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Perceived feasibility and potential barriers of a net-
zero system transition among Japanese experts
Yiyi Ju 1✉, Masahiro Sugiyama 2✉ & Hiroto Shiraki 3✉

Many governments and non-state actors have pledged to achieve net-zero greenhouse gas

emissions, raising questions about the feasibility of these decarbonization goals. The existing

literature, however, mostly relied on technoeconomic assessments and lack broad contextual

considerations such as national conditions and local sociocultural characteristics. Here, we

present a framework for assessing perceived feasibility and multi-dimensional barriers for

net-zero transition that can complement existing methods of technoeconomic traditions. We

applied this framework to the Japanese net-zero goal by surveying more than 100 experts

from diverse fields with a shared national context. Most of the experts supported the

desirability of the net-zero goal and chose a probability of 33–66% for its feasibility. However,

the distribution of feasibility assessments differs between groups of integrated assessment

modelers and the Intergovernmental Panel on Climate Change authors and other researchers,

suggesting opportunities for further exploration within and between communities. Identified

barriers reflect a unique national condition of Japan and include the limitations of national

strategies and clean energy supply. The present framework can be extended to non-experts,

data-scarce geographies and sectors.
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S ince the publication of the Intergovernmental Panel on
Climate Change (IPCC) Special Report on Global Warming
of 1.5 °C (SR15)1, global efforts for climate change mitiga-

tion have accelerated, with many nations and commercial sectors
pledging toward net-zero emissions. Currently, more than 70
nations have a net-zero pledge, covering 76% of global green-
house gas emissions2. Such rapid mitigation commitment
involves significant changes across all sectors, and therefore, there
is increasing interest in the feasibility of such drastic transition of
the sociotechnical system to net-zero. Feasibility is framed as a
binary issue often in the public sphere, and pundits and stake-
holders alike continue to debate whether various pathways for
net-zero and the net-zero targets themselves are feasible or not
(see refs. 3–6 for examples).

Feasibility is not a new concept in academia and has been
treated in a non-binary or probabilistic manner. It is a key con-
cept in political science and political philosophy7–9, and the
concept has been applied to the issues surrounding climate
change (e.g., ref. 10,11). In fact, the IPCC SR15 conducted an
initial feasibility assessment for both mitigation and adaptation
options12. Option-level analysis has subsequently been
expanded13 and included in the latest 6th IPCC reports from both
Working Groups II14 and III15, as well as the work of Steg et al.16.
(see Table 1). Others have also debated the feasibility of renew-
able energy expansion17, coal phase-out18,19, and green hydrogen
expansion20. As for the feasibility assessment for the entire
socioeconomic system, the integrated assessment models (IAMs)
community has contributed detailed techno-economical con-
straints to reveal the mitigation pathways toward long-term cli-
mate goals21–23. A new study went beyond analyses of a few
options and analyzed feasibility of scenarios of the whole power-
system transition with high coal dependence in South Korea24.

Substantial advancement notwithstanding, there are issues that
still need addressing. First, despite the efforts to include socio-
political considerations, the assessments of feasibility and barriers
in the literature are still largely informed by technoeconomic
analysis, especially at the system level. For example, out of 23
subindicators the ref. 22 considered, the “governance level” was
the only institutional factor that was taken into account. Energy
demand reductions and land cover changes were used as proxies
for sociocultural factors. The existing approaches do not fully
consider the wide range of relevant, disciplinary perspectives,
such as the complexity of social realities, the process of climate
policy implementation, and behaviors of local actors25–27.

There are known limitations to IAM scenarios and related
research. They have consistently underestimated the speed of
innovation in solar photovoltaics, wind power, and batteries28–34

because of their weakness in dealing with complex interactions
between technoeconomic and sociopolitical factors. Broader
perspectives33,35–39 and concepts38,40 can help overcome these
limitations in feasibility assessment. Such a critical approach is
vitally needed in light of the performative role of future
scenarios36,41–43. In other words, more efforts are needed to
ensure robustness and quality of feasibility assessment, not only
by examining causal relationships11 but also by incorporating
diverse perspectives including sociopolitical factors25,44–49.

Second, the discussion on feasibility should not be separated
from that on desirability, as they are interrelated in a complex
manner. Renewable energy advocates tend to argue that the 100%
renewable energy system is not only desirable but also
feasible50,51. Degrowth proponents contend that it contributes to
more equitable and inclusive well-being across regions and the
policy is more feasible than alternative policy pathways52,53.
Considering experts’ psychological biases about long-term
futures54, it would be prudent to examine the relationship
between desirability and feasibility more explicitly and how it
varies across communities and disciplines.

Third, in terms of geographic and systems resolution, various
existing studies have focused on global (and regional)
feasibility22,23 or option-level assessments13–15,20; however, because
of the hybrid nature of the Paris Agreement55, the assessment of
feasibility and barriers at the sub-global level is increasingly per-
tinent. Mitigation opportunities that require responses from diverse
individuals, households, and organizations may have little chance
of being implemented globally56. Realistic assessment requires a
specific context, which is also true for scenario modeling57.

Herein we present a new framework for feasibility assessment.
We apply it to the Japanese national net-zero transition based on
a survey of experts from diverse fields to complement existing
feasibility assessment frameworks. We address the following
research questions:

(1) How do experts perceive the feasibility and desirability of
the net-zero transition? Are there any differences among
different expert groups?

(2) What are the barriers for transitioning to achieving national
net-zero goals? How do experts assess the risks of each
barrier?

Framework. Our framework is inspired by political feasibility8–10

and future cones58,59 (Fig. 1 and see Method for the details).
Existing work16,22 notes “institutional” factors act as a constraint
on many options and scenarios, justifying the use of political
feasibility as a starting point.

Table 1 Characteristics of frameworks for feasibility analysis.

Framework Scenario-based assessment of feasibility Option-based assessment of feasibility,
barriers, and enablers

Broad assessment of feasibility and
barriers in a shared context

Objective Facilitate global policy discussion informed by
scenarios

Facilitate global option-level discussion Structured debate on the system
transition within a jurisdiction or
about a system

Geographical
coverage

Global, regional, and national Global, regional, and national National or sectoral

Experts involved Mostly IAM modelers Domain experts Broad-based experts with a shared
context (e.g., national or sectoral)

Method Multi-dimensional model outputs compared
against historical analogies in terms of speed
of expansion and decline

Literature review and expert judgment
combined with model analysis and
historical comparison

Surveys, interviews, and workshops

References van Sluisveld et al.21; Brutschin et al.22;
Warszawski et al.23, Hyun et al.24.

IPCC14,15; Singh et al.13; Steg et al.16;
Jewell & Cherp10; Odenweller et al.20

This study

Each framework makes a complementary contribution to the broad discussion on feasibility, barriers, and enablers.
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Fig. 1 Framework for assessing perceived feasibility of, and barriers to, deep mitigation. Proposition 1: feasibility is probabilistic, not binary, and thus, can
construct a cumulative density function (CDF) of a greenhouse gas (GHG) emission goal (right, schematic CDF) A. Proposition 2: the CDF is affected by many
different barriers (or soft constraints) B. Proposition 3: individual experts perceive future development of climate-related variables with large uncertainties, as
illustrated by the futures cones (left), and the CDF of a GHG emission goal (i.e., perceived feasibility) for individual experts can be partially differentiated but are
interrelated with their preferable future (right) C. Proposition 4: perceived feasibility is a subjective / Bayesian probability. It, as well as desirability, can be
different across individuals, and thus, employing experts from broader disciplines can contribute to more contextualized feasibility assessments D.
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Feasibility is defined as an assessment of the extent to which a
socially important goal (e.g., the net-zero goal) is achievable
under various constraints in a particular spatiotemporal context,
conditional upon attempts and efforts by actors, and can be
expressed probabilistically. This definition attempts to combine
common threads such as probabilistic nature and conditionalities
in the literature, which is summarized in Table S1. It can be
assessed by various means, including model-based scenario
analysis, expert elicitation, historical analogs, etc., as summarized
in Table 1. Here we use the term perceived feasibility to
specifically indicate the perception of feasibility of an individual,
be it an expert, ordinary citizen, or stakeholder. Perceived
feasibility can be assessed by a survey, interview, or workshop,
etc., in the form of subjective probability.

Hard constraints, such as geophysical limits, determine feasibility
in a binary manner. The policy debate on climate change, however,
hinges on soft constraints, such as economic, sociocultural, and
institutional barriers, which make the achievement of a social goal
less likely. Therefore, it is appropriate to conceptualize feasibility as
a continuous and probabilistic variable, rather than a binary one.
Note that feasibility is different from plausibility60,61. Our approach
assesses how a preferable mitigation goal (desirable) could be more
or less likely to occur (feasible), instead of being described as one
future scenario that could happen (plausible).

These concepts can be integrated and represented as a cumulative
distribution function (CDF) of achieving this goal (Fig. 1A) (a
recent review11 also formulated feasibility in terms of a future cone).
Since feasibility is malleable and dynamically influenced by a
number of barriers (soft constraints)8–10, CDF could shift both
upward and downward (Fig. 1B). While feasibility is a descriptive
concept, desirability is defined as a normative assessment of a
socially important goal. Future cones also provide a simple but
effective distinction between feasibility (possible future) and
desirability (preferable future). In principle, they can be assessed
separately58,59, but perceived feasibility may correlate or interrelate
with desirability owing to psychological biases (Fig. 1C). Addition-
ally, as illustrated by Fig. 1D, perceived feasibility and desirability
vary across individuals and disciplines. It is necessary to collect
broad perspectives from many experts, for instance, to ascertain
whether the perceived feasibility of the technoeconomic research
community is similar to or different from that of other groups.

Application to Japan’s net-zero transition assessment. In the
following section, we applied a national-scale feasibility assessment,
by operationalizing the framework and conducting expert surveys,
to Japan, whose energy transition has been relatively slow because of
the setback after the 2011 Fukushima Daiichi nuclear accident and
the slow expansion of renewables17,62. In late 2020, Prime Minister
Yoshihide Suga pledged that Japan will achieve net-zero GHG
emissions by 205063. However, there is a debate of the feasibility of
this target. Also, surveys on the general public64, teenagers65, and
companies66, revealed sizeable concerns about the feasibility of the
net-zero goal. This motivates the present study on Japan.

We developed a survey instrument, starting from asking the
desirability/feasibility of achieving carbon neutrality or deep
mitigation (>80% emission reduction), the previous NDC (80%),
and the lower goals in Japan. List of barriers were inspired by the
IPCC six-dimension framework of feasibility assessment. Speci-
fically, the questions on barriers that affect feasibility were
tailored to the unique Japanese context, including geophysical
and environmental (e.g., relatively smaller potentials of variable
renewables67–70), technological (e.g., slower rate of renewable
diffusion71,72), sociocultural (e.g., relatively smaller climate
movement in the past73,74 and opposition to nuclear power75),
institutional (e.g., lack of full-fledged emissions trading76 and

continued support for coal77,78), and economic dimensions (e.g.,
higher costs of renewables)79,80 (though dimensions are only
heuristic frameworks and each barrier is relevant to multiple
dimensions). The risk of each barrier is determined by its
probability (of acting as/becoming a barrier) and impact (on
hindering the feasibility of achieving carbon neutrality), following
a similar style of risk perception assessment or expert
elicitation81–83 (see Method).

The resulting questionnaire survey (see Supplementary Data 1
and 2) was conducted from October 2021 to March 2022 in an
online interview format with over 100 experts in Japan from a
variety of fields, including climate science, political economy,
engineering, integrated assessment, and impact analysis (Tables S3
and S4). We identified experts from three databases with a query
keyword “climate change mitigation”: (1) IPCC author list, (2) the
Web of Science, and (3) Kakenhi, a national funding scheme run
by the Japan Society for the Promotion of Science (JSPS). 63.7 %
of the invited experts participated in the survey.

Results
Desirability and feasibility. The surveyed respondents demon-
strated similar assessments of the desirability of the climate goal
(Fig. 2). More than half of the respondents mentioned that a
100% emission reduction (the current policy goal) is desirable;
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Fig. 2 Desirability of long-term national climate goals by type of experts
(all, IPCC or IAM-related, and others, from top to bottom) as described
by responses to a single-choice question. Most experts agree that the
national climate goal of achieving a 100% emission reduction by 2050 is
desirable, while quite a few experts agree on the desirability of 80% or 110%
emission reduction. The sample size is given in the subtitle of each panel.
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80% reduction (the previous goal) and 110% reduction goals
come close. Given the huge influence of the IPCC authors and
IAM research strands in policymaking, it would be prudent to
check for differences in desirability between the researchers who
are IPCC authors or in the IAM community and others. There is
no statistically significant (Chi-squire test, p value= 0.7037) dif-
ference between respondent groups (IPCC/IAM vs others). Quite
a few experts agree that even a 110% emission reduction is
desirable (more than 20% in the IPCC/IAM group), which may
be required in the case of equitable burden sharing of carbon
dioxide removal84,85. In terms of how the responses are related to
expert groups, affiliation has some effect; the share of the 80%
reduction choice is higher for the non-academic experts than
those from the academia. Experience and discipline are not a
major factor (Figure S1).

We surveyed the feasibility for different emission reduction
goals, ranging from the previous government target (80%
reduction) to the current target (100% reduction) to a more
ambitious one (110% reduction). According to the results from all
of the respondents, as the goals became more ambitious, the
frequency distribution naturally shifted toward the direction of
lower feasibility (Fig. 3). The mode value of net-zero feasibility
was neutral (33–66%), but the overall frequency distribution was
skewed toward pessimism.

There was a difference in perceived feasibility between the
IPCC/IAM group and the rest of the experts (Fig. 3). For the 80%
reduction goal, the IPCC/IAM group answered a higher feasibility
probability than the others. For the net-zero goal, the response
distribution of the IPCC/IAM group is broad while that for the
other group is concentrated in the 33-66% choice.

Regardless of grouping, the largest number of respondents
chose ≤10% for 110% emission reduction. All experts clearly
recognized the difficulty of achieving more than a 100% emission
reduction (higher red bars under feasibility110 in Fig. 3).

As for expert characteristics (experience, affiliation, and
discipline), there is a broad agreement across those characteristics,
but some nuanced differences can be identified. For instance, the
largest share of the academic experts chose a 33-66% probability
for the net-zero feasibility, whereas the largest group of experts
outside the academia chose a <= 10% probability for the net-zero
goal. (Figure S1).

Regarding the relationship between feasibility and desirability,
Fig. 4 presents how the perceived feasibility varies with the level
of desirability (rows) and emission reduction target (columns). A
weak correlation was observed between feasibility and desirability
in the minds of respondents (the Spearman’s rank order
correlation coefficients between desirability and feasibility were
0.40, 0.44, 0.38, and 0.29 for reductions (%) of 80, 90, 100, and
110, respectively). Respondents who preferred less than 100%
emission reduction goals were relatively pessimistic about
ambitious reduction goals. Some respondents desiring for more
than 100% emission reduction tended to choose a higher
feasibility for 100% or 110% emission reduction.

Barriers. We explored the factors that determine the perceived
feasibility of a net-zero transition. Based on convenience sam-
pling expert interviews and a literature review, 22 factors were
carefully extracted as potential barriers toward the net-zero
transition in Japan (see Method; for a full list of barrier
descriptions, see Table S2). These factors were constructed by
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considering six dimensions of the IPCC feasibility assessment
(geophysical, environmental-ecological, technological, economic,
socio-cultural, and institutional dimensions) and their cross-
disciplinary issues and multiple actors (e.g., governments, busi-
nesses, and citizens). Figure 5 displays the mean values of the
perceived impacts and probability of potential barriers by type
and actor and Fig. 6 shows the risk (impact multiplied by prob-
ability) of each potential barrier.

Although most of the means for the impact of the 22 barriers
were higher than the median value of the options in the
questionnaire (3), the means for the probabilities of the 22
barriers varied from approximately 25% to more than 75%. The
probability means of all barriers showed a higher degree of
dispersion than the impact means of the barriers in terms of the
normalized standard deviation. Using the averages for each one of
the 22 barriers as data points, we found that the mean probability
= 0.5112, s.d. of probability = 0.2683 (52% of the mean), mean
impact = 3.3721, and s.d. of impact = 1.0689 (31% of the mean).
These results indicate that experts agree that at least 22 barriers
extracted have non-negligible potential impacts toward a net-zero
transition, but the probability of barriers occurring or continuing
varied substantially by barrier. In addition, no natural clustering
of barriers emerged in terms of types of barriers, actors, etc.
Experts’ responses are broadly similar irrespective of their
discipline (Fig. S2).

Nevertheless, the barriers that are identified as high-impact or
highly probable reflect the unique condition of Japan. The issue
which assessed to have the highest impact is the concern about an
adequate supply of clean energy. Though it is technically possible
to provide Japan with 100% renewable energy86, international
comparisons67,68 and social considerations69,70 imply that it is
more challenging for Japan to achieve such a goal than the United
States or Europe. In fact, a high population density and
geographical constraints of mountainous terrain make securing
low-cost clean energy sources in a socially acceptable and
sustainable manner a crucial issue. Despite a comparatively slow
introduction of renewables, Japan has already seen some conflicts
regarding local renewable energy development projects87. Redu-
cing installation costs to international levels, investigating socially
acceptable levels of renewable development69,88,89, and exploring
clean energy imports90 remain as major issues. The lack of a
national strategy, despite the government’s paper commitment to
net zero, was assessed to have major impacts. This would give
credence to, and support the prioritization of, proposals to renew
the new decision-making framework that transcends the
conventional rivalry between the economic and environmental
ministries91,92.

Turning to probabilities, concern about nuclear energy was
rated the highest. Since the Fukushima Daiichi nuclear power
plant accident in 2011, public acceptance of nuclear power has
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remained at a low level93, and energy policy, including the level of
nuclear power use, has been forced to change from what it was
before 201194,95. Despite controversies surrounding nuclear
power, the expert respondents from various disciplines flagged
the concern about nuclear power as an important barrier,
implying its potential role for decarbonization. Another issue
which assessed to have relatively high probability was the lack of
local capacity, although the Japanese government has been
promoting specific policies to support local governments that are
taking the lead in creating carbon-neutral local community,
which is called “decarbonization-leading areas.”

Given that many feasibility assessments to date have been
conducted by IAM researchers and those from related fields, it
would be instructive to see how the ease of modeling affects
feasibility assessment (Fig. 6). Among the 22 barriers, concerns over
nuclear power generation, the lack of national strategies, and the
lack of capacity of local actors come as the top three factors in terms
of the median of risks. We, however, contend that these factors
belong to the “harder-to-model” category. Unlike the economical or
technological barriers that can be modeled with clear unit costs,
these factors are difficult to incorporate in IAMs, and even when
included, they are treated as parts of the exogenous scenario
assumptions (e.g., the concern over nuclear power generation
modeled as an scenario assumption where exogenous parameter
nuclear capacity factor set as lower, instead of modeled with a whole
endogenous mechanism explaining the interdependencies of social
concern and energy market share change). This result underscores
the importance of both quantitative and qualitative assessments of
feasibility. (See Fig. S3 for risk assessment by respondent group.)

Discussion
There are certain differences between the proposed framework
and those in the literature (e.g.16,17,22,). In terms of advan-
tages, the proposed framework can enable pluralistic and
inclusive assessments, involving experts from various dis-
ciplines. As argued by Geels et al.25. and others, net-zero
transition necessitates insights and knowledge from numerous
fields with differing epistemology and ontology. The present
framework contributes to an “opening up37,93” of the multi-
disciplinary and interdisciplinary perspective on transition
feasibility.

Our results also demonstrated that the proposed approach
could reflect the unique national context. As the focus of miti-
gation shifts from the global debate to the national level, cap-
turing nuances surrounding each country is increasingly critical.
Given that all the surveyed experts shared a national context
regarding the target country (i.e., Japan), we could go beyond
generalized discussion and specify the barriers to enable a com-
parison among the barriers through quantifying the likelihood
and impact of each barrier. The IPCC itself recognized context
dependence as one of the limitations of their feasibility
assessment15. In the present results, the barriers that were iden-
tified, such as the lack and limitations of the national strategy73,74

and the possible lack of clean energy supply67–70, are different
from those often identified in the West.

An interesting extension of the present work is to repeat the
survey over time. Expert responses could be biased because of
availability or anchoring heuristics, e.g., the responses may have
been affected by the media that day. In particular, the COVID-19
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pandemic, the 2021 Glasgow Climate Change Conference, and
Russia’s invasion of Ukraine might have affected the results of the
survey (the survey period was from October 2021 to March 2022).
Some experts may judge that the continuing increase in energy
prices after the completion of the survey could have no small
impact on energy policy, since public concerns about energy
security and energy prices are growing worldwide. Thus, repeat-
ing the surveys in the future to consider responses over time
could differentiate long- from medium-term issues. This would
present the malleability of perceived feasibility and would prevent
public debate from being mired in the unproductive and artificial
dichotomy between feasibility and infeasibility, paving a way
toward more constructive dialogue. Moreover, updating the
barrier assessment would provide an evidence base for the
adjustment of the policy mix or package for net-zero transition.

Despite the benefits our proposed framework, there are some
limitations that should be addressed, especially with regard to the
well-known drawbacks of expert elicitation, including such as
cognitive96,97 and motivational biases98–100, including over-
confidence and motivated reasoning. Though we introduced some
strategies to avoid cognitive biases, our survey design does not allow
us to analyze motivational biases. Another limitation is the difficulty
in considering the interactions among different barriers, as numerous
interactions are combinatorically present and human minds would
be incapable of dealing with such enormity. Some factors, such as
techno-economic aspects, should be grounded in quantitative system
modeling and engineering analyses. Formally combining these dis-
tinct perspectives is beyond the scope of the present study.

Conclusions
We demonstrated the viability of a perceived feasibility and
barrier assessment through expert interviews. Considering the
technological, economic, institutional, and sociocultural con-
straints, our framework allowed for feasibility assessments in a
probabilistic manner as well as barrier assessments that con-
sidered national contexts. In the minds of the expert participants,
there was a gap between feasibility and desirability. Most experts
supported the desirability of the net-zero goal, while they chose a
probability of 33–66% for its feasibility. This demonstrates the
need to accelerate societal actions and policy measures, especially
those directed toward the most important barriers (in terms of
the risks to the net-zero goal): the concern about nuclear power,
the national strategy, local capacities, the green recovery, and
clean energy supply technologies, among others. There are no
simple answers to why the experts perceived them as high-risk;
the complexity of these issues warrants further research and
exploration.

There was a difference between the IAM/IPCC group and the
rest of the surveyed experts in terms of perceived feasibility. The
response distribution of the feasibility question from the former
group was broader than that from the latter group. In other
words, there is a disagreement within the IAM/IPCC group and
also between this group and the rest. While our analysis on
barriers did not identify the clear reason for this discrepancy, this
finding suggests opportunities for further exploration and dis-
cussion within and between communities. Such discussion would
identify areas for possible joint research, and could help
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strengthen feasibility and barrier assessment in technoeconomic
traditions.

Our analysis also suggests avenues for further research. The
global climate policy architecture after the 2015 Paris Agreement
is a hybrid of top-down and bottom-up approaches55, and
because many countries have pledged to achieve net-zero, it is
crucial to shift the debate from global to national and sectoral
levels in more diverse geographical areas. The present framework
can contribute to the evidence base by eliciting perceived feasi-
bility from experts with diverse backgrounds and a shared context
and can complement existing feasibility assessments that are
global and domain based. The light data requirement of the
framework allows for feasibility assessment in countries in the
Global South, where data availability is a perennial issue. Fur-
thermore, extending the work to include stakeholders or combine
it with other qualitative approaches (e.g., workshops) would be a
useful addition to the methods to analyze one of the most crucial
questions of our time.

Methods
Perceived feasibility and barriers. We borrowed the wisdom of
political feasibility research8,10 and treated feasibility as a prob-
abilistic variable to assess the systematic net-zero transition. In
the proposed framework, the constraints on political feasibility
are divided into hard and soft constraints. As IAMs give binary
results of feasibility (i.e., solvable scenarios are feasible), hard
constraints determine the assessment of system feasibility in a
binary manner. In contrast, the rest of the constraints “make
outcomes comparatively less feasible” as they have a “reasonable
probability of success conditional upon trying8,101”. They may
also affect outcomes in a nontechno-economic mechanism. We
focused on these constraints, defined as soft constraints, in this
study and attempted to clarify and assess the feasibility and soft
constraints based on expert perception in a probabilistic manner.

The concept of soft constraints allows for a more nuanced
assessment. The more the absence of one soft constraint, the
more feasible it becomes at the systematic level. The risk of each
soft constraint (to be short, the “barrier”) is determined by its
probability (of acting as/becoming a barrier) and impact (on
hindering the feasibility of achieving carbon neutrality), following
a similar style of risk perception assessment81,83 or expert
elicitation82. For each barrier, the probability and (negative)
impact were evaluated on a Likert scale ranging from 1 to 5,
similar to the evaluation method of the respondents’ subjective
expectations in Victor et al.102. In the assessment of probability, 1
is “very unlikely” and 5 is “very likely”, which is later quantified as
0.95, 0.78, 0.50, 0.215, and 0.05 for the levels “>= 90%”,
“>= 66%”, “33–66%”, “<=33%”, and “<=10%”, respectively, of
achieving emission reductions reported by each respondent.
Because of ambiguities and large uncertainties, we borrow from
the imprecise probability or interval probability theory103–105 and
ask about a range of probabilities, not a point estimate. To
simplify the survey, we did not assess the lower and upper ranges
of probabilities independently, however. We also adopted the
recommended likelihood scale and language for probabilities
from the IPCC106 to avoid the ambiguity of probability
language97. In the assessment of negative impact, 1 is “extremely
small” and 5 is “extremely large”. Given this definition of
feasibility, this paper focuses on barriers and excludes enablers
from our analysis, as is consistent with political feasibility
research9; enablers can be, however, thought of as something that
removes barriers.

The clarification of soft constraints contributes to the
assessment of possible outcomes in the future (ex-ante analysis),
rather than the assessment of performances in the past (ex-post

analysis). The perception of experts is one useful approach to
investigating soft constraints since it covers perspectives from
multiple disciplines that enable the assessment to escape from
“caged” thinking107. It also has the flexibility to cover all kinds of
uncertainties that models may find difficult to explore, including
the synergies and trade-offs among different feasibility concerns.
Feasibility and each of the soft constraints (barriers) is assessed by
experts from a variety of disciplines but with a shared national
context.

Survey design. This study consists of a survey with experts from a
broad range of fields related to climate change mitigation. Our
approach is informed by, but different from, expert elicitation on
well-defined scientific and technological parameters96, which is
intended to obtain subjective probability distributions of uncer-
tain variable of interest. Here the variable of interest is the GHG
emissions of Japan in 2050, which is subject to not only tech-
noeconomic factors but also sociopolitical development.

We operationalized the concept into a survey instrument by
literature review and a series of expert interviews. The survey was
administered in an online, interview format. For the initial series
of interviews, we conducted ~1 hour interviews with a small-
scale convenient sample size (10 experts) to collect key soft
constraints on the feasibility of net-zero transition (the option
for barriers) of Japan. Based on that, together with a literature
review and discussion, we developed the survey instrument. Our
starting point was the six dimensions of enabler/barrier
assessment of the IPCC reports: economic, technological,
environmental/ecological, geophysical, institutional, social/cul-
tural. This process allowed us to identify important aspects that
are pertinent to Japan’s context.

Subsequently, we identified experts with relevant knowledge
from the Web of Science, funding database, and IPCC author list.
We conducted the survey with the chosen experts. After the
completion of the survey by all the participants, a summary was
sent out to all the participants so that all the experts had a chance
to revise their response.

Survey instrument. Based on interviews and a literature review,
22 factors were extracted from multiple aspects including geo-
physical, technological, economical, institutional, and socio-
cultural constraints as the potential barriers toward a net-zero
transition. They are (see the supplementary material Table S2 for
full descriptions):

(1) Sufficiency of national strategy;
(2) Scientific support of policy;
(3) Capacities of local actors (e.g., SME, municipalities);
(4) Clean energy supply;
(5) Carbon dioxide removal;
(6) End-use technologies;
(7) Hard-to-abate sectors;
(8) Public concerns about large-scale renewables;
(9) Public concerns about carbon capture and storage;
(10) Public concerns about nuclear power;
(11) Infrastructure investment;
(12) Power imbalance between incumbents and newcomers;
(13) Awareness among industries;
(14) Digitalization;
(15) Mass media;
(16) Social movement;
(17) Carbon tax resistance;
(18) Labor issues (job loss and unsmooth shift of employment);
(19) Resistance against end-use regulation;
(20) Green recovery;
(21) International pressure;
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(22) International credits; and
(23) Others.

This set of barriers constitutes the building blocks of the set of
questions on barriers. For the system boundary of emissions, we
chose those that fit the United Nations Framework Convention
on Climate Change (UNFCCC)108 and the Paris Agreement109,
including the international transfer of mitigation outcomes.

The barriers are also categorized into “easier-to-model” and
“harder-to-model” groups based on multiple previous research on
the disadvantages of IAMs40,110,111. If one barrier factor is
mentioned or partly mentioned in the limitation of IAMs, it will
be labeled as “harder-to-model”. The full survey instrument is
provided as a Supplementary Material (Supplementary Data 1 is
the original survey instrument in Japanese, and Supplementary
Data 2 is an English translation).

Sampling strategy. Ideally socially robust knowledge93,112 could
be produced by surveying all the relevant experts as well as
stakeholders112,113. Stakeholders, however, tend to view feasibility
in a binary manner and often desire certain options, and are likely
to be subject to motivational biases (e.g., desirability bias). As a
first step of this method, we chose experts from broad fields
related to climate change mitigation. The diversity of expertise
here is in line with the calls for interdisciplinary collaborations
and exchanges25,45–48. It is consistent with a suggestion for
improving technology foresight38.

Identifying experts often involves the use of a publication
database. In Japan, however, the English publications from some
disciplines are often lacking, thus introducing a potential bias. We
therefore adopted a three-pronged approach by using three
sources: (1) the list of IPCC authors, (2) the Web of Science
database, and (3) the funding database of Kakenhi, a scheme
operated by the Japan Society for the Promotion of Science, which
covers not only natural sciences but also humanities and social
sciences extensively. In addition, we asked the initial respondents
to suggest additional names for interviews.

For the IPCC authors, we identified coordinating lead authors,
lead authors, and review editors who contributed to the WG3-
related reports, including special reports. In other words, experts
who engaged in only WG1 and WG2 reports were not included in
our list of the IPCC authors. We identified 32 experts from the
IPCC authors database114.

For Kakenhi, a search was conducted on the Grant-in-Aid for
Scientific Research search site (https://kaken.nii.ac.jp/ja/) using
the keywords “(kikohendo OR chikyu ondanka) AND kanwa-
saku” in Japanese, which means “(climate change OR global
warming) AND mitigation measures”. The period covered was
the most recent 11 years, i.e., 2011 to 2021. The data acquisition
date was September 7, 2021. Next, we examined the number of
times the researcher’s name appeared in the search results and
identified 14 researchers tied for the top two positions. We then
identified 38 of the 147 researchers tied for third place who had
served as principal investigators once. For a total of 53 names, we
used an Internet search to identify their e-mail addresses.

For the Web of Science, the query TS= ((“climat* change*“
OR “global warming”) AND (mitigat*)) AND CU=japan was
used for the time period of 2011–2021 (data acquisition date: July
16, 2021). A total of 1082 search results were obtained. From this
list, we created a list of authors and selected the authors with a
larger number of publications, e.g., authors with more than six (a
list of 46 people) or five (a list of 67 people) papers.

We combined the lists from three sources into one and
removed any duplications. We finally obtained a list of 171
experts, including a one-round snowball sampling. To increase

the response rate, we conducted the survey in a ZOOM online
meeting. The final response rate was 63.7% (109 out of 171). One
respondent did not answer the desirability question (a total
number 107 in all results related to desirability, and 108 in all
other results), one respondent did not fully answer the
questionnaire, and 4 respondents filled out the questionnaire by
themselves without interviews. One respondent answered all the
questions with audio only. We collected experts’ demographic
aspects, including affiliations (academic, government, industry,
civil society), disciplines (natural science, social science, huma-
nities), and working experience (2–5Y, 5–10Y, 10–15Y, 15–20Y,
20+ Y). The list of respondents is given in Table S3, and the
descriptive statistics in Table S4.

Ethical considerations. Under the Guidance of Research Ethics
and Information Security of the Research Ethics and Information
Security Committee, Institute for Future Initiatives, The Uni-
versity Tokyo, this research is exempt from an ethical review as
long as the researchers have taken mandatory research ethical
training, which we fulfilled. We obtained an informed consent
from each participant that their name and affiliation would be
presented in the resulting publication, but that only anonymized
responses would be utilized.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Data availability
Anonymized data is available at https://doi.org/10.5281/zenodo.10029987.

Code availability
The code to analyze anonymized data is available at https://doi.org/10.5281/zenodo.
10029987. This will enable reproduction of key figures, but not all, because of privacy
protection and informed consents we obtained from the expert survey respondents.
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