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Panoramic View of the Environment Field (2017)

Executive Summary

The environment field is defined as the research and development (R&D) field to
maintain and develop harmonization for human and nature by understanding the phys-
ical space and ecosystems that interact with people as a system, and predicting and
coping with not only obvious events but also possible events. The panoramic view survey
was conducted based on four categories which are "Climate change", " Environmental
pollution and health", "Biodiversity and ecosystem", and "Circular society". And then 15
key R&D areas were extracted to grasp the trend. Trends and topics of R&D, R&D issues,

and international benchmarks were organized.

Panoramic View of Environmental R&D
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R & D trends mainly in 15 key areas (the most recent 2-3 years) about 7 countries and
a region from Japan, USA, Europe, Germany, UK, France, China, South Korea and the
current policy of R&D (science and technology) are summarized below.

Japan R&D Trend * The overall R & D level is high by a few limited excellent researchers, but Europe,
USA, Australia and Canada are dominant in the biodiversity and ecosystem category.
« In the climate change category, Greenhouse gas (GHG) observation satellites and the
research on the effects of climate change on agriculture, forestry, health, urban life,
polar regions are strong.

CRDS-FY2016-FR-03 Center for Research and Development Strategy, Japan Science and Technology Agency
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In the environmental pollution and health category, the research consortium of soil
contamination was established. Basic research such as atmospheric GHG concentra-
tion and isotope ratio measurement, non-target analysis, pharmacokinetic prediction
in vivo, birth cohort survey, large scale model development is high level.

In the circular society category, multifaceted functional evaluation, water cycle
model, water management etc for agriculture are dominant. Basic research for LCA,
Material Flow Analysis (MFA) and Material Stock Flow Analysis (MSFA) has ad-
vanced and strengthens the foundation of applied research. Various evaluation
methods are developed in urban research and the comprehensive quantification the-
ory development including resilience etc. is expanded.

Science &
Technology
Policy

The Fifth Science and Technology Basic Plan aims to ensure stable energy, energy
efficiency, stable resource, and cyclical use of resource, to realize a social infra-
structure for sustainable cities and regions, to ensure food safety, living environ-
ment, and occupational health etc., to response to global climate change and to bio-
diversity. And such plan also promotes to construct global environmental infor-
mation platform.

The Fourth Environmental Basic Plan aims to ensure reconstruction from the Great
East Japan Earthquake and environmental pollution control measures by radioactive
materials as well.

USA

R&D Trend

High R & D level is maintained in all areas.

In the climate change category, both basic and applied researches for climate change
forecasting are dominant to the world. Basic research for climate change impact is
superior.

In the environmental pollution and the health category, the research for air pollution,
soil and groundwater pollution is superior. Especially the research for satellite ob-
servation in material circulation and environmental dynamics is superior. The model
study has a long history as well. The research for environmental and health impacts
and risk management of chemical substances are also superior.

In the biodiversity and ecosystem category, the research provides international in-
formation on monitoring and data maintenance, and the satellite observation is
dominant. The ecosystem service evaluation tools such as INVEST and basic re-
search related to climate change such as Eco - DRR have advanced.

In the circular society category, a global hydrological model was developed at Pa-
cific Northwest National Laboratory (PNNL) under the concept of
Food-Energy-Water Nexus. Both the basic and applied researches for environment
in agriculture, forestry and fishery industries are superior. The researches for the
management of resource, production and consumption such as LCA, MFA and
MSFA are central to discussion. The applied research and development have pro-
gressed concerning to priority evaluation of strategic substances, and been utilized
for decision making.

Science &
Technology
Policy

Climate change, clean energy, earth observation, oceanic and arctic problems are
described in the Memorandum which shows the policy of organization of science
and technology budget in FY 2017. Each ministry and agency considers the budget
allocation to R & D based on this memorandum.

The Environmental Protection Agency (EPA) promotes R & D through a systematic
approach on research and countermeasures for complex and complicated environ-
ments. The Department of Energy (DOE) and the National Science Foundation
(NSF) promote the field integration research on complex issues of food, energy and
water.

CRDS-FY2016-FR-03

Center for Research and Development Strategy, Japan Science and Technology Agency
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Europe R&D Trend * R & D level is high and active in all categories. Not only technical development but
also the construction of information contributing to standardization and policy deci-
sions, have advanced and there is a strategy of R&D with a view to business devel-
opment.

« In the climate change category, active R&D is promoted in various EU projects.
Both basic and applied researches are strong.

« In the environmental pollution and health category, it is sensitive to transboundary
pollution. The air pollution model research is promoted mainly in Northern Eu-
rope, the Netherlands and the UK. Active participation in excavation of water pollu-
tion problem is seen. A birth cohort survey focused on the exposome is ongoing.

« In the biodiversity and ecosystem category, there are many researchers from basic to
applied research. Worldwide database is maintained. Various indicators on ecosys-
tem services evaluation are proposed.

« In the circular society category, multiple global hydrological models including hu-
man activities are being developed. There is overwhelming tradition and power in
advocating and disseminating new concepts such as water footprints. Many projects
were launched in recycling and waste disposal. Especially individual selection tech-
nology is at the world's top level and excellent in systemization of technology. The
evaluation indicator for the management of resource, production and consumption
are developed continuously and its applied research is also developed. Urban re-
search and commercialization projects for climate change response also proceed.

Science & » “Climate action, environment, resource efficiency and raw materials” was set (EUR
Technology 3.1 billion in 7 years) in “Research to tackle societal challenges”, as one of the three
Policy pillars of Horizon 2020. Priority themes are Challenge and adaptation to climate

change, Environment, sustainably managing natural resources, water, biodiversity
and ecosystems, Sustainable supply of non-energy and non-agricultural materials,
Transition towards a green economy and society through eco-innovation, and Com-
prehensive and sustained global environmental observation and information sys-
tems.

* The 7th Environment Action Programme (EAP) aims to turn the EU into
circular economy, green economy, and competitive low-carbon economy.

Germany R&D Trend * The R & D level is high in all categories, and a number of remarkable activities are
developed.

* In the climate change category, the R & D for climate change forecast, climate
change impact prediction and evaluation are maintained at high level. Max Planck
Institute is a core member and participates in the EU project CRESCENDO for cli-
mate change model development.

« In the environmental pollution and health category, the researches for water pollu-
tion, soil and groundwater contamination, etc are superior.

« In the circular society category, the researches for water circulation, environmental
technology in the agriculture, forestry and fishery industries, recycling and waste
disposal, management of resource, production and consumption are superior. The
development of global hydrology model is leading the world. There is the world's
top crushing and sorting technology for urban mines in the area of recycling and
waste disposal. The R&D potential as a country is extremely high.

Science & * Issues and priorities are set based on the vision "Energy supply concept with envi-
Technology ronmental compatibility and reliability" stated in the 6th Federal Government Ener-
Policy gy Research Program (2011). The following research fields are promoted; low car-

bonization, high energy efficiency, introduction of renewable energy, energy con-
servation, high efficiency city, climate conservation (smart approach to carbon
management). The others are radiation protection, climate and climate protection
and global change, coastal and ocean and polar and earth science, environment and
sustainability, ecology and nature conservation and sustainable use.

* The countermeasures that integrate climate change and other issues in climate
change measures is implemented including improvement of resource efficiency, for-
est management, grasslands and wetland conservation, etc.

CRDS-FY2016-FR-03 Center for Research and Development Strategy, Japan Science and Technology Agency
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UK

R&D Trend

There is a long history and big accumulation in R&D in the environmental field,
especially in terms of climate change, biodiversity and ecosystem categories.

In the climate change category, Hadley Center et al. are international drivers since
early days on developing the Earth System Model (ESM).

In the environmental pollution and health category, the atmospheric model devel-
opment is high in level. R&D of sustainable remediation accelerates in soil and
groundwater pollution. The proposal of international standardization for such field is
ongoing. The researchers lead international nitrogen management system (INMS).

In the biodiversity and ecosystem category, monitoring and analysis for long-term
reveal ecosystem change due to global warming. Data accumulation by citizens,
collection of ecological service information by tourist statistics, and currency con-
version of ecosystem services are promoted.

Science &
Technology
Policy

The establishment of a low-carbon society to mitigate global warming is promoted
as a major initiative for a state.

The main themes of the Natural Environment Research Council (NERC) are climate
system, biodiversity, sustainable use of natural resources, earth system science, nat-
ural disasters, environment and pollution and health and environment related tech-
nology.

Advanced and timely theme extraction and funding on the relationship between
urban air pollution and human impact, resilience, poverty problems caused by envi-
ronmental destruction, and various impacts associated with global warming are im-
plemented.

France

R&D Trend

The areas of water circulation and agriculture are superior.

In the area of hydrologic circulation of the circular society category, water majors
promote applied research aimed at deploying to the Middle East, Asia and Africa.
The environmental research in agriculture is superior in various prediction technolo-
gies. The National Science Research Center (CNRS) and the National Institute of
Environmental Studies and Agricultural Science and Technology (IRSTEA) are su-
perior in the analysis technology of agricultural water resources.

Science &
Technology
Policy

SNR France Europe 2020 focuses on consistency with EU's Horizon 2020 and de-
scribes resource management and response to climate change, sustainable transport
and urban systems as social issues, and describes observation, prediction, adaptation
and so on against Earth system as cross-cutting themes.

Not only GHG reduction efforts but also the transition to the Circular Economy are
promoted.

Two (Suez and Veolia) of three water majors in the world provide impact in each
country's water policy through indirectly hosting the World Water Forum.

China

R&D Trend

Although there are no notable outcomes in all fields compared to other countries and
regions overall, R & D is energetically promoted.

In the climate change category, the government strongly promotes to launch obser-
vation satellite and to develop Earth system model (EMS). The applied research has
advanced by promoting icebreaker preparation and mini satellite development in the
North Pole.

In the environmental pollution and health categories, "National Priority Laboratory"
research is in progress at laboratories and universities under the Chinese Academy of
Sciences.

In the biodiversity and ecosystem category, the researcher population has rapidly
increased in recent years and database is developed systematically. Evaluation re-
search on ecosystem services also has an upward trend.

In the circular society category, the empirical scale research for the Membrane Bio
Reactor (MBR) is implemented. MFA research has become active for rare resources
that the government is interested in. Evaluation research of urban areas by using
LCA has made rapid progress.
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China Science & » "National Innovation Driven Development Strategy Essentials” (2016 - 2030) pre-
Technology sents the following items as a strategic mission; "Promotion of intellectual and green
Policy manufacturing technology", "Promotion of green, safety and highly efficient modern

agricultural technology”, "Promotion of green, safety and highly efficient energy
technology", and " Promotion of high efficient utilization technology for resource
and ecological protection technology ", etc.

* Not only energy development but also environmental consideration is important
under the recognition that a recycling-based development model of green and low
carbon is required to be promoted.

South Korea R&D Trend « Infrastructure development, evaluation research and climate change impacts research
are considered remarkable in the urban research for environment. Besides that, no
major features are seen.

Science & » Environmental related items in the Third Science and Technology Basic Plan (2013
Technology to 2017) presents: (1) strengthening the capability to cope with climate change
Policy (CCS), upgrading the environmental preservation and restoration system (Pollutant

control and processing technology), improvement of convenience of living space
(high-efficiency energy building technology, future advanced city construction
technology) for construction of clean and convenient living environment, (2) natural
disaster prevention and minimization of damage (natural disaster Monitoring, pre-
diction and countermeasure), securing social disaster response system (Nuclear
safety assurance technology, social complex disaster prediction and countermeasure)
for construction of safe and secure society.

Comprehensively judging from the international trends and policies for R&D, the main trends of
world R&D in the environment field are summarized in the following six points.
1. Integration
e Development into integrated research including climate change, pollution, ecosystems, re-
source use, etc.
e Incorporating related elements to the Earth System Model (ESM)
» Reflecting the concept of Food-Energy-Water Nexus
 Reflecting the concept of sustainability considering environmental, social and economic as-
pects
2. Large and long
e Dramatic improvement of information quality, quantity, and type by satellite observation
¢ Grasping health effects by utilizing human activity data and earth observation data
e Birth cohort survey and grasping exposome
 Global dynamics model of harmful substances such as Mercury
3. Advancement
e Focus on AOP (Adverse Outcome Pathway) due to progress of metabolic research and ana-
lytical techniques
e Deep understanding of material cycling through progress of isotopic research
» Recognition and countermeasure to new pollutants such as PPCPs(Pharmaceuticals and
Personal Care Products) and microplastic
e Improvement of recycling technologies including sorting technology

4. Visualization
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e Conducting model comparison, downscaling, ensemble simulation
¢ Quantitative evaluation of ecosystem services
Database construction and database linkage for recycling technology, visualization of mate-

rial flow
» Development and application of impact assessment techniques on social aspects in addition
to environmental aspects
5. Networking and sharing
 Establishment of observation networks of satellites and ground stations, and data sharing
6. New approach
* New approach to analyze the results from many models under the fixed one condition

Based on the abovementioned and the social and economic trends as well, the contents
of R & D in the environmental field to be tackled by mainly universities in Japan now are
addressed hereinafter;

1. Integrated R & D implementation

Development into integrated R&D dealing with all relevant elements such as climate
change, environmental pollution, health effects, ecosystem management, resource use, recy-
cling, economy, and society, etc.

« Clarification of tradeoff between countermeasures and of synergy effect between them

¢ Visualization of multifaceted impact and value including social aspects, reflection on the
economy and society

 Utilizing earth observation data and big data including earth and social data

» Grasping exposome (lifetime exposure to chemical, physical, biological, mental, and social
environmental stress)

 Sustainable resource utilization of land, water, plant, and marine creatures.

« Advancement of resource recycling research and element technologies, systematization of
such element technologies

(For water, rare resources, waste plastics, materials and equipment expected to increase)

2. Development of climate system model and climate change impact prediction model

e Improvement of prediction accuracy (incorporation of diverse elements including human
activities for both of EMS and impact prediction models, and improvement of TCRE evalu-
ation accuracy and advanced marine ecosystem model for EMS, etc.)

» System development to support data storage, distribution, analysis, and model coupling

» Downscaling and ensemble simulation

e Strengthen impact prediction and evaluation, and its target expansion

e Prediction and evaluation of the environmental changes except aforementioned items

3. Cost reduction and labor saving of observation and evaluation
» Development of observation methods that are efficient, trouble-free and statistically superior
e Promotion of AOP (Adverse Outcome Pathway) research
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Issues in systematic aspects are addressed hereinafter;

Continuity of monitoring and system development, maintenance and enhancement of re-
search platform (satellites and observation vessels)

(Data accumulation by continuous observation for long-term is strongly required
to deploy R&D deeply.)

Systematization

Expansion and enhancement of computational resource

Technological evaluation and risk assessment for social acceptability

Database of technological resources
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