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Abstract

Shared socio-economic pathways (SSPs) are alternative global development scenarios focused on the mitigation of and
adaptation to climate change. However, global SSPs would need revised versions for regional or local assessment, which is
the so-called extended version, because global narratives may lack region-specific important drivers, national policy perspec-
tives, and unification of data for each nation. Thus, it is necessary to construct scenarios that can be used for governments
in response to the SSPs to reflect national and sub-national unique situations. This study presents national SSP scenarios,
specifically focusing on Japan (hereafter, Japan SSPs), as well as a process for developing scenarios that qualitatively links to
global SSPs. We document the descriptions of drivers and basic narratives of Japan SSPs coherent with global SSPs, based
on workshops conducted by local researchers and governments. Moreover, we provide a common data set of population and
GDP using the national scale. Japan SSPs emphasized population trends different from global SSPs and influencing factors,
citizen participation, industrial development resulting from economic change, distribution, and inequality of sub-national
population, among others. We selected data sets from existing population projections that have been widely used by Japanese
researchers; the data show that the population and GDP of Japan SSPs are expected to be about 20-25% less than global
SSPs by 2100.

Keywords Shared socioeconomic pathways - Climate change - Special report on emissions scenarios - Intergovernmental
panel on climate change - Narratives

Introduction

Global warming countermeasures demand potential path-
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Environmental Strategies, Japan. of climate change mitigation and adaptation (Pedde et al.
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Electronic supplementary material The online version of this ] ) . e . .
article (https:/doi.org/10.1007/511625-019-00780-y) contains including research on climate mitigation measures using

supplementary material, which is available to authorized users.

P4 He Chen 1" National Institute for Environmental Studies, 16-2 Onagawa,
chen.he@nies.go.jp Tsukuba, Ibaraki 305-8506, Japan
Keisuke Matsuhashi 2 Kyoto University, Yoshida Honmachi, Sakyo-ku, Kyoto City,
matuhasi @nies.go.jp Kyoto 606-8501, Japan
Kiyoshi Takahashi 3 International Institute for Applied Systems Analysis,
ktakaha@nies.go.jp Schlossplatz-1, 2361 Laxenburg, Austria
Shinichiro Fujimori 4 Center for Environmental Science in Saitama, Kamitanadare
sfujimori @athehost.env.kyoto-u.ac.jp 914, Kazo City, Saitama Prefecture 347-0115, Japan
Keita Honjo

honjo.keita@pref.saitama.lg.jp

Kei Gomi
gomi.kei @nies.go.jp

@ Springer


http://orcid.org/0000-0001-5906-9465
http://crossmark.crossref.org/dialog/?doi=10.1007/s11625-019-00780-y&domain=pdf
https://doi.org/10.1007/s11625-019-00780-y

986

Sustainability Science (2020) 15:985-1000

integrated assessment models, simulations with climate
models, evaluating the impacts and adaptations of climate
change, and assessment of global socioeconomic scenar-
ios development, have been carried out vigorously (Riahi
et al. 2017; IPCC 2000; van Vuuren et al. 2011). Among
these efforts, the initial representative effort is the Special
Report on Emissions Scenarios (hereinafter referred to as
“SRES”), which the intergovernmental panel on climate
change (IPCC) announced in 2000 (IPCC 2000). However,
the process for constructing a scenario to replace SRES was
decided by research communities at the IPCC expert meet-
ing held in Noordwijkerhout, The Netherlands, in 2007,
and a so-called new scenario process began (IPCC 2007).
In the new scenario development process, the Representa-
tive Concentration Pathways (van Vuuren et al. 2011) was
first developed. Then, climate models (earth system models)
generated future climate scenarios based on the RCPs under
CMIP5 (Coupled Model Intercomparison Project) exercise
(Taylor et al. 2012); moreover, shared socio-economic path-
ways (SSPs) have been simultaneously developed (Riahi
et al. 2017).

The SSPs are socio-economic development pathways in
the twenty-first century that incorporate narratives and quan-
titative information. Quantitative information mainly drives
future climate change forces such as greenhouse gas and air
pollution emissions as well as land use (e.g., demography,
macroeconomy, and energy). SSPs consist of five alterna-
tive scenarios characterized by sustainable development,
regional rivalry, inequality, fossil-fueled development, and
middle-of-the-road development (Riahi et al. 2017). Narra-
tives and quantifications of SSP1-5 span a wide range of dif-
ferent futures broadly representative of the current literature,
and enable their subsequent use and development in new
assessments and research projects (Riahi et al. 2017). The
narratives of the SSPs (O’Neill et al. 2017) were developed
using expert teams that together designed the storylines and
ensured their internal consistency. For each SSP, popula-
tion (KC and Lutz 2017), urbanization projection (Jiang and
O’Neill 2017), land use (Popp et al. 2017), and three differ-
ent economic perspectives (Crespo Cuaresma 2017; Dellink
et al. 2017; Leimbach et al. 2017) were developed. Six inte-
grated assessment models (IAMs) were used for the quan-
tification of the SSP scenarios (Calvin et al. 2017; Fricko
et al. 2017; Fujimori et al. 2017; Kriegler et al. 2017; van
Vuuren et al. 2017). After the publication of the SSPs, there
are wide range of applications from global human system
to the nature and ecosystems assessment (Chaudhary and
Mooers 2018; Rogelj et al. 2018; Kim et al. 2018; Zhang
et al. 2017; Kok et al. 2016).

While the SSPs have a great advantage that can be used
by global models with same assumptions, it has already
addressed that revised versions would be needed for the
regional assessment, which is the so-called extended version
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(O’Neill et al. 2014). There are multiple reasons for this:
First, global narratives may fail to incorporate regional spe-
cific important drivers. As an example of Japan, an aging
society, obtaining labor force from abroad would be highly
policy relevant nowadays; moreover, these elements can
have multiple possibilities that are not explicitly described in
the global scenarios. Second, global scenarios do not always
reflect national policy perspectives that can be major drivers
for a particular region’s development. For example, some
countries may have their own energy perspectives that would
primarily determine near-term energy-related emissions;
however, they can hardly be adopted in the global scenarios.
Third, global scenarios are intensively checked in terms of
global or continental regional aggregation levels to have a
consistent view in the global context, but country data are
not always investigated; however, their consistency with the
historical statistics for each nation warrants regular checks.
Thus, it is necessary to construct new socio-economic sce-
narios that can be used for the assessment of climate change
impacts, adaptation, and mitigation measures by national
and sub-national governments in response to the SSPs, to
reflect local unique situations.

Few studies have built on the SSP architecture and
applied it at the national scale (Alfieri et al. 2015; Carey
2014; Konig et al. 2015; Palazzo et al. 2017; Steininger
et al. 2016), or the sub-national scale (Absar and Preston
2015; Nilsson et al. 2017; Kok et al. 2019; Pedde et al. 2019;
Zandersen et al. 2019).

Nilsson et al. (2017) combined participatory bottom-up
and top-down methodology with results from the Barents
region in Russian. Local actors voted for the most relevant
drivers, and the respective narrative elements were recorded
by means of extensive notes from group and plenary dis-
cussions. The result shows that the focus question (or the
main diver by regional actors) did not include the word
‘climate.” Thus, further work would be required to produce
more attempts and combinations for quantifying some driv-
ers (such as GDP and population). Absar and Preston (2015)
used a top-down method to create storyline elements for
factors, actors, and sectors at the global, national, and sub-
national levels, provided there was a structured process for
addressing the challenge of the scale discordance and the
information gap. Nevertheless, the quantification of the GDP
and the population applied county-level scaling factors to the
national population and GDP estimates within the IIASA
database. However, it lacked a reflection of the characteris-
tics in different regions; thus, it is difficult to be widely used
by local governments and related researchers. Palazzo et al.
(2017) developed a new set of scenarios and framework for
linking scenarios across levels to characterize the connection
between West African scenarios and global SSPs beginning
with the characteristic of ‘comparable.” However, discus-
sions about the differences and characteristics within regions
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are lacking. Kok et al. (2019) present a set of four European
SSPs until 2100 and a novel method to develop qualitative
stories for Europe equivalent to the global SSPs, and Pedde
et al. (2019) explore systematically future society’s ability
to achieve the 1.5 °C target. Zandersen et al. (2019) pre-
sent regional narratives in the Baltic Sea region, focus on
agriculture, fisheries and other drivers that represent major
pressures on the Baltic Sea. This study demonstrated the
possibilities that regional conditions and sectoral activity
levels may deviate from the global SSPs. Therefore, national
and sub-national SSPs need to reflect global trends, as well
as the unique development direction and policy choices that
may reinforce or may be different with the global SSPs.

On the other hand, the greenhouse gas reduction amount
was not achieved for the 2 degrees target by the Paris Agree-
ment. Countries, including Japan, are required to further
increase the reduction target in the future. Since climate
change is an issue that needs to be jointly addressed world-
wide, mitigation measures in Japan are more comparable by
internationally recognized scenarios, such as SSP, when con-
sidering the long-term path, to significantly reduce green-
house gas emissions. Moreover, as the effects of climate
change differ depending on the national and local climatic
and socioeconomic conditions, it is important to proceed
with adaptation measures in accordance with the circum-
stances of the country or region. Therefore, the impact
assessment made by the Japanese version of SSP is needed
while considering adaptation measures according to the
Japanese government’s adaptation strategies.

This study presents a new process for narratives of sce-
nario development that qualitatively links to global SSPs
and basic quantitative information of Japan. Moreover,

downscale narratives are constructed for the use of gov-
ernments in response to the global SSPs, to reflect unique
national and sub-national situations. Thus, a set of scenarios
was created that principally focuses on regional challenges;
the set was created to be coherent with global SSPs, thereby
allowing for a global context of the scenarios.

Framework of Japan SSPs

The process of developing the Japanese SSPs is driven by
the general purpose of global SSPs, and the regional char-
acteristics of Japan. A global scenario framework has been
developed and aims to be relevant for local adaptation plan-
ning and projecting future emissions. However, it provides
boundary conditions and constraints on local and sectoral
scenarios but cannot be downscaled in a deterministic way
as with the climate system (Ebi et al. 2014).

The schematic illustration of the main steps in devel-
oping the Japan SSPs is shown in Fig. 1. Japan SSPs and
subnational Japan SSPs were developed based on global
SSPs (top-down method), workshops, and existing Japan
projections (bottom-up method). The output of this study
is shown in bold face; the future studies to be developed are
presented in dotted boxes (in italics). Global SSPs include 4
main parts (Fig. 1): the narratives, socioeconomic scenario
drivers (basic SSP elements), baseline and mitigation sce-
narios, and databases (Riahi et al. 2017). The narratives of
global SSP include 5 basic narratives and 6 categories of
element (demographics, human development, economy and
lifestyle, policies and institutions, technology and environ-
ment, and natural resources) (O’Neill et al. 2017) to provide
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Fig. 1 Schematic illustration of the main steps in developing the Japan SSPs
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broad descriptions of future conditions that are relevant for
both mitigation strategies and potential adaptation measures.
Japan SSPs specifically focus on both qualitative (narratives)
and quantitative elements (basic elements, database), which
need to be presented in sets to facilitate widespread use.

First, the basic narratives were developed in terms of text
description and extensions of the narratives were developed
in terms of tables, to describe the qualitative terms, the
Japan narratives and the range of scenario assumptions.

Second, for each Japan SSP, projections with long-term
time horizons (2100) of the quantitative elements (popula-
tion, urbanization, and GDP) are important, as this study
focused on establishing platforms and processes for collabo-
rative work of integrated assessment and impact/adaptation/
vulnerability researchers on integrated scenarios (Kriegler
et al. 2012). For urbanization, there remained questions
regarding the degree of detail necessary within each element
and whether additional categories of element (for example:
industry, input—output, etc.) are required.

Finally, both the narratives and the associated projections
of socio-economic drivers were elaborated using a range of
integrated assessment models, to derive quantitative projec-
tions of energy, land use, and emissions associated with the
Japan SSPs. The next steps of the Japan SSPs will comprise
development of the downscaling method for rendering land-
use scenarios in grid units with high spatial resolution (Pixel
size: 1 km?), and quantification information of basic indica-
tors (population, GDP, land use, etc.) as well as indicators
specific to each sector such as agriculture, water resources,
and human health. Future researches are also focusing on
developing sub-national SSPs that can be used for climate
change impact assessment of prefectures or municipalities.
As parts of series study, a Japanese study group is estimat-
ing future economy and population for 6 prefectures in the
Kanto region, by considering the way of working and living.
Saitama Prefecture, which has been actively tackling climate
change countermeasures, conducted, as a model, an eco-
nomic assessment of climate risk based on quantified infor-
mation by sub-national scale, and will compile the results
keeping in the mind the long-term climate adaptation plan.

The ultimate goal of the Japan SSPs is used for climate
risk assessment and adaptation measures in Japan and local
governments, providing a research community engaged in
climate change impact assessment of Japan’s socio-eco-
nomic scenarios associated with global SSPs. Nevertheless,
in this study, we do not include the IAM quantification or
subnational adaptation here and are limited to the first and
parts of the second phase.
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Methodology

First, based on the framework of narratives of global SSPs,
the narratives of Japan SSPs were developed by drawing
on experts’ opinion in workshops, to identify key determi-
nants of these challenges that are important for Japan, both
incorporating and different from the global narratives. The
workshop was organised by NIES (National Institute for
Environmental Studies), and gathered 15 scientists, and poli-
cymakers over 2 days. Participants’ specialties include ecol-
ogy, economics, climate change, biopolymorphism, sustain-
able society, and policy advice. Three groups of experts (5-6
people each group) participated in the discussion, ensuring
adequate discussion on theinterpretation of each element.

In the workshop, all the participants identified the drivers
affecting the future of Japan that should be considered in the
Japan SSP. Drivers affecting Japan’s future society include
artificial intelligence utilization, health, genomic techno-
logical advancement, fully automated driving, and drivers
related to basic income, education, and governance, as well
as dematerialization and diversity.

Therefore, to further deepen the discussion, the groups
were divided into three, and each group proceeded to iden-
tify drivers.

In addition to the content proposed, drivers such as the
way of infrastructure development and the direction of
industrial policy are also proposed. After reviewing the driv-
ers presented, the study specifically selected divers related to
mitigation and adaptation to climate change, identify driv-
ers with similar content, and narrow down the particularly
important divers. Thus, to narrow the subsequent discus-
sion down to key issues, the participants vote for the most
important drivers by writing their name behind the drivers.
Then, participants clustered drivers into numbers of distinct
categories and analyze whether the drivers belong to the
challenge for adaptation, challenge for mitigation, or both.

The participants described how the challenge for adap-
tation or mitigation might interact regionally. Thus, the
participants described the context provided by SSP1-SSP5
O’Neill except SSP2. SSP2 was not discussed because the
main purpose of workshop is to use set boundary condition
that would “maximally span the mitigation and adaptation
space” (Carlsen et al. 2016).

Then, based on the workshop and global SSP, text
descriptions of the narratives were developed in terms of
sketch, and the similarities and differences with global SSPs
were marked. The extensions of the narratives were devel-
oped to show the range of assumptions about individual ele-
ments of the pathways, by describing in qualitative terms the
elements, and scenario assumptions. Elements that are con-
sidered important in the workshops were added to the tables.
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Finally, the population and GDP are calculated as basic
data base to support climate risk assessment and adaptation
measures in Japan and sub-national scale’s extensions. For
the population, global SSPs used the average OECD popu-
lation which is much higher than the average birth rate in
Japan. To better utilize SSPs in Japan, this study used exist-
ing population projection data as future population. GDP
projections were quantified based on population of Japan
projections and GDP per capital of global SSP projections.

Results
Key drivers were documented based on the votes for the

most important drivers. The descriptions of the basic narra-
tives were organized as sketch and tables.

Table 1 Key drivers in the workshop

Key drivers of Japan SSPs

The “voting” results are presented in Table 1. The results of
Japan SSPs drivers that contribute to high or low challenges
to mitigation and adaptation are presented in Fig. 2.

Easy challenges for adaptation results in creative edu-
cation include high levels of immigrant acceptance, con-
tinuous domestic innovation, favorable conditions for the
younger generations, improved international relations, and
the promotion of traditional cultures. Hard challenges for
adaptation lead to overseas innovation, polarization by
education, immigrant discrimination, trade barriers, the
collapse of the social security system, and youth outflow.
Easy challenges for mitigation lead to a high informa-
tion society, competitive low-carbon energy technolo-
gies, productivity gains, diffusion of shared economic,
and block-chain technology improvement. Hard chal-
lenges for mitigation cause mass production consumption,

Challenges for mitigation

Challenges for adaptation

Challenges both for mitigation and adaptation

Dependent on import or not (food, energy),
(votes: 2)

Protect the current industry or invest in new
industrial technology, (votes: 2)

Economic growth or not, (votes: 1)
(votes: 2)

Will societies and communities react with
determination, or with resignation, (votes: 5)

Household redistribution (average life expec-
tancy voting weight?), (votes: 4)

Governance (equal opportunity/centralized),

Population change, population distribution,
(votes: 4)
How AI works, (votes:3)

Genetic diagnosis, medical be better or not,
(votes: 1)

Polarization or not, (votes: 2)

Diversity or not, (votes: 2)

Will conscious determination be efficiency or

not, (votes: 1)

Will education be creative or, not, (votes:1)

(a) (b)
. * Centralized energy * Domestic innovation .
* Information . . * Trade barrier

* Thermal power system * Promotion of traditional .
c concealment * Innovation only oversea
° * Low carbon technology stop cultures Social ital stock st
= : . L * Social capital stock sto
3 . * More movement (overseas trip) * High levels of immigrant P P
oo || * Consumption . updated
= . * Overconcentration acceptance
= increase .5 | ) )
S praw * Improved international o .
s . * Polarization (education,
e I relations .
- l—> economic, heath, et al.)
o |f. ;
a0 Information OP€N . New technology, Low carbon « Healthier
g ||+ Share economic technology, Renewable * Collapse of the social
T energy technology security system
L ey
O || * Productivity « Virtual currency * Favorable conditions for

increasement . the younger generations e
* Efficient use of Less movement (telework) . Basi:/: inccfmeg  Difficult for consensus
* Compact & network formation
resources

Challenges for adaptation

Fig.2 A summary of Japan SSPs drivers that contribute to high or low challenges to mitigation (a) and adaptation (b)
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non-transparent information, emphasis on economic devel-
opment over the protection of the environment, urban
sprawl, and insufficient investment in infrastructure. Fur-
thermore, individual SSP elements and their increase or
decrease were discussed in the workshop.

Basic narratives of Japan SSPs

Based on the discussion in the workshops, we documented
the narratives in the form of correcting the sketch of the
global SSP. Specifically, we extended the description appli-
cable to regional scale, and modified the description of the
population to fit Japan. Descriptions on industry, employ-
ment, migration, responsiveness, and diversity were added
as key elements affecting Japan’s scenario. Differences in
the basic narratives between Japan SSPs and global SSPs,
and additional descriptions are shown in Table 2. A sketch of
Japan SSPs is included in Supplementary Materials: Appen-
dix A.
The characteristics of Japan SSPs are as follows.

Japan SSP1

The central features of SSP1 are to achieve development
goals, and increase environmental awareness in societies;
for this goal to succeed, policy changes which are driven by
changing attitudes would be needed (O’Neill et al. 2017).

Based on discussions in the workshop, population con-
centration in metropolitan areas and downtown areas has
been relaxed, and the proportion of people living in local and
suburban bases (compact + network) is relatively increasing.
For more details of the population, refer to chapter 3.3.

Local entities actively utilize new technologies, consider-
ing characteristics such as the terrain of the area, weather
conditions, and resources. Such entities develop special
businesses such as tourism, agriculture, forestry and fisher-
ies, and energy business. Thus, economic self-reliance is
improving. Moreover, abandoned areas of cultivation have
decreased, food self-sufficiency rate has improved, and
appropriate management of forests and utilization of for-
est resources are progressing. Furthermore, local resources
and its appeal have been rediscovered; tourism and the sixth
industrialization of agriculture, as well as the forestry and
fishery industries, have progressed, thereby enriching the
region.

The development and utilization of new technologies are
actively carried out, the utilization of Al and robot technol-
ogy has also progressed, and many labor-intensive jobs are
being replaced. Human beings are playing a higher value-
added work; therefore, an education orientation towards
creative human resources development is carried out. Hence,
women’s advancement in society advances.
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In Japan SSP1, childcare environment investments
accelerate the fertility rates, and therefore, the population
decline is relatively relaxed. In addition, although Japanese
are highly educated, excessive living pressure and child-
care environment are considered as the factors affecting
birth rate. While in global SSP, educational attainment is
mentioned as a critical aspect, and educational and health
investments result in relatively low population levels in
SSP1 (O’Neill et al. 2017).

Japan SSP1 leads to progress in political participation of
citizens; actors make social decisions during repeated dia-
logs with each other. As a result, mutual understanding is
widely spread, even for principals with different opinions
and characteristics, and a tolerant society that recognizes
diversity is being constructed. Since trust among different
entities in society is fostered, societal decision-making is
smoothly carried out. The social trend that acknowledges
diverse values widely penetrates corporations, and the
transparency of decision-making within the company also
increases.

Consumption is oriented toward low material growth and
lower resource and energy intensity in global SSP1 (O’ Neill
et al. 2017); while in Japan SSP1, consumption is oriented
toward sharing service with low material growth and high
value-added service industry development. Although the
narratives of global SSP1 emphasized cooperation and col-
laboration of national and international organizations and
institutions (O’Neill et al. 2017), the workshop focused
on the local issues and discussed more about the citizen
participation.

Similar to global SSP1, Japan SSP1 presents low chal-
lenges to mitigation and adaptation.

Japan SSP2

Global SSP2 implies a development pathway that is consist-
ent with typical patterns of historical experience, observed
over the past century (O’Neill et al. 2017).

Global population growth is moderate and levels off in
the second half of the century as a consequence of comple-
tion of the demographic transition in global SSP2 (O’Neill
et al. 2017). However, the Japanese population is inevitably
affected by a decline in birth rates and an aging population,
which will be reduced, following the past trends. Investing in
the environment for raising children can alleviate the decline
in population, but not increase the birth rate to stabilize the
population. Economies of most countries and regions are
politically stable in the global SSP2, while the agricultural
sector will be late but the internationalization of the market
will proceed in Japan SSP2 according to the past trends.

Similar to global SSP2, Japan SSP2 faces moderate chal-
lenges to mitigation and adaptation.
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Japan SSP3

The theme of global SSPs is international fragmentation
and a world characterized by regional rivalry (O’Neill et al.
2017); the theme reflects in the description of Japan SSP3:
social division.

Based on discussion in the workshop, migration is con-
centrated in one direction as moving into the city advances.
However, in rural areas, the population continue to decline
due to the migration to cities, and many villages and com-
munities have disappeared. Due to the declining population
and industrial competitiveness in rural areas, abandoned
areas of cultivation and the devastation of forests will con-
tinue to increase.

The economic aspect is stagnant in Japan SSP, since
the introduction of innovative technologies and product
development are not sufficiently advanced, and the com-
petitiveness has declined. Moreover, the budget deficit has
also expanded, and investment in people such as pensions,
medical expenses, education, childbirth, and child-rearing
support is decreasing. There is a negative chain where the
development of human resources does not progress due to
a decrease in investment in people; technology develop-
ment is delayed, and the competitiveness declines. Thus,
the economy stagnates.

Japan SSP3 focuses on citizens with different identities.
Based on the workshop, the political participation of citizens
does not advance, and some layers substantially monopolize
policy decisions in Japan SSP3. Dialog and mutual under-
standing among people with different opinions and charac-
teristics are hardly carried out; society has been divided,
making it intolerant toward others.

Population growth is low in industrialized countries in
global SSP3. However, the population level is not only low,
but also significantly reduced in Japan in Japan SSP3, as the
fertility rate in Japan is already the lowest worldwide. While
economic development is slow around the world in global
SSP3, international competitiveness is especially declining
in Japan in Japan SSP3.

Japan SSP3 presents high challenges to mitigation and
adaptation.

Japan SSP4

Global SSP4 emphasizes on both across- and within-country
inequality, which is assumed to arise from a number of fac-
tors discussed in the inequality literature, including skill-
biased technology development and unequal investments in
education.

Economic growth is moderate in urban areas where the
elite hierarchy resides, while other areas face financial dif-
ficulties, in many cases, struggling to provide people with
infrastructure and services to maintain living standards.

@ Springer

Existing industries continue to occupy an important posi-
tion, and the financial and IT industries continue to develop.
High-income groups will earn further income by utilizing
advanced technologies such as Al and robots. Given these
technologies, however, the poor will lose their jobs, and the
disparity will expand before it is fixed.

Based on more extended discussion on the workshop,
the division between the central area where the high-
income group resides and the surrounding area where the
poor live is strengthened within the metropolitan area,
even though the concentration in one direction will pro-
gress further as people move to the metropolitan area. In
the former, infrastructure development is substantial, and
safe living is guaranteed. In the latter, however, in place of
adequate infrastructure are slums. The rural areas continue
to decline as huge numbers of people continue to migrate
to cities, and new industries are not created.

Inequality in opportunities for employment and politi-
cal participation will increase, and the associated dispari-
ties will widen. Opinions of vulnerable people are hardly
reflected in institutions and policies; this is a vicious
cycle that promotes indifference at the whim of public
decision-making.

While the discussion focused on inequality across and
within countries in global SSP4, Japan SSP4 describes
more differences between classes, cities, and districts.

Japan SSP4 presents low challenges to mitigation and
high challenges to adaptation.

Japan SSP5

Global SSPS5 foresees accelerated globalization, rapid
development of developing countries, and success of
emerging economies (O’Neill et al. 2017).

In Japan SSPS, fertility levels are relatively high due to
optimistic economic outlooks. Labor markets gradually
opened up, international mobility is increased, and foreign
workers greatly increase. Development and utilization of
new technologies will progress. The movement of people
from overseas is also active, and the development of tech-
nology is shared globally through the exchange of highly
educated personnel.

The manufacturing and construction industries will
lead the economy as an export industry. People are mainly
responsible for research and development, as well as sys-
tem management by enhancing the redistribution system
against the backdrop of economic growth and human capi-
tal investment.

Based on more extended discussion on the workshop,
the tendency for population and capital to concentrate
more strongly in cities will increase. While, traditional
agriculture, forestry, and fisheries industries in rural areas
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decline following the mass migration, mechanized agricul-
ture, forestry and fishery industries, such as plant factories
utilizing new technologies, develop and spread.

Japan SSP5 presents high challenges to mitigation and
low challenges to adaptation.

Elements

The narratives of global SSP include 6 categories of ele-
ments (demographics, human development, economy and
lifestyle, policies and institutions, technology and environ-
ment and natural resources) (O’Neill et al. 2017). Based
on the discussion of each Japan SSP, Table 3 summarizes
assumptions about key elements of the different narratives
with the global elements. Adjusted assumptions are shown
in green background, and added elements are shown in blue
background, same assumptions area shown as O.

Regarding the demographics, we also explored the popu-
lation distribution in addition to mortality and fertility, as
well as the specific increase and decrease of population in
different areas of the city. The fertility, mortality, and migra-
tion are presented at the left of the average OECD elements
in global SSPs. The elements in Japan SSPs have several
different expressions based on the workshop as population
distribution is supposed to revitalize regional bases. There
remains the concentration of networks in Japan SSP 1; there
are disparities, slums of the poor, and the decline of villages
and communities in Japan SSP3; there is the concentration
in urban centers and sprawl in other areas in Japan SSP4;
and there is the population concentration in the Tokyo area,
as well as a partial sprawl in Japan SSP5. Total population
increase is shown in the right of the table.

The economic growth is the same as that of the aver-
age OECD. For energy technological change, technological
development of photovoltaic power generation and storage
batteries, and cost reduction, the introduction of a legal sys-
tem will occur in Japan SSP1. High nuclear Power Gen-
eration will occur in Japan SSP4. Furthermore, considering
the employment and industrial composition discussed in the
local context, Al and robots will do simple labor in Japan
SSP1, and simple labor will increase in Japan SSP3 to Japan
SSPsS.

The continuation of the landscape, forest, and agricultural
context is similar to the global SSPs. The infrastructure was
especially discussed because of the great risk in the chal-
lenge of adaptation and mitigation involved in the future
infrastructure for the young and aging society in Japan. The
utilization of green infrastructure, such as erosion control
forests and windbreak forests, is considered to be produced
in Japan SSP 1 and developed in the Japan SSP 5. The infra-
structure has not been fully implemented in Japan SSP 3.
In Japan SSP 4, the infrastructures are fulfilling for high-
income groups. For the poor, however, there are slums.

Quantification of the population

As stated in 2.2, to better utilize SSPs in Japan, existing and
widely used demographic models or data should be used as
the population data.

In the ITASA calculations, the average OECD popula-
tion used the average OECD birth rate (1.75, United Nations
2011). However, this birth rate is much higher than the aver-
age birth rate in Japan (1.44 NIPSSR 2017). The direct use
of ITASA data does not reflect the characteristics of the
region and is likely to cause greater errors, leading to irrep-
arable errors in policy guidance. Moreover, if we use the
future population (2010-2100) in Japan by National Insti-
tute of Population and Social security Research (NIPSSR),
which use the same definitions as IIASA, we will find that
the gap between the various Japan SSPs is very small, and it
is impossible to reach the guiding significance of the future
prediction.

Therefore, the NIPSSR database (the data set that con-
forms to the future Japan SSPs population release law) will
be selected as the basic data. NIPSSR is an institute that
provides demographic data and initiates the ‘“Population Pro-
jection for Japan” projection, which project the overall size
and age—gender breakdown of the future population. This
projection, based on information from the Census, vital sta-
tistics, and various national representative surveys, is widely
used by the national and local governments and in various
fields in Japan.

First, the results of the population projections were con-
firmed using company research estimates (SSP Data 2018)
that fit the fertility and mortality descriptions of global SSPs.
The results are presented in Table 4.

When we selected the firm’s estimates that corresponded
to the assumptions (high, medium, low) for the fertility and
mortality rate of global SSPs 1-5 (Fig. 3, SSP1-SSP5), the
consideration of immigration was not enough, and there
was not much difference in the population among the sce-
narios. Therefore, to reflect the trend of population decline
in Japan on a global scale from global SSPs 1-5, corrections
were made by multiplying the ratio by a fixed ratio, which is
between the global SSP2 and medium fertility and mortality
by NIPSSR. The results were set as the procedure to select
one from conditional estimates of NIPSSR, and shown in
Fig. 4, SSP1'-SSP5'.

The population projections medium fertility and mortality
by NIPSSR were set as the population projection of Japan
SSP2. The lines of SSP2’ and Japan SSP2 are coincident.
Since the range of the population considered by the differ-
ence in the mortality rate is extremely small, the mortal-
ity rate was unified at the center of the company estimates.
Since the assumed birth rate in the global SSP is a high
figure for Japan, the case of high fertility, which will be
18% (73 million) in 2100, was selected as the Japan SSP1.

@ Springer
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Table4 Comparison of elements of Japan’s demography between
global SSPs (rich OECDs) and Japan SSPs

Demographic Total population Fertility Mortality Migration

SSP1 Medium Medium Low Medium
SSP2 Medium Medium Medium Medium
SSP3 Low Low High Low
SSP4 Low Low Medium  Medium
SSP5 High High Low High
Japan SSP1 Medium High Medium  Medium
Japan SSP2  Medium Medium Medium Medium
Japan SSP3  Low 1 Medium  Medium
Japan SSP4  Low 1.2 Medium  Medium
Japan SSP5  High Medium Medium Migration
250 thou-
sand*

*Number of net migrants of non-Japanese origin is 250 thousand by
2035, the rate of net migrants of non-Japanese origin assumed to be
constant after 2036

The Japan SSP3 and Japan SSP4 were broadened using con-
ditional estimates of low birth rates. The Japan SSP5 is a
conditional estimate of 250,000 foreigners’” migration in
2035 (however, only medium rates exist for birth rates and
mortality rates). The movement of 500 thousand foreigners
is too large compared to the global SSP5, and therefore we
selected 250 thousand foreigners, which is closer to the pop-
ulation of global SSP5 in the year 2100. We also confirmed
that these are within the scope of the discussion of the Japan
SSPs’ description. The results are presented in Fig. 3.

Fig.3 Comparing the total 140
population size according

to SSP1-5, SSP1'-5', Japan

SSP1-5 120

100

80

60

Population (million)

40

20

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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Projections of population by Japan SSP1-5 predict that
the Japan population is likely to keep declining until 2100.
Population curves of Japan SSP1 and Japan SSP2 are close,
because the difference between high fertility and medium
setting is not remarkable by NIPSSR.

Similar to global SSPs, Japan SSP3 has the lowest popu-
lation, and Japan SSP5 has twice the population of Japan
SSP3. The population of Japan SSP1-4 is about 20% less
than SSP1-4; population of Japan SSP5 is about 25% less
than SSP5, compared to the year 2100. Compared with SSP3
and SSP5, the difference between Japan SSP3 and Japan
SSPS5 is smaller. In SSPS, the population is stable until
2050, which is difficult to apply to the declining birthrate
and aging Japanese society. Japan SSPS5 is fit by the national
circumstances of Japan.

In addition, GDP of Japan SSPs is calculated by multi-
plying the per capita GDP of IIASA and the population of
Japan SSPs. The results are shown in Fig. 4. Japan SSP3
has the lowest GDP, and Japan SSP5 has the highest DP.
GDP is presented as real GDP measured in constant 2005
prices of purchasing power parity (PPP). GDP increases
from US$4064 billion in 2010 to US$10646 billion in 2100
for Japan SSP5, and decreases to US$2572 billion for SSP1.
GDP of Japan SSP4 increases to US$4553 billion in 2050
years, and then decreases to US$3885 billion in 2100 years.
GDP of Japan SSPs is about 20% less than SSPs, compared
to the year 2100. The curve trends of Japan SSPs, GDP, and
SSPs are similar.

- Japan SSP1
— Japan SSP2
—Japan SSP3
- Japan SSP4
—Japan SSP5

Years
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Discussion and conclusions

This study provides a systematic methodology on how to
establish downscaling SSPs, including qualitative and quan-
titative. This study not only describes Japanese SSPs in the
global context but also provides a common methodology
based on local use and development for governments and
researchers, as well as a common data set for climate change
mitigation and adaptation measures.

A procedure was proposed to correct the global SSPs’
narratives, which summarized the elements and mapped
SSP1-5. This procedure was a method of constructing
a narrative scenario that corresponds to the global SSP
and reflects the national and sub-national characteristics.
Thus, we constructed a Japan scenario database that col-
lected future scenarios of Japan and clarified the features
that are not expressed in global SSPs. The quantification of
scenarios is based on projections of population, education,
urbanization, and GDP. This method can be used to establish
country- and city-scale SSPs, by combining top-down and
bottom-up approach, which will not deviate too much from
the global SSPs, and also ensures certain regional charac-
teristics. Providing both qualitative and quantitative sets can
help further environmental assessment researches.

In the global SSPs, five different socioeconomic narrative
scenarios (SSP1-5) are shown due to different challenges in
mitigation and adaptation. Based on forecasts of the GDP,
population, and education, urbanization quantification is
made for each scenario (Crespo Cuaresma 2017; Dellink
et al. 2017; Kc and Lutz 2017; Jiang and O’Neill 2017).
Several attempts have been made to apply this to the scales
of the national and sub-national (Absar and Preston 2015;

years

Nilsson et al. 2017; Palazzo et al. 2017;). However, it is pos-
sible to create a narrative through extensive discussions to
determine the divers that influence the future through local
participation. However, it is difficult to quantify the popula-
tion or GDP to be used in the model analysis (Nilsson et al.
2017). Moreover, in the top-down studies (Absar and Preston
2015), the population and GDP shown in the global SPs
are directly distributed to the domestic region, and it is not
possible to express the characteristics of the country or the
domestic region. Therefore, this study aims to quantify the
elements by clarifying the unique characteristics of Japan
and the factors affecting population and GDP in the national
level.

In the workshop, participations examined the Japan SSPs
requirements from the viewpoint of an integrated solution of
various issues simultaneously with climate change adapta-
tion. Thus, scenarios for regional population may be adopted
as prefectural and municipal governments are strongly inter-
ested in the problem of population decline. However, it has
been highlighted that it will increase the utilization possi-
bility of Japan SSP1-5 in policy making, if there is one
baseline scenario for reference regard for climate change
adaptation. Nevertheless, we confirmed the importance
of providing Japan SSP 1-5 for researchers who conduct
impact assessment and the range of influences in Japan. In
the key driver’s voting process, it was pointed out that the
scenarios differ depending on the development of industrial
technology, the degree of dependence on foreign countries,
the change in population and population distribution, the
ability to respond, diversity, and disparities. In particu-
lar, additional descriptions include industry, employment,

@ Springer
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migration, responsiveness, and diversity as the main ele-
ments that influence the future of Japan.

This study did not establish a new population prediction
model to obtain population data of Japan SSPs. It selected
data sets from existing models that have been widely used
by Japanese researchers and is also coherent to the narratives
in Japan SSPs. Japan is a high-welfare and aging country,
and the difference in the high, medium, and low mortality
rates is not significant. The population prediction of global
SSPs is generally higher than that of the existing population
projections of Japan. These results make it impossible to use
the definition of population directly. However, they make the
necessary adjustments based on the population projections
of SSPs to ensure that the population can meet both global
SSPs and Japan’s national conditions.

In the future, it is necessary to investigate variables
and indicators that are highly relevant to the mitigation or
adaptation assessments of each department and determine
whether to quantify and consider quantitative methods of
each element in Japan SSPs. Detailed information on the
impact of climate change by region is important to effec-
tively promote adaptation measures. Sub-national quantifica-
tion will proceed if more complete information infrastruc-
ture can be developed. Based on more detailed information
and data, it is expected to provide quantification information
on basic variables and indicators (population, GDP, land
use, etc.), widely used in impact assessment, and variables
and indicators specific to sectors, such as agriculture, water
resources, human health, etc., and contribute to adaptation
policy. Furthermore, in addition to the detailed setting of
the population, the economic activity and industry composi-
tion must be considered, and the economy and population
considering the way of working and living of the residents
must be estimated.
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