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Summary

Audience and objectives of this report

This report is mainly for national and local government departments responsible for adaptation

to climate change. It summarizes basic approaches common to multiple sectors, with the

following three objectives:

to indicate various approaches to adaptation, based on the latest scientific
knowledge and consideration of uncertainty;

to indicate the basic factors of adaptation common to all sectors, relating to the
consideration, planning, and implementation of adaptation measures; and

to raise awareness about adaptation and its necessity.

Approaches to adaptation based on latest scientific knowledge

Short-term _adaptation: It is essential to initiate and encourage urgent response

measures to prevent or mitigate short-term impacts that are already occurring and
likely to arise from climate change.

Medium- and long-term adaptation: Response measures are necessary to enhance

adaptive capacity to prevent and mitigate possible impacts, by assessing the risks of
impacts that may occur in the medium and long term, and by controlling the impacts,
reducing vulnerability, and strengthening resilience.

Adaptation measures in_individual sectors: These are measures implemented

with the intention of adapting to estimated impacts in specific sectors. Even in
sectoral adaptation, it is essential to evaluate the risk-reduction effects, costs, and
other relevant factors comprehensively. (E.g., new construction and functional
improvements of embankments to cope with sea level rise and storm surges,
“soft” (non-structural) measures such as improvements in tsunami and storm
surge hazard maps, and strengthening of measures to prevent outbreaks of
infectious diseases such as dengue fever.)

+ Integrated adaptation and basic capacity enhancement: These approaches
include integration of measures planned on a sectoral basis to a unified and

effective adaptation plan, and enhancement of basic capacities of localities and
sectors such as technologies and human resources. These should be
implemented with a systematic and long-term perspective. (E.g., the identification
of issues that require cross-sectoral approaches.)



° Awareness-raising (improvement of enabling conditions): It is of fundamental

importance to raise the awareness and understanding of the people and government
agencies responsible for adaptation. It is also important to identify the responsibilities,
roles and collaborations among organizations both at national and local levels. These
efforts should be initiated and promoted as quickly as possible.

° Information consolidation (improvement of enabling conditions): Institutional

arrangements and methodology development for gathering, managing, and utilizing
basic information on the target areas and sectors are the basis for planning and
implementation of adaptation measures. These efforts should be initiated and
promoted as quickly as possible.

° Research and technology development: Research and technology development

should be promoted in such areas as monitoring and projections of climate change,
measures for the short-term, and the medium- and long-term adaptation effective to
improve the resilience of local societies.

Basic Factors of Adaptation Common to All Sectors

At the initial stage of adaptation planning and implementation, the following points deserve
special attention.

e As the impacts of climate change are already occurring, it is urgent to strengthen
existing response measures in individual sectors and take short-term adaptation
measures. In parallel with this, it is essential to start planning the medium- and
long-term adaptation measures, while assessing the future risks of climate change
based on the latest scientific research.

o  Effectively utilize existing information at the initial stage of assessing the risk of
climate change impacts.

° Publish the results of risk assessments at an early stage, and broadly share
awareness of those risks.

o  Within government agencies, establish structures to promote adaptation, and give
adequate priority to adaptation within policies, plans and programs.

. It is essential to initiate urgent efforts to prevent and/or mitigate short-term impacts,
and also to give higher consideration to measures where socioeconomic benefits are
clearly superior in terms of cost (e.g., no-regrets and win-win adaptation measures).



Steps for Adaptation Planning and Implementation

This report presents two “tracks” of steps for the planning and implementation of adaptation
measures.

The first is a set of standard steps that should be conducted in any case. These are steps that
can be implemented if a certain amount of information has already been compiled on climate
change and its local impacts (“A-track” steps for planning and implementation of adaptation

measures). Many local governments, however, are not ready to apply those steps directly.
Therefore, it provides a second set of steps easy for those who consider adaptation measures
for the first time. These consist of steps simplified from the “A-track”, to facilitate initial efforts
for adaptation measures utilizing currently available information (“B-track” of the first five

steps). It is envisioned that local governments intending to launch adaptation initiatives will
first implement the initial B-track steps and then shift to the A-track steps later. It is also
expected that the more detailed climate projection information at the local level required for
these actions will become available as the research progresses. Below only “B-track” steps
are shown, while ” A-track” steps are described in detail in the main text of the report.



The simplified first five steps for adaptation planning and implementation

Step 1: Share knowledge and approaches to adaptation, and examine existing

measures
e Share knowledge and approaches about the need for, the importance of, and concepts
relating to adaptation.
e  Compile information about adaptation-related aspects of existing policies and measures, and

identify areas where gaps exist.

Step 2: Assess the risks associated with climate change impacts
e Collect and analyze existing, readily available monitoring results information, etc.
e Assess risks of climate change impacts using existing information (identify high-risk events
and areas).

< L

Step 3: Promote communication, and decide adaptation plans, programs, and

measures
e  Share risk assessment results with the public and stakeholders.
e Determine the necessity of adaptation measures, consider their levels of importance, and
prioritize adaptation planning and implementation in the policies.

<L

Step 4 : Start with the most feasible initiatives
e  First, initiate urgent response measures to prevent and/or mitigate short-term impacts.
e Next, consider adaptation measures where socioeconomic benefits are clearly higher than
costs.
e Track and assess progress and effectiveness of adaptation measures (overall assessment

of progress).

Step 5: Consolidate risk assessments and adaptation measures based on monitoring

and the latest knowledge
e Identify areas and items requiring priority monitoring and consider and improve
methodologies and arrangements for them.
e Improve future projections using the latest research results and local monitoring data.
e Reassess risks, review and integrate adaptation measures.

Develop from “B-track” steps to
the full-scale “A-track” steps




1. Background and objectives

1.1 Background and the need for adaptation

The impacts of climate change are already evident in Japan and around the world. The
Fourth Assessment Report (AR4) of the Intergovernmental Panel on Climate Change
(IPCC) pointed out that even the most stringent mitigation efforts cannot avoid further
impacts of climate change in the next few decades. To ensure the safety, security, and
sustainable development of the society, it is therefore essential to implement not only
initiatives for the long-term mitigation of climate change, but also policies to adapt to
climate change.

Across many of the relevant sectors as well as government departments and ministries,
there has been much discussion and reporting on the impacts of and adaptation to

global warming.

Adaptation to the impacts of climate change will be essential in all countries, developing
and developed. This report gives examples from England, the Netherlands, and Finland,
which are already undertaking specific adaptation measures based on the results of
national impact assessments.

In Japan the socioeconomic impacts of climate change differ from those of other
developed countries—from the perspective of terrain, topography, land use, and climate
(being in the Asian monsoon region). It important for Japan to prepare for adaptation in
ways that apply specifically to its own circumstances.

Meanwhile, in Japan as in other countries, some initiatives are already underway that
include a variety of adaptation benefits—in sectors where climate change’s possible
impacts are being felt. The importance of adaptation has yet to be adequately
recognized, however, and in fact, adaptation efforts have really just begun. In the future,
it will be essential to accelerate broad-based and integrated initiatives at the national
and local levels, based on the latest scientific knowledge.




\ 1.2 Objectives, audience, scope of this report

\ (1) Objectives

Below are the three objectives of this report.

1) To indicate basic approaches to adaptation, based on the current state of discussions
about adaptation measures and the latest scientific knowledge, so that the national and
local government departments responsible for adaptation can consider, plan, and
implement adaptation measures in a coherent way.

2) To indicate the basic factors common to all sectors when developing specific adaptation
measures, with the objective of supporting the national and local governments to
consider, plan, and implement specific adaptation measures.

3) To overcome the current gap of awareness on the significance and necessity of
adaptation, and raise awareness and motivation to undertake adaptation nationally,
including at the local government level by presenting basic approaches to adaptation
and basic factors.

\ (2) Audience

Adaptation is not only a responsibility of national and local governments, but also
directly related to the general public, corporations, and other actors in society. This
report, however, is prepared especially for national and local government departments
responsible for adaptation to climate change.

\ (3) Scope

The scope of this report examines basic approaches that should be shared across
multiple sectors, with the aim of achieving coherence among sectors, and basic factors
relating to the planning and implementation of adaptation measures. Based on these
approaches and basic factors, it is expected that the bodies responsible in each sector (e.g.,
water resources; disaster prevention; agriculture, forestry and fisheries; health; specific
industries) will consider specific measures (i.e., assessment of individual adaptation
measures, specific details of adaptation measures, etc.).
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2. Approaches and concepts of adaptation

\ 2.1 Framework for adaptation

.

Adaptation prevents or moderates harm or exploits beneficial opportunities, by making
changes in natural or human systems in the context of climate change impacts. The
impacts of climate change are already occurring, and because they are projected to
become even more severe in the future, it is essential to undertake short-, medium- and
long-term adaptation measures. Short-term adaptation measures are required
immediately in order to prevent and moderate impacts that are already experienced,
while medium- and long-term adaptation measures are to prevent and mitigate
projected future impacts.

Adaptation measures are designed based on the following concepts."

1) Risk avoidance: Preventive measures against the occurrence of estimated impacts.
(E.g., disaster prevention facilities, and regulation of development in vulnerable
areas.

2) Reduction of negative impacts: Measures to reduce the damage caused by impacts
that occur. In the area of disaster prevention, examples include measures to reduce
the damage from disasters, recovery assistance, etc.

3) Risk sharing: Measures to suppress the concentration of impacts by spreading their
burden across a wider population and over time.

4) Risk acceptance: Accepting the potential for adverse impacts that have a low
likelihood of occurrence, by not taking any specific measures today, or by delaying
the implementation of measures while monitoring the situation.

5) Exploitation of opportunities: Among the impacts of climate change, new business
and other opportunities may appear from positive impacts, depending on the sector
and region. The key here is to proactively utilize those opportunities.

Such concepts are widely applied today in a variety of sectors. The key feature of
climate change adaptation is in its proactive nature, including responses to the
occurring impacts. These efforts thus should be based on projections of future climate,
impacts, and societal trends. Because these projections involve uncertainty, the
challenge is how to formulate adaptation planning under such uncertainties.

It is essential to prepare the basic conditions for adaptation planning and

' Source: Partially adapted from Nobuo Mimura (2006) Perspectives and issues of adaptation as
responses to global warming, Global Environmental Research, Vol. 11, No.1, 103-110 (in Japanese).
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implementation. These efforts include accumulating information, raising public
awareness, and arranging institutional frameworks for organized initiatives. In particular,
as medium- and long-term adaptation is a proactive response, it requires development
of institutional arrangements and methodologies for gathering, storing, managing, and
utilizing basic information on the target regions and sectors. Discussions about global
warming tend to focus on mitigation strategies such as the reduction of greenhouse
gas emissions like carbon dioxide, and interest in adaptation measures is typically not
very high. Nevertheless, to control the adverse impacts until climate change mitigation
actually becomes effective, it is essential to promote both mitigation and adaptation
measures in an integrated way. It is also important to view these measures in the
context of future regional and community development. To promote these types of
measures, it is important to aim for greater awareness about adaptation
measures—among not only government departments (including local governments),

but also at every level of society.

The time scales for considering these types of adaptation measures, as stated above,
include the short term, and the medium and long term. This report generally takes the

following approach to distinguish between them.
» Short term: Less than 10 years
» Medium and long term: 10 to 100 years
< Medium term: 10 to 30 years (inclusive)

< Long term: More than 30 years to 100 years
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2.2 Approaches to adaptation based on current scientific knowledge

Regarding the topics discussed above in section 2.1, Figure 1 below shows Japan’s
integrated approach to adaptation at this point in time.

Adaptation covers an extremely broad range, but the scope of concepts covered by this
report can be summarized as shown below. Note that some adaptation policies, plans,
and measures may overlap across more than one concept.

. - . As adverse impacts
Evolution of adaptation policies, plans and measures .
N increase, the need for

adaptation policies,
plans, and measures
also increases

= 5

~ > Need for adaptation
decreases if adverse
impacts decrease due

to effectiveness of
mitigation efforts

Adaptation measures in
individual sectors (to adapt to
specific impacts)

(c) Integrated adaptation, basic capacity erM
d) Information consolidation (e) Awareness rm

\ Time

Figure 1. Types of adaptation measures needed over time (conceptual)

Need for
adaptation
policies, plans
and measures

\ (1) Types of adaptation

1) Short-term adaptation (see (a) in Figure 1)

During at least the next few decades, it will be essential to initiate and encourage—to
the greatest extent possible and as quickly as possible—urgent adaptation and recovery
measures for impacts that have a high likelihood of arising from climate change already
occurring despite mitigation efforts.

Examples:

» The introduction of heat-resistant crop varieties and promotion of appropriate
cultivation methods, to address the declining crop quality and yields

» Measures to protect against the loss of alpine vegetation, bleaching of coral,
etc.
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» Crisis management arrangements and improvements in early warning systems,
to deal with sea-level rise and with rising damage in confined areas and from
intense rainfall events

> Installation and augmentation of independent electrical generation equipment
for water purification plants to respond to power outages caused by the increase
of natural disasters

It is difficult to determine whether environmental changes and disasters occurring today
are all caused by climate change. Each event occurs through the interaction of a variety
of factors, with climate change being one of them. Because complex factors are behind
recent changes in natural ecosystems, intense rainfall events, landslides, and impacts
on agriculture, increasingly robust adaptation measures are needed and should be
implemented in individual sectors. In the process, it is important to incorporate the
perspective of adaptation to climate change.

To consider the likelihood that an impact may be caused by climate change, it is useful
to refer to relevant resources such as IPCC reports and the “Climate Change and lts
Impacts in Japan” report,> and to seek the advice of experts when necessary. Research
projects currently underway are expected to provide accurate climate projections and
impact estimates at the local level for the near future. Also, because of the diversity and
localized nature of climate change impacts it is worthwhile to make the best use of
knowledge based on the experience of persons working in the respective regions and
fields.

2) Medium- and long-term adaptation

It is essential to respond to climate change (and its associated impacts) in the medium
and long term (on the scale of 10 to 100 years), as projected based on sets of scenarios
using climate change projection models, by improving adaptive capacity in society and
in individual sectors, based on risk assessments.

Based on the types introduced above, below are descriptions of several approaches to
“adaptation measures in individual sectors,” plus “integrated adaptation and basic
capacity enhancement.”

(i) Adaptation measures in individual sectors (to be implemented to adapt to specific
projected impacts) (item (b) in Figure 1)

2 “Synthesis Report on Observations, Projections, and Impact Assessments of Climate Change: Climate Change

and Its Impacts in Japan,” October 2009, Ministry of Education, Culture, Sports, Science and Technology, Japan
Meteorological Agency, Ministry of the Environment.

6
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To incorporate elements of adaptation into measures that have a long lifespan (e.g.,
infrastructure improvements) or a long duration, it is necessary to use integrated
approaches to evaluate the costs and benefits of risk reduction benefits, by selecting
standards for measures based on the uncertainty of climate change projections a few
decades hence and based on specific projections.

It is important to consider the latest climate change projections and their levels of
uncertainty. Where measures are selected based on projections of larger impacts, the
risks may be minimized but the costs will be higher, and the result may be
over-adaptation. Conversely, measures are selected is based on projections of smaller
impacts, the costs may be minimized but the risks will be higher, and the result may be
inadequate adaptation.

Keeping in mind future projections and the cost and time necessary for implementation
of adaptation measures, examples of other options worth considering might include the
following: (1) implementing measures as quickly as possible to withstand the future
projected impacts, whatever the size of budget; (2) implementing measures gradually,
based on accumulating knowledge about future projections; and (3) accepting a certain
amount of minor risk of damage while enhancing measures wherever possible.

In the context of uncertainty about future projections, a number of approaches may
improve flexibility: (a) by utilizing a variety of measures that combine both “soft” and
“hard” approaches, allow some flexibility in the timing of decisions and scale for hard
measures that involve costs; (b) by including possible changes in climate factors into the
design standards for built structures, make it possible to respond to climate change
when upgrading facilities in the future; (c) since rapid advances are occurring in global
observation and climate projections, introduce ways to revise plans every few years,
rather than adopting unchangeable adaptation policies, plans and measures.

Also, for ultimate decisions and choices such as these, it is important that the principal
local actors consider collaborating with nearby regions that share similar projections, to
accurately understand and share this information to the greatest extent possible, and to
adopt consensus-building processes.

In addition, adaptation measures that offer co-benefits are important. Measures that
provide other benefits besides adaptation—such as improved convenience and
environmental improvements—can be expected to offer larger synergies than measures
that aim only for adaptation.

In order to facilitate making rational ultimate decisions and choices, it is important to
incorporate aspects such as the implementation of additional climate projections
focusing on the target regions; the consideration and presentation of a variety of options,
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including phased implementation and other options; careful examination of
risk-reduction effectiveness and costs; and flexible arrangements that permit reviews
and changes during planning and implementation.

Examples:

» Improvements of river and sea embankments, functional improvements of
existing facilities, etc.

Land-use regulations and incentives in affected areas
Construction (nesting) of ecosystem networks

Strengthening of measures to prevent outbreaks of infectious diseases

YV V VYV VY

Development of global food supply-and-demand systems that consider climate
change impacts (30- to 50-year time frame) based on existing projection
methods

» Systematic water supply development to cope with recent frequent droughts

(ii) Integrated adaptation, basic capacity enhancement (see (c) in Figure 1)

Integrated adaptation is intended to be more effective—through unified handling of
measures that would otherwise be handled separately, sector-by-sector. This approach
includes coordination between adaptation measures in different sectors, cross-sectoral
initiatives, and the establishment of collaborative arrangements among the relevant
government departments.

Basic capacity enhancement contributes to the improvement of adaptive capacity of
local societies, by enhancing the basic capacity—technologies, programs, financing,
and human resources—that is typically present in regions and sectors.

Both integrated adaptation and basic capacity enhancement have other benefits—even
if the actual situation differs from projected climate change and its impacts—and should
be promoted systematically and consistently, with a long-term perspective.

Examples:

» Taking action to clarify issues that require cooperation and cross-sectoral
initiatives among multiple departments and sections within an organization, for
the purpose of more efficient implementation of measures

» Reviewing the collection and organization of basic data and information relating
to impact assessments and adaptation measures, and where found to be
inadequate, identifying issues that require priority attention and implementing
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systematic improvements

» Prioritizing climate change adaptation measures within the comprehensive
plans of local governments

» Establishing organizations that cooperate with local research institutions,
non-profit organizations, and various other types of organization

3) Information consolidation (see (d) in Figure 1)

Usable platforms, tools, and information infrastructure are needed for the publication
and sharing of basic information and information sources, such as research data and
future projections, as well as risk assessment case studies. Local information provides
the basis for adaptation measures, so it is important to move as quickly as possible to
strengthen collaboration among research projects already underway and among
practitioners regionally and individual sectors.

Examples:

» Improving and promoting the use of basic information about research data and
future projections

» Developing and providing information about examples of risk assessments and

assessment tools

> Setting up Internet portal sites for impacts and adaptation information that will
be useful for governments

» Promoting information exchanges and collaborative research with local
research institutes

4) Awareness raising (see (e) in Figure 1)

To the extent possible and as quickly as possible, it is important to initiate and
encourage communication about risk and the provision of risk-related
information to citizens and other concerned parties, while adequately
considering and efficiently using existing structures and frameworks. This
information is the basis for all adaptation measures, including decisions about
implementing adaptation measures.

Examples:

» Risk-related information provision, communication about risk, and
awareness-raising activities (combined with mitigation efforts) targeting citizens
and businesses
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» Sharing of information among relevant government departments; establishing
supportive institutional arrangements; creating collaborative arrangements
among governments, research institutes, and NGOs

\ (2) Fundamentals needed to implement adaptation measures

1) Clarification of responsibilities among national and local government bodies

Efforts should be made to clarify the responsibilities of departments in order to gather
information relating to climate change, and to promote the adaptation measures in
individual sectors in an organized way.

2) Role and collaboration of each actor

Adaptation measures are normally related to the activities of national and local
government bodies, but they also relate to the daily lives of citizens, and the activities
of businesses. It is therefore important that a broad range of actors act with an
awareness of their relationship with and roles in the respective adaptation policies,
plans, and measures. Below are examples of the roles of each type of actor.

» National governments: Monitoring of measures and programs implemented at the
national level, projections at the national level, implementation of risk
assessments, sharing of information with citizens, formulation of adaptation
measures (including incorporation into existing plans, programs, and policies) and
implementation, promotion of research and development, awareness-raising to
contribute to higher awareness among the public, development of fundamental
information and risk assessment tools.

» Local governments: Monitoring of measures and programs implemented at the
local level, projections at the local level, implementation of risk assessments,
sharing of information with local citizens, formulation of adaptation measures
(including incorporation into existing plans, programs, and policies) and
implementation, and assessing progress.

» Citizens: Implementing adaptation measures that can be taken in daily life, and
participating in and cooperating with adaptation initiatives of local governments.

» Businesses: Being aware of and responding to global warming impacts on
business activities (including changes in demand; impacts on systems and
infrastructure associated with business activities, including supply chains,
factories, and roads; increased frequency and severity of disasters); considering
adaptation in business activities (e.g., considering how to maintain the safety and

10
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comfort of employees and customers); participating and cooperating with
adaptation initiatives of local governments; and developing new businesses that
contribute to adaptation.

Initiatives by each actor and close cooperation among actors are essential to effectively
and efficiently promote adaptation. Considering the fact that the initiatives of
governments have only just begun, for the foreseeable future it will be important to
have collaboration among the concerned government ministries at the national level,
and among the related departments within local governments. At the national level, the
ministries concerned should establish liaison committees relating to adaptation, and
should engage in information exchanges. Local governments should also consider
establishing institutional arrangements to promote collaboration and coordination
among the internal departments concerned (or alternatively, utilizing existing
institutional arrangements responsible for dealing with the environment and climate
change). It is also important to have collaboration between national and local
government bodies, as well as between the state/provincial/prefectural level and

municipal level.

After some progress has been made with adaptation initiatives, efforts should be made
to promote collaboration and coordination among various actors, including local
government bodies, citizens, and businesses, and among local government bodies.

11



—2.2—

3) Sharing information with citizens

For the flow of tasks related to adaptation, it is important to share information at an
early stage with the public while work progresses. Examples of such tasks include
monitoring and future projections, risk assessments of climate change, assessments of
the need for adaptation measures and their priority levels, assessments of planning,
implementation, progress, and the results of adaptation measures. The results of risk
assessments should be used in awareness raising, and the public should have the
opportunity to comment.

4) Training and utilization of human resources
Human resources should be trained to be capable of conducting awareness raising.
Personnel are needed who possess knowledge about climate change impacts and
adaptation, as well as know-how and knowledge for planning and implementation of
adaptation measures, and should be able to implement climate change projections and
impact assessments that can be easily applied to adaptation measures.

Effort should be made to utilize existing human resources, by using personnel in
positions that implement measures and programs in related fields, including
researchers at research institutes in various related fields, and local university
researchers.

5) Promoting research and technological development

Efforts should be made to improve and utilize scientific knowledge that can be used in
the next several years (3 to 5 years).

Examples:

» Reduction of the uncertainty of climate change projections and impact
assessments, and increase in spatial resolution (e.g., accurate, high-resolution
projections of warming; near-future projections; extreme-event projections)

» Monitoring methods and methods to develop adaptation measures at the local
government level

Efforts should be made to enhance local observation and monitoring of climate change
and its impacts.

Efforts should promote research and development, as well as basic capacity
enhancement for integrated analysis of data obtained through observation, monitoring,
and warming projections.

12
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Efforts should be made to promote the development of adaptation technologies
necessary to enhance society’s capacity to adapt to climate change.

Examples:

» Integrated conservation systems for the utilization of water resources and the
aquatic environment, responding in an integrated way to a variety of impacts
besides climate change, including changes in land use, population, and industrial

structure

» Technologies to ensure stable production in agriculture, forestry, and fisheries, in
response to climate change

» Renewable energy systems that take climate change impacts into account

» In local community planning (e.g., medium- and long-term comprehensive plans,
and city planning), planning technologies incorporated into infrastructure plans
and “soft” measures to create a society that can adapt to climate change

Case study: Enhanced real-time observation of localized heavy rainfall events with new

high-performance X-band multi-parameter radar

In recent years, noting the frequent occurrence of flood damage due to localized heavy rainfall
and intense rainfall events, the Ministry of Land, Infrastructure, Transport and Tourism has
installed X band multi-parameter radar systems in major metropolitan areas (Kanto, Hokuriku,
Chubu, Kinki) and launched trial operations with the objective of carrying out appropriate flood
prevention activities and river management. Even for precipitation that the conventional
C-band radar could not detect, observations by X-band multi-parameter radar permit accurate,
real-time observation, and have enhanced the precision of projections of the degree of risk
from water level increases and flooding due to intense rainfall events.
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3. Basic factors of adaptation common to all sectors

\ 3.1 Factors in considering adaptation

\ (1) Latest knowledge on climate change

When considering adaptation measures, as a first step, it is essential to have the latest
knowledge on climate change. Below are summaries of the latest knowledge about the
current situation and key points to note when using the information to consider
adaptation measures.

1) Observed climate change

Summary

The annual temperature in Japan has been rising at the rate of 1.1°C per century since
1898.

Years with high temperatures have been particularly frequent since the 1990s.

As temperatures rise, hot nights (minimum nighttime temperature 25°C or greater) and
hot days (maximum daytime temperature 35°C or greater) are increasing in number,
while freezing days (maximum temperature 0°C) are decreasing in number.

The annual precipitation in Japan varies largely from year to year. No clear increasing or
decreasing trend has been observed. On the other hand, the number of days with heavy
precipitation (daily precipitation of 100 mm or greater and 200 mm or greater) has been
on a long-term increasing trend that may be influenced by global warming.

Source: “Synthesis Report on Observations, Projections, and Impact Assessments of Climate Change: Climate
Change and Its Impacts in Japan,” October 2009, Ministry of Education, Culture, Sports, Science and
Technology, Japan Meteorological Agency, Ministry of the Environment.

Key points

Calculations of Japan’s average temperatures use observational records from sites
where urbanization is minimal and where observational data is of consistent quality, but

in some areas temperatures have increased even more due to urbanization.

2) Future projected climate change

Summary

The temperature in Japan is projected to increase as the CO, concentration increases,
and the range of warming is projected to be greater than the global average. As the
temperature increases, the number of cold days (maximum temperature 0°C) is
expected to decrease, while the number of hot days (maximum temperature 35°C or

greater) and hot nights (25°C or greater) is projected to increase.
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Annual precipitation in Japan is expected to increase by about 5% by the end of the
twenty-first century, in comparison to the end of the twentieth century. It is important to
note, however, uncertainties of the projections as well as large inter-annual variability.
Mean precipitation and the number of days with heavy precipitation in summer are
expected to increase with global warming.

Source: “Synthesis Report on Observations, Projections, and Impact Assessments of Climate Change: Climate
Change and Its Impacts in Japan,” October 2009, Ministry of Education, Culture, Sports, Science and
Technology, Japan Meteorological Agency, Ministry of the Environment.

Key points

Future projections involve uncertainty. Sources of uncertainty include uncertainty of
greenhouse gas emissions scenarios, future projection models, and natural variation of
the climate.

Uncertainty from scenarios originates in the ways assumptions are made for projections,
such as the future development of human societies and economies (e.g., population
dynamics, economic scale, etc.) and the resulting greenhouse gas emissions, as well as
trends in atmospheric concentrations of CO, and other greenhouse gases. Future
projections are made by applying a set of assumptions such as these to mathematical
models, so it is important to note that a change in assumptions will change the results.

Uncertainty originating from projection models comes from the mathematical models
used when projecting the impacts of future climate change, based on the above
scenarios. Because complex processes—such as the global carbon cycle, cloud
formation, and cloud dissipation—significantly affect climate change, model results
inevitably include a range of projections.

This projection information represents the latest work by researchers on each individual
research topic. Therefore, the results obtained may change with further progress in
research. This information is different in nature from weather reports provided by

governments.

3) Impacts of projected future climate change

Summary

Water environment, water resources: With a wider fluctuation of annual precipitation,
heavy rain will be more frequent, and drought risk will increase. It is expected that in the
future, such risks will increase and lake water quality will decline due to increasing water
temperatures and the inflow of turbid water.

Water-related disasters in coastal areas, etc.: Damage is increasing from flooding and
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other effects of storm surges and record rainfall. In the future, larger areas are expected
to flood and beaches to be eroded by rising sea levels, and an increase is expected in
damage from more frequent heavy rains and from larger storm surges associated with
stronger typhoons.

Natural ecosystems: Impacts already occurring include the loss of alpine flora, coral
bleaching, changes in phenology, such as earlier blossoming in spring and later timing
of foliage turning color and falling in autumn. In the future, impacts already being
observed are expected to become more pronounced, including the further loss of
suitable habitat for beech forests, spread of pine wilt disease, and expansion of coral
bleaching.

Food: Impacts believed to be caused by global warming, such as damage from high
temperatures, are already being felt nationwide on crops, including rice and fruit. In the
absence of measures, rice yields and quality are expected to change, as well as
suitable areas for fruit growing. Changes in the habitat of migratory fish are also
expected.

Health: The occurrence of heat stroke has increased, and the distribution of vectors
carrying infectious diseases pathogens has changed. In the future, it is expected that
the risk of mortality from heat stress will increase, the number of people suffering from
heat stroke will increase, and the distribution area of vectors carrying pathogens will
expand.

Human well-being and urban life: Impacts of changes in the natural environment and
meteorological conditions are already affecting traditional events, tourism, and the
sports industry (e.g., skiing). In the future, increases are expected in discomfort caused
by extremely hot days and sweltering nights, household costs due to longer operation of
air conditioners, and impacts on local culture due to lack of snow and changes in the
timing of the blossoming of cherry trees, etc.

Source: “Synthesis Report on Observations, Projections, and Impact Assessments of Climate Change: Climate
Change and Its Impacts in Japan,” October 2009, Ministry of Education, Culture, Sports, Science and
Technology, Japan Meteorological Agency, Ministry of the Environment.

Key points

The increase of average temperatures is a general indicator of the extent of climate
change, but individual phenomena of impacts are more dramatically affected, as shown
by indicators such as summer maximum temperatures, and the number of cold days in
winter. It is important to pay attention not only to the average temperatures, but also to
other indicators that are important for each impact phenomenon.

The foregoing examples are for the national level, but depending on local characteristics,
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there could be large differences in the impacts in individual sectors, in vulnerability, and
in the need for urgent responses. Thus, when considering the indicators for each
phenomenon of impacts, it is important to be conscious of both the general and the local
aspects.

4) Consideration of relationship with other factors

The impacts of climate change appear not just separately but may also be revealed in
complex ways, combined with the impacts of human activities and other environmental
problems. Below are concrete examples.

Disasters: Large disasters caused by a combination of multiple phenomena
associated with climate change, and large disasters caused by earthquakes or
other disasters coinciding with climate change phenomena.

Natural ecosystems: Ecosystems already degraded by human activities could
face further deterioration from the impacts of climate change.

When attempting to understand the complex impacts of factors—some associated and
others not associated with climate change—and then designing and implementing
adaptation measures, it is important to be conscious of the relationships with those
other factors, and to avoid negatively affecting actions to address other factors assumed
to be climate change impacts.

Steps such as the following should be considered and addressed.
(i) Consider what kinds of other factors besides climate change are involved.

(i) ldentify (or hypothesize) what kind of compound impacts, damage, etc., are
actually occurring (or could potentially occur).

(iii) Estimate the extent of impacts or the damage that could occur if both climate
change and other factors were to become more severe.

(iv) From the perspective of prevention, consider adaptation measures to prevent
and mitigate foreseeable impacts and damage, and implement those measures. A
comprehensive view is needed in order to consider the degree of uncertainty, and
the costs of countermeasures.

\ (2) Short-, medium- and long-term risk management in the face of uncertainty

Adaptation measures include those to be undertaken in the short-term (from 0 to 10
years hence), those to be undertaken in the medium- and long-term (from 10 to 100
years hence). It is therefore important to manage activities with an awareness of the
uncertainty of risk that arises with the different time scales.
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Short term (0 to 10 years):

For impacts that have a high likelihood of arising from climate change
already under way, urgent response measures and restoration measures
should be implemented as quickly as possible. Concrete examples include
responses to impacts arising from temperature increases and from increases
in heavy rain.

Medium term (about 10 to 30 years):

Responses to impacts that could arise in the medium term should be based
on risk assessments and enhance the adaptive capacity of societies and/or
individual sectors. Because there are no scientific evaluation criteria to advise
how to interpret the uncertainty of projections (i.e., which projected values to
adopt), decisions are made based on policy considerations. If facing financial
and human resource constraints, it is necessary to make decisions based on
priority levels. For example, one approach is to adopt a high projected value in
the range of impacts likely to have a particularly high risk in the target area,
and for impacts that do not pose such a high risk, to adopt the most optimistic
estimates.

Long term (about 30 to 100 years):

For impacts with the likelihood of occurring in the long term, just as with the
medium term, responses should be based on risk assessments and enhance
the adaptive capacity of societies and/or individual sectors. Current scientific
knowledge about the long term is more limited than for the medium term,
however, and the range of uncertainty in projections is large because of
factors such as large changes in society itself. Meanwhile, climate change will
continue over the next several decades regardless of the extent of mitigation
measures, but in the longer term, will depend on the extent of global mitigation
measures. Thus, it is important to be flexible and revise adaptation measures
while considering the progress of mitigation measures. Accordingly, it is
important to avoid rigidity in approaches to adaptation at this point in time, and
to ensure flexibility. Adaptation measures should be actively promoted where
synergies can be achieved in mitigation measures and in other sectors, with
the aim of creating low-carbon societies and communities that are also
capable of adapting to climate change.
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\ (3) Consideration of regional characteristics

The actual impacts, scale, and vulnerability to impacts arising from climate change
differ considerably, depending on regional characteristics such as geographical
features where the impacts are felt; there are also differences in which sectors require
urgent responses. Thus, it is important that the adaptation measures taken to address
those impacts be based on those regional characteristics, and that initiatives be taken
after actively considering the regional situation.

In particular, when conducting risk assessments, it is desirable to delineate sub-areas
appropriately within the jurisdictions of the local governments as well, considering
meteorology, topography, land use, and watersheds, and to implement risk
assessments for each sub-area. Note that when classifying sub-areas, it is not
necessary to use the same approach for every sector, as it may be more practical to
delineate sub-areas in a way most suitable for each sector. (For example, for natural
ecosystems, delineation based on land use might be the most appropriate, whereas for
water-related disasters, delineation based on watersheds might be preferred.)

For further consideration: Strengthening international collaboration

In principle, adaptation should be based on each local area, although international
networks and perspectives are important to provide the basic functions (e.g., future
projections), and for specific adaptation measures such as in food production.
Japanese scientific knowledge and technologies relating to adaptation may be able to
serve an important role in cooperation with developing countries, particularly in East
Asia. In the area of international contributions, Japan is also being called upon as a
developed country to strengthen international cooperation for the promotion of
adaptation efforts.

19



—3.2—

3.2 Specific procedures for adaptation planning and implementation

This report presents two “tracks” for the planning and implementation of climate change
adaptation measures.

» Atrack (detailed planning and implementation steps): These are standard steps

that should always be conducted at some point. They can be implemented if a
certain amount of information has already been collected on climate change and
its regional impacts.

> B track (simplified first five steps for adaptation planning and implementation):

These are steps to begin with in situations where adaptation measures are being
taken for the first time. They are simplified and more basic steps than in the A
track, to facilitate initial efforts for adaptation measures utilizing
currently-available information.

It is envisioned that local governments intending to launch adaptation initiatives for the
first time will begin by implementing the B track steps and then shift to the A track.
Because steps (2) monitoring and (3) future projections in the A-track require time from
start to full-scale operation, the later steps might be delayed if efforts start from there.
The possible result may be delays in undertaking initiatives that should be started
quickly to address short-term impacts. Therefore, B track permits any achievements in
steps (2) monitoring and (3) future projections to be utilized, but otherwise, action can
begin with step (4) risk assessment (utilizing simplified methods with existing and
readily available information).

Figure 2 shows the A-track planning and implementation steps, the B-track initial five
steps, and the relationship between the two.
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B track: Simplified initial steps

A track: Detailed planning & implementation steps
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Figure 2. Overview of steps for planning and implementation of adaptation measures

(relationship between A-track and B-track)
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A Track. Detailed planning and implementation steps

The following section explains detailed steps (1) to (10) for climate change planning and
implementation.

Step (1). Analyze past observation data, review responses (including existing
measures) to climate change and extreme weather events

In areas to be studied, gather and confirm existing past meteorological and
environmental observation data or records of weather-related disasters, etc.

Similarly, conduct a review using a checklist or other means, to determine what kinds of
climate change or extreme meteorological responses are included in measures already
being implemented in the target region (i.e., what are their effects as adaptation
measures), whether or not current measures can adequately respond to climate
change, and whether or not measures and institutional arrangements are adequate.

\ Step (2). Plan and implement monitoring of climate change and its impacts

Based on the results in (1), for areas and items where data is currently insufficient, an
effort should be made to identify areas and items where monitoring of climate change
and its impacts should be given a higher priority.

Consider detailed methodologies and monitoring systems for areas and items that have
been identified. Because it is important that monitoring be implemented continuously
and with consistent methodologies, plans should be developed with consideration
given to feasibility in terms of cost, labor, and time. Consider also the advice of local
research institutes and local experts.

Generally, there are three major targets for monitoring related to adaptation measures:
meteorological conditions, impacts of climate change, and systems affected by impacts.
Monitoring under item (2) generally includes two categories: meteorological conditions,
and impacts. For affected systems, related information should be compiled on
assessments of impacts, vulnerability, and resilience under item (3), and risk
assessments based on them (described below).

Furthermore, in order to properly assess meteorological conditions and impacts, it is
essential to have human resources and software for interpreting the measurement
results obtained from monitoring. This is why basic capacity building and human
resources capacity building should be promoted, through cooperation and collaboration
with research projects of national and local research institutes.

Below are examples of monitoring envisioned for implementation in individual sectors.
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Table 1. Examples of monitoring envisioned for each sector
Note: There may be some overlap between sectors indicated under “climate change monitoring items” in

the table below. Also, some sectors such as “water-related disasters in coastal areas, etc.” and “health”

include a portion of monitoring of affected systems.

Sector Example of monitoring
Water o Climate change monitoring items
environment, + Changes in annual average temperature, timing of snow melt
water + Changes in annual precipitation (rainfall, snowfall), snow cover
resources o Monitoring items for changes in lake and reservoir environment,

reservoir storage volume, etc.

+ Water temperature, water quality, dissolved oxygen, changes in
turbidity, occurrence of thermal stratification

+ Changes in water level and water volume, occurrence of drought

+ Habitat conditions and distribution of fish, etc., changes in zooplankton
and phytoplankton, establishment of alien species

o Monitoring items for changes in river environments and river
flows

+ Changes in water temperature, water quality, turbidity

+ River water levels, flow volumes, flow patterns, occurrence of drought

+ Sediment discharge, changes in river channel shape

+ Habitat conditions and distribution of fish, benthos, etc., changes in
zooplankton and phytoplankton, establishment of alien species

o Monitoring items for changes in agricultural water use

+ Changes in snowmelt water, and availability of agricultural water

+ Changes in potential water withdrawal volume

+ Changes in soil humidity and water volume required for crops

+ Changes in timing of planting and agricultural water-use patterns

Water-related

o Climate change monitoring items

disasters in | - Annual precipitation, changes in frequency and intensity of heavy rain
coastal areas, | - River levels, river flow volumes
etc. + Changes in sea-surface levels and waves (wave height and period)
« Typhoon (tropic cyclone) intensity and changes in their landfall
frequency and rate
o River-related monitoring items
« Amount of sediment discharge from heavy rains, typhoons, etc,;
changes in river channel shape, etc.
- Damage (human impacts, economic damage) from heavy rains,
typhoons, etc.
o Coastal monitoring items
- Damage from typhoons (human impacts, economic damage, etc.)
- Damage from changes in sea-surface levels, waves (wave height and
period), tide levels (human impacts, economic damage, etc.)
- Damage from coastal erosion (human impacts, economic damage)
- Status of ground subsidence in coastal areas, and subsequent damage
(human impacts, economic damage)
Food o Climate change monitoring items
Annual average air temperature, soil temperature, seawater
temperature

+ Solar radiation
+ Precipitation
+ Changes in durations of rainy season, snowy season, East Asian rainy
season
o Agricultural monitoring items
+ Changes in crop yield and quality due to high temperatures, etc.
+ Changes in duration of crop growth and cultivation
+ Occurrence of frost damage, pest outbreaks, etc.
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Sector

Example of monitoring

o Livestock industry monitoring items

+ Changes in milk production

o Fisheries monitoring items

+ Changes in fish species

+ Distribution of salmonids and other cold-water fish

« Yields of clams and other major fisheries species in tidal wetlands and
seaweed beds

Health

o Climate change monitoring items

+ Temperature (maximum daily temperature in summer, minimum daily
temperature in winter, etc.), days with daily maximum 30°C or greater,
days with nighttime minimum 25°C or greater

+ Summer survival range of disease vectors

o Heat stroke-related monitoring items

+ Number of heatstroke patients, number of persons evacuated to
hospital due to heat stroke (by age group)

o Infectious disease-related monitoring items

* Number of persons affected by diseases connected with global

warming

- Extent and distribution of vectors of diseases related to global warming

Natural
ecosystems

o Monitoring items for climate change and the basic environment

of ecosystems

+ Snow depth, snowy season, extent of snow cover

+ Timing and scope of permafrost melting

+ Water temperature of rivers and lakes, water quality, dissolved oxygen,
river flow volume

+ Seawater temperature, sea-surface level, plankton

- Season of pack ice in contact with coastline, pack ice extent, number of
days observed

+ Timing of lake freezing and melting

o Monitoring items for fragile ecosystems

+ Growing conditions, distribution of beech and other forests

+ Condition of damage and distribution of pest/disease damage such as
pine wilt disease

+ Growing condition and distribution of alpine flora and meadows

- Distribution of alpine marshes, snow marshes; vegetation; soil moisture
conditions

+ Growth conditions, distribution of coral and mangrove forests

o Monitoring items for fragile populations and species

+ Habitat, growing conditions and distribution of southernmost and
northernmost species

+ Habitat, growing conditions of rare species; changes in number of
species, distribution

- Status of establishment of alien species

+ Changes in plant seasons (cherry blossom opening, maple leaf falling,
etc.)

+ Change in animal seasons (timing of insect emergence, etc.)

+ Distribution of deer and other wildlife

« Dispersion volume and timing of cedar pollen, etc.

+ Distribution, etc., of intertidal organisms in tidal flats and rocky shore
areas (dynamics of northern-limit and southern-limit species, etc.)

- Routes of migratory species (fish, mammals, turtles, etc.)
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Case studies in independent regional monitoring (Nagano Prefecture)

The Nagano Environmental Conservation Research Institute began research in 2003, with the
purpose of determining as much as possible at the regional level how global warming
phenomena were being manifested in Nagano Prefecture. Below are examples of the
independent monitoring being attempted there.

® Meteorological observation in mountainous areas

By targeting mountainous areas that are less biased by anthropogenic and other influences,
the Institute is implementing meteorological data collection and observation, with the objective
of monitoring climate change and ascertaining the impacts of climate change on alpine
regions. Specifically, this includes air temperature and snow depth measurements through
collaboration with other organizations. No significant warming trend has been observed in
data gathered to date, but alpine observation sites such as these are still small in number
nationwide, so it is possible that future continuation of monitoring will provide valuable data.

® Snow monitoring trial in mountain areas

In order to better understand global warming’s impacts causing changes in snow cover in
mountainous areas, the Institute is considering a monitoring technique using images from live
cameras. The area of remaining snow in mountainous areas is counted based on pixels that
represent snow in processed images—an approach that offers relatively high temporal and
spatial resolution. Information on snow cover in mountainous areas is seen as a potential tool
for monitoring.

25




—3.2A.(3)—

Case studies: Independent regional monitoring (Saitama Prefecture)

® Precise monitoring of CO, concentrations

Saitama Prefecture has been conducting precise monitoring of concentrations of GHGs such
as CO; since 1990. It is rare for a local government to be conducting GHG monitoring so
extensively, and in fact, there are few examples where monitoring is being conducted in areas
neighboring highly urbanized emission sources.

Today, monitoring of CO, concentrations is being conducted here at two locations, but highly
urbanized areas have higher concentrations, so it is possible that they are being affected by
urban sources. This type of data can provide valuable information when considering mitigation
measures and adaptation measures.

® Citizens participating in study of photochemical oxidant damage to flowers
(morning glory flower study)

It has been projected that atmospheric concentrations of photochemical oxidants will increase
as one of the impacts of global warming. In Saitama Prefecture, these concentrations have
been increasing at the rate of 0.4 parts per billion (ppb) per year, with impacts on crops and so
on. With cooperation from citizens, since 2005, the Center for Environmental Science in
Saitama has been conducting studies on the health of morning glory flowers, which are highly
sensitive to oxidants. The findings will lead to a better understanding of plant damage caused
by photochemical oxidants in the prefecture, and will raise awareness about photochemical
oxidants and global warming.

® Precision monitoring of the thermal environment in Saitama Prefecture (heat
island study)

The Automated Meteorological Data Acquisition System (AMeDAS) conducts temperature
measurements in Saitama Prefecture at 8 locations, but this is not enough to properly
ascertain surface temperatures in Saitama Prefecture. Since 2006, surface temperature and
environmental monitoring has been conducted using instrument shelters at elementary
schools. In the future, this approach not only can help determine the warming conditions and
heat island effect, but also has potential as a tool to appeal to the public about ways to avoid
heat stroke.

\ Step (3). Project future climate change and its impacts

There are two ways to make future projections of climate change and its impacts:

(i) Utilize national- or regional-level projections by national governments and

research institutions.

(i) Conduct and utilize independent projections by the local governments

concerned.

Some useful information about projections at the national level (in Japan) has been
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published (item (i) above), but information that can be readily used for regional
projections is generally still unavailable—even for such basic items as temperature
increases and changes in precipitation. Meanwhile, independent initiatives for
projections by local government bodies (item (ii) above) are still virtually nonexistent,
although research programs now underway are expected to provide this kind of
information in the future.

Thus, for the foreseeable future, the best approach may be to utilize the latest
knowledge (to reduce uncertainty, provide greater detail in spatial scale at the regional
level, etc.) as research (item (i) above) progresses, while also utilizing the findings of
future projections at the national level (item (ii) above).

Meanwhile, independent projections (item (ii) above) should proceed actively, as
progress is made in the understanding of information about future projections and in
the accumulation of independent data at the regional level through the monitoring
mentioned above in section 3.2(2). In particular, where a certain amount of progress
has been made with the accumulation of data and information in all sectors, it would be
desirable to also undertake “assessments through systematic methods” described
below under section 3.2(4)3).

Below are examples of scientific knowledge that can be expected to become available
for use in the next several years, as well as future projections at the regional level.

Scientific knowledge expected to be available for use in next several years

° Innovative Program of Climate Change Projection for the 21st Century (fiscal
2007-2011), Ministry of Education, Culture, Sports, Science and Technology

Using one of the world’s top-performing supercomputers, known as “Earth Simulator,” this
project aims to provide a scientific basis for the IPCC’s Fifth Assessment Report, as well as
policies and measures to respond to climate change. The program is working to make
advances in warming projection models, working to quantify and reduce uncertainty, and
working on impact assessments relating to natural disasters.

o Research on Projection of Climate and Environmental Change to Contribute to
Mitigation Plan Decision against Climate Change (fiscal 2010-2014),
Meteorological Research Institute (Japan Meteorological Agency)

This program is engaged in sophisticated projections of change in the climate and
environment for the near future (two or more decades), aiming to provide information on
climate change projections for consideration of cost-effectiveness and priorities. This is for the
planning and implementation of responses to climate change, and to respond to the need for
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information on projections of environmental change in the Asia-Pacific region associated with
economic development and land-use changes.

°® Global Environment Research Fund: Comprehensive Study on Climate Change
Scenario for Policy Support and Awareness Raising of Global Warming (S-5)
(Phase I: 2007-2009, Phase lI: 2010-2011), Ministry of the Environment, Japan

This project is promoting research aiming to create integrated climate change scenarios that
include specific impacts of climate change on society, and to establish methods to convey
information to society in tangible ways. The project is establishing quantitative indicators of the
reliability of projections through comprehensive analysis of the results of calculations on
projections of future warming, using climate models from Japan and elsewhere; creating
detailed information on spatial projections for the Japanese region using regional climate
models; and providing greater spatial detail in socioeconomic scenarios as well as making
projections of land-use changes.

° Global Environment Research Fund: Comprehensive Study of Climate Change
Impacts Assessment and Adaptation Policy (S-8) (fiscal 2010-2014), Japan
Ministry of the Environment

This project is developing an advanced impacts and adaptation assessment model using as
inputs the results of the latest high-precision and high-resolution climate models; assessing
the impacts of warming on Japan as a whole; and also assessing the effectiveness of
adaptation measures after conducting quantitative analysis of changes in the magnitude of
impacts depending on multiple trajectories for global emissions stabilization and adaptation
scenarios. In addition, the project is developing assessment methodologies for vulnerability,
impacts, and adaptation that can be easily used by local governments, and is developing
adaptation planning methodologies considering the uncertainty of projections for local
governments.

°® Initiative for Strategic Adaptation to Climate Change(starting fiscal 2010), Ministry
of Education, Culture, Sports, Science and Technology

This initiative develops downscaling techniques for specific regions to apply the latest climate
change projection data to regional impact assessment studies. As a platform, it uses a
detailed integration and analysis system that provides integrated analysis of a large and
diverse amount of data on global observation and climate change projections, as well as
socioeconomic information.

° Development of Mitigation and Adaptation Technologies to address Global
Warming in the Agriculture, Forestry and Fisheries (fiscal 2010-2014), Ministry of
Agriculture, Forestry and Fisheries

This project is studying the GHG generation and sequestration mechanisms in the agriculture,
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forestry, and fisheries sectors; developing technologies to reduce GHGs emissions ;
developing technologies to improve the sequestration functions of forests and agricultural
soils. Besides monitoring of GHGs in the agriculture, forestry, and fisheries sectors, the project
is also developing accurate models to predict crop yield and quality using the latest climate
change models, as well as fisheries and other resource production models, and is conducting
impact assessments. Based on impact assessments, it is also developing production
stabilization techniques adapted to continued warming.
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\ Step (4). Assess impacts, vulnerability, resilience, and risk

Under this step, risks associated with climate change are assessed for the target region
based on future projections.

Risk assessments through integrated assessments of impacts, vulnerability, and
resilience make it possible to obtain valuable basic information for the implementation
of appropriate adaptation measures. The relationships between these assessments are
shown in Figure 3. Definitions for terms mentioned above—including impacts,
vulnerability, and resilience—are explained further below in the context of specific risk
assessment methods.

Risks associated with climate change could come in many forms, including risks to
human life, to economies, and to society. While some risks may be difficult to ascertain
quantitatively, it is still important to implement risk assessments—as much as
circumstances permit—based on the actual circumstances in the target region, and

~

from various perspectives.

-

Impact Assessment
(e.g., scale and probability of
occurrence of flooding due to
increased rainfall, more
intense typhoons)

Assessment of
resilience
(e.g., existence of a
regional disaster
prevention network)

Risk assessment
Risk assessment based on extent of

impacts, vulnerability, resilience

8 T

Planning of adaptation measures
Adaptation measures in individual
sectors, integrated assessments

Assessment of
vulnerability
(e.g., populations living
in low-lying areas)

Figure 3. Relationships between adaptation measures and assessments of impacts,
vulnerability, and resilience
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Terminology of risk assessments

Impacts: The effects of changes in the climate on the natural environment and on human
society, such as changes in temperatures and rainfall patterns, and increases in sea
levels. Depending on whether or not adaptation is being considered, impacts can be
divided into “potential impacts” and “residual impacts.” Potential impacts are all the
impacts that could occur due to projected climate change if no adaptation is considered,
while residual impacts are impacts that could occur even if adaptation is undertaken.

Vulnerability: The susceptibility of human society and natural systems to the impacts of
climate change. There are two aspects to vulnerability: the state of regional society and
individual sectors (i.e., distribution of population and property, particularly populations
susceptible to impacts, the existence of weaknesses, etc.) and the resilience to respond
to that state. In other words, the extent of damage that actually occurs is affected by the
natural and societal factors, and by their resilience. Thus, for the same extent of climate
change, a region that has low vulnerability will be able to get by with less damage.

Resilience: The capacity of society and natural systems to prevent or minimize the
impacts of climate change. The resilience of society consists of “soft” factors such as
legislation and regulations, evacuation plans, damage compensation and restoration
frameworks, and public awareness, and “hard” factors such as construction standards for
dikes and embankments. The resilience of natural systems is the ability to absorb impacts
and recover to their original condition; the role of humans here is with measures to
support the ability of nature to recover.

Risk: The extent of damage that could happen to society and to natural systems as a
result of climate change. The amount of risk is assessed as a combination of the damage
and its likelihood of occurring. The amount of damage is assessed by considering climate
change impacts, resilience, and vulnerability. For impacts or risks, it is necessary to
assess a multitude of factors, including human health and life, economic, societal,
cultural, natural, and other factors.

Adaptation: The introduction of programs, policies, measures, or actions of governments,
corporations, individuals, or other entities, in order to prevent or minimize, or to
beneficially utilize the impacts of climate change. Successful adaptation strategies and
measures result in societies that are more resilient and less vulnerable.
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Below are three examples of specific approaches to risk assessments:

> Initial assessments (e.g., an assessment that utilizes readily-available

information)

» Assessments focusing on a specific sector (e.g., an assessment that utilizes

existing approaches)

» Assessments where considerable knowledge has already been accumulated (e.g.,

an assessment that utilizes a systems approach)

1) Initial assessments: An assessment that utilizes readily-available information)

Using existing information, impacts and regions that have particularly high risks are
identified through qualitative consideration using simple ranking. This approach is
suitable in cases where it is possible to ascertain, in general and simple terms, the
overall state of risk in a region, and where risk assessments and consideration of

adaptation are just beginning.

There are two stages, the first being an overall review of the risks across all sectors in a
region, and the second being the identification of impacts and regions that involve high
risk in terms of impacts and adaptive capacity in individual sectors. The relevant steps
are shown in items (a) through (j) in Figure 4.
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Review across all

high-risk sectors

(a) Conduct a preliminary review of risks in the region in all sectors, and identify

sectors

v R

: . . |.  ,(b) Collect & (c) Collect & H (f) Collect & (g) Collect &

Review in| individyalsectors| organize organize organize :

: information on information on past information on information on :

: climate projections climate-related regional regional —i

(national, target damage, disasters, characteristics of characteristics of| Vulnerability
region) etc. vulnerability resilience Resilience,

projections &
assessments

(d) Collect & organize
existing information on

A 4

Review usable data &

information, etc.

(where ava

(e) Estimate potential future
impacts in target region

.
-------------------------

-------------------------------------------

A

(h) Collect & organize
information on existing

policies / measures /
strategies on

(i) Estimate future adaptive
capacity of target region

climatp-related damage /

disasters

(j) Identify (assess) high-risk
impacts & regions

Figure 4. Flowchart of steps in risk assessment based on climate change impacts,

vulnerability, and resilience

Note: Steps (a) through (j) are explained below.

33



—3.2A.(4)—

(a) Review across all sectors

Conduct a preliminary review of risks across all sectors in the region, identify the
types of risks in the region, and identify which sectors are particularly vulnerable.

(b) Collect and organize information on climate projections

Collect and organize information relating to projections of climate change, for the
target country, and for the target region (target prefecture/state/province and
surroundings). Refer to the latest reports and research findings (for example, in the
case of Japan, the “Synthesis Report on Observations, Projections, and Impact
Assessments of Climate Change: Climate Change and Its Impacts in Japan,” October
2009, Ministry of Education, Culture, Sports, Science and Technology, Japan
Meteorological Agency, Ministry of the Environment). If doing so, take note of the
extent (magnitude) of the projected impacts, as well as the nature and degree of the
uncertainty (likelihood of occurring) of those projections.

(c) Collect and organize information on past climate-related damage, disasters,
etc.

For each sector, collect and organize information on past climate-related damage,
disasters, etc., in the target region.

(d) Collect and organize existing information on projections and assessments

For each sector, where examples already exist of projection and assessment of
climate-related damage, disasters, etc., in the target region, collect and organize
information relating to the methods used to make projections in those examples, as
well as the results of projections and assessments. Examples might include
projections and assessments typically being utilized for objectives other than
projecting or assessing climate change impacts—for example, in the area of disaster
prevention, projections of inundation caused by floods.

(e) Estimate potential future impacts in target region

Estimate potential future impacts in the target region by comparing information of past
damage and disasters (step (c)) with projection information for the entire country or
target region (step (b)). Expert advice and input should be sought for this estimate.
Where examples of projections or assessments already exist under step (d), consider
whether or not it is possible to project or estimate future climate change by using
those projections or estimates, and where it is possible, do so.
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(f) Collect and organize information on regional characteristics of vulnerability

For each sector, collect and organize information relating to regional characteristics of
vulnerability in the target region. Collect critical information that will be especially
important in estimating vulnerability, from the perspective of both natural and societal
characteristics.

(g) Collect and organize information on regional characteristics of resilience

For each sector, collect and organize information relating to regional characteristics of
resilience in the target region. From the perspective of both natural and societal
characteristics, collect critical information that will be especially important in
estimating resilience.

(h) Collect and organize information on existing policies/measures/strategies on
climate-related damage and disasters

For each sector, collect and organize major existing policies, measures, and
strategies (including those still at the planning stage) to address climate-related
damage and disasters, from documentation in individual sectors—such as
governmental basic plans and their annual reports, etc. Seek materials that are
related to climate and weather disasters, even in documents that do not refer
specifically to global warming or climate change.

(i) Estimate future adaptive capacity of target region

For each sector, estimate the potential future adaptive capacity of the target region,
considering information about vulnerability considered in step (f), resilience
considered in step (g), and also the effects of existing policies, measures, and
strategies.

(j) Identify (assess) high-risk impacts and regions

For each sector, identify impacts and regions where projected impacts are great, risk
is high and adaptive capacity is inadequate, by comparing future impacts estimated in
step (e) and adaptive capacity estimated in step (i).

At present, no reliable methodologies have yet been developed to organize the data
and information in the steps described above, particularly for estimations in steps (e),
(i) and (j). Discussions and information-sharing should continue in individual sectors, in
order to develop more precise and appropriate methodologies. Available literature
provides examples of references that can be used at present, regarding data and
information collected in accordance with the above steps, and methodologies to
organize what has been collected.
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2) Assessments focusing on a specific sector: An assessment that utilizes existing
approaches

For this approach, attention is focused on sectors in which data and information have
been collected in the target region, and where existing projection methods can be
utilized. This approach is not comprehensive or systematic, but is suitable in cases
where there is a desire to conduct risk assessments and consider adaptation focusing
on high-priority impacts in the target region, or impacts where a considerable amount of
knowledge is already available.

Examples might include cases where various types of projection methods already exist
that are being utilized for objectives other than projecting climate change impacts—for
example, in the area of water-related disaster prevention and projections of inundation
caused by floods. One possible approach here is to project impacts with future climate
change in mind, and then conduct a risk assessment by comparing the projection with
data and information on adaptive capacity.
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Case Study: Tokyo Metropolitan Government

The Tokyo Metropolitan Government has launched efforts to project and assess the impacts
of climate change within its jurisdiction. In terms of heat stroke, for example, the local
government is building a model to estimate the incidence of heat stroke from data on
population, climate and heat stroke sufferers, and using this to project the number of future
cases of heat stroke (see figure). The model’s basic approach makes use of research findings
at the national level.

Projections such as these require data collection, model development, and calculations, and
provide useful material for consideration of specific adaptation measures. In sectors thought to
have a particularly high level of risk in a certain region, it is desirable to attempt future
projections such as in this example.

(1) Research plan
(decide on details of
analysis, etc.)

Identify and reproduce trends over time

l . | (a)Dataon '
| numberof ||(b)Population|| (c)Climate |

(2) Gather and sort : heat stroke data data .
information ' sufferers .

(number of heat stroke . :
sufferers, climate data, etc.) : ¢ * * :
N 't . Develop model to project incidence E
: .o of heat stroke '
! [ (3) Develop model ] : ’,' :
: l :‘-"‘ -| :
: L1 | popiation prerep|ageen Futare |
: (4) Calculate future Yo pop i climate data | »
' projections - :
—— ! |
: Results of future simulation !

{ (5) Summarize findings ]

Source: Tokyo Metropolitan Government
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3) Assessments where considerable knowledge has already been accumulated: An
assessment that utilizes a systems approach

This approach involves organizing information relating to impacts, vulnerability, and
resilience in individual sectors, in an integrated and systematic way, then combining the
results in an assessment, and summarizing the findings in a risk map or other
easy-to-understand format. This approach is suitable in cases where a certain amount
of progress has been made with the accumulation of data and information in all sectors,
and where elaborate assessments are sought. The relevant steps are indicated in
Figure 5.

(a) Organize each of the following in a map-based data format (mesh or grid units,
etc.): external forcing and natural conditions (temperature, hourly rainfall, elevation,
species distribution, water resource volume, etc.), vulnerability (population by age
group, etc.), and indicators of resilience (protected bank ratio, permeable ground
surface ratio, etc.).

(b) Assess the potential or already-evident impacts, vulnerabilities, and resilience, 