of this century” is a more actionable goal for society 
than the 2 or 1.5 °C temperature goals themselves. If the climate sensitivity is proven to be relatively high and the temperature 
goals are not met even when the net zero emission goal is achieved, the options left are: (A) accepting/adapting to a warmer 
world, (B) boosting mitigation, and (C) climate geoengineering, or any combination of these. This decision should be made 
based on a deeper discussion of risks associated with each option. We also suggest the need to consider a wider range of 
policies: not only climate policies, but also broader “sustainability policies”, and to envisage more innovative solutions than 
what integrated assessment models can currently illustrate. Finally, based on a consideration of social aspects of risk deci-
sions, we recommend the establishment of a panel of “intermediate layer” experts, who support decision-making by citizens 
as well as social and ethical thinking by policy makers.

Keywords Climate change risks · Impact assessment · Integrated assessment · Paris Agreement · Social aspects of risk 
decisions

Introduction

Climate change caused by human activities mainly through 
increasing concentrations of atmospheric greenhouse gases 
(GHGs) is one of the major threats to the current civiliza-
tion of humankind. Since the United Nations Framework 
Convention on Climate Change (UNFCCC) aiming at 

“preventing dangerous anthropogenic interference with the 
climate system” was established in 1992 (United Nations 
1992), long-term goals of climate change mitigation in more 
concrete terms have long been discussed both scientifically 
and politically (Randalls 2010; UNFCCC 2015a). As a cul-
mination of such discussions, a set of statements on long-
term climate goals were included in the Paris Agreement 
which was agreed by the international community under 
UNFCCC in 2015 and came into force in the following year 
(UNFCCC 2015b). Namely, “holding the increase in the 
global average temperature to well below 2 °C above pre-
industrial levels and pursuing efforts to limit the temperature 
increase to 1.5 °C above pre-industrial levels” was agreed 
(hereafter, referred to as “the Paris temperature goals”). 
To be roughly consistent with this, to “achieve a balance 
between anthropogenic emissions by sources and remov-
als by sinks of greenhouse gases in the second half of this 
century” is also stated in the agreement (“the Paris emis-
sion goal”), which essentially means reducing net global 
anthropogenic GHG emissions to zero sometime between 
2051 and 2100.
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It has been widely recognized that such a goal can-
not be determined based solely on science, as it involves 
decisions under uncertainties and diverse value judgments 
(O’Neill et al. 2017). Nonetheless, obviously, it should 
be underpinned by science. Tremendous efforts have been 
made so far to assess risks due to climate change impacts 
for different temperature levels. To be as comprehensive 
as possible, some efforts rely on extensive surveys of 
assessments in the existing literature (IPCC 2014a; War-
ren et al. 2015), which are usually based on diverse condi-
tions, assumptions, and scenarios. There have been some 
attempts of multiple-sector impact assessments based on 
consistent sets of underlying scenarios (Arnell et al. 2014; 
Schleussner et al. 2016a), but that kind of work heavily 
depends on coordination efforts and thus are still very 
limited. Mitigation scenarios have also been extensively 
assessed through literature surveys or a dedicated data-
base as a community effort (IPCC 2014b; Schleussner 
et al. 2016b). Attempts to combine assessments of impacts 
and response options are still rare except for the Synthesis 
Reports of IPCC (IPCC 2014c).

The ICA-RUS project (“Integrated Climate Assess-
ment—Risks, Uncertainties and Society”) was commenced 
in 2012 as a “Comprehensive Research on the Development 
of Global Climate Change Risk Management Strategies” 
S-10 Strategic Research Project supported by the Environ-
mental Research and Technology Fund of the Ministry of 
the Environment of Japan, and finished its 5-year plan in 
March, 2017. It was an inter-disciplinary research project 
pulling together experts of climate science, impact assess-
ment, energy economics, and studies on science and technol-
ogy from various institutes and universities in Japan, aiming 
at assessing climate risks and ways to manage them in a 
systematic manner. Motivated partly by a reflection on the 
Fukushima nuclear crisis that Japanese society had experi-
enced in 2011, just before we started the project, we framed 
the climate issue as a risk management problem at a global 
scale. By the term risk management, we mean (1) decision-
making under uncertainty, (2) decision-making based on 
scientific evidence, (3) consideration, insofar as possible, 
of all kinds of circumstances and options, (4) flexible revi-
sion according to changes in conditions, and (5) involvement 
of social value judgments. Viewpoints 3–5 were highlighted 
particularly in the wake of Fukushima, as we thought the 
Fukushima case seemed to lack an adequate consideration 
of these aspects of risk management (Fujigaki 2015). From 
a risk management perspective, incorporation of a full range 
of uncertainties into decision-making is required, which has 
not been successfully done in most of the discussions on 
climate goals so far (Mabey et al. 2011). Note that, although 
climate risk management often means climate change 
adaptation and disaster management at a local scale (e.g., 
Fünfgeld 2010), in the context of our “global climate risk 

management”, adaptation is not necessarily the main focus 
and is regarded only as one of the options.

Research in the ICA-RUS project was undertaken in the 
following five themes: (1) synthesis of global climate risk 
management strategies, (2) optimization of land, water, and 
ecosystem uses for climate risk management, (3) identifi-
cation and analysis of critical climate risks, (4) evaluation 
of climate risk management options under technological, 
social, and economic uncertainties, and (5) interactions 
between scientific and social rationalities in climate risk 
management. This paper presents the overall conclusions 
from the discussion in ICA-RUS invoked by this inter-dis-
ciplinary research, following brief descriptions of the design 
and results of the essential parts of assessment done in the 
project. A fuller project report is available at the project 
website (http://www.nies.go.jp/ica-rus/en/mater ials.html).

“Strategies” defined and assessed 
in ICA‑RUS

In ICA-RUS, we developed a concept of “strategies” of 
global climate risk management and defined through three 
steps described below (Fig. 1). The “strategies” are treated 
as risk management alternatives that are available to society. 
Note that the subject adopting a “strategy” in this sense is 
intended to be the human society or the global community 
as a whole through collective decision-making and actions, 
rather than any particular actor or group of actors. Breaking 
down a “strategy” into decisions and actions of each actor 
needs further discussion, which is not covered in this study.

Step 1:  Setting mitigation targets.

Mitigation targets are defined by three considerations: 
(a) target temperature level, (b) risk averseness, and (c) 
assumptions about the pathway. Here, the choice regarding 
risk averseness means deciding on the basis of scientific 
uncertainty how likely it is that the target temperature would 
be exceeded. The assumptions about the pathway include 
a choice as to whether “overshoot” (the concentration or 
temperature decreases after an initial increase) is allowed or 
not (Huntingford and Lowe 2007). The pathways of global 
GHG emissions consistent with these considerations were 
identified in Step 1.

Step 2:  Deriving a range of consequences for each mitiga-
tion target under uncertainties.

The range of possible consequences for each mitigation 
target is determined taking into account various uncertain-
ties, such as climate (and impact) uncertainties, uncertain-
ties concerning mitigation actions, and socio-economic 

http://www.nies.go.jp/ica-rus/en/materials.html
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uncertainties. Climate uncertainties arise from uncertainties 
in the scientific estimates of factors such as climate sensitiv-
ity (Freeman et al. 2015). Uncertainties in mitigation actions 
arise from the possibility that a mitigation action considered 
necessary to achieve a target is only partially implemented, 
or else is fully implemented but does not prove as effec-
tive as anticipated, and gives rise to the risk that the tem-
perature rise may be greater than initially projected (Mabey 
et al. 2011). Socio-economic uncertainties (excluding those 
relating to climate policy) arise from uncertainties in future 
projections of variables such as world population, economic 
development, and social inequality (Riahi et al. 2017).

Step 3:  Considering necessary adaptation levels (plus need 
for geoengineering).

The necessary level of adaptation action is considered for 
each mitigation target and costs are estimated where possi-
ble. As a range of consequences is possible for each mitiga-
tion target due to the existence of various uncertainties, there 
is a risk that the temperature rise may exceed the target. It 
is, therefore, important to take this possibility into account 
when considering what adaptation action will be required. 
Where a mitigation target remains subject to the risk of a 
large temperature rise, consideration should also be given to 
geoengineering, and in particular to the use of solar radiation 
management (Royal Society 2009).

In practice, different “strategies” based on the above con-
cept were only partially explored in ICA-RUS. In Step 1, dif-
ferent levels of overshoot were not assessed. In Step 2, uncer-
tainties only due to climate sensitivity and socio-economic 
scenarios were explicitly considered. Finally, Step 3 was not 
systematically assessed and was discussed only conceptu-
ally. In particular, the lack of a comprehensive assessment of 

adaptation is a notable limitation of the project. Although we 
did assess certain aspects of adaptation for agriculture and 
health, the results are not described in this paper as it focuses 
on the overall results. None the less, we believe that the con-
cept is useful for further research in the future, where those 
uncertainties and factors are more fully assessed.

In ICA-RUS, we explored several “strategies” with different 
combinations of target temperature level and risk averseness. 
In this paper, however, we mainly discuss only three “strate-
gies” which we eventually focus on. They are T15, T20, and 
T25 with the GHG emission scenario that would have a 66% 
probability of limiting the global mean temperature rise to 
no more than 1.5, 2.0, and 2.5 °C, respectively, above the 
pre-industrial levels. From the next section, they are simply 
referred to as three different temperature goals rather than 
“strategies”.

To briefly summarize our findings on different risk averse-
ness, the results for a “strategy” with a 2.0 °C limit and an 80% 
probability for staying below the limit were broadly similar 
to those for 1.5 °C and 50%. Likewise, a “strategy” with a 
2.5 °C limit and an 80% probability produced similar results 
for 2.0 °C and 50%. Although a 66% probability was adopted 
for the main “strategies” in ICA-RUS, as it is frequently used 
in the literature (e.g., Rogelj et al. 2015), we argue that the 
choice of risk averseness is one of the central factors in risk 
management and needs more discussion.

Fig. 1  Concept of “strategy” used by ICA-RUS
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Assessment of impacts of climate change 
and mitigation actions for each temperature 
goal

To identify emission pathways in Step 1 that were con-
sistent with the stated mitigation targets, we developed a 
dynamic optimization model SCM4OPT (Su et al. 2017) 
based on the Dynamic Integrated Climate-Economy 
(DICE) model (Nordhaus 1992). To be able to apply the 
model for the analyses of ambitious targets such as a tem-
perature increase of no more than 1.5 °C, it was designed 
to explicitly consider in its economic module mitigation of 
emissions of  CO2 as well as other gases/aerosols. The sim-
ple climate module in the DICE model was also improved 
to treat the behavior of the other gases/aerosols individu-
ally. See also Su et al. (2018) in this Special Feature.

For the assessment of the impacts of climate change 
corresponding to each temperature goal, process-based 
impact models for multiple sectors were used for future 
projections of impacts. The sectors covered are (a) agri-
culture (Sakurai et al. 2014), (b) terrestrial ecosystems (Ito 
et al. 2016), (c) water resources (Hanasaki et al. 2013), (d) 
floods (Hirabayashi et al. 2013), (e) health (Honda et al. 
2014), and (f) marine bio-geochemical cycles and eco-
systems (Yamamoto et al. 2014) (17 variables in total). 
The impact model analyses was coordinated to use the 
same set of climate scenarios from the selected five cli-
mate models which participated in the fifth phase of the 
Coupled Model Intercomparison Project (CMIP5; Tay-
lor et al. 2012), namely GFDL-ESM2M, HadGEM2-ES, 
IPSL-CM5A-LR, MIROCESM-CHEM, and NorESM1-
M, for four levels (2.6, 4.5, 6.0, and 8.5) of Representa-
tive Concentration Pathways (RCP; Moss et al. 2010) and 
three Shared Socio-economic Pathways (SSP1, 2 and 3; 
Riahi et al. 2017). The results of the impact models for 
the RCP scenarios were linearly interpolated according 
to global mean temperatures to estimate the impacts for 
each temperature goal. The validity of this linear scaling 
is discussed by Tanaka et al. (2017).

The five climate models selected to represent climate 
uncertainties largely cover the upper and lower limits of 
the ranges of global mean temperature and precipitation 
projections generated by the CMIP5 climate model ensem-
ble. However, they should be regarded as being only for 
illustrative purposes for detailed aspects of the projections 
such as geographical distributions and characteristics of 
temporal variabilities. As only a single impact model was 
used for each sector, uncertainties in the impact models 
were not explored. The socio-economic pathways were 
selected to explore a range of different levels of sustain-
ability. Namely, in our project, the SSP1 was the most 
sustainable, followed by SSP2, and SSP3 was the least 

sustainable pathway, judged from their narratives and 
baseline GHG emissions, among other indicators.

For the assessment of portfolios of mitigation options and 
associated economic impacts to achieve an emission path-
way for each temperature goal, multiple integrated assess-
ment models (IAMs), namely, MARIA (Mori 2000), AIM 
(Fujimori et al. 2012), EMEDA (Washida et al. 2014), and 
GRAPE (Kurosawa 2006), were employed. The use of multi-
ple models enabled us to illustrate an indication of uncertain-
ties caused by different model structures and assumptions. 
The variables assessed were GHG emissions and reduction 
pathways, GDP and consumption loss, energy supply and 
demand, technological options, land use and food supply 
and demand, and impacts for each industry and region. See 
Mori et al. (2018) in this Special Feature for more details of 
this part of ICA-RUS.

Overall results of the assessment

Figure 2 summarizes our climate change impact assessment 
at a global scale. Though our analysis also provides regional 
information, we focus on the overall results for brevity in 
this paper, keeping in mind that regional impacts could be 
essential in the assessment of different goals. The impacts in 
terms of relative change in affected populations for selected 
sectors are shown depending on different goals (T15, T20, 
and T25) as well as business as usual (BaU; without miti-
gation actions) and fixed climate cases, for three different 
socio-economic pathways (SSP1-3). The fixed climate case 
shown at 0.5 °C temperature increase from the pre-industrial 
level represents an imaginary case only with socio-economic 
development occurring without climate change, as a refer-
ence. Climate scenarios from multiple climate models 
were used to represent uncertainty ranges. The populations 
affected by heat stress (defined by the number of additional 
heat-related deaths) and flooding (the population living 
in inundated areas) increase from the current values with 
increasing temperature. The malaria-affected population 
(the population living in malaria endemic areas) would be 
reduced to close to zero due to socio-economic development 
in the fixed climate case, but the reduction would be less for 
a larger temperature increase. The water-stressed population 
(the population living in areas where per capita runoff is 
less than 1700 m3/capita/year, based on Falkenmark 1989) 
shows a slight decrease with increasing temperature due to 
increasing precipitation. The affected populations are larger 
for a less sustainable socio-economic pathway mainly due to 
a greater population increase.

Figure 3 shows the cumulative consumption loss for 
different goals (including BaU) and socio-economic path-
ways, as a rough indicator of the magnitude of mitigation 
efforts needed for each case, derived from our assessment 
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Fig. 2  Impacts of climate change in the 2080s in terms of relative 
change in global affected populations for selected sectors (heat stress, 
malaria, flooding, and water stress) depending on different goals 
(T15, T20, and T25) as well as BaU and fixed climate cases, for three 
different socio-economic pathways (SSP1-3). The abscissa is a global 
mean temperature change in the 2080s relative to pre-industrial lev-

els for each case, which are 0.5, 1.4, 1.8, 2.2, and 3.0  °C (or over, 
depending on SSP) for the fixed climate case, T15, T20, T25, and 
BaU, respectively. Shades represent the uncertainty range assessed 
using multiple climate models. The water-stress impact for the fixed 
climate case is not shown as it was not calculated

Fig. 3  Loss rates of global cumulative consumption (from present to 
the 2080s) for different goals (T15, T20, and T25) and BaU and for 
three different socio-economic pathways (SSP1-3). The abscissa is a 
global mean temperature change in the 2080s relative to pre-indus-

trial levels for each case, which are 1.4, 1.8, 2.2, and 3.0 °C (or over, 
depending on SSP) for T15, T20, T25, and BaU, respectively. The 
results from four integrated assessment models are shown
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of economic impacts of mitigation actions. The results 
from four IAMs are shown to represent an indication of 
uncertainty. A discount rate of 5% was used for calculat-
ing the present values before temporal accumulation, but 
a different discount rate (ranging from 0 to 5%) changes 
only the overall scale and not the shapes of the graphs 
(not shown). The cumulative consumption loss naturally 
increases with decreasing temperature (i.e., increasing 
ambition of a goal). Note that, for the T15 goal, some of 
the IAMs used in ICA-RUS could not provide a feasible 
solution. For SSP1, only one model was unable to solve the 
T15 case. For SSP2 and 3, the number of models unable to 
solve the T15 case increased to two and three, respectively. 
This clearly demonstrates that the T15 goal is less feasible 
for a less sustainable socio-economic pathway.

Comparing the two figures, we can see that the climate 
change impacts are generally less sensitive to the choice of 
a goal than to the magnitude of efforts needed to achieve a 
certain goal. The impacts for any goal (T15, T20, or T25) 
are substantially smaller than those for BaU (except for 
water stress, for which the impact is insensitive to mitiga-
tion actions). However, the difference in impacts between 
any two different goals is generally smaller than or compa-
rable to climate uncertainties. On the other hand, mitiga-
tion efforts increase sharply with increasing ambition of 
a goal, and some models cannot provide a feasible solu-
tion when a goal is more ambitious than a certain limit, 
although the inter-model spread is considerably large.

We do not claim any quantitative (cost–benefit type) 
conclusion from this comparison, as all the impacts cannot 
be represented in economic terms and the sectors covered 
are limited. Moreover, there are many unresolved limita-
tions and disputed assumptions for a globally aggregated 
economic assessment of climate change in general (IPCC 
2014c). Having said that, the existing estimates available 
so far with known limitations do not necessarily show that 
economic loss due to climate change impacts is greater 
than that due to mitigation actions. For example, according 
to IPCC (2014c), global annual economic losses for warm-
ing of ~ 2.5 °C above pre-industrial levels are 0.2–2.0% of 
income, while global consumption losses for mitigation 
scenarios to limit warming to below 2 °C through the 21st 
century relative to pre-industrial levels are 3–11% in 2100 
relative to baseline scenarios, though the numbers are not 
directly comparable. With this rough quantitative consid-
eration in mind, we can suggest at least that a preference 
to a more ambitious goal (e.g., T15 as compared to T20) 
is not necessarily supported by our globally aggregated 
assessment. Rather, seen from a risk management per-
spective, we argue that how climate uncertainties (e.g., 
risks due to high climate sensitivity) and risks of failure to 
achieve a goal are managed are as important as the choice 
of a goal.

Discussion

Interpretation of the Paris goals

In this section, we present an interpretation of the Paris 
goals in the light of our assessment described above (The 
ICA-RUS project was originally intended to provide alter-
natives in terms of long-term climate goals. However, in 
the Paris Agreement, the international community has 
already chosen long-term goals. Therefore, we changed 
the purpose of our project and made an interpretation of 
the Paris goals.)

First, we found in the above that temperature goals as 
low as 2 or 1.5 °C cannot necessarily be supported from 
a globally aggregated cost–benefit perspective, as far as 
we can tell within the scope of our assessment. Although 
maximizing the aggregated economic value is often seen 
as an objective principle to optimize a policy intervention, 
we should note that the adoption of this principle, which 
is a form of utilitarian approach, heavily involves value 
judgments. By value judgments, we mean judgments on a 
question like “what should be protected?”, “what should 
be avoided?”, or “what is acceptable/unacceptable?” To 
appreciate the grounds of the Paris temperature goals, 
values other than the globally aggregated economic value 
should be taken into consideration. As has been discussed 
in the literature (Okereke 2010), such values involve ethi-
cal dimensions, particularly a concept called “climate jus-
tice”, which draws attention to a structural social injustice 
that those who are least responsible (i.e., people in devel-
oping countries and future generations, who have emitted 
least amount of GHGs) suffer the most harm. The Paris 
temperature goals can be supported by an ethical posi-
tion that such an inequality is unacceptable. Other grounds 
may come from concerns of crossing a “tipping point” 
of any sub-system of the Earth system (tipping element). 
Although the scientific understanding on tipping elements 
still has large uncertainties, and thus, our assessment of 
them is also limited; the lowest possible temperature goals 
might well be supported to reduce the risks of crossing any 
tipping point. This could also involve value judgments, as 
triggering a catastrophic change in the Earth system by 
the current generation, which entails grave consequences 
for future generations, is unacceptable by a certain ethical 
position. The issue of tipping elements is further discussed 
by Iseri et al. (2018) in this Special Feature.

Second, actions needed to meet a temperature goal are 
not very clear, given the uncertainty in climate system 
(including climate sensitivity, carbon-cycle feedback, and 
possibly others). On the other hand, the emission goal 
of the Paris Agreement (net zero global anthropogenic 
GHG emissions in the second half of this century) is a 
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clearer one in terms of actions needed. In that sense, seen 
from the framework of our assessment, we appreciate the 
Paris emission goal as a more “actionable” goal. The two 
kinds of goals, the temperature and emission goals, are 
roughly, but not precisely, consistent with each other, and 
the relationship of the two should be made clearer. This 
conclusion of our echoes that of Geden (2016)’s, who also 
recommended a net zero emissions’ target as an action-
able one, although his conclusion was based on his politi-
cal science arguments.

Learning climate sensitivity

Practically, we should start taking actions with estimated 
likely values (or ranges) of climate parameters and then 
adjust our mitigation pathways in the course according to 
the future reductions of uncertainties in climate param-
eters (so-called “learning” or “act then learn” approach; 
Yohe et al. 2004; Manne and Richels 1992). Hereafter, 
for simplicity, we use “climate sensitivity” as a single 
parameter representing uncertain processes in the Earth 
system, keeping in mind that other parameters (including 
the one for carbon-cycle feedback) can be important, as 
well (Friedlingstein et al. 2014).

The estimate of climate sensitivity is expected to be 
improved through an advancement of science. However, 
even without such an advancement, thanks to the future 
accumulation of the observed surface air temperature 
data, the uncertainty range of global mean temperature 
changes can be reduced (Shiogama et al. 2016). We sug-
gest that this gradual improvement of the estimate of 
climate sensitivity through learning plays an essential 
role when we deal with uncertainties lying between the 
temperature and emission goals. The economic value of 
scientific information in this context is discussed by Mori 
and Shiogama (2018) in this Special Feature.

If we find in this process that the climate sensitivity 
is substantially lower than the current central estimate 
[~ 3 °C, the middle of likely range from IPCC (2013)], 
we can more reasonably aim at the 1.5 °C goal, as the 
emission path for aiming at 1.5 °C goal with climate sen-
sitivity of a little more than 2 °C is almost equivalent to 
that for the 2 °C goal with a climate sensitivity of 3 °C.

On the contrary, in case we find that the climate sensi-
tivity is substantially higher than the central estimate, we 
should recognize that we are on the course of exceeding 
2 °C even when the emission goal is achieved. This case 
represents a possible gap between the Paris temperature 
and emission goals and needs more discussion.

Alternatives left for the case of high climate 
sensitivity

We have identified the following three options that we could 
take if we found that climate sensitivity was substantially 
high and 2 °C would be exceeded even if the Paris emission 
goal was achieved.

Option A: Accepting and adapting to a warmer world
Option B: Boosting mitigation
Option C: Climate geoengineering.

Option A means taking no additional mitigation action 
and letting the temperature exceed 2 °C, accepting the risks 
of more severe climate change impacts, and possibly making 
efforts and paying costs for additional adaptation.

Option B means accelerating mitigation actions exceed-
ing the Paris emission goal, which possibly means that we 
should aim at substantially net negative GHG emissions in 
the second half of this century, accepting additional costs 
and risks due to possible side-effects. For example, bio-
energy with CCS (BECCS) is one of the negative emis-
sion technologies that could be adopted then (and is often 
adopted in many scenarios to achieve even the Paris emis-
sion goal), but its large-scale deployment requires huge land 
areas and might compromise food security and/or ecosystem 
services (Fuss et al. 2014; Kato and Yamagata 2014). See 
also Yamagata et al. (2018) in this Special Feature.

Option C basically refers to the so-called solar radia-
tion management, which is to cancel the warming effect of 
increased GHGs by the reduction of incoming solar radia-
tion due to stratospheric aerosol injection or other means 
(Royal Society 2009). The adoption of this option means to 
accept risks due to possible side-effects and governance fail-
ure associated with this techno-fix solution (Preston 2013).

Obviously, no option is easy to adopt, as any of them 
entails additional risks, which can be disastrous. However, 
the international community should prepare to choose one 
or any combination of them, in case we find that climate 
sensitivity is high. That decision will require the deepest 
understanding and most careful deliberation of scientific and 
moral aspects of risks associated with each option.

Remarks on the achievement of the Paris emission 
goal

The above discussion is based on the assumption that we 
are able to achieve the Paris emission goal, that is, net zero 
global anthropogenic GHG emissions in the second half of 
this century. However, it is by no means an easy goal to 
achieve.

One remark regarding the achievement of the Paris 
emission goal that we can make based on our assessment 
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is that the mitigation action needed to achieve the goal 
heavily depends on the socio-economic pathways, as has 
been observed in past assessments (IPCC 2014b), and is 
smaller for a more sustainable pathway, i.e., the smallest 
for SSP1, followed by SSP2, and the largest for SSP3, in 
our assessment. Different socio-economic pathways could 
be interpreted as representations of the uncertainty range of 
socio-economic development that we cannot manage. They 
are certainly external factors when we only think of “climate 
policy” in a narrow sense, which is represented in IAMs as 
introducing more expensive mitigation options by setting 
a higher carbon price. However, when we think of a wider 
“sustainability policy”, policy interventions should be able 
to affect SSPs to some extent. Although we did not clarify 
or identify within the scope of our project what such sustain-
ability policies were, we can suggest that policies to shift the 
socio-economic condition of the world to a more sustainable 
one (e.g., from SSP2 toward SSP1) are as important as the 
climate policy itself to achieve the Paris emission goal, and 
they should be seriously discussed and implemented.

Another remark is about the limitation of scenarios illus-
trated by IAMs and the need for a careful interpretation of 
them. In principle, IAMs cannot represent structural changes 
(or “transformation”) of socio-economic and technological 
systems that cannot be foreseen at present, especially when 
they are applied to illustrate scenarios until the end of this 
century. Therefore, mitigation scenarios are not something 
that we have to follow exactly and expected economic dam-
ages are not necessarily what we have to accept. Instead, 
what really is necessary is creating policies to relax con-
straining conditions that are assumed in models and facili-
tating transformation of the systems. This point might be 
obvious in some research communities (Geels et al. 2016), 
but not necessarily in others. It was not drawn directly from 
our assessment, but was brought up in our inter-disciplinary 
discussion. At the same time, we should not forget that IAMs 
cannot represent either possible political failures that might 
result in insufficient implementation of mitigation actions 
(Mabey et al. 2011). Continuous efforts to avoid such a fail-
ure are needed.

Social process of risk decision on global 
and long‑term climate change

The decision to choose global and long-term goals or options 
as described in Sect. 5.3 cannot be made based solely on sci-
ence. It involves uncertainties and value judgments. Thus, 
social processes play an essential role in such a decision-
making, possibly involving citizen participation to democ-
ratize the process.

However, we found in our survey that climate change, as 
compared with other risk issues, has a characteristic that an 
average person typically feels that it is difficult to be engaged 

in, as it is complex, uncertain, long-term, and hard-to-feel 
self-efficacy (Moser 2010; Wolf and Moser 2011). Nonethe-
less, citizens do not necessarily want authorities to make the 
whole decision. There is a gap between the understanding of 
climate risk issues by experts and that by citizens. Experts’ 
understanding should be translated into contexts of citizens’ 
everyday lives. In addition, citizens may want to know the 
ethical dimensions and value judgments that are embedded 
in seemingly objective experts’ arguments.

To bridge this gap, we propose that an “intermediate 
layer” of experts be designed to mediate among scientific 
experts, citizens, and stakeholders to deal with ethical 
dimensions, value judgments, and translations. This layer 
will consist of experts from various disciplines particularly 
including the humanities and social sciences, who can trans-
late scientific results into the contexts of everyday life and 
can explain how value judgements are embedded in cer-
tain scientific statements by revealing the hidden power and 
knowledge structures of society. The selection process of the 
members of this layer should be done by the government as 
well as by the public. The members of this layer should have 
an open meeting day with concerned people in public. The 
quality control of this layer will be ensured by continuous 
discussion. This proposal is discussed in detail by Fujigaki 
(2018) in this Special Feature.

Conclusions

We have assessed the risks associated with setting 1.5, 2.0, 
or 2.5 °C temperature goals and ways to manage them in a 
systematic manner and discussed their implications. Pro-
cess-based impact models for multiple sectors were used 
for future projections of impacts, while multiple IAMs were 
employed for assessing the portfolios of mitigation options 
and associated economic impacts for achieving an emission 
pathway for each goal.

The results suggest the following two major implications 
for ways to pursue the Paris Agreement goals. First, given 
the uncertainties in climate sensitivity, “net zero GHG emis-
sions in the second half of this century” is a more action-
able goal for society than the 2 or 1.5 °C temperature goals 
themselves. If the climate sensitivity was relatively high, 
the temperature goals would not be met even when the net 
zero emission goal was achieved. If it is proven (through 
“learning”) to be the case, the options left are: (A) accept-
ing/adapting to a warmer world, (B) boosting mitigation, 
(C) climate geoengineering, or any combination of these. 
In this case, the decision should be made based on a deeper 
discussion of risks associated with each option in society 
with the latest knowledge on scientific and moral aspects 
of those risks.
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Second, the net zero GHG emission itself is obviously not 
an easy goal to achieve. We need to consider a wide range of 
policies: not only climate policies (represented in IAMs by 
introducing more expensive mitigation options due to higher 
carbon pricing given a fixed socio-economic scenario), but 
also broader “sustainability policies” (policies to shift the 
socio-economic scenario toward a more sustainable one). 
We need to be aware that IAMs cannot represent innova-
tive changes in technological and socio-economic systems 
that we are not able to foresee so far. The limitations for net 
zero emission scenarios (e.g., extremely high cost) would 
not be absolute. We can envisage more innovative solutions 
than what IAMs can currently illustrate. At the same time, 
we need continuous efforts to avoid any possible political 
failure, which is not represented either in IAMs.

Based on a consideration of social aspects of risk deci-
sions, we also recommend the establishment of a panel of 
“intermediate layer” experts, who support decision-making 
by citizens as well as social and ethical thinking by pol-
icy makers. Although a global perspective was primarily 
adopted in our study, diverse subjects such as countries, local 
governments, enterprises, citizens, etc., need to advance the 
interpretation of climate risk implications in their own con-
texts. Conversely, opinions expressed based on their diverse 
contexts need to be delivered to the global review process. 
The intermediary experts are expected to facilitate this bi-
directional process, but considering the implementation of 
this layer in society is a future task.

Acknowledgements This study was supported by the Environmental 
Research and Technology Development Fund (S-10) of the Ministry 
of the Environment of Japan. The authors thank all the members and 
contributors of the ICA-RUS project, especially Dr. Xuanming Su for 
producing figures for this paper and Dr. Hideo Shiogama for valuable 
comments to the manuscript. The authors also thank Dr. Edit Nagy-
Tanaka for improving the English of the manuscript.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Arnell NW, Brown S, Gosling SN, Gottschalk P, Hinkel J, Huntingford 
C, Lloyd-Hughes B, Lowe JA, Nicholls RJ, Osborn TJ, Osborne 
TM, Rose GA, Smith P, Wheeler TR, Zelazowski P (2014) The 
impacts of climate change across the globe: a multi-sectoral 
assessment. Clim Change 134:457–474. https ://doi.org/10.1007/
s1058 4-014-1281-2

Falkenmark M (1989) The massive water scarcity now threatening 
Africa: why isn’t it being addressed? Ambio, pp 112–118

Freeman MC, Wagner G, Zeckhauser RJ (2015) Climate sensitiv-
ity uncertainty: when is good news bad? Phil Trans Roy Soc A 
28:373. https ://doi.org/10.1098/rsta.2015.0092

Friedlingstein P, Meinshausen M, Arora VK, Jones CD, Anav A, Lid-
dicoat SK, Knutti R (2014) Uncertainties in CMIP5 climate pro-
jections due to carbon cycle feedbacks. J Clim 27:511–526. https 
://doi.org/10.1175/JCLI-D-12-00579 .1

Fujigaki Y (2015) (eds.) Lessons from Fukushima: Japanese case stud-
ies on science, technology and society, Springer, Berlin

Fujigaki Y (2018) Risk, uncertainty, and society: interactions 
between scientific rationality and social rationality. Sustain 
Sci. https ://doi.org/10.1007/s1162 5-018-0529-6(this issue, 
accepted)

Fujimori S, Masui T, Matsuoka Y (2012) AIM/CGE [basic] manual, 
Discussion paper series, 2012-01, Center for Social and Envi-
ronmental Systems Research, National Institute for Environ-
mental Studies. https ://www.nies.go.jp/socia l/dp/pdf/2012-01.
pdf

Fünfgeld H (2010) Institutional challenges to climate risk manage-
ment in cities. Curr Opin Environ Sustain 2:156–160. https ://doi.
org/10.1016/j.cosus t.2010.07.001

Fuss S, Canadell JG, Peters GP, Tavoni M, Andrew RM, Ciais P, 
Jackson RB, Jones CD, Kraxner F, Nakicenovic N, Le Quéré C, 
Raupach MR, Sharifi A, Smith P, Yamagata Y (2014) Betting 
on negative emissions. Nat Clim Change 4:850–853. https ://doi.
org/10.1038/nclim ate23 92

Geden O (2016) An actionable climate target. Nat Geosci 9:340–342. 
https ://doi.org/10.1038/ngeo2 699

Geels FW, Berkhout F, van Vuuren DP (2016) Bridging analytical 
approaches for low-carbon transitions. Nat Clim Change 6:576–
583. https ://doi.org/10.1038/nclim ate29 80

Hanasaki N, Fujimori S, Yamamoto T, Yoshikawa S, Masaki Y, Hijioka 
Y, Kainuma M, Kanamori Y, Masui T, Takahashi K, Kanae S 
(2013) A global water scarcity assessment under Shared Socio-
economic Pathways–Part 2: water availability and scarcity. 
Hydrol Earth Syst Sci 17:2393–2413. https ://doi.org/10.5194/
hess-17-2393-2013

Hirabayashi Y, Mahendran R, Koirala S, Konoshima L, Yamazaki D, 
Watanabe S, Kim H, Kanae S (2013) Global flood risk under 
climate change. Nat Clim Change 3:816–821. https ://doi.
org/10.1038/nclim ate19 11

Honda Y, Kondo M, McGregor G, Kim H, Guo Y-L, Hijioka Y, Yoshi-
kawa M, Oka K, Takano S, Hales S, Kovats RS (2014) Heat-
related mortality risk model for climate change impact projection. 
Environ Health Prev Med 19:56–63. https ://doi.org/10.1007/s1219 
9-013-0354-6

Huntingford C, Lowe J (2007) “Overshoot” scenarios and cli-
mate change. Science 316:829. https ://doi.org/10.1126/scien 
ce.316.5826.829b

IPCC (2013) Climate change 2013: the physical science basis. Contri-
bution of Working group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge Univer-
sity Press, Cambridge

IPCC (2014a) Climate change 2014: impacts, adaptation, and vulner-
ability. Part A: global and sectoral aspects. Contribution of work-
ing group II to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge University Press, 
Cambridge

IPCC (2014b) Climate change 2014: mitigation of climate change. 
Contribution of Working Group III to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge

IPCC (2014c) Climate change 2014: synthesis report. Contribution of 
Working Groups I, II and III to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change. IPCC, Geneva

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10584-014-1281-2
https://doi.org/10.1007/s10584-014-1281-2
https://doi.org/10.1098/rsta.2015.0092
https://doi.org/10.1175/JCLI-D-12-00579.1
https://doi.org/10.1175/JCLI-D-12-00579.1
https://doi.org/10.1007/s11625-018-0529-6
https://www.nies.go.jp/social/dp/pdf/2012-01.pdf
https://www.nies.go.jp/social/dp/pdf/2012-01.pdf
https://doi.org/10.1016/j.cosust.2010.07.001
https://doi.org/10.1016/j.cosust.2010.07.001
https://doi.org/10.1038/nclimate2392
https://doi.org/10.1038/nclimate2392
https://doi.org/10.1038/ngeo2699
https://doi.org/10.1038/nclimate2980
https://doi.org/10.5194/hess-17-2393-2013
https://doi.org/10.5194/hess-17-2393-2013
https://doi.org/10.1038/nclimate1911
https://doi.org/10.1038/nclimate1911
https://doi.org/10.1007/s12199-013-0354-6
https://doi.org/10.1007/s12199-013-0354-6
https://doi.org/10.1126/science.316.5826.829b
https://doi.org/10.1126/science.316.5826.829b


288 Sustainability Science (2018) 13:279–289

1 3

Iseri Y, Yoshikawa S, Kiguchi M, Tawatari R, Kanae S, Oki T (2018) 
Toward the incorporation of tipping elements into global climate 
risk management: probability of passing a threshold and poten-
tial impact of a threshold being passed. Sustain Sci. https ://doi.
org/10.1007/s1162 5-018-0536-7 (in this issue, accepted)

Ito A, Nishina K, Noda HM (2016) Evaluation of global warming 
impacts on the carbon budget of terrestrial ecosystems in mon-
soon Asia: a multi-model analysis. Ecol Res 31:459–474. https ://
doi.org/10.1007/s1128 4-016-1354-y

Kato E, Yamagata Y (2014) BECCS capability of dedicated bioen-
ergy crops under a future land-use scenario targeting net nega-
tive carbon emissions. Earth’s Future 2:421–439. https ://doi.
org/10.1002/2014E F0002 49

Kurosawa A (2006) Multigas mitigation: an economic analysis using 
GRAPE model. Energy J 27:275–288 https ://doi.org/10.5547/
ISSN0 195-6574-EJ-VolSI 2006-NoSI3 -13

Mabey N, Gulledge J, Finel B, Silverthorne K (2011) Degrees of risk—
defining a risk management framework for climate security. E3G, 
p 177. https ://www.e3g.org/docs/Degre es%20of%20Ris k_Defin 
ing%20a%20Ris k%20Man ageme nt%20Fra mewor k%20for %20Cli 
mate%20Sec urity _Full%20Rep ort.pdf

Manne AS, Richels RG (1992) Buying greenhouse insurance—the 
economic costs of  CO2 emission limits. MIT Press, Cambridge

Mori S (2000) The development of greenhouse gas emissions scenarios 
using an extension of the MARIA model for the assessment of 
resource and energy technologies. Technol Forecast Soc 63:289–
311. https ://doi.org/10.1016/S0040 -1625(99)00102 -X

Mori S, Shiogama H (2018) The value of knowledge accumulation 
on climate sensitivity uncertainty—comparison between perfect 
information, single stage and act then learn decisions. Sustain Sci. 
https ://doi.org/10.1007/s1162 5-018-0528-7(this issue, accepted)

Mori S, Washida T, Kurosawa A, Masui T (2018) Assessment of 
mitigation strategies as tools for risk management under future 
uncertainties: a multi-model approach. Sustain Sci. https ://doi.
org/10.1007/s1162 5-017-0521-6

Moser SC (2010) Communicating climate change: history, challenges, 
process and future directions. WIREs Clim Change 1:1–27. https 
://doi.org/10.1002/wcc.11

Moss RH, Edmonds JA, Hibbard KA, Manning MR, Rose SK, van 
Vuuren DP, Carter TR, Emori S, Kainuma M, Kram T, Meehl 
GA, Mitchell JFB, Nakicenovic N, Riahi K, Smith SJ, Stouffer 
RJ, Thomson AM, Weyant JP, Wilbanks TJ (2010) The next gen-
eration of scenarios for climate change research and assessment. 
Nature 463:747–756. https ://doi.org/10.1038/natur e0882 3

Nordhaus WD (1992) An optimal transition path for controlling green-
house gases. Science 258:1315–1319. https ://doi.org/10.1126/
scien ce.258.5086.1315

O’Neill BC, Oppenheimer M, Warren R, Hallegatte S, Kopp RE, Pört-
ner HO, Scholes R, Birkmann J, Foden W, Licker R, Mach KJ, 
Marbaix P, Mastrandrea MD, Price J, Takahashi K, van Ypersele 
J-P, Yohe G (2017) IPCC reasons for concern regarding climate 
change risks. Nat Clim Change 7:28–37. https ://doi.org/10.1038/
nclim ate31 79

Okereke C (2010) Climate justice and the international regime. WIREs 
Clim Change 1:462–474. https ://doi.org/10.1002/wcc.52

Preston CJ (2013) Ethics and geoengineering: reviewing the moral 
issues raised by solar radiation management and carbon dioxide 
removal. WIREs Clim Change 4:23–37. https ://doi.org/10.1002/
wcc.198

Randalls S (2010) History of the 2 °C climate target. WIREs Clim 
Change 1:598–605. https ://doi.org/10.1002/wcc.62

Riahi K, Vuuren DP, Kriegler E, Edmonds J, O’Neill BC, Fujimori 
S, Bauer N, Calvin K, Dellink R, Fricko O, Lutz W, Popp A, 
Cuaresma JC, Samir KC, Leimbach M, Jiang L, Kram T, Rao S, 
Emmerling J, Ebi K, Hasegawa T, Havlik P, Humpenoder F, Silva 
LA, Smith S, Stehfest E, Bosetti V, Eom J, Gernaat D, Masui T, 

Rogelj J, Strefler J, Drouet L, Krey V, Luderer G, Harmsen M, 
Takahashi K, Baumstark L, Doelman JC, Kainuma M, Klimont Z, 
Marangoni G, Lotze-Campen H, Obersteiner M, Tabeau A, Tavoni 
M (2017) The shared socioeconomic pathways and their energy, 
land use, and greenhouse gas emissions implications: an overview. 
Glob Environ Change 42:153–168. https ://doi.org/10.1016/j.gloen 
vcha.2016.05.009

Rogelj J, Schaeffer M, Meinshausen M, Knutti R, Alcamo J, Riahi K, 
Hare W (2015) Zero emission targets as long-term global goals 
for climate protection. Environ Res Lett 10:105007. https ://doi.
org/10.1088/1748-9326/10/10/10500 7

Royal Society (2009) Geoengineering the climate: science, governance 
and uncertainty. Royal Society, London

Sakurai G, Iizumi T, Nishimori M, Yokozawa M (2014) How much 
has the increase in atmospheric  CO2 directly affected past soybean 
production? Sci Rep 4:4978. https ://doi.org/10.1038/srep0 4978

Schleussner C-F, Lissner TK, Fischer EM, Wohland J, Perrette M, 
Golly A, Rogelj J, Childers K, Schewe J, Frieler K, Mengel M, 
Hare W, Schaeffer M (2016a) Differential climate impacts for 
policy-relevant limits to global warming: the case of 1.5  °C 
and 2 °C. Earth Syst Dyn 7:327–351. https ://doi.org/10.5194/
esd-7-327-2016

Schleussner C-F, Rogelj J, Schaeffer M, Lissner T, Licker R, Fischer 
EM, Knutti R, Levermann A, Frieler K, Hare W (2016b) Science 
and policy characteristics of the Paris Agreement temperature 
goal. Nat Clim Change 6:827–835. https ://doi.org/10.1038/nclim 
ate30 96

Shiogama H, Stone D, Emori S, Takahashi K, Mori S, Maeda A, Ishi-
zaki Y, Allen MR (2016) Predicting future uncertainty constraints 
on global warming projections. Sci Rep 6:18903. https ://doi.
org/10.1038/srep1 8903

Su X, Takahashi K, Fujimori S, Hasegawa T, Tanaka K, Kato E, Shi-
ogama H, Masui T, Emori S (2017) Emission pathways to achieve 
2.0 and 1.5 °C climate targets. Earth’s Future 5:592–604. https ://
doi.org/10.1002/2016E F0004 92

Su X et al (2018) Socioeconomic implications of achieving long term 
climate targets under scientific uncertainties. Sustain Sci. https ://
doi.org/10.1007/s1162 5-017-0525-2

Tanaka A, Takahashi K, Shiogama H, Hanasaki N, Masaki Y, Ito A, 
Noda H, Hijioka Y, Emori S (2017) On the scaling of climate 
impact indicators with global mean temperature increase: a case 
study of terrestrial ecosystems and water resources. Clim Change 
141:775–782. https ://doi.org/10.1007/s1058 4-017-1911-6

Taylor KE, Stouffer RJ, Meehl GA (2012) An overview of CMIP5 and 
the Experiment Design. Bull Amer Meteor Soc 93:485–498. https 
://doi.org/10.1175/BAMS-D-11-00094 .1

UNFCCC (2015a) Report on the structured expert dialogue on the 
2013–2015 review, Note by the co-facilitators of the structured 
expert dialogue. FCCC/SB/2015/INF.1. https ://unfcc c.int/resou 
rce/docs/2015/sb/eng/inf01 .pdf

UNFCCC (2015b) Adoption of the Paris Agreement. FCCC/
CP/2015/L.9/Rev.1.https ://unfcc c.int/resou rce/docs/2015/cop21 
/eng/l09r0 1.pdf

United Nations (1992) United Nations Framework Convention on Cli-
mate Change. http://unfcc c.int/files /essen tial_backg round /backg 
round _publi catio ns_htmlp df/appli catio n/pdf/conve ng.pdf

Warren R, Arnell N, Brown S, Kjellstrom T, Nicholls RJ, Price J (2015) 
Literature review and synthesis of recent climate change impacts 
research. DECC: 1104872/AVOID2 WPB.1b Report 1. http://
avoid -net-uk.cc.ic.ac.uk/wp-conte nt/uploa ds/delig htful -downl 
oads/2015/12/Liter ature -revie w-and-synth esis-of-recen t-clima 
te-chang e-impac ts-resea rch-AVOID -2-WPB-1b.pdf

Washida T, Yamaura K, Sakaue S (2014) Computable general equi-
librium analyses of global economic impacts and adaptation for 
climate change: the case of tropical cyclones. Int J Glob Warm 
6:466–499. https ://doi.org/10.1504/IJGW.2014.06605 0

https://doi.org/10.1007/s11625-018-0536-7
https://doi.org/10.1007/s11625-018-0536-7
https://doi.org/10.1007/s11284-016-1354-y
https://doi.org/10.1007/s11284-016-1354-y
https://doi.org/10.1002/2014EF000249
https://doi.org/10.1002/2014EF000249
https://doi.org/10.5547/ISSN0195-6574-EJ-VolSI2006-NoSI3-13
https://doi.org/10.5547/ISSN0195-6574-EJ-VolSI2006-NoSI3-13
https://www.e3g.org/docs/Degrees%20of%20Risk_Defining%20a%20Risk%20Management%20Framework%20for%20Climate%20Security_Full%20Report.pdf
https://www.e3g.org/docs/Degrees%20of%20Risk_Defining%20a%20Risk%20Management%20Framework%20for%20Climate%20Security_Full%20Report.pdf
https://www.e3g.org/docs/Degrees%20of%20Risk_Defining%20a%20Risk%20Management%20Framework%20for%20Climate%20Security_Full%20Report.pdf
https://doi.org/10.1016/S0040-1625(99)00102-X
https://doi.org/10.1007/s11625-018-0528-7
https://doi.org/10.1007/s11625-017-0521-6
https://doi.org/10.1007/s11625-017-0521-6
https://doi.org/10.1002/wcc.11
https://doi.org/10.1002/wcc.11
https://doi.org/10.1038/nature08823
https://doi.org/10.1126/science.258.5086.1315
https://doi.org/10.1126/science.258.5086.1315
https://doi.org/10.1038/nclimate3179
https://doi.org/10.1038/nclimate3179
https://doi.org/10.1002/wcc.52
https://doi.org/10.1002/wcc.198
https://doi.org/10.1002/wcc.198
https://doi.org/10.1002/wcc.62
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1088/1748-9326/10/10/105007
https://doi.org/10.1088/1748-9326/10/10/105007
https://doi.org/10.1038/srep04978
https://doi.org/10.5194/esd-7-327-2016
https://doi.org/10.5194/esd-7-327-2016
https://doi.org/10.1038/nclimate3096
https://doi.org/10.1038/nclimate3096
https://doi.org/10.1038/srep18903
https://doi.org/10.1038/srep18903
https://doi.org/10.1002/2016EF000492
https://doi.org/10.1002/2016EF000492
https://doi.org/10.1007/s11625-017-0525-2
https://doi.org/10.1007/s11625-017-0525-2
https://doi.org/10.1007/s10584-017-1911-6
https://doi.org/10.1175/BAMS-D-11-00094.1
https://doi.org/10.1175/BAMS-D-11-00094.1
https://unfccc.int/resource/docs/2015/sb/eng/inf01.pdf
https://unfccc.int/resource/docs/2015/sb/eng/inf01.pdf
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
http://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/conveng.pdf
http://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/conveng.pdf
http://avoid-net-uk.cc.ic.ac.uk/wp-content/uploads/delightful-downloads/2015/12/Literature-review-and-synthesis-of-recent-climate-change-impacts-research-AVOID-2-WPB-1b.pdf
http://avoid-net-uk.cc.ic.ac.uk/wp-content/uploads/delightful-downloads/2015/12/Literature-review-and-synthesis-of-recent-climate-change-impacts-research-AVOID-2-WPB-1b.pdf
http://avoid-net-uk.cc.ic.ac.uk/wp-content/uploads/delightful-downloads/2015/12/Literature-review-and-synthesis-of-recent-climate-change-impacts-research-AVOID-2-WPB-1b.pdf
http://avoid-net-uk.cc.ic.ac.uk/wp-content/uploads/delightful-downloads/2015/12/Literature-review-and-synthesis-of-recent-climate-change-impacts-research-AVOID-2-WPB-1b.pdf
https://doi.org/10.1504/IJGW.2014.066050


289Sustainability Science (2018) 13:279–289 

1 3

Wolf J, Moser SC (2011) Individual understandings, perceptions, and 
engagement with climate change: insights from in-depth studies 
across the world. WIREs Clim Change 2:547–569. https ://doi.
org/10.1002/wcc.120

Yamagata Y, Hanasaki N, Ito A, Kinoshita T, Murakami D, Zhou Q 
(2018) Sustainability assessment of BECCS land use scenarios 
for achieving global net negative emission: implications to water, 
food and other ecosystem services. Sustain Sci. https ://doi.
org/10.1007/s1162 5-017-0522-5

Yamamoto A, Yamanaka Y, Oka A, Abe-Ouchi A (2014) Ocean oxygen 
depletion due to decomposition of submarine methane hydrate. 
Geophys Res Lett 41:5075–5083. https ://doi.org/10.1002/2014G 
L0604 83

Yohe G, Andronova N, Schlesinger M (2004) Climate-to hedge or not 
against an uncertain climate. Science 306:416–417. https ://doi.
org/10.1126/scien ce.11011 70

https://doi.org/10.1002/wcc.120
https://doi.org/10.1002/wcc.120
https://doi.org/10.1007/s11625-017-0522-5
https://doi.org/10.1007/s11625-017-0522-5
https://doi.org/10.1002/2014GL060483
https://doi.org/10.1002/2014GL060483
https://doi.org/10.1126/science.1101170
https://doi.org/10.1126/science.1101170

	Risk implications of long-term global climate goals: overall conclusions of the ICA-RUS project
	Abstract
	Introduction
	“Strategies” defined and assessed in ICA-RUS
	Assessment of impacts of climate change and mitigation actions for each temperature goal
	Overall results of the assessment
	Discussion
	Interpretation of the Paris goals
	Learning climate sensitivity
	Alternatives left for the case of high climate sensitivity
	Remarks on the achievement of the Paris emission goal
	Social process of risk decision on global and long-term climate change

	Conclusions
	Acknowledgements 
	References


