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Chapter 1

Research Questions and Objectives

The first stage of ‘The Impacts of Climate Change Island and Coastal
Biosphere Reserves’ research was conducted foaafseam March 2014 to February
2015. This is the second research stage on isladdceastal biosphere reserves to
establish strategies responding to climate change.

Various strategies against climate change includmiitggation and adaptation are
established and implemented at a global, nationdl lacal level. However, even
though international protected areas (IPAs) inelgdiiosphere reserve (BR) are more
vulnerable to climate change, the establishmentimptementation of IPA-specific or
BR-specific strategies against climate change aite gare. In accordance with sueh a
circumstance, international organizations have emspkd the importance and
necessity to establish and implement IPA-specificB&R-specific strategies. The
evidences include the following.

The Seville Strategy on BRs that were developedl985 may be the most
significant initiative that officially recognizedhé importance and necessity of
developing a special strategy for the conservadimhsustainable use of BRs. In 2010,
IUCN-WCPA et al (2010) have emphasized protecteashelping people cope with
climate change. In the “Madrid Action Plan of 2008fe key result of the 3rd World
Congress of Biosphere Reserves, accelerating dictzinge has been referred to as
the first of three major challenges for the MAB gh@mme to effectively respond to
in the period until 2013 (for detailed activitiedated to climate change in UNESCO
BRs, see GCUNESCO, 2011: 12-20). Following thisJune 2011, UNESCO adopted
the Dresden Declaration at the™@nniversary conference of UNESCO’s MAB
Programme titled ‘For Life, for the Future: Biosphdkeserves and Climate Change’,
focusing on political commitment and decisive actiworldwide at policy level in the
member states, practical level in the biosphererves, and UNESCO level.

From a macro perspective, it might also be maietithat the Convention on
Biological Diversity (CBD), WWF’s Manual for Buildg Resistance and Resilience
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to Climate Change in Natural Systems (WWF, 2008, Aichi Biodiversity Targets
‘Living in Harmony with Nature’ in 2010, and EU Rioversity Strategy for 2020 are
the special categories applicable to the consemvaidi BRs in relation to climate
change.

In such context of international activities, somgategy researches were
conducted for conservation of domestic or inteoral protected areas such as
national park, biodiversity site, and World Natukédritage site, etc. They cover a
specific sector, such as biodiversity in proteceshs or multi sectors (eg. Wein et al,
1990; Hannah et al, 2002; Scott et al, 2002; Sstostl, 2005; Welch, 2005; Baron et
al, 2009; Heo et al, 2010; World Bank, 2014).

However, even though IPAs including biosphere nesere more vulnerable to
climate change, the research on the BR-specifiPAispecific strategy responding to
climate change are quite rare. There are only a researches that focus on the
conservation of biodiversity in relation to climatbange in a specific BR site (eg.
Yang and Ming, 2003; Scott et al, 2005; Heller atavalet, 2009; Lemieux et al,
2011).

In these contexts, this research aims to estalthishstrategies responding to
climate change on island and coastal BRs. Thefgignce and necessity to conduct
this research are: 1) Original ecological and ggiokd quality should be conserved so
that the original quality of BR contributes to rgating climate change through their
ecological services; 2) Due to BR’'s vulnerability tlimate change, BR-specific
strategies should be established and implemenjed/itBout implementation of BR-
specific strategy, the original ecosystem of BR Idounot be conserved, and
sustainable use could not be achieved; 4) At al level, the establishment of a BR-
based strategy will enhance awareness and cadawgitying as well as benefiting
from pre-existing engagements and motivations ftooal stakeholders towards the

implementation of effective adaptation measures.



Chapter 2

Research Contents and Methodology

In order to achieve the objectives, this reseaoseied the following themes.

(1) Chapter 3: Reviewing the Existing Mitigation daridaptation Measures
against Climate Change: A wide range of mitigateord adaptation measures have
been developed and implemented at a national,,l@a global level. However,
mitigation measures are characterized by not appl{e a specific target sector, but
by contributing to the entire earth from the reduttof greenhouse gas emission.
Inversely, adaptation measures are characterizedpp)ying to a specific target
sector. Thus, mitigation measure can be applicablall countries, regions, and
specific target sectors, but adaptation measuriésr dy target sectors due to the
ecological, geological, and socio-economic diffees1 In this sense, it may be
maintained that mitigation measures are in a gdénat@an level, while adaptation
measures are in empirical uniqueness by targedrsect

In this context, this research reviewed the exstimitigation and adaptation
measures at a general level, with a purpose to digmificant measures applicable to
the establishment of island and coastal BR-speaifitigation and adaptation
strategies.

(2) Chapter 4: Reviewing Protection Strategiesrotétted Areas: Some countries
or regions and academic scholars have publishefrttection measures of protected
areas such as domestic national parks, ecologro&égiion zones, and international
protected areas, etc. (eg. Yang and Ming, 2003{t &t@l, 2005; Heller and Zavalet,
2009; Lemieux et al, 2011).

These protection measures will provide a more tiesw useful guide to the
research's objectives than the information thateweoncluded from existing
mitigation and adaptation measures against clitla@ge. This research summarized
the review as below.

o General questions on protected areas in terronedite change strategy.

o Main climate change strategies for protected saieaterms of networking,
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adaptation and mitigation measures, etc.

o Protected areas at an international level wigpecial reference to Biosphere
Reserve, World Heritage site and Ramsar site, etcrelation with protection
strategies.

(3) Chapters 5, 6 and 7: Establishment of Strategginst Climate Change on
Island and Coastal Biosphere Reserve: This thentleeisnain core of this research.
The research was based on the following methodedogi

Firstly, the strategy for island and coastal bi@sphreserves (hereafter ICBR)
should be established on the basis of real imgdatBmate change. The first stage of
this research focused on the findings of climatange impacts on ICBRs at a desk
research level (Jeong et al, 2015). Basically, strategy was established on the
findings of the basis of climate change impactsnfribie five ICBR sites in the first
stage of research, but this research attemptedstablesh more comprehensive
strategies which are applicable to other BRs iregan

Secondly, the findings of climate change impaci©BRs from the first stage of
research enable us to categorize the impact seatbos at least, ecological
vulnerability, social vulnerability, and economialrerability. In accordance with this
finding, this research established strategies agalimate change by the three sectors
of vulnerability being defined as the system’s @yaor resilience to absorb and
recover from hazardous event.

Thirdly, the three vulnerability sectors were composed efftllowing research
themes, respectively.

o Strategy against Ecological Vulnerability: Ecatad vulnerability is an
ecological burden of risk arising from the unsusdility of BR. The target of
strategy included ecosystem, biodiversity, comniesiof flora and fauna, and species
(threatened/invasive ones), etc.

o Strategy against Social Vulnerability: Socialnerability is a social burden of
risk arising from the unsustainability of BR. Comgé to ecological and economic
vulnerability, the sectors of social vulnerabilityat can be included research are too

many. The examples include soil erosion, coastaien, beach erosion, and natural



disaster, etc. Therefore, this research approathedestablishment of strategy on
social vulnerability not from individual sector, thiow to access the establishment of
strategy on social vulnerability to climate change.

o Strategy against Economic Vulnerability: Economitnerability is an economic
burden of risk arising from the unsustainabilityBR. The target of strategy included
agriculture, tourism and fishery industry etc.

Fourthly, the research was based on the followmggrated policy paradigm in
the establishment of strategy against climate obamg the above three sectors of
vulnerability.

o Even though human-induced greenhouse gas emissiaime core cause of
climate change is locally sourced, its impact @bgl.

o Human-induced greenhouse gas began to be enfitied the emergence of
social system of industrial society which is ch&edazed as industrialization,
urbanization, consumerism and globalization, alivbich began to emerge from the
18" century. In this sense, the social system of itrdussociety is the source of
environmental problems including climate changel #ére determinant of the state of
environmental problems.

o International organizations such as United Natibave proposed the guideline
of environmental regulation at global level. In acance with this, local and state
government have developed and launched environireigiadly national and
regional policies.

o The policy for conservation and sustainable uteBR is being launched
independently and/or as a part of environmentahfily national and regional policies,
focusing on corporate activity and citizens’ ddifgstyle which are the major sources
of pollutions including human-induced greenhouse ga

o Corporate activity is the target of techno-ecoimorasponse to environmental
problems, while citizens’ daily lifestyle is thadat of socio-cultural response.

o Both techno-economic and socio-cultural respassapplied to the state of
environmental problems as a feedback mechanism.

o The above- mentioned policy paradigm of environtaeproblems including



climate change is diagramed as <Figure 1> (Jed1ih!D).

Social System
- Source of Environmental Problems —
(Industrialization, Urbanization, Consumerism,
Globalization)

v

State of
Environmental Problems

A

Global I ] Environmental-friendly
Environmental Regulation National/Regional Policies

v

Policy for Conservation &
Sustainable Use of BR

v v
Corporate Activity Citizens’ Daily
Lifestyle
Techno-Economic Socio-Cultural
Response Response

<Figure 1> Integrated Paradigm for EstablishingShategy against

Climate Change on Island and Coastal BRs

Fifthly, the strategies were established, focusimgadaptation. This is because
mitigation is a measure for applying to the entggional, national and global level
rather than BR alone. However, this research atamaed mitigation as the strategy
on ICBRs, including energy, waste management, fonemagement, key ecosystems
protection as carbon sink, etc. As identified ia fhist stage of research (Jeong et al,
2015), various mitigation and some adaptation nregsare already implemented in

the five ICBR sites.



However, the adaptation and mitigation measuresbeaapplied not only to the
five ICBR sites alone, but to the entire island andstal region where the five ICBRs
are located. In such context, the establishmentGiBR-specific mitigation and
adaptation measures are based on the adaptatianityapf ICBR sites being defined
as ‘the potential or capacity of a system to adyestchanges in its characteristics so
as to cope better with existing climate variabjlity with changes in variability and
mean climate conditions’ (UNDP, 2004).



Chapter 3
Reviewing the Existing Mitigation and Adaptation Measures

against Climate Change

1. Conceptual Implications of Strategy, Policy andMeasure

There are some terminologies in relation to thegaase to climate change.
Examples include climate change strategy, climasnge policy and climate change
measure. Before reviewing the existing mitigatidajatation measures of climate
change, we need to understand the differencesnoe@bis among strategy, policy and
measure.

A reality consists of many components implying int& attributes, and the
concept of a reality is defined as a synthetic otaion implying the internal
attributes consisting of the reality. In this codtfeclimate change strategy, policy and
measure are all the conceptual terminologies thatapplied to the response to
climate change, but they have different concepiumalications. The differences are
explained below (Jeong, 2004, 316-325).

Strategy: Strategy is a method or plan chosen to bring @&etk$uture such as
achievement of a goal or solution to a problenthis sense, strategy is about means
being mobilized to attain ends, but not with trepecifications. The specification of
ends is a matter of stating those future conditiand circumstances toward which
effort to be devoted until such time of those emdsobtained.

Strategy is concerned with how we will achieve goals, not with what those
goals are or ought to be, or how they are estadish strategy has any meaning at
all, it is only in relation to some goal or endview.

Such strategy has a four-part structure. Firsitlaeeends to be obtained. Second
are the policies for obtaining the ends, the ways/hich resources will be deployed.
Third are tactics, the ways in which deployed resesi are actually used or employed.

Fourth and last are the resources themselves, ¢hesrat our disposal.



Over time, the employment of resources yield acteallts and these, in light of
intended results, shape the deployment of the ressufuture. Thus, "realized"
strategy emerges from action and decision pattéknsl. thus, that strategy is an
adaptive, evolving view of what is required to obtée ends in view.

Policy and Measure:Policy is defined as an action plan projectingphectice of
value being set up as a goal in strategy. In thisss, policy is a sub-concept of
strategy. A variety of policies can be set up foplementing a strategy.

Policy includes at least three components. Theyarmtention to change a target
to a direction, a goal to change the target tadihection, and the means necessary for
achieving the goal. For example, the target of aterchange policy is climate change.
The goal for climate change policy is to maintdie priginal state of climate. If the
climate is changing, a goal is set up to recoverdhanging climate to its original
state. Means is the instrument being mobilized dioieve the goal such as how to
reduce greenhouse gas emission or how to adalpé tchianging climate change. As a
variety of policies can be set up for implementnsgtrategy, a variety of means can be
mobilized to achieve a policy goal.

Measure is defined as a way of achieving a goalpedr a method for dealing
with a situation. Thus, explained above, measuggisvalent to the means of policy
being defined as the instrument being mobilizeddioieve the goal set up.

The Relation among Strategy, Policy and MeasureAs reviewed above,
strategy, policy and measure are independent cts)cdmt their conceptual
implications are rather interrelated as below. t8gw is a genetic concept, while
policy is a specific concept. The former is a cqicdercluding sub-concepts, while the
latter is a concept being included in a geneticceph For example, animal is a
genetic concept and human beings and dogs arefispeoncepts. Meanwhile,
measure is a specific concept of policy like hownraad woman are specific concepts
when human beings is a genetic concept.

Applying such a hierarchically conceptual positafrthe three to climate change,
climate change strategy is the guiding instrumémdimate change policy, both in the

medium and long-term, to face the impacts of clen@tange and to transition towards



a competitive, sustainable low-carbon emission eoon Climate change policy is an
instrument being mobilized to achieve climate cleasiyategy. Meanwhile, measure is
a means being mobilized to achieve the goal ofatknchange policy.

In this sense, for the case of climate change,gatibn/adaptation is neither
strategy nor policy, but a measure being mobilizesdh means for achieving the goal
climate change policy as a conceptual componediirnate change strategy.

However, in a narrow sense, the terminology, sjsateés used in relation to
mitigation and adaptation. Strategy of mitigationdaadaptation measure is an
example. In this case, to achieve their goals,téneinology, strategy implies what
options to select among the available options digation and adaptation. Thus, the
terminology, strategy being used in relation toigaition and adaptation measure does
not imply the strategy as the genetic concept,impties planning that is defined as
the process of thinking and organizing the actsitiequired to achieve a desired goal

that is being set up in the options of mitigatiowl @adaptation measure.

2. Conceptual Position of Mitigation and AdaptationMeasure as a

Means of Climate Change Policy

Global warming is the cause of climate change. &laee two groups of scholars
arguing the cause of global warming. One is thageiiag the natural factors (eg.
Sylvestre, 2000: 273-275; Flannery, 2005: 78; Randai, 2007: Chapters 3-4; Choi,
2008: 325-329). The other is those arguing the somnsof greenhouse gases induced
by human activity in the process to improve matemffluence and convenience in
everyday life (eg. Kraus et al, 1992: 4, 28; Mill2002: 452-453; IPCC, 2007).

United Nations Framework Convention on Climate @e(lUNFCC) argues that
the current state of climate change is caused ltlg batural and human-induced
greenhouse gas emission, but 20% are from natachbrs and 80% are from the
emission of greenhouse gas by human activitiesgle2009).

The six global warming substances have a diffenepact on climate change.
Some scholars (eg. Kraus et al, 1992: 4, 28; Milk®02: 452-453) argue that the
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impact of CQ on climate change occupies 66% at minimum and @®%aximum.
However, UNFCC argues the impact of £éh climate change occupies 80% among
all of the six global warming substances (Jeond920This is the reason why we
emphasize reducing G@mission when we mention about climate change.

As recognized, there are two measures respondinginte change. One is
mitigation measure and the other one is adaptatieasure. The conceptual positions
of the two measures are diagramed as <Figure 2elation to the impact of climate
change on nature and human society from the emisgibuman-induced greenhouse

gas (Jeong et al, 2015: 5).

Human Activity
(Source of GHG

Climate Change

A

Emission)
v
Exposure to
Climate Change
Sensitivity to Mitigation
vulner- | || Glimate Change | . Natural Policy
ability Adaptation
i Societal
Adaptation
|| Real Impact of
Climate Change
' '
Assessment of p )
Vulnerability Adaptation
+ Policy
Establishment
of Policy

<Figure 2> Conceptual Position of Mitigation andafstation Measure

as the Climate Change Strategy

As shown in <Figure 2>, human induced greenhouseggamitted from Human
Activity. In this sense, Human Activity is the majgource of climate change. Human
beings and nature are exposed to the changed acidémging climate caused by
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Human Activity. This is Exposure to Climate Chang#owever, when the same
climate change arises in different regions and t@ms) its real impact on human
beings and nature are different. This is becausatarvening factor determining the
real impact of climate change exists between Exmgotu Climate Change and Real
Impact of Climate Change. The intervening factoryniee termed Sensitivity to
Climate Change which is an existing adaptation raeidm inherent in each
region/country. This means that the Real Impact Glimate Change in a
region/country is determined by Exposure to Clim@tenge through Sensitivity to
Climate Change inherent in the region/country. 8emtg to Climate Change is
defined as the inherent capacity, state, or de¢weeespond to the changed and
changing climate before any strategy being launchegch region/country is in
different state in terms of Exposure to Climate i@jeg Sensitivity to Climate Change,
and Real Impact of Climate Change. Such a diffeseate is Vulnerability to Climate
Change with which each region/country faces.

Each region and country should identify and anatyeé state of climate change
in terms of Exposure, Sensitivity, and Real Impadbis process is termed Assessment
of Vulnerability to Climate Change. Based on Assesst of Vulnerability to Climate
Change, each region/country establishes Climata@hRolicy.

Adaptation and Mitigation Measure is establishecaaweans for implementing
climate change policy. Adaptation Measure is applethe box of Vulnerability and
aims at adapting to the changed and/or changintatdi, while Mitigation Measure is
applied to Human Activity as the source of greerdgogas emission and aims at
eliminating the cause of climate change or redugngenhouse gas emisstorin
other words, Adaptation Measure is for applyingvtdnerability to Climate Change
directly. Meanwhile, Mitigation Measure is for applg to Human Activity as the

human-induced cause of climate change.
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3. Mitigation Measure

3.1: The Categories of Mitigation Measure

As shown in <Figure 2>, mitigation measure is agplio human activity as the
source of human-induced greenhouse gas emissiddC IR2014b: 125) defines
mitigation as “technical change and substitutioat theduce resource inputs and
emissions per unit of output with respect to clienathange. Mitigation means
implementing policies to reduce greenhouse gas seonis and enhance sinks.”
However at avery general level, mitigation is defined as thduaion of adverse
iImpact of climate change on nature and human socetised by human-induced
greenhouse gas emission.

As explainedoreviously in session & this chaptersome argue that the impact of
CO, on climate change occupies 66% at minimum and @9%haximum. However,
UNFCC argues the impact of GOn climate change occupies 80% among all of the
six global warming substances. This is the rootviny the terminology, carbon is
used when mitigation measure is implemented.

Therefore, even though wide variety of mitigation options as measures are
available for reducing the adverse impact of clengtange caused by human-induced
greenhouse gas emission, the review of the existitigation measures atregional,
national and global level reveals that they carclassified into four categories;
Low Carbon measure, Carbon-Neutral measure, Cafleom- (or Carbon-Free)
measure and Climate Neutrality (Jeong, 2015b),thed concepts and implications
are as below (Jeong, 2015b).

Low-Carbon: Low-Carbon is generally used to descfitrward-looking national
economic development plans or strategies that epassy focusing on low-emission
and/or climate-resilient economic growtHowever, Low-Carbon measure does not
set up the absolute level of reduction, but seta gwal, like below 20%and also
includes provisions to reduce vulnerability to thgpact of climate change.

Carbon-Zero: Carbon-Zero is based on the convergorun on zero carbon
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emitting energies, no more carbon emissions baildga@ to the atmosphere or natural
carbon balance that existed before industrialimatid\ctual carbon-zero’ is not
possible. Therefore, the best Low-Carbon measatevwh can achieve is ‘virtual zero
emission’ (for example, at least a 90% reduction)negative carbon emission’ (for
example, artificial carbon sink by tree plantingrlion capture and storage, etc.). This
implies that true carbon zero is (virtual zero cexp+ (some negative carbon).

Carbon-Neutral: Carbon-Neutral implies removing rasch carbon from the
atmosphere as we put in for achieving net zeroaragmission. The overall goal is to
achieve a zero carbon footprint which refers taeghg net zero carbon emission by
balancing a measured amount of carbon released aithequivalent amount
sequestered or offset (eg. wind farm and solar)patkying enough carbon credits to
make up the difference, industrial process sucpraduction of carbon neutral fuel,
and reducing and/or avoiding carbon emission, €te bestpractice for seeking
Carbon-Neutral entails reducing and/or avoidingooaremission first so that only
unavoidable emissions are offset.

Climate Neutrality: Unlike Low-Carbon, Carbon-Zezad Carbon-Neutral, there
IS no rigorous scientific definition of Climate Neality. At a general level, Climate
Neutrality means living in a way which producesmet greenhouse emissions. This
should be achieved by reducing one’s own greenhgaseemissions as much as
possible and using carbon offsets to neutralizeréheaining emissions. This implies
that Climate Neutrality's net change to atmosplemero ton.There is no “one-size-
fits-all” approach to being climate neutral. It olves different practices and priorities
for different organizations througholv-Carbon, Carbon-Zero and Carbon-Neutral as

a set of mitigation measures.

3.2: Sectors and Technologies of Mitigation Measure

As identified from the previous session 3.1 in tbispter, mitigation measure
aims at reducing and/or avoiding greenhouse gassemni from the existing societal

system which is the base of human activity andrisctured in a way to maximize
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material/cultural affluence and convenience in l#e the major cause of current
human-induced climate change. This means that atibiy measuréocuses on re-
structuring the existing societal system.

In such context, there are a variety of societalt®ds and technologies of
mitigation measures as a re-structuration of thetieg societal system in a way to
reduce and/or avoiding greenhouse gas emission.yMsamolars, international
environment-related organizations and governmarggested the societal sectors and
technologies of mitigation measures (eg. IPCC, 20@@3, 2008; Lutsey and Sperling,
2008; UNEP, 2008; Adley and Pizer, 2009; KRISH, 20MOSKG, 2010; UNEP,
2010b; Van Tilburt et al, 2011; World Bank, 20180C, 2014a; UNESCAP et al,
2014). The important key societal sectors and telclgies suggested by these
scholars are summarized as <Table 1> (eg. IPCCZ)200e societal sectors are the
targets of mitigation measures, and technologies e efficient instruments
mitigation of measures mobilizing to achieve tlgoals. It is of course true that there

are many other societal sectors and technologigst@fation measures.
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<Table 1> Selected Important Examples of Key Seaod Technologies of

Mitigation Measures

Key Mitigation Technologies

Measures to Be

Key Constraints or

Sector and Practices Envwonm.entally Opportunities
Effective

Improved supply and Reduction of fossil fue] Resistance by vested
distribution efficiency; fuel | subsidies; taxes or interests may make
switching from coal to gas; | carbon charges on fossithem difficult to
nuclear power; renewable | fuels implement

Energy | heat and power; combined | Feed-in tariffs for May be appropriate to

Supply | heat and power; early renewable energy create markets for low-
applications of carbon technologies; renewablée emissions technologieg
dioxide capture and storagenergy obligations;
(CCS); tidal and wave producer subsidies
energy, solar photovoltaics
More fuel-efficient vehicles; | Mandatory fuel Partial coverage of
hybrid vehicles; cleaner economy; biofuel vehicle fleet may limit
diesel vehicles; biofuels; blending and C® effectiveness
modal shifts from road standards for road
transport to rail and public | transport
transport systems; non- Taxes on vehicle Effectiveness may dro
motorized transport (cycling,purchase, registration, | with higher incomes
walking); land-use and use and motor fuels;

Transport transport planning; second | road and parking

generation biofuels; higher
efficiency aircraft; advanced
electric and hybrid vehicles
with more powerful and
reliable batteries

pricing

Influence mobility need
through land-use
regulations and
infrastructure planning;
investment in attractive
public transport facilitieg
and non-motorized

5 Particularly appropriate
for countries that are
building up their
transportation systems

forms of transport
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<Table 1> Selected Important Examples of Key Seaod Technologies of

Mitigation Measures - Continued

Key Mitigation Technologieg

Measures to Be

Key Constraints or

manufacture; inert electrodes

for aluminium manufacture

Sector and Practices Envwonm_entally Opportunities
Effective
Efficient lighting and day Appliance standards| Periodic revision of
lighting; more efficient And labelling standards needed
electrical appliances and
heatlng and cooling devices Building codes and | Attractive for new
!mproved _COOk sFoves, | certification buildings. Enforcement
|mprovgd msulatlon;.passwe can be difficult
and active solar design for
heating and cooling; : .
alternative refrigeration Demand-side Need for regulations .so
Buildings | fluids, recovery and reCyC”ngmanagement that utilities may profit
of fluorinated gases; programmes
integrated design of Public sector Government purchasing
commercial buildings leadership can expand demand for
including technologies, such programmes, energy-efficient products
as intelligent meters that including
provide feedback and contrglprocurement
solar photovoltaics integratedincentives for energy Success factor: Access to
in buildings service companies | third party financing
(ESCOs)
More efficient end-use Provision of May be appropriate to
electrical equipment; heat | benchmark stimulate technology
and power recovery; materialinformation; uptake. Stability of
recycling and substitution; | performance national policy
control of non-CQgas standards; important in view of
emissions; and a wide array| subsidies; tax credity international
of process-specific competitiveness
technologies; CCS for Tradable permits Predictable allocation
cement, ammonia, and iron mechanisms and stable
Industry

price signals important
for investments

\oluntary
agreements

Success factors include:
clear targets, a baseline
scenario, third-party
involvement in design and
review and formal
provisions of monitoring,
close cooperation betwee
between government and
industry
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<Table 1> Selected Important Examples of Key Seaod Technologies of

Mitigation Measures - Contin

ued

Key Mitigation Technologies

Measures to Be

Key Constraints or

Sector and Practices Envwonm.entally Opportunities
Effective
Improved crop and grazing land | Financial incentives May encourage
management to increase soil and regulations for| Synergy with
carbon storage; restoration of improved land Sustainable
cultivated peaty soils and management; Development and
degraded lands; improved rice maintaining soil with reducing
cultivation techniques and carbon content; vulnerability to
Agri- livestock and manure managementefficient use of climate change,
culture to reduce Cliemissions; improved fertilizers and thereby overcoming
nitrogen fertilizer application irrigation barriers to
techniques to reduce,® implementation
emissions; dedicated energy crops
to replace fossil fuel use; improved
energy efficiency; improvements aof
crop vyields
Afforestation; reforestation; forest| Financial incentives Constraints include
management; reduced deforestatip(mational and lack of investment
harvested wood product international) to capital and land
management; use of forestry increase forest areatenure issues
products for bioenergy to replace | to reduce
fossil fuel use; tree species deforestation and to
Forestry/ | . . . o
Forests mprove_ment to increase biomass| maintain and
productivity and carbon manage forests;
sequestration; improved remote | land-use regulation
sensing technologies for analysis pand enforcement
vegetation/soil carbon sequestratipn
potential and mapping land-use
change
Landfill CH, recovery; waste Financial incentives May stimulate
incineration with energy recovery;| for improved waste| technology diffusion
composting of organic waste; and wastewater
controlled wastewater treatment; | management
Waste rgcycling and w:?lst_e minimizat[io.n; Renewable energy| Local availability of
biocovers and biofilters to optimizé incentives or low-cost fuel
Manage- - o
CH, oxidation obligations
ment

regulations

Waste management Most effectively

applied at national
level with
enforcement
strategies
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4. Adaptation Measure

4.1: The Categories of Adaptation Measure

As shown in <Figure 2>, adaptation measure is agpid theVulnerability box
and aims at adapting to the changed and/or changintate, leaving the Human
Activity as is. This means that adaptation seeks to lower iies posed by the
consequences of climatic changes. IPCC(2014b: H2%nes as “adjustment in
natural or human systems to a new or changing @mvient in response to actual or
expected climatic stimuli or their effects, whicloderates harm or exploits beneficial
opportunities.”

Adaptation to climate is not a new phenomenon. éddethroughout human
history, societies have adapted to natural clinvaigability by developing practices
such as altering settlement and agricultural padgteand other facets of their
economies and lifestyles. Human-induced climatengbalends a complex new
dimension to this age-old challenge.

However, adaptation to climate change is a differissue in that previous
experiences ar@ot prepared for. In relation to current issuesclrinate change,
adaptation refers to the ability of a system tousdjo climate change (including
climate variability and extremes) to moderate pé¢mlamage, to take advantage of
opportunities, or to cope with the consequengéekptation aims to manage climate
risk to an acceptable level, taking advantage of @ositive opportunities that may
arise.

Like mitigation measures, adaptation measurestese awide variety of options
in terms of timing, goals and motives of their ieplentation. However, the review of
the existing adaptation measuresaategional, national and global level reveals that
they can be classified into several categoassbelow (Pittock and Jones, 2000;
Burton et al, 2006; OECD, 2006: 18; IPCC, 2007; @havera and Stage, 2010;
IPCC, 2012; Tompkins and Eakin, 2012; USDOE, 2014).

Anticipatory vs. Reactive Adaptation: Anticipatory Adaptation is the adaptation
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that takes plackefore climate change impacts are observed. Thadss referred as
proactive adaptation. Reactive Adaptation is thapgation that takes place after
climate change impacts have been observed.

Anticipatory approach aims to reduce exposure taréurisks, for instance by
avoiding development on flood-prone lands. Meangyiéactive approach aims only
to alleviate impacts once they have occurred, figtance by providing emergency
assistance to flood victims. When reactive respopsgetuates or exacerbates
exposure to climate risks, for instance by asgstatonstruction in a flood-stricken
area, it might be termed ‘maladaptation’.

Experience suggests that, typically, proactive tategn requires a greater initial
investment but is more effective at reducing futuigk and cost. As reactive
adaptation is informed by direct experience, resegiican be targeted to known risks.
In addressing future risks, however, uncertaintiesthe extent, timing, and
distribution of impacts make it harder to determitiee appropriate level of
investment, exactly what measures are needed, had the measures are needed.

As a general rule, adaptation measures shouldpgivety to anticipatory actions
reducing future risk, but, insofar as significaisks will remain, should provide as
well for reactive approaches to help vulnerableytajions recover from unavoidable
impacts.

Autonomous vs. Planned Adaptation:Autonomous Adaptation is the adaptation
that does not constitute a conscious responseintatit stimuli but is triggered by
ecological changes in natural systems and by marketelfare changes in human
systems. This is also referred to as spontaneoaptattbn. Meanwhile, Planned
Adaptation is the adaptation that is a result dékberate policy decision, based on an
awareness that conditions have changed or are @abothange and that action is
required to return to, maintain, or achieve a @ekstate.

Planned Adaptation would progress from the top-doapproach, through
regulations, standards, and investment schemehidrsense, Planned Adaptation is
an anticipatory approach, and is particularly int@or for decisions that have long-

term implications such as the design and citing lag-lived infrastructure.
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Meanwhile, Autonomous Adaptation refers to those¢ioas that are taken as
individual institutions, enterprises, and commustiindependently adjust to their
perceptions about climate risk. Such autonomousorect may be short-term
adjustments, and are often considered as a reaxtivettom-up approach.

Planned Adaptations are the result of deliberateydecisions on part of public
agencies, based on awareness that conditions atg &bchange or have changed
and that action is required to minimize losses endbit from opportunities.
Meanwhile, Autonomous Adaptations are widely inteted as initiatives by private
actors rather than by governments, usually trighdre market or welfare changes
induced by actual or anticipated climate change.other words, Autonomous
Adaptations are those that occur “naturally” byatée actors without interventions
by public agencies, whereas Planned Adaptationsadlied “intervention strategies.

It is also proposed that Autonomous Adaptationm®rthe baseline which is
needed for planned anticipatory adaptation sonthmevaluated. Thus, Autonomous
and Planned Adaptation largely correspond with &evand Public Adaptation,
respectively as are explained below.

Private vs. Public Adaptation: Private Adaptation is the adaptation that is
initiated and implemented by individuals, housebotdt private companies. Public
Adaptation is the adaptation that is initiated amglemented by governments at all
levels. Public adaptation is usually directed diective needs.

Private Adaptation is usually in the actor's ragioself-interest while Public
Adaptation may not accrue at the location wherepteate action is taking place.
However, in manyases Public Adaptation only materialize through glarticipation
of numerous private resource users/managers. PAbéptation is thus dependent on
the coordination and commitment of private act@sach an interrelation between
Private and Public Adaptation is extended to a rmeidm as below.

As with most environmental policy challenges toddg private provisioning of
public adaptation demands complex governance, alhéthwolve multiple actors and
stakeholder groups in potentially innovative presgublic partnerships. Mechanisms

of governance of adaptation must be coupled wittmikadge processes that identify
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the public adaptation need. Without this, it ididiflt to assess the need for individual
action, or to find ways to coordinate action at éippropriate scale. Ensuring adaptive
outcomes in such circumstances will require a fatiod of trust, common
understanding and fairness. A combination of pevaiblic approaches will
undoubtedly be needed, in which social contractergdifferent populations are
strengthened in public discourse, moral and ethéggleals are made to motivate
individual collaboration for collective good, edtica and knowledge serve to situate
individuals within broader systemic processes amdames, and specific incentives,

rewards and penalties orchestrate individual action

4.2: Sectors and Technologies of Adaptation Measure

As explained in the previous session 3.1 in thigptér, mitigation aims at
reducing and/or avoiding greenhouse gas emissam the existing societal system
which is the base of human activity and is strieduin a way to maximize
material/cultural affluence and convenience in l&#& the major cause of current
human-induced climate change. This means that amibigfocuses on re-structuring
the existing societal system. Meanwhile, adaptatms adjusting to a new or
changing environment in response to actual or drgeclimatic stimuli or their
effects, leaving the existing societal system as is

Another key difference between the two is that giaiion measure is established
at a regional, national or global level while addioin measure is based on region-
specific application at a broad level or based wimerable target-specific application
at a narrow level. In this sense, unlike mitigatmeasure, adaptation measure is in
fundamental ways inherently “local”. In other wordee direct impacts of climate
change are felt locally, and response measureshsusilored to local circumstances.
However, for these efforts to be robusbtrs-in many cases, even possible — they must
be guided and supported by national policies arategjies. For some cases, these, in
turn, need to be facilitated through internatiomalasures.

In such context, a wide array of adaptation meashas been launched to reduce
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vulnerability to climate change. Many scholars,emgational environment-related
organizations and governments suggested the sbsiettors, strategy, underlying
policy framework and key constraints/opportunities adaptation measures (eg.
Burton et al, 2006; UNFCCC, 2006; IPCC, 2007; UNERS8; KRISH, 2009; UNEP,
2010b; Chai and Jo, 2011; Kang et al, 2011; EEA22EMCCC, 2012; ICLEI, 2012;
Park and Kim, 2012; Bark-Jones et al, 2013; ADBLZ0PCC, 2014a; UNESCAP et
al, 2014). Their suggestions correspond to Plankeaptation measures in which
most of them are based on government-led measures.

The important key societal sectors, strategy, Ugithgr policy framework and key
constraints/opportunities of adaptation measurggested by them are summarized
as <Table 2> (eg. IPCC, 2007). It is of course ths there are many other societal

sectors and technologies of mitigation measures.
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<Table 2> Selected Important Examples of Key Sect®irategy, Underlying

Policy Framework and & Constraints/Opportunities of Adaptation

Measures

Sector

Strategy

Underlying Policy
Framework

Key Constraints or
Opportunity

Expanded rainwater
harvesting; water storage
and conservation

National water policies
and integrated water
resources managemer

Financial, human
resources and physical
tbarriers; integrated

Water .
techniques; water re-use; water-related hazards | water resources
desalination; water-use | management management; synergie
and irrigation efficiency with other sectors
Adjustment of planting R&D policies; Technological and
dates and crop variety; institutional reform; financial constraints;
crop relocation; land tenure and land | access to new
improved land reform; training; varieties; markets;
Agriculture management, e.g. capacity building; crop| longer growing season
erosion control and soil | insurance; financial in higher latitudes;
protection through tree | incentives, e.qg. revenues from ‘new’
planting subsidies and tax products
credits
Relocation; seawalls and| Standards and Financial and
storm surge barriers; regulations that technological barriers;
Infrastructure/ | dune reinforcement; land| integrate climate availability of
Settlement acquisition and creation | change considerations| relocation space;
(including of marshlands/wetlands | into design; land-use | integrated policies and
Coastal as buffer against sea policies; building management;
Zones) level rise and flooding; codes; insurance synergies with
protection of existing sustainable
natural barriers development goals
Heat-health action plans;| Heat-health action Limits to human
emergency medical plans; emergency tolerance (vulnerable
services; improved medical services; groups); knowledge
Human climate-sensitive disease| improved climate- limitations; financial
Health surveillance and control; | sensitive disease capacity; upgraded

safe water and improved
sanitation

surveillance and
control; safe water and
improved sanitation

health services;
improved quality of
life
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<Table 2> Selected Important Examples of Key Sectgirategy, Underlying

Measures - Continued

Policy Framework and & Constraints/Opportunities of Adaptation

3QUJ

Sector Strategy Underlying Policy Key Constraints qr
Framework Opportunity
Diversification of Integrated planning (e.d. Appeal/marketing of new
tourism attractions and | carrying capacity; attractions; financial and
revenues; shifting ski | linkages with other logistical challenges;
slopes to higher altitudegssectors); financial potential adverse impact on
Tourism and glacie.rs; artificial | incentives, e_.g. subsidigsother sectgrs (e.0. grtificial
snow-making and tax credits snow-making may increase
energy use)evenues from
‘new’ attractions;
involvement of wider group
of stakeholders
Relocation; design Integrating climate Financial and technological
standards and planning| change considerations | barriers; availability of les
for roads, rail and other| into national transport | vulnerable routes; improve
Transport | infrastructure to cope | policy; investment in technologies and integratig
with warming and R&D for special with key sectors (e.g.
drainage situations, e.g. energy)
permafrost areas
Strengthening of National energy policies,Access to viable
overhead transmission | regulations, and fiscal | alternatives; financial and
and distribution and financial incentives| technological barriers;
infrastructure; to encourage use of acceptance of new
underground cabling for alternative sources; technologies; stimulation of
Energy | yiilities; energy incorporating climate | new technologies; use of
efficiency; use of change in design local resources
renewable sources; standards
reduced dependence on
single sources of energy

5. The Differences and Relationship between Mitigain and

Adaptation Measure

Differences: As shown in <Figure 2> and explained in sessior@@ 4 in this

chapter, mitigation and adaptation are conceptuaily realistically different in terms

of their target and goal, etc. In summarytigation is for making changes to slow
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down climate change by lowering the amount of gneese gas emission, while
adaptation is for making changes that enhanceiaesd or reduce vulnerability to
changes in climate. In this context, both mitigatiand adaptation have evolved
along different pathways. The key between mitigatamd adaptation measure are

drawn from sessions 3 and 4 in this chapter as shiowTable 3>.

<Table 3> Key Difference between Mitigation and ptdion Measure

Sector Measure Mitigation Adaptation

Addressing on The cause of climate change The ihgdatimate change
Area of impact

decision making | Global — national - local Local (mainly)

level

mmediate (vulnerability to
weather phenomena) -
centuries (sustainable community

=
fa | W

Decades (average temperature
the earth) — immediate
(monitoring emissions)

Time perspective
Of the effect

structure)
Technological solutions (low ‘Soft’ methods (changing behavior,
emissions technologies) - increasing knowledge) -
Approaches to . g ) g .g )
reducing consumption and technological solutions (structural
Combat change L .
changing its structure — protection methods)

maintenance of gas sinks

Main emissions sectors (energy | Vulnerable actors in several sectors
generation, transport) — and administrative levels
private individuals (consumption

Responsible
actors

However, addressing climate change challenges through onby lens (either
mitigation or adaptation) can lead to trade-offsd amne could undermine the
other. Even if strong efforts are put on mitigatighe climate will still continue
changing in future decades; hence, adaptationtefloe also greatly needed. But if
the focus is only on adaptation, all negative imtpadill not necessarily be reduced,
SO mitigation actions are also needed to limit ¢gesnin the climate system (Klein et
al, 2007; Locatelli, 2011).

In addition, even if emissions are dramatically rdased in the next decade,
adaptation will still be needed to deal with globabnges that have already been set

in motion. In this sense, even though conceptualtigation and adaptation measures
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are different as shown in <Table 3>, realisticaliy two are in relationship and

complementarities, because that adaptation willb®tble to eliminate all negative
impacts and mitigation is crucial to limit changeghe climate system. This implies

that adaptation and mitigation measures are con®iéary to each other. For

example, if mitigation measures are undertakercediey, lesser will be the impacts

to which we will need to adapt. Similarly, if adapbn measures (or the degree of
preparedness) are strong, lesser might be the tsypasociated with any given degree
of climate change (IPCC, 2007; Martens et al, 2008)this sense, it would be

valuable to examine the relationship between ntibigaand adaptation measures.
Their relationship would be complementarities re=siilin synergy effects on the

response to climate change.

Relationship as Complementarities:The key relationship as complementarities
are summarized as below (Goklany, 2005; IPCC, 200&itens et al, 2009; IPCC,
2014a).

First: Four types of inter-relationships can betidguished. The four types are
mitigation actions that have consequences for atiapt adaptation actions that have
consequences for mitigation, decisions that includde-offs and synergies between
adaptation and mitigation, and processes that hamsequences for both adaptation
and mitigation.

Second: Mitigation efforts can foster adaptive citpaif they eliminate market
failures and distortions, as well as perverse slidssithat prevent actors from making
decisions on the basis of the true social coststhef available options. The
implications of adaptation can be both positive amdative for mitigation. For
example, afforestation that is part of a regionddation strategy also makes a
positive contribution to mitigation. In contrastdaptation actions that require
increased energy use from carbon-emitting soumgs ihdoor cooling) would affect
mitigation efforts negatively.

Third: Synergies can increase the cost-effectivemésadaptation and mitigation.
However, synergies provide no guarantee that ressuare used in the most efficient

manner when seeking to reduce climate risks. Oppiies to create synergies are
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greater in some sectors (eg. agriculture and figredbuildings and urban
infrastructure) but are limited in others (eg. ¢dahsystems, energy, health). The
ability to create synergies is limited by the aleseof a relevant knowledge base and
of human, institutional and organizational capacity

Fourth: It is not yet possible to say whether ot adaptation buys time for
mitigation. Challenges to making trade-offs beyothe local scale include the
different spatial, temporal and institutional ssaté¢ options and the different interests,
beliefs, value systems and property rights of actan “optimal mix” would reconcile
welfare impacts on people living in different plaa@nd at different points in time into
a global aggregate measure of well-being.

Fifth: Social and economic development enhanceaagpto adapt and mitigate.
Response capacity is often limited by a lack ofoueses, poor institutions and
inadequate infrastructure. People’s vulnerabildyctimate change can therefore be
reduced not only by adaptation and mitigation, &lso by development aimed at
improving the living conditions and access to reses of those experiencing the
impacts.

Six: Trading-off adaptation and mitigation is nozero-sum game. Real synergies
between adaptation and mitigation are few and éaveen. Adaptation and mitigation
are both closely intertwined with development cksicdResearch on the links between
adaptation and mitigation needs to go beyond ecanamd integrated assessment
modeling.

Integrated Response to Climate Change:Considering the above six key
relationships as complementarities, it would baiadgthat the integrated response of
mitigation and adaptation measure to climate chapgeduces trade-offs and
synergies as below (lllman et al, 2013: 5; IPCQ,420 112).

First: There are many opportunities to link mitigation, @déion and the pursuit
of other societal objectives through integrategpoeses. Successful implementation
relies on relevant tools, suitable governance 8iras and enhanced capacity to
respond. A growing evidence base indicates closks libetween adaptation and

mitigation, their co-benefits and adverse side a$fe and recognizes sustainable
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development as the overarching context for clinpatecy.

Second: Increasing efforts to mitigate and adaptlimate change imply an
increasing complexity of interactions, encompassgannections among human
health, water, energy, land use and biodiversityitigstion can support the
achievement of other societal goals, such as thelsted to human health, food
security, environmental quality, energy access,eliimods and sustainable
development, although there can also be negatieetef Adaptation measures also
have the potential to deliver mitigation co-bersgfand vice versa, and support other
societal goals, though trade-offs can also arise.

Third: Integration of adaptation and mitigationarglanning and decision-making
can create synergies with sustainable developn®ymergies and trade-offs among
mitigation and adaptation policies advancing otbaeietal goals can be substantial,
although sometimes difficult to quantify especialiywelfare terms. A multi-objective
approach to policy-making can help manage thesergigs and trade-offs. Policies
advancing multiple goals may also attract greaippert.

Fourth: Effective integrated responses depend dalde tools and governance
structures, as well as adequate capacity. Managiage-offs and synergies are
challenging and require tools to help understartdractions and support decision-
making at local and regional scales. Integratedamses also depend on governance
that enables coordination across scales and sgectoqgported by appropriate
institutions.

Fifth. Great potential exists for creating synesgibetween mitigation and
adaptation and implementing climate policy optionsa more cost-effective way.
Some progress has been made in this regard. Titigdiuve aims to capture experience
and evidence related to the co-benefits of adaptatind mitigation in the areas of low
carbon development, water-energy-land nexus, brggnélue carbon and so on. In
many cases, synergies are examined in a broadeiralde development context and
reference is often made to developing adaptive m@uiithative or even response
capacity, climate compatible development, reducingnerabilities, seeking co-

benefits with development policy and enabling dustale livelihoods.
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Relationship in terms of the Task of Measure:As policy experts and other
decision-makers attempt to address the dual clyggldnom both mitigation and
adaptation, they must think clearly about how naitign relates to adaptation. In the
absence of solid, pervasive efforts to mitigateapdation would be open ended —
some would say absurd. Because the challenge ofatnin will be even more
enormous if decision-makers unintentionally allolweit adaptation efforts to
undermine it, some analysts argue that adaptahionld be carried out principally in
ways that avoid increasing emissions of greenhgases.

In such relationship, the relationship betweengaiiobn and adaptation in terms of
the task of measure can be classified into fivegaies (Howard, 2009). They are
diagramed as <Figure 3>.

Hinders

Hinders findel
Adaptation Mitigation

D

Mitigation Adaptation

<Figure 3> Relationship between Mitigation and Adéipn as Task of Measure

<Figure 3> somewhat simplistically depicts the tielasship between mitigation
and adaptation. The implications of A to E are elsW.

A: Activities simultaneously serve the purposedath mitigation and adaptation.
For example, urban tree planting captures carbom fthe atmosphere and cools
nearby dwellings during heat waves.

B: Tactics such as reducing vehicle miles travelee the purpose of mitigation
but neither help nor hurt adaptation.

C: Adaptation tactics such as improved storm warggstems neither help nor

hurt mitigation.
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D: Mitigation measures undermine adaptation effofer example, use of
biodiesel to reduce use of fossil fuel results aoner air quality than might have
existed.

E: Adaptation measures undermine mitigation. Faangple, installation of air
conditioning to combat heat waves increases eb#gtuse and thus raises greenhouse
gas emissions at a power plant burning coal orabtjas.

Extensive adaptation measures in E would be edpegiblematic, and even
adaptation in C would need to be avoided if it dive#esources or distracts attention
from mitigation. It is important, therefore, thatagtation today be carried out largely
in a way that is compatible with mitigation — arehbe help reduce the need for (and
the costs of) adaptation later.

Policy makers always need to beware of potentidd sffects. To make climate
change adaptation efficient and effective in thaglorun, adaptation programs
undertaken today should whenever possible be degida avoid compromising
mitigation. Otherwise adaptation programs will, nically, tend to make long-run
adaptation more difficult. And whenever possiblethb mitigation and adaptation

should be undertaken in ways that serve both pegssnultaneously.
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Chapter 4

Reviewing Protection Strategy of Protected Areas

1. Protected Areas - General Questions

Protected Areas (PAs) have been recognized by adbi@n of institutions (eg.
IUCN, WWF, UNEP, etc.) as a part of the solutiorclinate change. In this sense, in
Dudley et al (2010) we can read that “At the IUCNu@cil Meeting held from 8-10
March 2008, climate change was acknowledged to Hee dreatest threat to
biodiversity and the global system of protectedaareas noted as one of the most
powerful solutions”. And according to UNEP and IUGRD14), “Protected areas are
essential to the conservation of species, ecosgséem the livelihoods they support,
and also play a key role in adapting to and mitngathe impacts of climate change”.

UNEP/IUCN'’s report (2014) finds that the “15.4 ment of terrestrial and inland
water areas and 3.4 per cent of the global oceamaw protected — highlighting
growing global awareness of the need to safegumeraatural resources that will play
a crucial role in the upcoming Sustainable DevelepihGoals. This report shows how
protected areas deliver numerous benefits for geapld nature and need to be
recognized as a proven and cost-effective naturathod to deal with global
challenges such as water provision, food secutisgster-risk reduction, and climate
change mitigation and adaptation. For these reagpootected area coverage has been
used as one of the indicators to track progressausvthe Millennium Development
Goals.

Target 11 of the Convention on Biological Diver&tAichi Biodiversity Targets
calls for effectively and equitably managed conagon areas covering at least 17 per
cent of the world’'s terrestrial areas and ten pentcof marine areas —
especially areas of particular importance for hietsity and ecosystem services —
by 2020.
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According to Dudley et al (2010) protected areay al key role in both mitigation
and adaption to climate change (<Figure 4>).

Mitigation plays a role of ‘store’ and ‘captureStore’ is to prevent the loss of
carbon that is already present in vegetation aild. sGapture’ is to sequester further
carbon dioxide from the atmosphere in nature et¢esysThe key roles of adaptation
are ‘protect’ and ‘provide’. ‘Protect’ is to maimmaecosystem integrity, buffer local
climate, reduce risks and impacts from extreme adiicnevents such as storms,
droughts and sea-level rise. ‘Provide’ is to mam&ssential ecosystem services that
help people cope with changes in water supplisbefies, incidence of disease and
agricultural productivity caused by climate change.

Sequestration: carbon
capture and storage in
living and dead
vegetation in:

=+ Forests

= Grasslands

= Inland waters
=» Marine systems
= Soil and humus

Disaster relief: Supplying human
through risk needs: such as:
assessment and risk =+ Clean water
reduction using =* Fish spawning
ecosystem services, = Wild food
against: = Building materials
= Avalanche = Local medicines
=+ Hurricane =+ Shelter

=+ Flooding = Agrobiodiversity
=» Tidal surges = Pharmaceuticals
=+ Drought =+ Genetic material

Adaptation

<Figure 4> Three Pillars of Protected Area Benefits
(Source: Dudley et al, 2010)
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The following the same authors, PAs are real taoldight against climatic
change because they are a huge structure that sraniagve on field. Effectively,

PAs mean:

o Governance and Safeguards: Defined borders, t@paraler legal or other
effective frameworks and have experience in impleimg accessible, local

approaches involving people.

o Permanence: They are based around a commitmeetrteanence and long-

term management of ecosystems and natural resources

o Effectiveness: For example, management plandsf stad equipment,

understanding of how to manage ecosystems.

0 Monitoring, Verification and Reporting

2. Main Climate Change Strategies of Protected Area

2. 1: General Principles

The IUCN and other institutions like UNEP (UNEP,1P@; IUCN, 2015) have
emphasized that strategies to mitigate and adapt#di climate change of protected
areas should be carried out according to the piesiof:

o The important role that ecosystem-based appreaahe nature-based solutions
can play in both climate change mitigation and satagmn.

0 Maintains the highest possible level of environtakintegrity.

o Restoration of degraded habitats and landscapésiot just to a previous state,
but to future conditions.

0 Use of indigenous knowledge for planning and mameye of ecosystems
(Community based adaptation, CBA).

o Promote connectivity protected areas.
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o Increase the Coverage of protected areas (Expguride existing coverage of
terrestrial, coastal and marine protected areasistemt with Aichi Biodiversity
Targets 11 and 15.

There are numerous papers which present reviewgatkegies for mitigation and
adaptation to climatic change. For instance, Maydsdt al (2009) suggested 16
strategic lines for managing biodiversity in a @dt@ change scenario. On the other
hand, Rannow et al (2014) said that there are sp sagle “recipes” for strategies
to cope with climate change which is applicablergwbere. For these authors, any
strategy needs to develop actions from a localtpadimiew to PA networks with three
main levels (<Figue 5>):

o It should be designed for any specific proteetezh and local conditions.

o It is necessary to take a wider perspective amtsider land use beyond the
protected area boundaries.

o Finally, protected areas cannot be managed latiso from each other.

Support from
Support from POLICY and
SCIENTIFIC RESEARCH
COMMUNICATION
Research on climate impacts Y PART OF A
and vulnerabilities WIDER S/ Cross-border cooperation
Strategic conservation planning to |\ cONSERVATION an adaptation issues
enable prioritization of adaptation " STRATEGY / Reporting of species and habitat
actions in individual areas / changes as a result of climate
Indicators and reporting protocals |/ M, change under national and
to monitor change / \ international lagislation
Scientific capacity building CONSIDERING ; §
: LAND USE Harmonization of canservation
and land use policies
Research into ecosystem processes '\__OUTSIDE THE Promotion of partnerships
and services " PROTECTED and new funding streams
Social research to improve understanding ', AREA { Mechanisms to provide payments for
of factors that influence people’s ecosystem services that support
attitudes to conservation and howto  / adaptation
engage human communities Involvement of stakeholders

and local citizens

\ SITE-SPECIFIC ) Development and dissemination
Advice on appropriate management for ‘-.\_ADAPTA“DN _,-'I of case studies of adaptation
site adaptation issues \ ,-"" Policies and legislation to enable flexible
Frameworks for adaptive management and adaptive site designations without
Long-term monitoring of changes and of /. ‘. N compromising canservation goals
the effectiveness of management actions ’ N Interpretation and communication
Tools for decision support %, activities to enhance communication

of climate change issues

<Figure 5> Protected Area Network with Three Maevels
(Source: Dudley et al, 2010)
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2. 2: Networking

Networking is a very useful strategy for proegttareas, not only for mitigation
and adaptation to climate change, also for a mibeeterze management of PAs. There
are some very interesting networking experiences ragional scale, for example, to
produce common initiative and documents for the nmaggional and/or global
conferences, such as Latin American Network forhh@mal cooperation on National
Parks (REDPAARQUES) for the 21Conference of the Parties (COP) of the UN
Framework Convention on Climate Change in Paris. tkn other hand, regional
networking is very useful to create common tools @wchange information,
experiences and know-how among the members. Fonmgathe network PARCC,
Protected Areas Resilient to Climate Change of WAssica (http://www.parcc-
web.org/).

2. 3: Planning— Management for Change

Planning is the required fundamental step for ahgpsen strategy for the
management of protected areas. Planning is a momgplex future scenario; it
changes and is full of uncertainties.

Proper design of planning is essential to the ssosf any measures for
adaptation and mitigation of climate change, ulteha for the conservation of
environmental values of the protected areas. Howyélvese conservation values must
take into account that current environmental charatics will change in the future.
Therefore, in many cases, these conservation plganmust be based on the
assumption of change. IUCN, in a draft documenb§Sret al, 2106) about Protected
Areas and Climate Change said: “Given the broatl @ervasive ecological changes
underway and expected as a consequence of a ghiftimate, protected area
managers increasingly will be challenged to acyiveknage for change, rather than

focusing just on maintaining the persistence o$taxy systems”.
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Thus, for planning based on a scenario that wilinge, there should be some
models of what the changing trends will be and whiire vulnerabilities of our
ecosystems are. March (2010) and Ervin (2010) deeel these ideas in the

following schemes (Fig. 3 and 4):

Modelling of

chmate scenarios

g

Vulnerability
analysis of selected Yiibitis 5-2‘::&:&11 of —

conservation _Flll R— Climate o

targets _i’l conceptual Chmg,e mianagement
‘J\_.—L' models A projects
strategies

Vulnerability
analysis of human

comrnunities Landscape Designing New

associated with comnectivity corridors & protected
protected area and analysis conservation area
econonuc activities mechanisms easements,
REDD+ etc

<Figure 6> Methodology Overview for Modelling ofi@late Scenario

(Source: March, 2010)
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Climatic factors

+Temperatue

» Fracipitation
*Stonn pattems
* Phenology

]

~
scenarios and
timeframes

® Moy

« S0 years
* 10-25 years
* 75-50 years

* Lo scenvanio

* Moderate
soervario

« High scenarie

<Figure 7> Framework for Incorporating Climate iftmtected Area Threat

ige

Framework for incorporating
climate into protected area

Protected areavalues

= Biediversity conservation

threat assessments * Sustainable livelihwods
* Ecosystem services
Clllman: ia Key attributes » Climate mitigation
related threats + Reslience threshalds B
*Wanner and fipping pemts -
*Drierfmtter {temperatime Key hiodiversity features
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carher sprme/ ol tolerance, flowd * Spedies {rare, threatened,
*Extrumes tolerance} enclangered, keystonej
Climate synengies: o * Ecosy stems and natural
+Yuherahility facters
+hwasives {limited h-;msize, Tarnge, Ccommumit s friarian
elogging processas) wetlands, forests, steppe
. tems}
*Piraching A___p| * Integrity mdicators i ,
s@razing {size, condition, (:‘ * mtﬂ proresses
Dlscase \‘r\yf handscape contest)y |1 |_fioading, migration}

Theory of ecological respanse

» Changces to distance from
Hwesholds and tipping pombs _r\
« Inpacts on vulnevabili ty facters _Ir/

» Chainges I intagrity ndicaters

Management/policy responses

= Harvesting practices and polides

* Frotection and conserzation measures
= fesource allocation

* Restaration measures

= [ritical management activities

= Traveofls

& hcentives and policies

Assessment (Source: Ervin, 2010)

2. 4: Climate Vulnerability Assessment

One of more important steps for modelling of climatenarios and to develop a

strategy is Climate Vulnerability Assessment. Imlesrto understand (Gross et al,

2016);

o0 Which species, systems, or other conservatigetsiare most vulnerable;

o Why they are vulnerable; and

o0 Where they are vulnerable within a given protecteea.

According to the same authors, vulnerability hase¢h main components:

exposure, sensitivity and adaptive capacity.
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2. 5: Some Principles for a Climate Change Strategy

Recently the IUCN (2016) has elaborated the nebfetéo summarize the main

principles for a climate change strategy for prigd@reas (<Table 4>).

<Table 4> General Approaches to Identify Adaptigstions
(Source: Gross et al, 2016)

Reduce non-climate stressors

Paliution, disturbances, disease, and other stressors reduce the ability of species and
ecosysiem to adapt to cimate change.

Prioritise the protection of in-
tact, connected ecosystems

Intact, functioning ecosystems are more resilient 1o cimate changs than degraded
gystems. Priontising the protection of intact systems is essential for allowing species 1o
adapt to cument and future changes.

Identify and protect climate
refugia

Climate refugia are local areas that experience less climate change than the broadar
surrounding area and are areas that in the future that are likely 10 experience less climaie
change. These areas preserve existing populations of species that are more likely 1o be
resilient to climate change and may be a destination for future climate- sensitive migrants.

Consenve key ecological fea-
tures

Focus management on enduring ecological features ({the geophysical stage), structures,
organisms, and areas that are the foundations of communities and ecosystem propear
ties. Riparian comidors, freshwater suppiies (springs, lakes, etc.), and critical habitat for
keystone spacies are typically high priority.

Preserve and enhance connec-
tivity

Connectivity operates on multiple levels. For species and communities, provide the
opportunity 1o respond to climate changes by shifting their distributions.  Facilitate the
movement of water, nutrients, energy, and organism betwesn resources and habitats,
Connectivity is often considerad to enhance system resiliency

Sustain or restore ecosystem
process and function to pro-
mote resilience

Climate changes will challenge our ability 10 preserve all current species, and the focus
here ig to preserve fundamenial ecosysiem properties like primary productivity (Diomass
growth), decomposition, wetland filtration of nutrients and sediments, and nutrient cyching.
These processes contribute to ecological integrity even if there are changes in species
COMPOSition and ecosystem swucture.

Improve representation, redun-
dancy and replication

Both within and across PAs, attempt 1o conserve or protect samples of key species,
habitats, and ecosysiems (representation) at multiple sites redundancy and replication).
This addresses a fundamental conservation principle to spread risk and bet-hedge against
catastrophic losses at a specific site. Where possible, manage 10 assist adaptive evolu-
tionary change by e.g. supporting populations in diverse habitats, facilitating gene flow, or
actively managing genetic composition of species (2.0. via forest manageament ).

Assist colonization

It may be appropriate, or necassary, in some situations 1o actively move arganisms and
assist in their establishment at locations where they cumrently or never previously existed.
Some argue that this is an essential task due 1o human-caused habitat fragmentation and
artificial bamiers 10 species movements. Assisted colonization s highly controversial as a
climate adaptation strategy, but relocations, ntroductions, and reintroductions have been
routine practices in conservation, wildife management, and agriculiure for centunies.

2. 6: Mitigation, Strategy for the Main Biomes

The main goal of PAs for mitigation of climate clgans to reduce greenhouse gas

emissions from deforestation and land degradaflidyis means maintaining a good

-39 -



state of surface conservation for natural land sea habitats. There are two main
ways to obtain mitigation goals:

o Carbon stores: It means to prevent the loss iiocathat is already present in
vegetations and soils.

o Carbon capture: It means to sequester furtheboocardioxide from the
atmosphere in natural ecosystems.

Nevertheless, if protected areas include humanizgaces (such as in many
Biosphere Reserves), you should add other posadtiens related to our lifestyle to
reduce carbon emissions:

0 Energy efficiency (including transportation)
o Increase renewable energy
o Improve waste management

IUCN, in common with other institutions, publishad especial report where the
main strategic line for mitigation of climatic clgganwere summarized (Dudley et al,
2010). Below, we have selected the world's maingipies for the principal biomes.

o Forests are the world’s largest terrestrial carstock and continue to sequester

in old-growth phases.

Increase the area of forest protected areas:tyo#ixpanding existing

protected areas and creating new protected areas.

In efficiency of management in forest protectesbar by further applications
of assessment drawing on the IUCN-WCPA managenifrtdtieeness

assessment framework and building management degsaci

Restore forests in protected areas: For exampédoned farmland in
logged over areas and in areas where climate chaage other land use

untenable.

Develop more efficient methodologies and critéoiaidentifying areas with
high carbon storage and sequestration potentidluaa this as an

additional filter for selecting protected areas.

Undertake management training to plan for clintdt@nge, including

responded likely to fire regimes, stream flow am¢asive species.
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o Inland wetlands, particularly peatlands, storgghamounts of carbon and their
protection are critically important. In 2014, thevere reports of massive peat forests
being documented in a remote part of the RepuliliCango (Congo-Brazzaville) in
central Africa. Scientists estimated that the peatl covers between 100,000 and
200,000 krfi with peat depth as much as 7m beneath the suSacee of the areas in
the Congo-Brazzaville already are a community resejointly managed by the
Wildlife Conservation Society, the government aheé tocal people. This is one
example where new information on carbon reserveshbsa used in protected area
planning, with a goal to mitigate climate changedss et al, 2016, draft document).

- Protection of natural peat: urgent steps are riemprotect standing sources
of peat in the boreal, temperate and tropical megiocluding appropriate
regions by the expansion of protected area netwadihkis will often involve
some protection for entire watersheds that feemltim peat areas, as much
as the areas themselves.

- Working out the best management strategies: furtioek is needed to find
out more about carbon balance in peatlands and iolaed waters; and
particularly the combination of conditions that ¢gma system from being a
sink to source of carbon, along with the best mansmt methods to
maintain wetlands as sinks for carbon.

o Salt marshes, mangroves and seagrass beds allimgortant potential to

sequester carbon.

- Increase protection for coastal mangrove, salsmand seagrass
communities: through marine protected areas armgjiated coastal
management as an excellent way to increase thel'waorhtural carbon sink
and develop more effective marine management regihs integrate the

ocean in the larger carbon management scheme.

- Add carbon sequestration potential to marine gegbyaes and other
protected area assessments: use and improve sonutaddels and field

studies to develop tools for enhancing managenlansgor ecosystems
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protection, rehabilitation and restoration, inchgloptimal scenarios for

carbon allocation and CO uptake.

- Increase management effectiveness of marine pecteceas: retain,
maintain and recover ecosystem resilience and haacie natural carbon
sinks by reducing other human induced stressots asicoastal destruction,

overfishing or ocean and land-based pollution.

o Natural grasslands represent a major carbon btdréoss and degradation are
currently releasing large amounts of carbon, argsiands can either be a source or

sink for carbon depending on management, predpitand CO levels.

- Expand protected areas in grassland habitatsidimg both strictly protected
areas (IUCN categories I-1V) and protected landssdpategory V and VI)
in sites where careful integration of low-level destic grazing on

grasslands can help stabilize and rebuild carbmrkst

- Improve management: including introduction of aursible grazing practices

within protected landscapes and extractive reserves

- Carry out further research on the status and srendarbon sequestration in
grasslands: focusing particularly on managemenbopthat can minimise

losses and maximize storage and sequestration.
o Soil provides a huge carbon reservoir.

- Adopt farming methods that capture carbon as ageproducing food and
fibre: through legislation, incentives, preferehfimmding and capacity-
building in the farming community, particularly faging on organic

production, low tillage and where appropriate paremd set aside.

- Promote model approaches: making farming withiegary V protected
areas a model and test-bed for new and traditicardlon-capture

techniques.

- Beach better understanding of the potential foicafjural sequestration:

continuing uncertainty about the size of the potém hampering
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implementation of new management approaches; umgerk to complete

and synthesize estimates is required.

2.7: Adaptation

Climate change will undoubtedly have consequenneboih habitats of many
species and in ecosystems functionalism. As atresigre will be consequences for
many services these ecosystems provide to humamityyater supplies or protection
from natural disasters. Then climate change witidnee a threat to:

0 Habitats

0 Species

o Human resources
0 Human safety

Against this, planning and management of proteceshs to adapt to these
changes are necessary. Ecosystem-based adapsatimnbest approach for planning
and management of PAs, it uses biodiversity andystem services in an overall
adaptation strategy. It includes the sustainableagement, protection and restoration
of ecosystems to maintain services that help peaghpt to the adverse effects of
climate change (Colls, 2009).

As Dunlop (2010) wrote, many of these changes tllevery hard to predict,
while significant change to biodiversity is highdgrtain, there will be many types of
change and there is much uncertainty about thefgpdetails of future changes and
losses (Dunlop, 2010). Nevertheless, according his twuthor, there are three
overarching scenarios of change of the ecosysterRg(re 8>):

- Local adaptation
- Macro-scale distribution shift

- Influxes of “new” species, both exotic and natives
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<Figure 8> Three Mental Models Characterizing D#f#& Ecological
Outcomes as a Result of Climate Change. Note: i2ifite

Colors represent different environments, and theves
Represent population shifts as differentironments become
Suitable (Source: Dunlop, 2010)

This means that protected areas must be preparetidoges in the characteristics
of ecosystems and landscapes, and should be pdefmaréne entry of alien species
and the disappearance or migration of native spediefront of this scenario it is
essential to increase and improve connectivity betwthe AP as an essential measure

for adapting to change.
2.8: Examples of Connectivity and Networking betwae PAs

In mountain ecosystems, the landscape approactc@muectivity corridors are
viable means of achieving climate change adaptatnmhmitigation. The International
Centre for Integrated Mountain Development regiawperative framework, which
is being implemented in eight Hindu Kush Himalayauntries, is a prime example.

Some 39 per cent of the region is protected, wii® grotected areas falling within the
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International Union for Conservation of Nature’s tegories |-VI. Regional
cooperation is promoted through conservation corsidhat aim to restore disturbed
connectivity between existing mountain protectezharthat cross political boundaries.
In Europe, a number of governmental and -gomernmental organizations are
cooperating to develop a corridor between the Alpd the Carpathians and to foster
exchange on ecological networks. The Yellowston&a&on Conservation Initiative,
covering more than 3,000 km stretching north fréva United States of America to
Canada, is probably the most highly developed nental-scale connectivity
initiative.

Some authors have proposed the concept of assisigdation, or assist
colonization, to describe the actions to facilittdethreatened species to establish in

new areas following the changes of climate (<Fig¥end <Table 5>).

<Table 5> Concept of Assisted Migration (Sourceo<3ret al, 2016)

Assisted migration

Azzisted migration i the intantional movement and establishment of epacies 1o a new location. The rate and magnitude of
climate change prajectad for the 215t century is lkely 1o exceed many of the thresholds to which cument spacies assem-
blages have become adapted, regardless of any mananement interventions. [0 such situations, very difficult decisions will
be raguired to decide which species can be saved. As such, ‘conservation tiage' may emerge as a critical process in the
pricritzation and selection of which species to assist. The aliocation of sCarce rasolrcas to help cenain species (and not
others) has considerable athical implications.

Threa different types of assisted migration can be identified (Ste-Marie et al., 2011);

« Assisted population migration: The movement of populations with different genetic makeups within a given species’
cument range. This speads up a process in which the species is likely 10 have spread amyway.

*  Assisted range expansion: The movement of 2 given species to areas just outside its curent rangs, mimicking how it
would naturally spread,

+  Assisted long-distance migration: The movement of 2 given species 10 areas far outside its current range (beyond
whera it would naturally spread).

Assisted population migration {iype 1 above) and assisted range expansion {type 2) are cumently Used in many parts of the
world, primarily in forestry and agricultura to bring in genetic varieties to match a changed climate (Ste. Marne et al., 2011),
Assistad long-distance migration {type 3) should only be considered whera a species is likely to go extint in the wild. This
type of assisted migration is riskier than the other two because it involves new genetic stock that may significantly impact
the ecosysiem intowhich it s introduced. There are varying perspectives on using assisted migration as an adaption (ool
{=ee Riccardl and Simerloff, 2008; Aubin et al., 2011: Pedlar et al.,, 2011, 2012; Larson and Palmeer, 2013; Schwartz et al,
2012: Tnomas et al. 2011).  The best practice is to be very careful and only use this tool after a complete assessment of
the risk and rewards. This i a rapidly developing topic and managers should abtain careful advice before proceeding. The
wise use of assisted migration will vary according to the goals and objectives for the protected area and the intenvering
landscapes and waterscapes.,
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2.9: Using Protected Areas to Reduce the Impacts dlatural Disasters

Linked to Climate Change

Recently IUCN has published a document with the pesctices for planning and
managing PAs for disaster risk reduction (Dudl€d1%). Even though the document
analyzes different kinds of natural disasters, ihaority has a link with climate
change. Below is the summarization of the besttjpes that were proposed by
IUCN.

o Cyclones, Typhoons and Hurricanes

- Maintain natural barriers (forests, mangroves, aaeills, coastal
marshes, barrier islands, and sand dunes) in gboome areas,
particularly along coasts where human communiteegtbeen
established.

- By actively planting or seeding, actively restorlagd barriers and/or
through removal of pressures, it is necessarysiore natural barriers
that have disappeared.

- Introduce Introduce protected zoning areas thatrparates DRR
elements.

o Flooding

- Design protected area systems to include a rangatafal floodplains
and wetlands that can absorb and store flood wiaude natural
forests on steep slopes and next to watercous@spvide maximum

buffering potential.

- Ensure that vegetation is in good health and eggilio natural flood

patterns, including through restoration policiesetessary.

- Build good working relations between DRR speciajiprotected area
authorities, and water authorities to ensure thaty®ne understands
how they can contribute to flood prevention straegThis can be

achieved through development of collaborative waglgroups and
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representation of protected areas on regional téispanning

committees.

Include integrated water management elements atetsieed
approaches into protected areas. Planning to leiterect protected

areas with the surrounding hydrological system.

0 Sea Level Rise

Manage, restore and where necessa&igpcate natural buffers like
mangroves and sand dunes so that they can proagenum coastal

protection.

Include regular studies of changes in coastal \atiget within

monitoring systems to allow sufficient time to resfd to any changes.

Develop cooperation between DRR and protectedsgpeaialists to
ensure that strategies for management of coastalgehinclude
protected areas as tools for both coastal proteetnl biodiversity

conservation.

Use the results from monitoring to raise awaremaeslseducate the
surrounding communities about sea-level rise, ttengial impacts and

the need for better protection.

o Drought

Work out agreements with relevant local and nomadimomunities
related to access and use of resources (grazilig¢toan of fodder,
collection of non-timber forest products) beforéraught takes place

and work together to ensure compliance in the eskaftcrisis.

Maintain or restore ground vegetation through agesgs with farmers
and pastoralists, the control of off-road vehidasd where active

restoration efforts are necessary.

Pay particular attention to protection of surfand groundwater sites

and to their catchments, to maximize water avditgbi
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- Introduce usef sustainable gravity water flow schemes or wptenps
to provide water to communities outside protectes for home-
based/small-scale irrigation, thus reducing pressarprotected natural

ecosystems.

- Maintain bee habitats to ensure cross-pollinatiocrops to increase

food security.
o Desertification and Dust Storms

- Locate protected areas as buffer zones arounérsettits or at the edge
of desert areas for slowing down the rate of sws®n and reduce

levels of dust storms.

- Maintain or more likely restore vegetation throwgghzing control,
prevention of off-road vehicles and where activ&@agtion programs

are necessary.

- Encourage sustainable grazing practices in pratdatelscapes and

other less strictly protected areas.
o Wildfire

- Plan protected area fire management strategieshatianal or regional
scale, tailored to particular conditions (presesickuman communities,

proximity to other forests, risks of fire duringghirisk periods etc.).

- Maintain detailed fire prevention, management afdty strategies,

particularly in protected areas that are heavisjted.

- Provide visitors with advice and instructions abogventing accidental

fires.

- Coordinate between different stakeholders to addsesvention and

control of wildfire.

-48 -



3. Protected Areas at an International Level

3. 1: Biosphere Reserves

Biosphere reserves are particularly protected abeasuse many BRs include
humanized areas. The core BR area is usually aicégprotected area, while the
other two areas (buffer and transition) can haveae or less intense economic
activity and human occupation. In this way, the Kid\ction Plan (2008) highlights
that climatic change can be approached from a tiwlmerspective in biosphere
reserves: “MAB and the World Network of BiospheresRrves bring added value to
addressing climate change through the integratpdoaph which is generally absent
elsewhere. Buffer zones and transition areas apbiere reserves may also be used to
test many mitigation tactics and strategies.”

However, there is a huge variability of situatioB®cause of this unigueness,
adaptation and, especially, mitigation strategiasehto be wider than in classical
protected areas. The reason is because it mustdmadhe lifestyle of the human
population living within the reserve. For exampiatigation strategies should include
the use of energy and waste management. On the loéimel, adaptation strategies
should include both the vulnerability of ecosysteenvices (particularly water and
natural resources supply, and protection agairsiraladisasters), and the possibility
that the BRs are places that welcome climate refsige

In 2011 an international meeting was organized riesbe (Germany) specifically
on the topic of biosphere reserves and climate gdwa@ne of the main topics was to
find good examples of best practices to deal witlmatic change, and to conduct a
guestionnaire to know how it was addressing clinclteange in biosphere reserves.
The main results were published in Méller (2011).

The questionnaire's main results were:

0 31% of the BRs which were answered can be coresides already intensively
and diversely active in the field of climate changath projects in many different

areas of mitigation and adaptation (projects ileast 15 different areas).
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o About half of all respondents said that climakarmge is highlighted as an

important issue in their management plan (<Figake 9

B Fully cormec

M Mostly cormect
0 Fartially correct
1 Not correct

B Don't know

26% 21%

<Figure 9> Perception on Climate Change Beimghkyjhted as an
Important Issue in the Management BlaBiosphere Reserve
(Source: Moller, 2011).

0 However, there are specific action plans or d@nzhange strategies in only
about a third of all biosphere reserves. Anoth@dthave not done anything in this

regard.
Other interesting key conclusions of the questioenaere:

o The areas where most biosphere reserves repamifisgprojects were raising
public awareness, long-term climate change momnigpriand mitigating climate

change through forest management or reforestation.

o Other fields were climate change education fddodn, rehabilitation of high-
C ecosystems, low-impact tourism, and maintainexg@stablishing biological

corridors needed to facilitate climate change aatapt.

o0 Among mitigation projects, forestry was the mfvsguently used approach,

followed by rehabilitation of high-C ecosystems amgroved agriculture techniques.
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o With the exception of low-impact tourism, the memic dimension of climate
change mitigation (regional marketing, low-impactbjic transport) was not yet a

clear focus area.

o So far, very few biosphere reserves were impleimgmternational emissions
reduction trading schemes (CDM, JI, LULUCF, REDCet¢.) — even fewer than

those that were experimenting with local transtdresnes.

0 A clear focus area in many biosphere reserves weeadapt their governance
system, bringing in new stakeholders, bridging ssvgovernmental levels, varying

the time-frame of the management plan, etc.

0 Research on climate change was also a clearg#tremith long-term

monitoring and local climate change predictions\gehe focal areas.

o Even more important was the field of educatiod eaising public awareness,
including sensitizing decision makers — combinifideectors, this field of activity was

even more widely used than that of climate chantgigation through land use.

This review presented a collection of 28 good peast cases that could be
interesting as examples for other sites. Thesescats@v good initiatives for the next
topics:

o Mitigation

- Renewable energies and energy efficier@yosses Walsertal RB (Austria)

- Piloting carbon neutrality - Agua y Paz RBosta Rica)

- Avoiding deforestation through Participgtéiorest Management - Kafa RB
(Ethiopia)

- Carbon in old forests - DingHuShan RB (Ghin

- Setting up a local carbon credit schemeuger to Canyons RB
(South Africa)

- Becoming a zero-emissions region - Bliesg8u(Germany)
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-Reorganizing agriculture to improve carbon seqaéstn - Buena Vista RB
(Cuba)
- 100 percent renewable energies - El HiRBo(Spain)
0 Adaptation
- Coastal water management - Wadden Seawét8axony RB (Germany)
- Community adaptation — Noosa RB (Australia)
- Cooperation on sea-level rise - Malindi @rati RB (Kenya) - North
Devon (UK)
- Including indigenous people in adaptation - Sidfevada de Santa Marta
RB (Colombia)
-Adapting to increasing drought - Spreewald RB (Gem)
- Protecting mangroves through buffer zonBslta du Saloum RB (Senegal)
- Global species migration and global chageiposa Monarca RB
(Mexico)
- Adapting to increasing floods - Trebon baRB (Czech Republic)
- Monitoring the mountains - Sierra Nevada $pain) and Katunskiy RB
(Russian Federation)
o Mitigation and Adaptation
- Adapted agriculture and bog restoration - Sde@aRB (Germany)

- Islands in climate change — Jeju RB (RepubliKofea)
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o Biosphere Reserves and Networking

Networking is is a biosphere reserves' characterist fact, MAB-UNESCO was
created as a worldwide network of reserves, whrehtlzen structured in regional and
thematic networks. This structure is very usefuldbaring experiences especially in
the areas of planning and management, so is tostneam adaptation and mitigation
of climate change in their management plans.

Below are a few examples.

o Dresde Declaration. In 2011, the international BA8onference "For Life, for
the Future: Biosphere Reserves and Climate Charggd], in Dresden, Germany,
called on MAB states to place greater emphasis iosphere reserves in their
strategies on climate change mitigation and adaptatnd to transfer approaches
developed in biosphere reserves to other regions.

o International Conference of Island and Coastalspiere Reserves: Climate
Change and Island and Coastal Ecosystems.

o World Network on lIslands and Coastal BiospherseRees. In 2012, the
World Network on Islands and Coastal Biosphere Resewas founded. Presently,
the network consists of 26 Islands and Coastal@iese Reserves around the world.
It was established due to the high vulnerabilityespecially small islands to climate
change. The office located on the island of Jej$auth Korea, focuses on climate
change issues.

0 BiosphereSmart. BiosphereSmart is a global obsery created to share ideas,
knowledge, good practices, and experiences amoongpBere Reserves on issues
related to climate change, green economies, anthisable development. The
BiosphereSmart Initiative is based on the idea taximize the use of new
informational technologies to build a covenant dosustainable future and transition
to green societies based on knowledge. This pedocmis based on a website where
the best examples of actions developed in biosptreserves are showed. Most of

them have some linkage with mitigation or adaptatmclimate change.
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3. 2: World Heritage Sites

Many declared World Heritage (WH) sites includedpioere reserves or national
parks, so mitigation strategies and adaptation in@ey things in common with these
others protected areas. However, the WH sitesrdiifen biosphere reserves because
the emphasis is on conservation of a valuable dggit(to sustain its Outstanding
Universal Value (OUV), whether naturally or cultllya rather than on models of
human development. For this reason, it makes lgdase to discuss strategies to
mitigate climate change in WH sites, and emphasisni adaptation strategies. The
World Heritage Centre of UNESCO has been workirtigrisively to assess the risks
that exist for World Heritage, to define the besategies for adapting to climate
change and recognizing the places where they hewvelaped successful experiences
in this regard. A meeting of experts was convemeMarch 2006, to discuss current
and future impacts of climate change on World et sites. The outcome of this
initiative included a ‘Report on Predicting and Magmng the Effects of Climate
Change on World Heritage’, as well as a ‘StrategyAssist States Parties to
Implement Appropriate  Management Responses’. Frdns finitiative a few
documents were published that are essential tomelefie strategies for adapting to
climate change in the global network of WH siteke Tollowing are the highlights:
WHC (2007a) is a selection of places that are eXasnpf adaptation in different
ecosystems and historical sites; WHC (2007b) wipobvides a first strategy for
adaptation to climate change, and Perry and Fal2®i4) which is a practical guide
for managers.

The following lines were summarized from Perry dralzon (2014), with the
main ideas, the best ideas and best practicesdfptation to climate change in the
declared WH sites. These authors propose a schwaheeflect the general approach

and thinking processes that a site manager woultalty follow (<Figure 10>).
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Feature:
attribu

<Figure 10> Main and Best Ideas and PracfameAdaptation to Climate
Change in World Heritage Sites (8euPerry and Falzon, 2014)

According to Perry and Falzon (2014), “In getheadaptation practices should
conserve the geophysical stage, protect refugié,promote connectivity within the
greater landscape. Some interventions require kagineering, such as artificial
reefs, breakwaters, roads, canals, removing ingagdecies, re-vegetation, managing
dunes, restoring wetlands, or burning. Others famuschanging human behaviour,
such as education, zoning, taxation, legislatiansacial programmes. Significant
engagement with stakeholders in the surroundind/$@ascape when such practices
are being designed will increase understanding @otection of the OUV. In all

cases, it is essential that monitoring is carriedregularly and accurately.
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On the other hand, a list of options and best mestfor adapting the WH sites
are:

0 Reduce existing stressors.

o Remove/control invasive species.

0 Raise awareness among partner communities, rgsitad colleagues.

o Build alliances with NGOs, businesses and landsin

o Expand the effective size of the site, by intr@dg a buffer zone if possible, in
order to allow for movement and population growth.

0 Encourage, lead/participate in the design anjdason of new protected areas.

o Work with national planning and development agesto include conservation
and enhancement of OUV in all policies and plans.

o Form alliances with managers of other natural &/dieritage sites and
protected areas.

o Carry out interventions, such as planting, cleamand fire setting in order to
manage the balance of habitats, optimize colomradnd reduce the risk of climate-
linked calamities.

o Rarely, large engineering projects such as wateroad diversions may be
appropriate.

o ldentify appropriate sites that can be protecéed enhanced to provide
migratory stopping points, or corridors to enablkllife to move into new areas.

o0 Where important species are in severe dangextiwicéon, and where feasible,

it may be necessary to relocate them to a new arda,a controlled environment.

3. 3: Ramsar Sites

The RAMSAR Convention specifically protects thosetlands that are included
in the Convention. These areas also are protedted rational level and its main
objective is the conservation of biodiversity. Howe as many other PAs, wetlands
provide many other services to humanity. Wetlangspk/ resources, including fresh

water, and often act as a physical protection agj@ixireme weather events.
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As wetlands, effects of climate change manifestndelves in a particular way
also, and probably stronger than other types o$ystems. RAMSAR, has produced
various documents to facilitate planning and mansege of these PA. This institution
has highlighted the vulnerability of these PAs tonate change (sea level rise,
increased severe storms, droughts, etc.), and e no carry out a proper
vulnerability assessment before any plan or perémee for mitigation or adaptation
(Gitay, 2011; RAMSAR, 2012).

Wetlands (eg. coastal salt marshes, mangroveseautass beds, peatlands) have
a very important role in the carbon balance, bezdlnsy are important carbon stores,
and at the same time their emitters of carbon.|&wedg, for example, are extremely
important in this sense. Last year's publicatiomseting and institutional declarations,
mainly from RAMSAR, try to raise awareness among ititernational communities
for the importance of these ecosystems (RAMSAR 220bosten, 2015). Therefore,
the preservation of the integrity of these ecosystand the restoration of those that
have been degraded are very important actionstigate climate change.

The following paragraphs summarize the main recontagons RAMSAR has
been publishing for adaptation and mitigation afnelte change on wetlands, most of
the information was transcribed RAMSAR (2012).

(1) The main impacts of climate change that particlarly affect wetlands are
stated below(RAMSAR, 2008).

0 Sea Level Rise
- Major change to wetland water regimes — flagdirying.
- Sea level rise inundates coastal wetland$at &nd storm surge.
- Further salinisation - loss of freshwater aetls.
- Loss/change of habitat (eg. migratory birdstertidal and inland habitats).
- Loss of ecosystem services and livelihoods.

o Storm Surge and Large Events
- Storm surges occurring on higher mean seddeviét enable inundation and

damaging waves to penetrate further inlands.
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- This would increase flooding, erosion and dgen@ built infrastructures and
natural ecosystems.
- Changes to wind speed will also affect stoungs height.
- Extreme events such as large storms are ity to increase.
o Drought and Fire
- Droughts are projected to increase in somasare
- A substantial increase in fire risk is likely.

- Increased wetland degradation and releasarbba gases.

(2) Vulnerability Assessment of RAMSAR SitegGitay, 2011; RAMSAR, 2012)

In the context of the Ramsar Convention, vulnergbdssessment refers to the
relationship between exposures to a particulareignt, the impact of that event on a
wetland, and the ability of the wetland to copehwitie impacts or the efforts needed
to minimize the impacts. The concepts of copingacéy or resilience and sensitivity
are included within vulnerability, and are espdgiamportant in the context of
assessing changes in the ecological charactewetland due to climate change.

By bringing information together from various medlscand approaches, a general
framework for wetland vulnerability assessment lmeen developed, with the
following elements:

o Establishing present status and recent trendscriggon of the wetland, the
present and recent pressures, and the presentioandiue to limited data for many
wetlands, local knowledge is used to complement itiiermation collected by
contemporary scientific means;

o Determining the wetland’s sensitivity and adaptigcapacity to multiple
pressures description of the pressures on the ngelad the development of plausible
future changes in order to assess the sensitindyaalaptive capacity of the wetland;

o Developing responses: determining the likely iotpaof these changes on the
wetland and the desired outcomes for it, as wealhasesponses that can be developed

and implemented given its sensitivity and resilesrend
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o Monitoring and adaptive management: determinggriecessary steps to ensure

the path to the desired outcomes.

(3) Adaptation in RAMSAR Sites(RAMSAR, 2012)

The IPCC considers adaptation as actual adjustneerdeanges in decisions that
ultimately enhance resilience or reduce vulnerghib observed or expected changes
in climate. For wetlands this could include furtierestment in coastal infrastructure
to reduce vulnerability to storm surges and seatlege, or changes in policies to
support increased resilience to climate variahilihether differentiated by spatial
scale, the sectors that affect wetlands, or the tfpaction to avoid or repair adverse
change in wetlands, or by a combination of actsitiFurther, adaptation can include
responses to current variability, observed mediwma Bng-term trends in climate,
and anticipatory planning in response to scenarideng-term climate change.

Assessments of adaptation costs and benefits queed, including evaluations of
the impacts, or likely impacts, of sea level orrstosurges on coastal wetlands,
including mangroves and lagoons that support taihioods of many people. It is
also necessary to consider, in addition to econa@oests and technology, the influence
of social factors and institutional arrangements tba ability of individuals and
communities to respond to changes in the climatiehanv these impact on wetlands.

Peatlands cover only 3% of the global land surf&mene 15% of these peatlands
have been drained for agriculture, forestry andig which leads to the release of
carbon stored in their soils. Degrading peatlarmtgrdute no less than 5% to total
global anthropogenic emissions. These emissionsbeareduced by rewetting the
drained peatlands, which can involve alternativentoof utilization.

Rewetting prevents soil subsidence and eventuatlilg and salt water intrusion
as well as soil erosion and desertification. Resgefieatlands store water ischelps

adaptation to a changing climate.
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(4) Mitigation in RAMSAR Sites (RAMSAR, 2012)
o Carbon storage in, and emissions from wetlands

- The importance of carbon storage and emisgrons wetlands, in particular

from tropical peatlands and coastal salt masmangroves and seagrass
beds, is increasingly being recognized

- Many wetlands contain large stores of carbahdawn over centuries. If
these should be degraded, large amounts of mamdibe form of Greenhouse
Gases (GHGSs) can be released to the atmosphei@atribute to
anthropogenic climate change. This is well kndampeatlands, both forested
and non-forested.

- Recently there has been an increased attetatittre storage of carbon in
coastal ecosystems, notably mangroves, tidathasthes and seagrass beds,
which can store large quantities of what iseasingly becoming called ‘blue
carbon’. There is growing evidence that the ngengent of ‘blue carbon’
wetlands has the potential to transform globabon management,
contributing to avoiding further loss and degtash of these ecosystems, and

providing further incentives for their restocatiand sustainable use.

3. 4: Natura 2000 Network

The Natura 2000 network is the largest networkrotgrted areas in Europe that
provides protection of natural areas worthy of @ctibn at a Eurpoean level as a
group. The LIFE program is a financial instrumerdttfacilitates the development of
conservation projects in Natura 2000. One of thergies of LIFE is climate change,
with three sub-programmes - Mitigation, Adaptatiand Gobernance and
Information.
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Chapter 5

Strategy against Climate Change on Island and Coaat

Biosphere Reserve - Ecological Vulnerability

Ecological vulnerability is the degree to which ystem is susceptible to, and
unable to cope with, adverse effects of climatengka including climate variability
and extremes. Vulnerability is a function of theadcter, magnitude, and rate of
climate change and variation to which a systemxggosed, its sensitivity, and its
adaptive capacity.

Habitat loss and fragmentation, overexploitatiorollygion, the impact of
invasive alien species and, increasingly, climateange all threaten global
biodiversity. Global warming will affect all spesieand exacerbate the other
environmental stresses already being experiencettyystems. Climate change may
thus further accelerate both the ongoing impoverestt of global biodiversity,
caused by unsustainable use of natural capitaltrendegradation of land, freshwater,
and marine systems.

Climate change is already impacting on ecosystemd lkelihoods, but
enhanced protection and management of biologicedurees can mitigate these

impacts and contribute to solutions as nations @mdmunities strive to adapt to
climate change. Protecting forests and other naggasystems can provide social,
economic, and environmental benefits, both diredtiyough more sustainable
management of biological resources and indiretttpugh protection of ecosystem
services.

Although further attempts to describe, understaarttj predict the effects of
climate change are important, there is also corsinde interest in identifying
principles and approaches that could help reducanweliorate anticipated negative
effects of climate change (Hannah et al, 2002dginkt al, 2004; Da Fonseca et al,
2005; Fischlin et al, 2007). The legacy of pasingfes to biodiversity sets the initial
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conditions for the world biodiversity. The overarap goal remains to minimize the
loss of biodiversity.

In such a context, this chapter attempts to estalthe strategies on ecological
vulnerability in terms of ecosystems, biodiversitgpmmunities of flora and fauna,

and species.

1. Ecosystems

The Millennium Ecosystem Assessmshbwed that over the past 50 years human
activities have changed ecosystems more rapidly extnsively than at any
comparable period in our history. Biodiversity losgtters because species and
habitats are the building blocks on which humarelihoods depend on, the
foundation for production forests, fisheries, andri@ltural crops. Enhanced
protection and management of biological resouraésalso contribute to solutions as
nations and communities strive to adapt to clincii@nge. Possible strategies that will
enable ecosystems to become resilience to climasémges are the following 10

sectors.
0 Maintaining Well-Functioning Ecosystems
o Protecting a Representative Array of Ecologigat&ms
0 Removing or Minimizing Existing Stressors

0 Managing Appropriate Connectivity of Species, dscapes, Seascapes and

Ecosystem Processes

0 Eco-engineering for Assisting the Transforoatf Some Communities

under Climate Change
o Increasing the Extent of Protected Areas

o Improving Representation and replication withiotBcted Area Networks
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o Improving Management and Restoration of ExisBngtected Areas

to Facilitate Resilience

o0 Managing and Restoring Ecosystem Functiorerdttan Focusing on

Specific Components (Species or Assemblages)

o Evaluating and Enhancing Monitoring Prograorsaildlife and Ecosystems

(1) Maintaining Well-Functioning Ecosystems

With decades and centuries of projected climatiange that is significant in
magnitude but uncertain in detail, the single magportant principle guiding the
management of biodiversity is the maintenance ofl-fuactioning ecosystems.
Maintenance of a high level biodiversity is a gosttlategy to ensure the good
functioning of ecosystems. However, this is noingpge principle to implement under
a changing climate. Maintenance or enhancing thidie@ece of ecosystems is crucial
to ensure the continuation of adequate functionwvéi@r, under a changing climate,
the maintenance of resilience of existing ecosystaght become counter-productive
and there is the possibility of the transformatadrthe ecosystem. If transformation
becomes more common, it will be imperative to mamihe ecosystem functionality

and also their ability to deliver services on whilbh society depends for its survival.

(2) Protecting a Representative Array of Ecological Sstems

Not only is it important to have well functioningasystems, but also the full
diversity of these systems need to be includedeaasamanaged for conservation. This
basic principle of conservation needs renewed esiplend reinterpretation under
climate change. The principle of representativendsish represents all biodiversity

in all appropriately managed systems, remains é&sseander climate change.
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However, the purpose now is to represent as malffgreint combinations of
underlying environments and drivers, rather thagcd arrays of species. While the
particular assemblage of species or genes in deslogation may change, aiming to
encompass diversity provides the best likelihood haiving conditions for all
biodiversity somewhere. All environments shouldreresented in national, regional
or global systems of protected areas or reservebveXsity of landscape architectures
in terms of the arrangement of patches and commediabitats should be well

represented. This diversity should also be maiethat a national level.

(3) Removing or Minimizing Existing Stressors

The biggest threat to biodiversity continues toabeumber of existing stressors
such as direct human modification of ecosystems twed introduction of exotic
species. These will continue to be important, biilmate change will act as an
additional stressor on species and ecosystemsglhasvexacerbating the effects of
the many existing stressors. Thus, as a managepneaiple, it will become even

more important to minimize or remove existing ses.

(4) Managing Appropriate Connectivity of Species, Landcapes, Seascapes,

and Ecosystem Processes

With increasing pressure on species to migratespanse to a changing climate,
and for ecosystems to disassemble and reassenhgles ts a greater focus on
achieving appropriate types of landscapes anatapas connectivity to create more
space for nature to self adapt (Mansergh and Cl2€4l7), while protecting some
areas from disruption and invasion. The concepadiscape fluidity, defined as the
ebb and flow of organisms within a landscape (assape) through time (Manning et
al, 2009), provides a more appropriate dynamic tpideing to biodiversity in a
rapidly changing world. Marine ecosystems may haweadvantage, in that many

(not all) organisms may be able to change theiggmahical position in response to
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changes in the abiotic environment around themreaial ecosystems face more
severe challenges, because most terrestrial orgarase less mobile, and are subject
to more direct and pervasive human modificatioesRwater organisms may face the

greatest challenge, given that they may need teerbewveen catchment.

Such an emphasis on the landscapan integral part of biodiversity management
indicate the need to move from a simplistic pokdizpattern of landscape structure
and use to more fluid multiple use landscapes wa#ih adaptation of ecosystems in
the landscape. Support for such adaptation musedoom those who live in and on
the landscape, and who must therefore be prodigtregaged in policy formulation
and implementation. This principle implies the ndedreverse the trend towards
simplicity and efficiency in landscapes and to #dudndscapes and ecosystems with

more complexity, redundancy and resilience.

(5) Eco-engineering for Assisting the Transformation ofSome
Communities under Climate Change

Driven somewhat by the growing interest and expegen restoring ecology, as
well as the improved understanding of ecosystencttre and functioning, there will
be cases where passive approach can and shouldgbeeated by more proactive
measures to conserve biodiversity. This approachriably involves the direct and
substantial modification of communities in directiconsistent with the impacts of
climate change. Eco-engineering has some majotaliions that must be considered
before it is applied as it is costly and not alwayscessful. Eco-engineering should
be focused in places where the best return on imesg may be obtained. Research is
needed to identify critical intervention pointsvarious landscapes in the context of
climate change. Most likely, however, based on agiohl principles on how
communities are structured, the preservation ostaédishment of keystone species
would give the best chance for an ecological systeself organize in a way that will

reduce total species loss and maintain ecosysteatidning.
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(6) Increasing the Extent of Protected Areas

This strategy would increase the extent of teni@sand aquatic habitat protected
from non-climate anthropogenic threats (McNeely éh&yser 2003; Mitchell et al,
2007). The strategy could also be used to protfagia (areas with minimal climate
impacts), movement corridors, or stepping stoneswitdlife dispersal. A suite of
legal tools are already available for protectingdls, waterways, and marine areas
(including easements, proclamation and legislatiompe global conservation
community has used these tools to protect highdpyioconservation areas in
ecosystem types and human societies around thd y&mner et al, 2001).

Given the resource needs of the world’s growing &aimpopulation, it is unlikely
that society will be able to directly protect enbugnd to facilitate the movement of
all species and communities. Furthermore, the Wsrkeisting protected-area
networks have been designed to protect static grathan dynamic) patterns of
biodiversity (Lemieux & Scott 2005; Lovejoy 2005¢cdt & Lemieux 2005). The
performance of static networks at conserving biedity in the face of climate
change remains largely untested (Zacharias e086)2 but simulation studies suggest
that some of these networks will likely fail to @&Ve their original objectives
(Hannah et al, 2005). New approaches to land ceasen that acknowledge the

dynamic nature of climate-change effects on ecesystwill likely be needed.

(7) Improving Representation and Replication withinProtected Area

Networks

Representation attempts to build a more comprebhensortfolio of protected
areas (e.g., protecting examples of all major estesy types within a country),
whereas replication attempts to conserve multipkenmgles of each ecosystem type
(Julius & West 2007).

As noted, conservation tools are available for gmtimg terrestrial and aquatic

areas. Both strategies may work well as part ofazrimmconservation or a stepping-
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stone approach to facilitate dispersal. Representdias already been used as a
strategy for local and regional land-protectionogf (Wisconsin Natural Areas
Program 2008), and tools such as land-cover maghg@ospatial data on rare species
distributions could facilitate the broader apphicatof both strategies. It is unclear
that representation will continue to be a releveomhservation strategy long-term
because distributions of the individual componeotsecosystems may shift in
different ways as a result of climate change, gty resulting in new combinations

of species and even new ecosystem types (Carr@;2@annah & Hansen 2005).

(8) Improving Representation and Replication withinProtected Area

Networks

It may be possible to offset some of the smallesedfects of climate change in
protected areas through direct management acti\(iktchell et al, 2007). A number
of commonly used techniques for ecological restona{SERI 2006) may be still
relevant (Julius & West 2007): riparian forest piags could shade streams and offset
localized warming; dikes and levees could proteeistal sites from sea-level rise; and
prescribed fire could reduce fuel loads and paaéritr catastrophic wildfires (The
Sheltair Group 2003; Fischlin et al, 2007).

Intensive management is usually more tractablenailswell-defined sites such
as parks, nature reserves, and natural areas (K&skentula 1990; Thayer 1992;
National Research Council 1994). Restoration tepies for certain communities
have received considerable attention and testiifR{S2006; Julius &West 2007).
Nevertheless, direct management is expensive agdmig be feasible for small sites
and limited areas (Fischlin et al, 2007). Also,usiag on protected areas neglect the
overall matrix in which these areas are embeddduitwmappens outside protected

areas often influences what happens inside (dadearet al, 2005).
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(9) Managing and Restoring Ecosystem Function Ratihdhan Focusing

on Specific Components (Species or Assemblages)

This strategy focuses on the maintenance of aspéetsosystem function (such
as nutrient uptake by riparian forest buffers ortlavel filtration of nutrients and
sediments) in conservation areas. It de-emphadust®rical condition, historic
species composition, and the condition of referesitas as sources of management
information. To implement this strategy, manageosii first define key variables or
indicators of ecosystem function, and then undertadtivities designed to keep those
variables within acceptable parameters (Harris [et2@06; Fischlin et al, 2007;
Mitchell et al, 2007). Ecological conditions at mdual sites are likely to shift in
ways that are difficult to predict and that diffeom historic reference conditions
(Harris et al, 2006). To date, those practicingl@gioal restoration have used historic
data or undisturbed reference sites as a bas@imadnagement (SERI 2006). Given
the significant shifts that have and will occursipecies distributions, it may be easier
for managers to focus on sets of variables desgribcosystem function, rather than
attempting to maintain a particular species contmysor community type at a given
site (Harris et al, 2006).

This strategy may be difficult to implement in piee without focusing on
individual ecosystem components. Shifting the focok management from
components to functions may mean some componeritsbeagcome extirpated or
extinct. Depending on the attributes of ecosystenction selected, it may be possible
to maintain these variables within acceptable 8miwvith a greatly reduced

complement of species or even with non-native gseci

(10) Evaluating and Enhancing Monitoring Programs br Wildlife and
Ecosystems
Monitoring systems provide information that managesan use to adjust or modify
their activities (Walters 1986; Margoluis & Salajsk998). Such information is
particularly relevant in times of rapid global clgean(Adger et al, 2003; Fischlin et al,

2007). This strategy suggests evaluating the custate of the systems that collect,
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analyze, and interpret environmental informatioranyl of the systems for collecting
this information are incomplete (Heinz Center 20QQ06). Significant gaps exist
within and among current environmental monitoringtems (Heinz Center 2002,
2006). Society clearly needs a better system fonitmong and reporting on
ecosystem conditions.

Costs to adapt existing monitoring systems and I[dpveew monitoring systems
are likely to be high, in many cases requiring regislation and regulations and
possibly new tools and approaches to monitoringoAkquired is better integration

and coordination across the existing monitoringgparans (Heinz Center 2006).

2. Biodiversity

Biodiversity is the foundation and mainstay of agliure, forests, and fisheries, as
well as soil conservation and water quality. Biatadjresources provide raw materials
for livelihoods, sustenance, medicines, trade,isourand industry. Genetic diversity
provides the basis for new breeding programs, ingntacrops, enhanced agricultural
production, and food security. Forests, grasslafrdshwater, and marine and other
natural ecosystems provide a range of servicegnafiot recognized in national
economic accounts but vital to human welfare: ratyul water flows, flood control,
pollination, decontamination, carbon sequestratiolodiversity conservation, and
nutrient and hydrological cycling. Biodiversity @®rvation contributes to
environmental sustainability. Biodiversity consdiwa is one of the three functions of
UNESCO biosphere reserve.

Based on the principles and approaches to effégta@nserve biodiversity, the
following six strategies will cope with climate cige and appear to be most relevant
to the direct management of species and ecosysidict are the main components
of biodiversity.

o Applying a Risk Management Approach to Deal Witicertainties about

Climate Change
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o Minimizing Threats and Seizing Opportunities
0 Managing Invasive Alien Species
o Developing Dynamic Landscape Conservatiam$|

o Reviewing and Modifying Existing Laws, Regiibns and Policies Regarding

Wildlife and Natural Resource Management

o Education and Communication to Bring thelRudong with Change

(1) Applying a Risk Management Approach to Deal with Wcertainties

about Climate Change

Significant uncertainties surround critical featigd climate change science such
as how the hydrological cycle will change, anddbasequences for these changes for
water resources and water availability. Some o$e¢hissues, and the question of how
much mitigation will be implemented in the comingcddes, represent irreducible
uncertainties. Strategies and tools for biodivgrgibnservation under a changing
climate therefore must embrace uncertainty as alempmning principle. A greater
emphasis on risk management and adaptive manageappnbaches are essential.
The linear approach from research to outcome thrquadicy and management needs
to be replaced by an iterative, cyclical approachvhich biodiversity outcomes are
appraised, leading to new research and adjustadypahd management. Such an
adaptive, cyclical approach needs high quality imiation based on monitoring and
experimentation. The society needs to learn toEcseme initial failures in policy
and management approaches to deal with such a emmpkssor as climate change.
However, failures are only true failures if managemand policy fail to learn from
them, adapt their approaches and do better thetimext(Lindenmayer and Franklin,
2002).
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(2) Minimizing Threats and Seizing Opportunities

Biodiversity conservation must look towards new appnities and more creative
strategies and tools. Many of the socio-econongnds offer opportunities for new
conservation approaches and tools. Other, howeaerdd easily turn into threats.
Schemes to sequester carbon in landscapes or dagadiofuels to substitute fossil
fuel could easily lead to deleterious outcomesbiodiversity especially if there is a
trend towards highly simplified industrial landseap However, with good research
and astute policy developments, these potentiadlwgrse outcomes could also be
turned into opportunities. Complex, biodiversitgkri ecosystems invariably store
more carbon than simple monoculture (Mackay e2@08). Creating much synergies
among ecosystem services should become a cenigahiaing principle for all

proposals to mitigate climate change.

(3) Managing Invasive Alien Species

Invasive alien species has been found to be antmagnbst important driver for
biodiversity loss especially in island ecosysteiMsany introduced species that are
already considered as pests will have an advantager climate change because they
possess life history and other characteristics theae them an edge under any
disturbance. Vacant niches may also be createdebiing in local populations as
some species become stressed by rapid climate ehaiigs will enhance the
colonization of newly introduced species or expamsif sleeper invasive species that

are already present in the ecosystem in low numbers

Even without extreme weather events, climate chamgié provide many
opportunities for weed establishments wherevervaatlants are killed by heat or
moisture stress. Most environment weeds are esagguelen plants originating from
many different climatic zones. In addition to ineseng weed problems, introduced
species replacement will be most likely to occurfreshwater environments where

rising temperature will most likely to suit aquariwdumped in streams, and in coastal
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waters where marine invasive species that arrivbaifast waters represent a large

pool of immigrant species (Low, 2008).

A strategy to combat invasive species should belemented in a changing

climate change scenario. The strategy should doofsike following.
- Prevention through good biosecurity measures.
- Early detection of invasive species and their exatthn.

- Management of the invasive species that have ajrestablished.

(4) Developing Dynamic Landscape Conservation Plans

As described by Hannah and Hansen (2005), dymaamdscape conservation
plans include information on fixed and dynamic sdaklements, along with
management guidelines for target species, genesiources, and ecosystems within
the planning areas. Fixed spatial elements includéected areas where land use is
fully natural. Dynamic spatial elements include @her areas within the landscape
matrix, where land use may change over time. Tla@ phcludes a desired future
condition for each element, based on predictedssimf distribution of species and
other ecosystem components. It also describesrdaymediate conditions that may
be necessary for a species to transition betweeertuand future conditions. The
management guidelines suggest mechanisms andftwofsanagement and provide
specific recommendations to the government agemesgggonsible for implementation.

Unlike many traditional resource management fladynamic landscape
conservation plans explicitly address the climateptation needs of wildlife and
biodiversity at a landscape scale (Hannah & HaR2€85%). Such plans are likely to be
compatible with other regional planning efforts g(e. county or watershed
management plans). Nevertheless, planning effats e resource intensive, and
many natural resource management plans have be&etoded but not implemented.

Dynamic landscape plans may recommend that cesfaitial elements (areas of land
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or water) be converted from human uses to “naturelhagement to facilitate species
movements (Hannah & Hansen 2005). Such recommendatre likely to prove
controversial, especially in settings where thedemnnation of private property or the
translocation of human populations would be reglire

(5) Reviewing and Modifying Existing Laws, Regulatons and Policies

Regarding Wildlife and Natural Resource Management

Laws and policies related to wildlife managemeitiural resource management,
and biodiversity conservation should be revieweenesure that their provisions are
consistent with the needs of managers dealing thigheffects of climate change.
Many of these laws and regulations are decadesanliimost were developed before
climate change became a significant concern. Negislbive tools or regulations may
be necessary to address specific climate-changeactsip Existing laws and
regulations were designed for the conservatiorstidtit” biodiversity (Lovejoy 2005;
Lemieux & Scott 2005; Scott & Lemieux 2005). Manfytbese regulatory tools and
approaches will need to be revisited in the lighth® significant changes that are
anticipated under even moderate climate-changamesyi Actually addressing the
deficiencies identified through these reviews may dfficult without significant
political will. There will likely be significant aacern expressed from all sides about

sweeping revisions to existing laws and regulations

(6) Education and Communication to Bring the Publicalong with Change

The public as well as, political and institutionaladers must recognize that
climate change is driving the natural world in uaxthd territory in the Zicentury.
Furthermore, we are not starting with a clean sldte amount of biodiversity loss
later in the century will depend on a large degoeewhat we will do in the next
decade or two to reduce the impact on currentsgiresSocial and political support is
necessary for these new approaches to succeednélyisequire the reexamination of
some strongly held views on biodiversity and itssmrvation (Hobbs et al, 2006).

Dunlop and Brown (2008) have already argued fohitt en minimizing loss rather
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than preserving all. Beyond this, the public mwesdrh to value new, unique and
diverse ecosystems over individual species that n@ayonger inhabit them. In a
rapidly changing abiotic environment, preservatgirategies based on equilibrium
dynamic will not work. Landscapes will change; sospecies will be lost and others
will not persist in their current locations. In geal, the current emphasis on species
will need to be balanced by a focus on ecosystawices, processes and diversity.
Managing for resilience of existing ecosystems mvayk to a point, but we must also
manage for transformation of ecosystems, landscag@@scapes and perhaps even
whole biomes. Such a wide ranging change in manageaf biodiversity will pose a
challenge to existing governance arrangement aratitainistrative institutions. The
increasing urbanization of the global populatiosoaineans that the public know less
and less about the significance of biodiversityraviding services to their everyday

life. Engaging their interest in maintaining bioérsity is thus increasingly critical.

3. Communities of Flora and Fauna

Climate change creates new challenges for biodtyernservation. Species
ranges and ecological dynamics are already respgrtdi recent climate shifts, and
current protected areas will not continue to supptirspecies they were designed to
protect. Climate change may have already resultedsaveral recent species
extinctions (McLaughlin et al, 2002; Pounds et24l06). Many species ranges have
moved poleward and upward in elevation in the tsttury (Parmesan and Yohe,
2003; Root et al, 2003) and will almost certainlpntnue to do so. Local
communities are disaggregrating and shifting towardre warm adapted species
(Parmesan, 2005). Phenological changes in popofatisuch as earlier breeding or

peak in biomass, are decoupling species intera{idfalther et al, 2002).

The following four would be the core strategiesassist the communities of flora

and fauna to be adapted to climate change.
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o Developing Dynamic Landscape Conservation Plans
o Dealing with Uncertainties: Ecological Resilierased Transformation
o Bridging Ecological Knowledge Gaps and Research

o Ensuring Wildlife and Biodiversity to Be Considdras Part of the Broader

Societal Adaptation Process

(1) Developing Dynamic Landscape Conservation Plans

As described by Hannah and Hansen (2005), dynaamdsktape conservation
plans include information on fixed and dynamic sdaklements, along with
management guidelines for target species, genesiources, and ecosystems within
the planning areas. Fixed spatial elements includ¢ected areas where land use is
fully natural. Dynamic spatial elements include @lher areas within the landscape
matrix, where land use may change over time. Tla@ phcludes a desired future
condition for each element, based on predictedssimf distribution of species and
other ecosystem components. It also describesrdaaymediate conditions that may
be necessary for a species to transition betweeertuand future conditions. The
management guidelines suggest mechanisms andftwofsanagement and provide

specific recommendations to the government agemeggonsible for implementation.

Unlike many traditional resource management pladgnamic landscape
conservation plans explicitly address the climatepsation needs of wildlife and
biodiversity at a landscape scale (Hannah & Ha288%). Such plans are likely to be
compatible with other regional planning efforts g(e. county or watershed
management plans). Nevertheless, planning effats e resource intensive, and
many natural resource management plans have be&efoded but not implemented.
Dynamic landscape plans may recommend that cespatial elements (areas of land
or water) be converted from human uses to “naturelhagement to facilitate species

movements (Hannah & Hansen 2005). Such recommendatre likely to prove
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controversial, especially in settings where thedemnnation of private property or the

translocation of human populations would be reglire

(2) Dealing with Uncertainties: Ecological Resilieoe and Transformation

It will be very important to focus on the biologicand ecological qualities that
give biodiversity increased resilience; that i€ tapacity to experience shocks while
retaining essentially the same functioning, striegstéieedback and therefore identity.
This can apply to an individual species or to a lwmity or ecosystem where the
resilience refers to particular trophic structuisfunctioning. It also applies to
maintenance of evolutionary processes through praten of genetic diversity.
Preservation of genetic heterogeneity and diversityenvironments is particularly
important in providing avenues for resilience abdwversity. In turn, society will be
required to appropriate actions, in the face ofeutainties, that will increase the

resilience of biodiversity.

It is almost certain that some transformation vadcur in both climate and
biodiversity. Ancillary question as to how socigiyans for transformation and
predicts them wherever possible, and the degrewhich society can assist the
transformations to new states beneficial to botidiversity and human society, also

needs addressing with urgency.

(3) Bridging Ecological Knowledge Gaps and Research

There are substantial gaps in our ecological kndgdeand research questions of
direct relevance to the climate change challenganWrelate to an improved
understanding of how the ecological principles desd earlier are expressed in real
world situations under rapid environmental changee gaps should be grouped by
level in the biological hierarchy (species, comniyneécosystem and paleo-ecology)
relevant to current and future impacts of climdtarge on biodiversity. The gaps will
serve to highlight the wide range of issues reggimore information.
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The type of knowledge gaps and research questidhpresent a big challenge to
the research community. The ecological principled the analysis of observed and
projected climate change impacts should provideraprehensive framework within

which a coherent and integrated research progrartoredsninate gaps can be built.

(4) Ensuring Wildlife and Biodiversity to Be Consideral as Part of
the Broader Societal Adaptation Process

Many of the adaptation strategies being developedammunities around the
globe are focused on human health and infrastrectaeds (The Heinz Center 2007).
Mitchell et al (2007) recommended that the needwilefiife and biodiversity also be
considered as part of the overall societal adaptgirocess. Given the importance of
wildlife for human recreation and enjoyment and ttadue of ecosystem services,
such as pollination and water filtration, wildlifend ecosystems should also be
addressed in climate-change adaptation plans (Bliteth al, 2007). If global climate
change leads to significant crises in human soctbgre may be a tendency to view
the needs of wildlife and the needs of humans asflicong, rather than
complementary. In such either-or comparisons, teeda of human society could

trump the needs of wildlife and biodiversity.

4. Species

With the magnitude of climate change expected m ¢hrrent century, many
vegetation types and individual species are exdedte lose representation in
protected areas (Araujo et al, 2004; Burns et@032Lemieux and Scott, 2005; Scott
et al, 2002). Reserves at high latitudes and higha&ons, on low-elevation islands
and the coast, and those with abrupt land use lasigsdare particularly vulnerable

(Sala et al, 2000; Shafer, 1999). Landscapes autsigprotected areas are hostile to
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the survival of many species due to human infrattine and associated stressors,
such as invasive species, hunting, cars, and emgatal toxins.

Global climate change is already having significaftects on species and
ecosystems (Gitay et al, 2002; Hannah et al, 200@@2b; Schneider & Root 2002;
Stenseth et al, 2002; Walther et al, 2002; Hanndlogejoy 2003; Parmesan & Yohe
2003; Root et al, 2003; Inkley et al, 2004; Thoreasl, 2004; Lovejoy & Hannah
2005; Parmesan 2006; Fischlin et al, 2007). Effdetribed to date include:

o shifts in species distributions, often along etenal gradients;

0 changes in the timing of life-history events, phenology for particular

species;

o decoupling of coevolved interactions, sucplaat—pollinator relationships;

o effects on demographic rates, such as suramnvélfecundity;

o reductions in population size;

0 extinction or extirpation of range-restrictemt isolated species and

populations;

o direct loss of habitat due to sea-level riseseased fire frequency, pest
outbreaks, altered weather patterns, glae@dssion, and direct warming of
habitats;

o increased spread of wildlife diseases, pa&ass#nd zoonoses;

o increased populations of species that aretdi@npetitors of focal species

for conservation efforts and;

o increased spread of invasive or non-nativeispeincluding plants, animals,
and pathogens.

It seems that climate change will have the mogtirdental impact at the species
level. This will eventually means that species #thooe targeted and conserved

holistically through different strategies as below.

o Designing New Natural Areas and Restoration $aedaximize Resilience

o Protecting Movement Corridors, Stepping StonesRefugia

o Improving the Matrix by Increasing Landscape Reahility to Species
Movement
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o Focusing Conservation Resources on Spébi@sMight Become Extinct

o Translocating Species at Risk of Extinction

o Establishing Captive Populations of Spetiest Would Otherwise Go
Extinct

o0 Reducing Pressures on Species from So@ites Than Climate Change

o Incorporating Predicted Climate Change lotpato Species and Land-
Management Plans, Programs and Activities

o Considering Genetic Preservation in Somge€a

(1) Designing New Natural Areas and Restoration 3t to Maximize

Resilience

It may be possible to design new natural areagestdration sites to enhance the
resilience of natural systems to climate-changeosf(Lovejoy 2005). For example,
saltmarsh restoration sites adjacent to steep lamesevould likely be inundated and
lost under conditions of accelerated sea-level. rise contrast, restored marsh
communities adjacent to gently sloped shoreliney b& able to regress naturally
landward as sea-level rises (Yamalis & Young 20&mnilarly, the establishment of
protected area networks along elevational gradienéy be a viable adaptation
strategy for certain taxa; such networks would mlewvorganisms with the spatial
flexibility to shift distributions along elevatioharadients as climatic conditions
change. Protection of such future habitat areasuldhbe a key consideration
whenever new natural areas or extensions to egigstetural areas are proposed
(Fischlin et al, 2007).

Ecological restoration projects often use multiplant species, some of which
may exhibit greater resilience to climate changeaaticular sites. Mixes of species
for restoration projects could be adjusted to idelispecies that are thought to be
more resilient to anticipated changes in a pawicatea. Increased vigour and rate of
spreading of invasive plant species has been fdshtas a potential problem under

certain climate-change scenarios (Truscott et@62 Yamalis & Young 2007), and
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innovative management strategies will probably beded to address this problem.
This strategy is likely to serve as an importaleficriterion for future protection and

restoration efforts.

Funders and project managers may question the wmisdb investing scarce
conservation funds in projects that are not susbdein the face of climate change.
Nevertheless, projects that are not sustainable lomg term may nonetheless have
important short-term benefits, for example providintermediate areas of habitat for
climate-sensitive species until longer-term refugia identified (Hannah & Hansen
2005).

(2) Protecting Movement Corridors, Stepping Stoneand Refugia

This strategy will direct protection efforts towaaceas and regions that have been
deemed essential for climate induced wildlife moeeats (Allan et al, 2005). Such
areas might include movement corridors for teri@sspecies, habitat islands that
could serve as stepping stones between largernvessestopover areas for migratory
waterfowl, or refugia where climate-change impaats predicted to be less severe
(Julius & West 2007). In aquatic systems, unblocka@ams and rivers serve as
important movement corridors for aquatic speciem@re 2001; Chu et al, 2005).

Tools are already available for protecting teriaktireas and riverine corridors. It
can be difficult to predict future species moversewith confidence. A practical
concern is the tremendous cost associated wittegiioh of large-scale movement
corridors (Fischlin et al, 2007).

(3) Improving the Matrix by Increasing Landscape Pemeability to Species

Movement

This strategy focuses on increasing broader lap#scaonnectivity and
permeability to species movement (da Fonseca eR@05), especially outside
protected areas and protected-area networks. Riduterfocusing on a single species

or ecosystem type, this approach would use a vamét existing management
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techniques to enhance the ability of the broaderddeape matrix to support
movements by large numbers of animal and plantiepdaa response to climatic
changes. This strategy is consistent with a numblerexisting management
approaches, such as agrivironment schemes in the United States and Europe
(Donald & Evans 2006; Giliomee 2006) and dam rergvissh ladders, and other
techniques to restore connectivity in freshwateradig systems (Pringle 2001; Chu et
al, 2005; Battin et al, 2007).

A suite of conservation tools are already availdbtemplementing this approach
(including agrienvironment schemes and dam removals), and laaje-sc
implementation programs have been successfully dstrated in the United States
and Europe (Donald & Evans 2006). Modeling techegqjare available to assess
landscape permeability to species movement (Simglet al, 2002) and to predict
likely paths of dispersal across the landscapeixnatrder particular climate-change
scenarios (Carroll 2005). Nevertheless, this apgrakbes not focus on rare species or
species with narrow habitat requirements, and & @oplication of this approach

would likely consign some of these species to extn.

(4) Focusing Conservation Resources on Species Thaight Become
Extinct

This strategy would invest resources in the maemer and continued survival of
species most likely to become extinct as a resujiabal climate change. The IUCN
(2008) has recently begun incorporating projectwinsiture risk from climate change
into its red-list rankings, an activity that is @lsonsistent with this strategy. This is an
intuitive strategy for wildlife managers, following long tradition of conservation
efforts for rare or extinction-prone species. Rgrecies may be especially susceptible
to climate-change effects, and there may be clinfatsholds above which extinction
probabilities for these species increase draméti¢idbyle & James 2005; Fischlin et
al, 2007). There are numerous published reportspaicies declining and even
extinctions correlated with climate change (Parme2806). From a management

perspective, climate change may provide opporemifor innovative approaches,
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such as the scheme described by Kilpatrick (2006adcelerate the evolution of
resistance to avian malaria in native Hawaiiansird

Conventional management of endangered speciesetad heavily on in situ
conservation approaches. Such approaches willdseasingly difficult to sustain in a
world where climate change is dynamically alterbaih ecosystem components and
processes (Lovejoy 2005). Despite our best effoatg or endemic species will likely
become extinct as a result of climate change (Kwpko et al, 2005). Traditional
endangered species management can also be extadydiexpensive (Canadian
Wildlife Service & U. S. Fish and Wildlife Servic2005). Unless significant new
sources of funding are developed, resources wilipgi not be available for
comprehensive conservation actions targeting ewpsgcies imperiled by climate

change.

(5) Translocating Species at Risk of Extinction

This approach recommends moving animals, plantd, ather organisms from
sites that are becoming unsuitable due to globalaté change to other sites where
conditions are thought to be more favorable forirtlientinued existence. Other
names for this strategy include assisted dispeesaisted migration, and assisted
colonization (Julius &West 2007; McLachlan et @02Z; Mitchell et al, 2007; Hoegh-
Guldberg et al, 2008).

Translocation techniques have been developed amdbrirated for many plant
and animal species (e.g., Schweitzer 1994; Thor@8s; 1Griffith et al, 1989; Thomas
1999; Haight et al, 2000; Bothma 2002; Tenhumbergl,e2004). Nevertheless, with
any translocation attempt, there is a risk of failand even extinction (Maxfield et al,
2003; Groombridge et al, 2004). For many speciesyill be difficult to predict
optimal locations for assisted dispersal. This g do significant gaps in our
knowledge regarding the biology of many rare speaigd challenges associated with
forecasting optimal future habitats (Suarez-Sedmd, 004; Tolimieri & Levin 2004;
Carroll 2005).
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(6) Establishing Captive Populations of Species Th&Vould Otherwise Go

Extinct

This approach would initiate captive maintenanagpmms for species that would
otherwise become extinct due to climate changeh &uacapproach would necessarily
serve as the last resort strategy for specieswibeifacing extinction (Hansen et al,
2003). Seed, sperm, and egg banking representnextferms of this strategy
(Guerrant et al, 2004).

Rearing techniques and approaches to captive hdspbamd propagation have
been described for many animals (Kleiman et al,7)13hd plants (Guerrant et al,
2004), and modern society has an industry (zoosanbo gardens, and aquaria)
dedicated to this approach. Nevertheless, givenrélseurces required for captive
maintenance programs (Kleiman 1989), this is uhlike® be a viable long-term
strategy for any more than a few species. Undelesw climate-change scenarios,
ecosystem conditions may be so altered that tidroeliuction of these species will be

unfeasible, essentially making these species lifosgils.

(7) Reducing Pressures on Species from Sources Qth€&han Climate
Change

This strategy seeks to reduce or remove other,cliotate stressors to give
wildlife species the maximum flexibility to evolveesponses to climate change
(Lovejoy 2005; Robinson et al, 2005; Julian & W@6I07; Mitchell et al, 2007).
Species clearly experience multiple stressors,ta@demoval of these other stressors
may allow individual species the flexibility needéd adapt to climate change.
Fischlin et al (2007) and Robinson et al (2005)edothat this may be the only
practical large-scale adaptation policy for margystems. Although numerous other
stressors affect species, limited resources argableato address the broad suite of
stressors. Given these circumstances, there isigmdtéor a loss of focus and much

diffuse action across a broad range of stressors.
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(8) Incorporating Predicted Climate Change Impactanto Species and

Land-Management Plans, Programs and Activities

Climate change is not addressed in many existingralaresource plans (Hannah
et al, 2002a, 2002b). This strategy recommends rpacating climate-change
information into existing and future natural resmuplanning activities. Information
about actual and potential climate-change impaats e of considerable benefit to
land and natural resource managers in refiningsdatw. Many existing natural
resource plans already contain provisions for wgsland revisions, which could
provide a mechanism for incorporating informatidoat climate-change effects and
adaptation strategies into these documents. Intiaddithe IUCN (2008) is now
including projections of future risk to speciesnfralimate change into its Red List.

The problems with this approach are mainly pratitapresent. There is a cost
associated with revisiting and revising managenmans (as well as institutional
inertia and potential unwillingness to do so), atetailed predictions of potential
climate-change effects are currently only availdblea small subset of species and

areas.

(9) Considering Genetic Preservation in Some Cases

As a last resort approach, some species may nebd feserved outside of an
ecosystem context, whether it is an existing ondf@amed natural ecosystem or a
human-engineered ecosystem. However, such lastt rescsitu methods should be
seen in no way as substitution for well functionegpsystems.

Some examples of ex situ methods are:
o Cryogenic seed banks
0 Refrigerated seed stores and cryogenic germplammesst

0 The potential role of zoos to conserve small nundbeharismatic and highly

valued species
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o The breeding and maintenance of nearly extinctispaa isolated or

guarantine areas
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Chapter 6
Strategy against Climate Change on Island and Coaat

Biosphere Reserve - Social Vulnerability

1. Social Vulnerability and Climate Change

Social vulnerability in relation with climate chaagmpacts is the result of a
complex combination and interaction of differentttas such as the existing natural,
environmental and geographical conditions of eatehas well as the socio-economic
structure, dynamics and capacity to cope and atbapiatural and human induced
impacts.

Small Islands and Coastal areas are particularlpevable to climate change
iImpacts because of their sensitivity, exposure lmded capacity to adapt to the
vagaries of climate change. When considering valniéty on islands and coastal
zones, usually the natural features, such as esderand rarity of species and
habitats are the key elements considered. On IsdaddCoastal Biosphere Reserves
this is even more emphasized as these sites uswadtya high biodiversity including
relevant elements (species and habitats) with higmiportant conservation value
(rare, endemic and vulnerable). Social vulnergpiftalso exacerbated on island and
coastal Biosphere Reserves due to the close melatid dependence of communities
on the natural resources. Thus, with climate chaige vital to understand, not only
the consequences for ecosystems (biophysical \ability), but also if, and how, the
social exposure unit will be able to respond tongfilag exposures and the effects on

their coping capacities (social vulnerability) (\¢ent, 2004).

2. How to Assess Social Vulnerability to Climate Chang

Social vulnerability strongly depends on land copatterns, landscape use and

management including soil and coastal erosion, taoundeforestation and other
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human uses of natural resources that should besdinkith the level of socio-
economic development and capacity to minimize ataptto the impacts of climate
change.

Assessing social vulnerability to climate changeplies three main factors: a)
exposure, b) sensitivity and, c) adaptive capacitggether, these three areas
determine the level of vulnerability to climate alge impacts which may be defined
as follows (Wongbusarakum & Loper, 2011: 41):

0 Exposure is the extent to which a community comés contact with climate
change events or specific climate impacts.

0 Sensitivity is the degree to which a communitgegatively affected by changes
in climate.

0 Adaptive capacity is the potential or capabilitya community to adjust to
impacts of changing climate.

Therefore, social vulnerability to climate changa de measured by combining
measurements of these three components and cangidéiferent scales (individuals
and/or communities).

It is relevant for the understanding of social \anbbility to climate change to
know the character, magnitude and rate of climahgiation to which coastal
communities and marine-based industries are expdotde exposed (IPCC 2003),
and this also applies to the particular case @ni$ and coastal zone Biosphere
Reserves. Several methods can be used to compgdemition (qualitative and
guantitative) and assess the exposure such adngxmtinerability assessments,
expert opinions, models or observational data (lonan, 2008).

Assessing social sensitivity to climate change teslawith the degree of
dependence that individuals or communities havetlm ecosystem goods and
services that are affected by climate change tiatpacts.

Adaptive capacity can be assessed at differentldefrem individuals and
communities to local and national areas. Each e$d@hevels will determine distinct
factors and characteristics to be analyzed forroeiteng the capacity to cope and

adapt with the impacts of climate change.
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3. Biosphere Reserves and Community Resilience throughdaptation

Strategies

The MAB Strategy (2015-2025) approved during tH2 World Congress of
Biosphere Reserves (Lima, Peru, March 2016), razegrBiosphere Reserves as a
global network of sites of excellence to promotaéng and pilot innovative actions
to adapt to and mitigate the effects of climatenggaand other types of global
environmental change. Protected areas can play csivke role in enhancing
community resilience in relation with adaptationdanate change and, Biosphere
Reserves, due to their close links and permangetaictions with communities, are
well positioned to contribute to vulnerability assments and consequent
establishment of strategies for building social andlogical resilience. Marshall et al
2010, propose a four step approach for buildingieese:

o Vulnerability assessment

o ldentification of resilience-building strategie

o Prioritizing resilience efforts

o Implementation of resilience-building stratexgie

Biosphere Reserves may serve as a unit that fitserms of scale and capacity,
with the development of local climate adaptatioangl At the same time BRs ensure
adequate participatory mechanisms through existiagagement plans, operational
structures and their permanent connection withctimamunities. This proximity with
the communities will contribute to a strong recoigm and identification by the
communities with the results of the vulnerabiligsassments and its relation with the
conservation and sustainable use of natural ressufcBiosphere Reserves combine
integrated actions on conservation and sustairdgdlelopment, adaptation to climate
change strategies on Biosphere Reserves will alveaysider Community-based
Adaptation and Ecosystem-based Adaptation, thusijlithéing a broader and
integrated approach.

The foundations for the development of an integraigaptation to climate change

oriented towards the reduction of social vulnergbdnd, at the same time enhancing

- 88 -



ecosystem conservation should consider the rolebath the natural and hard

infrastructures and not just the later as it happemost cases.
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Chapter 7
Strategy against Climate Change on Island and Coaat

Biosphere Reserve - Economic Vulnerability

BR stands for harmonized management and consemwaitioiological and cultural
diversity, and economic and social developmentdaselocal community efforts and
sound science. The main objective of BRs listedhin MAB Programme’s World
Network of Biosphere Reserves is to promote satsticeconciling the conservation
of biodiversity with its sustainable use. BRs arensidered as *“science for
sustainability support sites”, and they function iaterdisciplinary testing sites to
understand and manage changes and interactionsedietsocial and ecological
systems.

Particularly, adaptation to climate change in refatto economic vulnerability
should be recognised as an integral part of theeldpment planning process and,
when considering the economic evaluation of poatmtilaptation measures it is vital
to consider and clarify the baseline from which @dissibilities will be analysed
including the zero alternative, corresponding ta adoption of adaptation measures.

Economic vulnerability linked to climate change ludes a vast array of
implications such as human resettlements, loss@#ss to resources (water, fisheries)
or reduction in production (agriculture and livedtpand income from tourism and
other economic activities, often associated witts lof jobs and social disturbance.

Coastal and Island Biosphere Reserves bring togbkigke level of vulnerability to
climate change related impacts resulting from thegular and/or coastal nature
combined with the presence, and need to preservequtstanding and fragile
biodiversity (species, habitats and landscapes)caittdral heritage that are closely
related most of the times. Moreover, BRs are naessarily administrative entities
which reduce their capacity to cope with local ational adaptation strategies and
available means. This brings significant consteitd the development of an
adaptation strategy specifically designed for tlisBOnN the other hand, the lack of
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adaptive measures bring significant risks to ecanagnrowth and, consequently, to
human and natural wellbeing. For BRs, as sitescampromised with sustainable
development, the lack of adaptation also meansigikeof losing investments and
successes achieved or pursued for many years. \Gmletification of climate change
impacts on a global scale is important, on a |lscale (that is the case for BRS),
decision-makers must assess the total losses tieeljkaly to face in the future in

order to avert them with the most appropriate aatapt measures (ECA, 2009: 164).

Considering the above statements in relation to éb@blishment of strategy
against climate change on island and coastal BlRs,economic vulnerability to
climate change is related to sustainable use ofA2Rdentified from the first stage of
this project on the five research BRs (Jeong et28l15), the economic activities of
sustainable use are taking place in transitionsat@ad the three areas are agriculture,
tourism and fishery industry.

Thus, this chapter will establish strategies ofrecoic vulnerability to climate
change on agriculture, tourism and fishery indusiitye establishment of strategies
will be focused on adaptation. This is becausegaiiitbn strategies on agriculture,
tourism and fishery industry can’t be applied otdyBR, but are applicable to island
as a whole where BR is located.

As identified in the first stage of this researthere are many categories of
mitigation strategy implemented on islands wher filie research BR sites - Jeju
Island BR, Menorca BR, Macchabee-Bel Ombre BR,ds&énBR and St. Mary's BR
— are located (Jeong et al., 2015: 69-95). Howeher existing mitigation strategies
are not established on the basis of the specificces of greenhouse gas emission by
socio-economic sector. Therefore, reminding thaicafjure, tourism and fishery
industry in BR have their own specific sources ofemhouse gas emission in the
process of their production activities, mitigatisinategies will be established on the
basis of their specific sources of greenhouse gassen.

In the context of the above, this chapter willtftsemmarize the impact of climate
change on agriculture, tourism and fishery industrythe five research BR sites

identified from the first stage of this researcleofdg et al., 2015) and then will
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establish the strategy against climate change. Memvehe summary of climate
change impact on tourism in Macchabee-Bel OmbreaBR on fishery industry in
Macchabee-Bel Ombre BR, Principe BR and St. MafRswill be excluded because
they do not have tourism resorts and marine irr t@iindary of BR.

One more important reminder in this chapter is thatfirst stage of this research
analyzed the impact of climate change on marinéoggan the boundary of BR, but
the climate change impact on marine fishery ingustere not analyzed. Therefore,
the summary is regarding the climate change impactmarine ecology, but it is
inevitable to establish the strategy of ocean figledustry in general against climate
change.

1. Agriculture

1.1: Impact on Agriculture

Jeju Island BR (Jeong et al., 2015: 102-103): Five agriculturedducts are
produced in Jeju Island BR — shiitake mushroomeigreea,Sasa palmatgBean)
E.G.Camus, wood-cultivated ginseng and pork. Tham no existing empirical
research available on the change in their cultwatnode, arable land, production
output, and profit which might be caused by climatange. However, climate change
impacts on the entire island have been identified.

Firstly, the arable land of tangerine (Citrus unsBi.Marcov.) and subtropical
fruits have moved northward due to the rise in terajure. The sugar content of
tangerine is changing. Secondly, subtropical opita& crops such as pineapple, and
mango, etc. can be cultivated in the naked landrdifh agricultural products are
damaged by the invasion and settlement of exofieadies and insect pests. Fourthly,
exotic plants invade new sites where there areatioogenic fungus and insects in the
mechanism of food-chain. This results in a nataedction of original plants due to
the lack of their adaptation to exotic plants wharie new neighborhoods. Fifthly,

exotic weeds have invaded and settled down in I&and. They have a high
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possibility to weed out the indigenous species @erive them to extinction. Sixthly,
an earlier seeding period for barleys and leafyetadgles, and their production output
is decreasing.

Menorca BR (Jeong et al., 2015: 108-109): Bluetongue which isral disease
of ruminants transmitted by biting mosquitoSu(icoides spp.) is prevailing in
Menorca BR. It represents one of the most plauséix@mples of climate change
driving the emergence of a vector-borne diseasms.i$ta major risk in Menorca given
how important the horses are for the island's ceiltund festivals.

In such situation, it is likely that there are ses consequences to the island's
agricultural/livestock system. The most importagtieultural production in Menorca
is cow milk and cheese. In fact, the current tremthe reduction of farm numbers,
and the intensification of exploitation of the farrthat remain operational. Climate
change is likely to exacerbate this trend.

Macchabee-Bel Ombre BR (Jeong et al., 2015: 108-109): Climate change
impacts on the production and quality of sugar came hence entails serious socio-
economic responses. Low cane productivity of theldads has been attributed to
lack of available moisture while comparatively lowemperatures and radiation are
the limiting factors in the uplands. Quantitativtadses reveal approximately 30% to
56% decrease in the yield. The recoverable suaostent is lower with increase in
temperature. Higher frequencies of climate extreswesh as cyclone, droughts and
prolonged rainfall impact on sugar production. T$itsiation has led some planters to
abandon this cultivation specifically on marginands where it is no more
economically sustainable.

Principe BR (Jeong et al., 2015: 121-122): Drought, floodsugeal by the rain
and waters of the sea), squalls and landfallsheremost important events influencing
agriculture and forest. These extreme events @monsible for losses of agricultural
production and changes in crops and are becominge mrequent, increasing
vulnerability of some communities, particularlytire Northeastern part of the Island.
Changes in rain patterns and periods are also majwern as traditional agriculture

practices and calendars will need to adapt to #yawnes of climate change.
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The Southern part of Principe Island benefits frandense forest cover that
ensures protection against heavy rain and high eéestyres, thus being less sensitive
to climate change.

St. Mary’s BR (Jeong et al., 2015: 124): Changes in rainfaltgpas and the
increased frequency of extreme events affect adtpieuproduction directly. Although
agriculture is not a relevant activity within theea of St. Mary's Biosphere Reserve,
the effects of climate change on agriculture in th&t of the island might lead to a
search for other sources of income, increasingimimdducing new human activities
in the area of the Biosphere Reserve. Potentidtdod negative impacts such as
erosion, habitat and landscape degradation willlrésom the increase in the use of
the Biosphere Reserve.

With the prediction of a drier climate, rain fedriaglture will be affected with
yields being below economically viable levels. Tingl be the case of sugarcane
cultivation that certainly will require irrigatiomanagement, ensuring adequate water
guantity and quality. Salinization of coastal lowaguifers will negatively affect

availability of water for agriculture.

1.2: Strategy for Agriculture

Subsistence as well as commercial agriculture lBagemmon use of soil, water
and close implication with landscape managememtofa directly impacted with
climate change at short and long term scales. Eerevents, at a local scale, may
induce loss of soil, flooding, landslides, rockigaldroughts that directly impact on
livelihood and all socioeconomic related conditiovisle, at a global scale, may hide
trends towards radically different scenarios. Ad#ph strategies for agriculture
should provide measures and solutions to cope shitint-term events and, at the same
time, ensuring that these actions will not undeenime capacity to deal with expected
major changes even if under a high level of unagsgtaWhile basic infrastructure
investments improving efficiency on water and sk and management may be

feasible without the need to change traditional svay farming, it is advisable to
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introduce complementary measures such as new ieartbt are more resistant to the
expected temperature, soil composition, salinitg arther physical and chemical
conditions. These knowledge needs are extended ptomiged inputs, timely
information on weather, water cycle changes, monigo and preventing pests,
diseases and implies capacitation and changes oter waanagement, soil
conservation, crop storage and marketing strategies

Depending on the specific conditions (geographidishension, social, economic,
etc.), there are different options and ways to mi@rand implement adaptation to
climate change in agriculture systems. Some ofitbet common are (Howden et al,
2017):

o Introducing new varieties/species that are bedttapted to the existing and
predicted conditions.

o Enhancing water collection and management througimate smart
infrastructures and conservation agriculture.

o Optimizing timing and/or location of cropping adies.

0 Ensuring sounding and effective pest and dise@s®gement.

o Diversifying income by integrating agriculturetivother activities.

However, adaptation in agriculture may imply imgaon other sectors such as
conservation due to the potential change in lared idroduction of new crops that
interfere with natural landscapes, habitats andispeAlso on the socioeconomic side
it may bring changes on the social structure aaditional knowledge including
migration. Adaptation outputs are not a linear {posi process as it implies a
combination of a complex combination of factorairavhich, long term impacts may
be hidden by immediate positive results of singtioas that will have different
results in a long term perspective. The BiosphergeR/es’ zonation scheme in which
there are core zones and buffer zones, may betedfetie to the implementation of
adaptation measures such as relocation of agrmalilactivities, the introduction of
new crops and associated vectors.

In addition, what we need to be reminded is thaicatjure itself is a source of

greenhouse gas emission. This implies that it ces®ary to establish a strategy to
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reduce greenhouse gas (GHG) emission from agrradilfictivity in BR. This strategy
may be termed the agricultural sector’'s own mit@astrategy.

Emissions from the agricultural sector are very ssaiitial, especially when
accounting not only for emissions from direct pron, but also for fossil fuel
emissions along the agricultural supply chain, amissions associated with
agriculture’s role in driving deforestation.

Mitigation potential in the agricultural sector duigh a combination of emissions
reduction, sequestration of carbon in agricultusgstems, and major shifts in
consumption patterns. These levels of mitigatiorulbanake the agricultural sector
roughly GHG neutral. While a GHG neutral agricudiuisector is conceptually
possible given the benefits of carbon sequestrdtidnie it is actively occurring), this
scenario is highly unlikely. Broadly, mitigationofn agriculture can result from three
types of interventions as below (Dickie, et al. 2026-33).

0 Reducing the emissions intensity along the erdgacultural supply chain,
including avoided land use change driven by agticel

0 Sequestering additional carbon in agriculturatems.

o Reducing overall agricultural production (e.gs,rbducing food loss and waste
or demand for biofuels) or shifting away from higawbon intensity agricultural

products such as meat from ruminants.

2. Tourism

2.1: Impact on Tourism

Jeju Island BR (Jeong et al., 2015: 102-103): Tourism activitrethe buffer zone
are conducted mostly in public tourist resorts,hsas Natural Forest Resorts, Roe
Deer Eco-Park, Saryeoni Forest Trail, and SeogWwimvincial Marine Park, etc. The
majority of Jeju Island BR's economic activitie® docated in the transition area.
There are 21 golf courses, 31 public and privatdifias that are related to tourism,

26 accommodations, and 15 schools, etc. Howevedat® on the individual tourism
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sights that are located in Jeju Island BR bufferezare available.

Menorca BR (Jeong et al., 2015: 108-110): Menorca's tourigmahds will
follow decrease in holiday travel during summer dogoo high temperatures and
heat waves in the summer, an increase of Northemopean tourists spending
comfortable summer climates in their own countoesegion, an increase of travel
during spring and autumn reducing the strong sedispithat exists today.

Moreover,Menorca is dourist destination that is based on the sun amldhes. It
is extremely likely that two elements may affectrideca’s tourism; beach erosion and
water scarcity. In addition, there are many othestdrs that could affect tourism
linked with global change, as the increase of fisllyin the sea (see section below) or
wild forest fires, which could have a big impacttonrists and they are very difficult
to forecast.

Principe BR (Jeong et al., 2015: 122): Tourism is expectecd¢othe major
economic activity in Principe Island. The expediagpacts of climate change in the
tourism sector is related with health (accidentenduextreme events), limitation of
flight connections during storms and eventual dasagn existing infrastructures
located near the coastal areas. The incrementsetsies linked with climate change
will also impact tourism as the choice of a toucistestination that includes health
security.

St. Mary's BR (Jeong et al., 2015: 125): The vulnerability ofuriem
infrastructures to extreme events is becoming nemident with the economic and
infrastructural damage, which resulted from twosmmutive major hurricanes in 1998
and 1999. In the long term, the changes and déstnuof coastal areas including
beaches will also result in a lower quality of deex and seafront areas, which are
extremely sensitive and have a high value in teomgourism. Other implications
include structural damage to coastal infrastructbeebors, roads) and increases in the

costs of insurance.
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2.2: Strategy for Tourism

For many BRs, tourism is a major contributor to libeal economy. The increase
of extreme events and other climate change rela¢edis such as increase of vector-
borne diseases, floods, landslides, turn some #&easattractive for tourists. Lack of
health facilities, remote location and poor comnoation infrastructures may also
exacerbate constraints on tourism development igath reduction of investments
and ultimately on loss of jobs and opportunitiesié@al communities and companies.

Specific adaptation measures on tourisms sectort mmeiscombined with land
planning in order to minimize impacts but also teswe feasibility of tourism
activities. Moving from bed-based to activity-bagedrism is a good option not only
as a way to create more and diversified job opmpiras, to increase the offer of
activities and improve tourism experience but @sat requires a global approach on
how to manage natural resources, including bioditser Biodiversity conservation
ensuring the maintenance of goods and servicesida\by species, habitats and
ecosystems come as a main contributor to suppaxtgdoased tourism, including
visits, trails, bird watching, whale and dolphintard@ng, or simply enjoy of natural
landscape. All these activities may support suatden diversified and qualified jobs
with economic significance at a local level. Foraintcommunities it may be one of
the few available options.

Part of any adaptation strategy to explore tourasnan alternative to support
community development should be supported by knodgde and information.
Biodiversity and landscape inventories including timderstanding of the structure
and dynamics of existing ecosystems, determinatiaarrying capacity, enforcement
of planning and management capacity are in factonapt components of any
adaptation strategy that brings together sectoas tisually are separated. If well
designed and implemented, tourism can be a drifeadaptation strategies in
biosphere reserves due to the direct and indineks that tourism promotes between
different socioeconomic sectors.

Tourism is a contributor to and a victim of climateange. The terminology is the
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paradox of tourism. This paradox is applied to titwism in biosphere reserve. In
order to overcome the paradox, in addition to eatapi strategy, the tourism in

biosphere reserve should establish mitigation exjsatfor reducing greenhouse gas
emitted in the process of operating its own tounissort.

Mitigation strategy of tourism in biosphere reservan be implied by the
ecotourism-based operation of all tourism resourgesmg used. The concept of
ecotourism is very broad, but its core conceptuwahmonents can be drawn as the
following three (Zebich-Knos, 1991; Eum and Yan@1@; Cho and Kim, 2014).

o All nature-based forms of tourism in which theimmotivation of the tourists
are the observation and appreciation of natureedisas traditional cultures prevailing
in natural areas.

o It minimizes negative impacts upon the natural swcio-cultural environment.

o It supports the maintenance of natural areas twhi® used as ecotourism
attractions.

The mitigation strategies should be establishedway to meet the above three
conceptual components in the process of operdtingther words, the operators of
tourism resorts in biosphere reserve should devitlep own strategies to minimize
greenhouse gas emissions in the process of opgthgir tourism resorts.

There are many sectors related to the reductiogreénhouse gas emission.
However, the major sectors are summarized as b@ksacs, 2000; Pearson, 2002;
Oh, 2003; Choi and Lim, 2005; Brenner and Job, 2Q0&dhammar, 2006; Cifton
and Benson, 2009; Kim, 2011; Cini and Passafar@22Qu and Stepechenkova,
2012; Ahn, 2013; Hakim and Nakagoshi, 2004; Pabi52.

o Developing a manual for reducing greenhouse gaisseon on the basis of
calculating greenhouse gas emission by sectoranptbcess of operating tourism
resorts.

o Establishing the system of energy and resouroeulation through saving
resources and energy, improving the efficiencyesources and energy, introducing
new and renewable energy, and reducing emissi@olaitant and waste discharge,

etc.
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o Providing visitors with environmental educatiorogram for leading them to
environmentally friendly behavior during their taarthe tourism resort.

Such an ecotourism potential would contribute mdy @o the survival of tourism
resort itself in BR, but also to the mitigationas&gy of the island or coastal area
where the BR is located. In addition, ecotourisri @come a potential solution for
reducing greenhouse gas emission and create a @ée@topment strategy not only

for BR, but also for other tourism resorts.

3. Fishery Industry

3.1: Impact on Marine Ecology

Jeju Island BR (Jeong et al.,, 2015: 103-104): Sea lettuce isodkpred
throughout the year and restrains the reproductibrother sea algae. Crustose
coralline algae increase rapidly. Especially, asstcoralline algae is known as a
major dominant species informing the decrease enbilbdiversity of sea algae. The
change in physical environment influences the dsgas living in the marine
ecosystem in terms of their reproduction, growtig breath, etc. New fishing ground
of tropical climate has been formed, while coldrent fish species are disappearing.

In addition, the spreading whitening (efflorescemaarine), which is caused by
the change in marine ecosystem due to the incieas&bon dioxide in atmosphere
and the rise of seawater temperature, is a mapicator informing a significant
change in marine ecology across the coast of $ignd.

Menorca BR (Jeong et al., 2015: 110-112): Three salient dkn@nange impact
are the decline of Seagra3esidonia oceanicthe increase of exotic invasive species
in the Mediterranean sea, and the increase irfigilypopulationsRelagia noctilucad

Seagrasd$?osidonia oceanias particularly sensitive to human disturbances bu
also has been found that it's affected by risingwsder temperature. Another finding
Is that the mortality rates in natural populatiansthe Balearic Islands increased

threefold with a 8C increase in maximum annual seawater temperature.
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Most of the species are of tropical origin. Sincene years ago, it has been
observed that global warming facilitates the ingasof exotic species in the marine
environment. About 110 species of exotic macrophiieve been cited.

Since the late 20 century there is evidence that bloofslagia noctilucais
conditioned by climatic variables such as mild wist low rainfall, high temperature,
and high-atmospheric pressure. Most of these Jasgaborrespond to forecasted

trends of the models on climate change in the regio

3.2: Strategy for Fishery Industry

The scope of causes impacting on marine BR is mudbr than that that of the
scope of causes on terrestrial BR in terms of dteraontributing to climate change,
the boundary of source where the impact is origihatind unclear boundary of the
activity of fishes between marine BR and non-maBie

Due to these reasons, the adaptation and mitigatrategy on fishery industry in
marine BR should not be on the basis of only theraaelated to their marine BR, but
on the basis of all the domestic and internati@ubrs related to fishery industry in
the ocean. Such special situation implies thatdbi@blishment of adaptation and
mitigation strategy on fishery industry should lzséd not on marine BR-specific, but
on fishery industry covering ocean in general, #mat priority should be given to
adaptation when the strategy is focused on markes@ecific one.

Therefore, this research established the stratadisbery industry in marine BR,
considering the profiles of coastal BR areas bempacted (see 3.1. Impact on
Marine Ecology), focusing on adaptation, and cogwsiy the fishery industry in
ocean general.

The most direct climate change impacts includéh&rr reductions of fisheries
and aquaculture output resulting from increasing sarface temperature, ocean
acidification and rise in the sea level (Dey et, 2016). Disturbance of coastal
habitats and coral reef bleaching will result imebes of fish stocks impacting many

coastal communities that depend directly on aréikdisheries and small scale
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aquaculture.

Adaptation from the fishery sector can be part o¥edl designed plan or can be
the whole set of individual actions that are unalkegh by individuals and communities
addressing climate change related events or tréndaszidual adaptatioractionsin
fisheries may be changing the timing or locatiorisfishing as species arrive
earlier/later or shift to new areas while plannéd@ationmay be research funding
for finding species resistant to salinity and terap&re fluctuations for aquaculture
(Shelton, 2014: 34).

There are a vast diversity of measures, scalesgfgpbic and temporal) and
resources (financial, administrative, human) inglien fisheries adaptation that
should be considered during the process of setgctidaptation priorities and

measures and combined with cost-benefit and timm&smalysis.

. Planned

adaptation

Autonomous
adaptation
D

Coping

Benefits (and effort and costs)

>

Time
<Figure 11> Time Scale and Cost-Benefits RequireDifferent Types
of Adaptation (Graphic from Shelt@014)

Again, for fisheries, in small island and coasta@dphere Reserves, it is highly
improbable to ensure access to capacity and reseutttat would support the
establishment of long term adaptation strategrestehd, Biosphere Reserves should
explore and benefit from integrated approaches ptimg sectoral contribution such
as the reinforcement of conservation through thee amones as these areas have

already local and/or national legal status. Coret@ym of coastal and marine
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sanctuaries is very important to provide nurserg &eding areas for fish and
shellfish resources. Small and smart infrastrustusepporting fishing activities,
capacity building and risk management are othanetds that can be combined as the
basis for local-based successful fisheries adaptatrategies.

However, legal and political instruments at natloaad international levels are
also necessary to prevent contradiction and cdasftietween the well addressed local
actions and the external trading and managementefnrks. Access to markets,
technology and competition for resources are ugualitors affecting artisanal and
small scale fisheries that are not able to faceantgpgenerated upstream such as those
generated by overfishing by industrial fisheriesattHimits or interdicts local
sustainable fisheries.

Knowledge, information, capacitation and monitorisug also key elements for
adaptation that should be combined under integratede adaptation-planning
frameworks and strategies that in their turn shaape with climate change models

and local specific environmental and socioeconaraiaditions.
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Chapter 8

Summary and Conclusion

Various strategies against climate change includniiggation and adaptation are
established and implemented at a global, natiomal kcal level. International
organizations have emphasized the importance arwbssgy to establish and
implement IPA-specific or BR-specific strategiefieTevidences include the ‘Seville
Strategy on BRs’ developed in 1995, the “MadrididetPlan of 2008”, the ‘Dresden
Declaration’ adopted by UNESCO in 2011, and ‘EU dversity Strategy for 2020,
etc.

With such implications of international activitiespme researches were done on
the strategy for the conservation of domestic terimational protected areas such as
national park, biodiversity site, and World Natuktgritage sites, etc. They cover a
specific sector such as biodiversity in protectexha or multi sectors. However, even
though international protected area (IPA) includligsphere reserve (BR) is more
vulnerable to climate change, the establishmentimptementation of IPA-specific or
BR-specific strategies against climate change i gare.

However, even though IPAs including biosphere neserre more vulnerable to
climate change, the research on the BR-specifiPAspecific strategy responding to
climate change is quite rare. There are only feweaeches focusing on the
conservation of biodiversity in relation to climatieange in a specific BR site.

In such a context, this research aimed at estahgjghe strategies responding to
climate change on island and coastal BRs. Thefgignce and necessity to conduct
this research are: 1) Original ecological and ggickd quality should be conserved in
that the original quality of BR contributes to rgating climate change through their
ecological services; 2) BR-specific strategy shdaddestablished and implemented in
that BRs are more vulnerable to climate changa/VBhout implementation of BR-
specific strategy, the original ecosystem of BR |ldonot be conserved, and
sustainable use could not be achieved; 4) The ledtaient of a BR-based strategy

will enhance awareness and capacity building aicalllevel as well as benefiting
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from the already existing engagement and motivétiom local stakeholders towards
the implementation of effective adaptation measures

In order to achieve the objectives, this researicst freviewed the existing
mitigation and adaptation measures at a generall, levith a purpose to draw
significant measures applicable to the establistroeisland and coastal BR-specific
mitigation and adaptation strategies, and was i@bb by the review of protection
strategies of protected areas for drawing a morectiuseful guide than the
information to be drawn from the review of the d&xig mitigation and adaptation
measures against climate change. And finally estaiblent of strategy against climate
change on island and coastal biosphere reservesnms of ecological, social and
economic vulnerability.

The strategies were established, focusing on atilaptd his is because mitigation
is a measure for applying to the entire regionatiamal and global level rather than
BR alone. However, this research also examinedyatitin as the strategy, including
energy, waste management, forest management, ksystems protection as carbon

sink, etc.

1. Summary

1.1: Reviewing the Existing Mitigation and Adaptaton Measures against
Climate Change

The Difference in the Concept of Strategy, Policyraed Measure

There are some terminologies in relation to theaase to climate change. The
examples include climate change strategy, climhsnge policy and climate change
measure. Their concepts and implications are @iffewith a close relation when they
are applied to climate change.

Strategy: Strategy is a method or plan chosen to bring aetefuture such as an

achievement of a goal or a solution to a problemnihis sense, strategy is about means
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being mobilized to attain ends, but not with thepecification. Strategy is concerned
with how we will achieve our aims, not with whab#e aims are or ought to be, or
how they are established. If strategy has any meaat all, it is only in relation to a
few aims or an end in view.

Policy and Measure:Policy is defined as an action plan projectingphectice of
value being set up as a goal in strategy. In thisss, policy is a sub-concept of
strategy. A variety of policies can be set up fapliementing a strategy. Meanwhile,
measure is defined as a way of achieving a goalsetr a method for dealing with a
situation. Thus, explained above, measure is etpnvao the means of policy being
defined as the instrument being mobilized to achigne goal set up.

The Relation among Strategy, Policy and MeasureAs reviewed above,
strategy, policy and measure are independent cts)cdmt their conceptual
implications are rather interrelated as below. t8gw is a genetic concept, while
policy is a specific concept. The former is a cqicdercluding sub-concepts, while the
latter is a concept being included in a super-cpnddeanwhile, measure is a specific
concept of policy. Applying such a hierarchicallynceptual position of the three to
climate change, climate change strategy is theimgmiohstrument of climate change
policy, both in the medium and long-term, to false impacts of climate change and
to transition towards a competitive, sustainablev-éarbon emission economy.
Climate change policy is an instrument being mabdi to achieve climate change
strategy. Meanwhile, measure is a means being mebilto achieve the goal of
climate change policy. In this sense, mitigatiopfatdtion is neither strategy nor
policy, but a measure being mobilized as a meansadhieving the goal of climate

change policy as a component of climate changeeglya

The Position of Mitigation and Adaptation Measure & a Means of Climate

Change Policy

Mitigation: Mitigation is applied to human activity as the smiof greenhouse

gas emission and aims at eliminating the cause liofate change or reducing
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greenhouse gas emission. In other words, mitigasodefined as the reduction of
adverse impact of climate change on nature and husoaiety caused by human-
induced greenhouse gas emission.

Even though a wide variety of mitigation options available, they can be
classified into four categories — Low-Carbon measuCarbon-Neutral measure,
Carbon-Zero (or Carbon-Free) measure and Climateraléy.

Low-Carbon is generally used to describe forwakiog national economic
development plans or strategies that encompasssifgg on low-emission and/or
climate-resilient economic growth without setting tne absolute level of reduction.
Carbon-Neutral implies removing as much carbon ftbenatmosphere as we put in to
achieve net zero carbon emission by balancing auned amount of carbon released
with an equivalent amount sequestered or offsetb&@eZero is based on the
conversion to run on zero carbon emitting energiesmore carbon emissions being
added to the atmosphere or natural carbon balarf@ existed before
industrialization. Actual carbon-zero is not possili his implies that true carbon zero
is (virtual zero carbon) + (some negative carb@fijnate Neutrality means living in a
way which produces no net greenhouse emissiondyimgpnet change to atmosphere
zero ton. There is no “one-size-fits-all” approaalibeing climate neutral.

There are a variety of societal sectors and tecgmesd of mitigation measures as a
re-structuration of the existing societal systemainvay to reduce and/or avoiding
greenhouse gas emission. However, the important &egietal sectors and
technologies include energy supply, transport,dong, industry, agriculture, forest,
and waste management. The societal sectors ar@rtets of mitigation measures,
and technologies are the efficient instrumentsgaiton of measures mobilizing to
achieve their goals.

Adaptation: Adaptation is applied to vulnerability to climatkange for reducing
human losses from climate change and living togewieh changing and changed
climate through the management of climate riskii@eceptable level.

Like mitigation measures, adaptation measuresrase a wide variety of options

in terms of timing, goals and motives of their ieplentation. However, the review of
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the existing adaptation measures at a regionabratand global level reveals that
they can be classified into these categories —chuatiory vs. Reactive Adaptation,
Autonomous vs. Planned Adaptation, and Privat®ublic Adaptation.

Anticipatory Adaptation is the adaptation that wkdace before climate change
impacts are observed while Reactive Adaptatiohasatdaptation that takes place after
climate change impacts have been observed. As erglemile, adaptation measures
should give priority to anticipatory actions redugi future risk. Autonomous
Adaptation is the adaptation that does not coristidLiconscious response to climatic
stimuli but is triggered by ecological changes atunal systems and by market or
welfare changes in human systems. Meanwhile, PthAdaptation is the adaptation
that is the result of a deliberate policy decisioased on an awareness that conditions
have changed or are about to change and that astrequired to return to, maintain,
or achieve a desired state. It is proposed thabarhous Adaptation forms the
baseline against which the need for planned aticiy adaptation can be evaluated.
Private Adaptation is the adaptation that is itethand implemented by individuals,
households or private companies. Public Adaptasadie adaptation that is initiated
and implemented by governments at all levels. wdaptation is usually directed at
collective needs while Private Adaptation is usuadlthe actor's rational self-interest.

There are a variety of societal sectors and tdogres of adaptation measures.
However, the important key targets are water, afjtce, infrastructure, human

health, tourism, transport, and energy, etc.

The Relationship between Mitigation and AdaptationMeasure

Relationship as Complementarities:Mitigation and adaptation are conceptually
and realistically different in terms of their tatgend goal, etc. However, they are in
inter-relationship as complementarities as below.

Mitigation is an action that has consequencesdaptation. Mitigation efforts can
foster adaptive capacity while the implicationsadfptation can be both positive and

negative for mitigation. Synergies can increase dbst-effectiveness of adaptation
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and mitigation. However, it is not yet possiblestyy whether or not adaptation buys
time for mitigation. Social and economic developi@mhances capacity to adapt and
mitigate. Trading-off adaptation and mitigatiomst a zero-sum game.

Integrated Response to Climate ChangeThe integrated response of mitigation
and adaptation measure to climate change prodrass-offs and synergies as below.

Integration of adaptation and mitigation into plenghand decision-making can
create synergies with sustainable developmentctiffe integrated responses depend
on suitable tools and governance structures, a$ ageladequate capacity. Great
potential exists for creating synergies betweenigation and adaptation and
implementing climate policy options in a more ceffective way.

Relationship in terms of the Task of Measure:The relationship between
mitigation and adaptation in terms of the task @&asure can be classified into four
categories.

Firstly, activities simultaneously serve the pugmsof both mitigation and
adaptation. Secondly, tactics such as reducingcleehiiles traveled serve the purpose
of mitigation but neither help nor hurt adaptatidinirdly, adaptation tactics such as
improved storm warning systems neither help not mitigation. Fourthly, mitigation
measures undermine adaptation efforts. Fifthly, ptateon measures undermine

mitigation.

1.2: Reviewing Protection Strategies of Protectedrdas

Protected Areas (PAs) have been recognized ag afghe solution for climate
change. Protected areas play a key role in botigaibn (sequestering carbon
dioxide from the atmosphere and preventing the ddgsrbon present in vegetation
and soils), and adaption to climate change (présgrecosystem integrity to reduce
risks from extreme climatic events and maintaireeal ecosystem services). On
another hand, PAs are real tools to fight agailsiatic change because they are a
large permanent and global structure that mandgess on field, with governance

and safeguard on the areas (with defined bordeasagement plans, equipment and
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staff experienced in implementing local approacheslving people operate under
legal frameworks), which allow to increase the @ffeeness of the performances, as

well as monitoring, verification and reporting.

Main Climate Change Strategies for Protected Areas

The IUCN and other institutions like UNEP have esmbed that strategies to
mitigate and adapt to climate change of protecteshsa should be carried out

according to the principles of :

o The important role that ecosystem-basedraaghes and nature-based

solutions.
0 Maintains the highest possible level ofissrivmental integrity.

o Restoration of degraded habitats and lapps; but not just to a previous

state, but for future conditions.

o0 Use of indigenous knowledge for planningl amnagement of ecosystems

(Community based adaptation, CBA).
0 Promote connectivity of protected areas.

o Increase the Coverage of protected aregsaieling the existing coverage
of PAs consistent with Aichi Biodiversity Targets and 15).

The main goal of PAs for mitigation of climateange is to maintain ecosystem
capacities to store and capture carbon. This méanmaintain in good state of
conservation of how much surface of natural habifhoth land and sea) for reducing
greenhouse gas emissions from deforestation anddegradation. If protected areas
include humanized areas (such as in many BiospRe®erves), we should add

additional possible actions related to our wayifeftb reduce carbon emissions:
0 Energy efficiency (including transportafion

o Increase renewable energy
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o Improve waste management
Moreover, the approaches for adaptation perfooasin PAs could include:
0 Reduce non-climatic stressors
o Prioritize the protection of intact and nented ecosystems
o ldentify and protect climate refuges
o Conserve ecological features
0 Preserve and enhance connectivity
0 Sustain or restore ecosystem process
o Improve representation, redundancy andaatpbn
0 Assist colonization

On another hand, the main tools to addressighe dgainst climate change in PAs

are

Networking: It is a very useful tool for protected areas, aply for mitigation

and adaptation to climate change, also for a mibeeteveness management of PAs.

Planning, but manage for changeProper design of planning is essential for the
success for adaptation and mitigation of climatenge, but it must take into account
that environmental characteristics in the futurdl Wwe different from the current.

Therefore, planning must be based on the assumgticimange.

Climate Vulnerability Assessmemaking into account the three main components:
exposure, sensitivity and adaptive capacity. Acogrdo these components, it is
necessary to know which species and ecosystemsi@se vulnerable and why and

where they are vulnerable.

Given that the diversity of ecosystems is enarsnahese general principles
should be concretized in specific actions for eatcthe major biomes: Forest areas,
wetlands and peatlands, salt marshes, mangroveseaggass beds, natural meadows,

etc.
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In the same way, best practices should be apfdieplanning and managing the
PAs for disaster risk reductions: typhoons and ibanes, flooding, sea level rise,

drought, desertification and dust storms, wildfjrets.

Protected Areas International Level

(1) Biosphere Reserves

Biosphere reserves are very particular protectedsabecause many of them
include humanized areas. Because of this uniquerseksptation and, especially,
mitigation strategies have to be wider than ingitzd protected areas, because it must
include lifestyle of the human population livingside the reserve,. For example, they
should include the use of energy and waste manage®@a another hand, adaptation
strategies should include both the vulnerabilityeabsystem services (particularly
water and natural resources supply, and protecgainst natural disasters), and the

possibility that the RBs are places that welconmaate refugees.

(2) World Heritage Sites

Many declared WH sites include biosphere reservesiasional parks, so
mitigation strategies and adaptation have manygthin common with these others
protected areas. However, the WH sites differ flowsphere reserves because the
emphasis is on conservation of a valuable heritageer than on models of human

development. For this reason, in WH sites the emsipha on adaptation strategies.
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(3) Ramsar Sites

The RAMSAR Convention specifically protects thosetlands included in the
Convention. These areas also are protected aiaabkevel and its main objective is
the conservation of biodiversity. However, as mather PAs, wetlands provide many
other services to humanity. Wetlands supply mamspueces, including fresh water,
and often act as a physical protection againsemdrweather events. RAMSAR has
highlighted the vulnerability of these APs to clima&hange (sea level rise, increased
severe storms, droughts, etc.), and the need Wy @t a proper vulnerability

assessment before to any plan or performance taggation or adaptation.

1.3: Strategy on Ecological Vulnerability

Habitat loss and fragmentation, overexploitatioollution, the impact of invasive
alien species and, increasingly, climate changéediaten global biodiversity. Global
warming will affect all species and exacerbate ttker environmental stresses
already being experienced by ecosystems. Protedtingsts and other natural
ecosystems can provide social, economic, and emviental benefits.

The legacy of past changes to biodiversity getsnitial conditions for the world
biodiversity. The overarching goal remains to mizienthe loss of biodiversity
through strategies addressed to ecosystems, dg/bisity, communities of fauna and

flora and finally at the species level.

Strategy on Ecosystems

Possible strategies that will enable ecosystembetmome resilient to climate
changes are as follows:
o Maintain well-functioning ecosystems

o Protect a representative array of ecologicalesyst
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0 Remove or minimize existing stressors

0 Manage appropriate connectivity of species, leapss, seascapes and
ecosystem processes

o0 Eco-engineering may be needed to assist the foramstion of some
communities under climate change

o Increase the extent of Protected Areas

o Improve representation and replication withintBcted-Area Networks

o Improve management and restoration of existingieeted Areas to facilitate
resilience

0 Manage and restore ecosystem functions rather thausing on specific
components (species or assemblages)

o Evaluate and enhance monitoring programs forlialdnd ecosystems

Strategy on Biodiversity

Based on the principles and approaches to effégtm@nserve biodiversity, the
following strategies will cope with climate changed appear to be most relevant to
the direct management of species and ecosystenth\aheé the main components of
biodiversity.

o Apply a risk management approach to deal withettamties about climate
change

o Minimize threats and seize opportunities

0 Manage invasive alien species

o Develop dynamic landscape conservation plans

o Review and modify existing laws, regulations, gudicies regarding wildlife
and natural resource management

o Education and communication to bring the puldbm@ with change
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Strategy on Communities of Fauna and Flora

Strategies to assist communities to adapt to cénshnge are ‘Develop dynamic
landscape conservation plans, Deal with uncer&sntiecological resilience and
transformation, Bridge ecological knowledge gapd esearch, Ensure wildlife and

biodiversity needs are considered as part of thadar societal adaptation process’.

Strategy on Species

It seems that climate change will have the mogtirdental impact at the species
level. This will eventually mean that species sdobke targeted and conserved
holistically through different strategies.

o Design new natural areas and restoration sitesatomize resilience

0 Protect movement corridors, stepping stonesyafiugjia

o Improve the matrix by increasing landscape pehbiligato species movement

0 Focus conservation resources on species that bmglome extinct

o Translocate species at risk of extinction

o Establish captive populations of species thatlvotherwise go extinct

0 Reduce pressures on species from sources otreclilmate change

o Incorporate predicted climate-change impacts $piecies and land-management
plans, programs and activities

0 Genetic preservation must be considered in s@sesc

1.4: Strategy on Social Vulnerability

Social Vulnerability and Climate Change

Social vulnerability in relation with climate chamgmpacts is the result of a
complex combination and interaction of differenttéas such as the existing natural,

environmental and geographical conditions of eatehas well as the socio-economic
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structure, dynamics and capacity to cope and attapi@atural and human induced
impacts. Small Islands and Coastal areas are plantig vulnerable to climate change
impacts.

How to Access Social Vulnerability to Climate Chang

Assessing social vulnerability to climate changelies three main factors: a)
exposure, b) sensitivity and, c) adaptive capacitggether, these three areas
determine the level of vulnerability to climate olga impacts. Therefore, social
vulnerability to climate change can be measureddmgbining measurements of these
three components and considering different scates/{duals and/or communities).

Several methods can be used to compile informdtjaalitative and quantitative)
and assess the exposure such as existing vulngrasksessments, expert opinions,
models or observational data.

Assessing social sensitivity to climate change teslawith the degree of
dependence that individuals or communities havetla ecosystem goods and

services that are affected by climate change tiatpacts.

Biosphere Reserves and Community Resilience througkdaptation Strategies

There are four step approaches for building rewike They are vulnerability
assessment, identification of resilience-buildingategies, prioritizing resilience
efforts, and implementation of resilience-buildstgategies. In relation to these steps,
Biosphere Reserves need always consider Commuaggeb Adaptation and
Ecosystem-based Adaptation, thus, facilitatingaabter and integrated approach.

The foundations for the development of an integraigaptation to climate change
oriented towards the reduction of social vulnergbdnd, at the same time enhancing
ecosystem conservation should consider the rolebaih the natural and hard

infrastructures and not just the later as it happemost cases.
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1.5: Strategy on Economic Strategy

Agriculture

Agriculture adaptation strategies should provideasees and solutions to cope
with short-term events and, at the same time, enslat these actions will not
undermine the capacity to deal with expected mehjanges despite under a high level
of uncertainty. While basic infrastructure investiseimproving efficiency on water
and soil use and management may be feasible witheubeed to change traditional
ways of farming, it is advisable to introduce coempéntary measures such as new
varieties that are more resistant to the expe@sybérature, soil composition, salinity
and other physical and chemical conditions.

Depending on the specific conditions (geographidimhension, social, economic,
etc.), there are different options and ways to mi@rand implement adaptation to
climate change in agriculture systems. Some ofrthst common are introducing new
varieties/species better adapted to the existiry @edicted conditions, enhancing
water collection and management through climate rismiafrastructures and
conservation agriculture, optimizing timing andfocation of cropping activities,
ensuring sounding and effective pest and diseasageanent, diversifying income by
integrating agriculture with other activities. Howee, adaptation outputs are not a
linear positive process as it implies a combinatadna complex combination of
factors from which, long term impacts may be hiddgnmmediate positive results of
single actions that will have different resultsitong term perspective.

Agriculture itself is a source of greenhouse gasssion. This implies that it is
necessary to establish a strategy to reduce graeahlgas emission from agricultural
activities in BR. Broadly, mitigation from agriculie can result from three types of
interventions. The types of interventions consistaslucing the emissions intensity
along the entire agricultural supply chain, inchgliavoided land use change driven
by agriculture, sequestering additional carbon gnicalltural systems, and reducing

overall agricultural production (e.g., by reducifagpd loss and waste or demand for
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biofuels) or shifting away from high-carbon integsagricultural products such as

meat from ruminants.

Tourism

Specific adaptation measures on tourism sector rbastombined with land
planning in order to minimize impacts but also teswe feasibility of tourism
activities. Moving from bed-based to activity-bagedrism is a good option not only
as a way to create more and diversified job oppiras, to increase the offer of
activities and to improve tourism experience bgbals it requires a global approach
on how to manage natural resources, including berdity. Part of any adaptation
strategy to explore tourism as an alternative tppsut community development
should be supported by knowledge and informatibwell designed and implemented,
tourism can be a driver of adaptation strategidsiosphere reserves due to the direct
and indirect links that tourism promotes betwedfetnt socioeconomic sectors.

On the other hand, tourism is a contributor to amnictim of climate change. This
Is termed as the paradox of tourism. In order tercome the paradox, tourism in
biosphere reserve should establish mitigation exjias for reducing greenhouse gas
emitted in the process of operating own tourisnomte§ he mitigation strategy can be
implied by the ecotourism-based operation for ailrism resources being used. In
other words, biosphere reserve tourism resort ogexashould develop their own
strategies to minimize greenhouse gas emissiortbdnprocess of operating their
tourism resorts, and adopting the following strasg

o Developing a manual to reduce greenhouse gassiemi®n the basis of

calculating greenhouse gas emission by sectorkerptocess of operating tourism
resort.

o Establishing the system of energy and resouroeulation through saving

resources and energy, improving the efficiencyesources and energy, introducing
new and renewable energy, and reducing emissigolaitant and waste discharge,

etc.
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o Providing visitors with environmental educatiorogram for leading them to

environmentally friendly behaviors during their ton the tourism resort.

Fishery Industry

The scope of causes impacting on marine BR is mudéar than that of the scope
of causes on terrestrial BR in terms of the actortrdbuting to climate change, the
source boundary where the impact is originated, twedunclear boundary of the
activity of fishes between marine BR and non-mamf. Such special situations
imply that the establishment of adaptation andgatton strategy on fishery industry
should be based not on marine BR-specific, but @megal marine fishery industry,
and priority should be given to adaptation whengtnategy is focused on marine BR-
specific one.

Adaptation from the fishery sector can be part o¥edl designed plan or can be
the whole set of individual actions that are unalegh by individuals and communities
addressing climate change related events or tréndisidual adaptatioractionsmay
be changing the timing or locations of fishing pe@es arrive earlier/later or shift to
new areas.

There are a vast diversity of measures, scalesgfgphic and temporal) and
resources (financial, administrative, human) inglien fisheries adaptation that
should be considered during the process of setgctidaptation priorities and
measures and combined with cost-benefit and tirm smalysis.

However, for fisheries, in small island and coaBlialsphere Reserves, it is highly
improbable to ensure access to capacity and reseutttat would support the
establishment of long term adaptation strategrestehd, Biosphere Reserves should
explore and benefit from integrated approaches ptioigp sectoral contribution such
as the reinforcement of conservation through thee aones as these areas have
already local and/or national legal status.

However, legal and political instruments at natiaral international level are also

necessary to prevent contradiction and conflictsveen the well addressed local
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actions and the external trading and managementeirerks. Knowledge,
information, capacitation and monitoring are al®y lelements for adaptation that
should be combined under integrated wide adaptgi@mning frameworks and
strategies that in their turn should cope with elienchange models and local specific

environmental and socioeconomic conditions.

2. Conclusion

According to the geographical boundary of impaayi®nmental problems are
classified into two categories — local and gloGdle former is defined as the impacts
of environmental problems are around the regionrevpellution is emitted, while the
latter is defined as regardless of region wherelupohs are emitted, the
environmental impact is global. The former includesil pollution and water
pollution, etc. The latter are climate change, aaid, and ozone depletion, etc.

Global environmental problems are more serious tbeal issues in terms of its
impact on nature and human society, and it is kntha climate change impacts are
most serious on nature and human society. Thisegd¢ason why climate change is
placed as priority for environmental problems asitifis the representative of
environmental problems. Another scientifically fourfiact is that internationally
protected areas are more sensitive to climate e#ran other terrestrial and marine
areas.

Considering the above scientific facts, how to oegpto climate change is the
most important strategy for conserving biosphersemgee as an internationally
protected area and its sustainable use.

A wide range of climate change adaptation and aiiog have been established at
a global, national and/or local level. However,thahould be specific by target of
strategy establishment. This principle should bgliag more strictly to BRs despite
BRs have some common profiles of nature and scmoaemy, each BR has more
unique profiles than common ones.

As this attempted research is to establish stragegisponding to climate change
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on island and coastal biosphere reserves as a comnumo in terms of nature and
socio-economy, adaptation should be more of a BRifip strategy than mitigation.
This is because mitigation strategy being estadtishy region where BR is located
can become a BR, but adaptation strategy shouldaked on sectors in BR itself.
Therefore, the following are the most efficientieefive and desirable approaches to
the development of concrete measures to be launtdredmplementing climate
change mitigation and adaptation strategies on BRwwere proposed in this report.

Mitigation Measure: As mentioned above, the mitigation strategy being
established for an entire region by national antbloal government is applied to BR.
And as this research proposed in Chapter 7, mibigegtrategy on BR alone should
focus on the reduction of greenhouse gas emissiom fthe operation of socio-
economic activity in BR. The development of conereteasures for realizing the
mitigation strategy requires, at least, three phasebelow (IPCC, 1996; Han et al.,
2011: 102-103; DECC, 2012; Jeong et al., 2016).

1% Phase (Preparing greenhouse gas inventory by rseftsocio-economic
activity): This enables to estimate not only tajabntity of greenhouse gas emission,
but also the quantity by sector.

2" Phase (Setting up the goal of reduction): A lag®unt of finance is required
for reducing greenhouse gas emission. How much ctesu depends on the
availability of its own finance. Based on the aahility of finance, the total goal of
reduction should be set up, and then the total gbedduction should be allocated by
sector of greenhouse gas emission identified froeemhouse gas inventory in th& 1
Phase.

3 Phase (Establishing reduction method): There do¢ af applicable methods
of reducing greenhouse gas emission. The exampdegeduction of energy use, the
improvement of energy efficiency, carbon capturel aarbon sequestration, etc.
However, efficient and/or effective method is difiet by sector for reduction.
Therefore, different reduction methods should bbecsed by sector.

Adaptation Measure: Adaptation should be a more BR-specific stratdggnt
mitigation. As explained in Chapter 3, it is debleato establish adaptation strategy by
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sector in BR. The sectors to be adapted to clima#éage in BR would be different in
terms of their vulnerability and the state of beimgpacted from climate change. This
implies that whether to launch anticipatory, reagtiautonomous, planned, private
and/or public adaptation should be based on theevability and the state of impact
of each sector. Based on the selection of adaptatiategy of each sector, the most
efficient, effective, and low-cost measures shdaddaunched.

An additional important factor to consider in thegess of following the above
phases is how to improve adaptation capacity. Basan for this is that mitigation
strategy being launched by national and/or localegoment at a regional level is
more fundamental for BRs than the reduction of gineese gas emitted by the socio-
economic activity in BRs, but the effectiveness @andcess of adaptation depends
more on BR-specific strategy than the strategyd&nnched by national and/or local
government at a regional level. This is the grotordmproving adaptation capacity
so that all BRs would have the full ability to asW the planned adaptations
successfully.

The concept of adaptation capacity, kinds of admptacapacity, and the strategy
to improve adaptation capacity are as below (Jezingl, 2016). These would be
applicable not only on island and coastal BRs atad to BRs all over the world.

The Concept of Adaptation Capacity:Adaptation capacity can be defined as the
ability to plan, facilitate, and implement measu@sdapt to climate change. Factors
that determine adaptation capacity may includelle¥eeconomic wealth and well-
being, availability of appropriate technology, exteof information and skills,
provision of sufficient infrastructure, effectivesseof institutions, political stability,
cultural cohesiveness and social equity.

Such an adaptation capacity has the potentialmaaity for a system to adjust, via
changes in its characteristics or behavior, s@it cope better with existing climate
variability, or with changes in variability and nmeelimate conditions.

Kinds of Adaptation Capacity: There are two kinds of adaptation capacity. They
are genetic and specific capacity. The former igliap to the capacity for a wide

range of responses to many different risks, whike latter is applied to the capacity
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for adaptation solely or primarily to climate charand variability.

In more detail, genetic capacity refers to avaligbof finance and technology,
governance, effectiveness, equity, and social ¢ohgstc. Specific capacity refers to
budget allocation for adaptation by sector, avditgbof meteorologists/climate
scientists/forecasters., availability of human (ES6S such as
environmentalist/climate economist/policy analystiaptation technology by sector,
and climate education and awareness, etc.

The genetic and specific capacity require bothndifie and management capacity.
The former is for understanding of, at least, eacikences and social and management
science. Meanwhile the latter is for adaptationgychnd measures.

Strategy to Improve Adaptation Capacity: This refers to the choice of
adaptation measures. There are two available chol©ee is theoretical range of
choice, and the other is practical range of choidee former is all the different
methods for adapting that have been used, plusi@awymethods that can be created.
Meanwhile, the latter are choices which are nothkea by constraints.

There are some important factors to be considerdtd process of selecting the
choices. In other words, the following factors dddoe considered in the selection of
choices to be launched as measures of adaptatluey @re what blocks specific
choices, cost, technical capacity, spatial linkagesial/ cultural/ legal acceptability,
political considerations, and vested interests, etc
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