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PREFACE

1. Escalating biodiversity loss andimate changeare putting international action to achieve the
United Nations Millennium Development Goals (MDGSs) at riskparticular,poor people often depend
heavily and directly on biodiversity to support their livelihoods. For example, in rural Zimbabwe, the
poorest 20% of the community receive 40% of their total income from environmental products, whereas
biodiversity ony provides 29% of direct income for the richest 10%

2. Biodiversity is also critical for the maintenance and enhancement of food sedDdtserving

and maintaining healthy soil, clean water, a variety of genetic resources and ecological processes are
es®ntial ingredients to a sustainable and productive agricultural system and the subsequent eradication of
hunger.

3. In addtion, climate change is posing neghallenges for development. Climate change is
projected to reduce poohras geesspgo watérshorhes and infrabtrootuck. a s s
Climate change is also expected to have a negative impact on traditional coping mechanisms thereby
increasing the vulnerability of the worl ddéds poor
Finally, the impacts of climate change on natural resources and labour productivity are likely to reduce
economic growth, exacerbating poverty through reduced income opportunities.

4, Climate change is also projected to alter regional food security. Changes afl gatterns and
extreme weather events are likely to diminish crop yields. Sea level rise, causing loss of coastal land and
saline water intrusion, can also reduce agricultural productiviBoral bleaching and increased
calcification of coral is likelyto reduce fisheries, further threatening food seclirity

5. Biodiversity is being called on to contribute to development in an environment in which
anthropogenic climate change is threatening the continued provision of ecosystem services by putting
pressure o species and ecosystems to adapt or adjust to rapidly changing climate candiiorethe

global community has issued an urgent call for additional research and action towards reducing the
impacts of climate change on biodiversity.

6. In order to supporadditional work on the interlinkages between climate change and biodiversity,
the second Ad Hoc Technical Expert Group (AHTEG) on Biodiversity and Climate Change was
convened in response to paragragitb) of decision IX/18 of the Conference of the Pag to the
Convention on Biological Diversity (CBD). The first meeting of the second AHTEG took place in
London, from 17 to 21 November 2008 and the second meeting took place in Helsinki from 18 to 22
April, 2009.

7. The AHTEG was established to provide bigisity related information to the United Nations
Framework Convention on Climate Change (UNFCCC) though the provision of scientific and technical
advice and assessment on the integration of the conservation and sustainable use of biodiversity into
climatechange mitigation and adaptation activities, throungér alia:

(a) Identifying relevant tools, methodologies and best practice examples for assessing the
impacts on and vulnerabilities of biodiversity as a result of climate change;

(b) Highlighting cag-studies and identifying methodologies for analysing the value of
biodiversityin supporting adaptation in communities and sectors vulnerable to climate change;

(©) Identifying casestudies and general principles to guide local and regional activities
aimed at reducing risks to biodiversity values associated with climate change;

(d) Identifying potential biodiversityelated impacts and benefits of adaptatamivities
especially in the regions identified as being particularly vulnerable under the iNaodbprogramme
(developing countries, especially least developed countries and small island developing States);

(e) Identifying ways and means for the integration of the ecosystem approach in impact and
vulnerability assessment and climate change adaptsirategies;



() Identifying measures that enable ecosystem restoration from the adverse impacts of
climate change which can be effectively considered in impact, vulnerability and climate change
adaptation strategies;

(9) Analysing the social, culturadnd economic benefits of using ecosystem services for
climate change adaptation and of maintaining ecosystem services by minimizing adverse impacts of
climate change on biodiversity.

(h) Proposing ways and means to improve the integration of biodivemisiderations and
traditional and local knowledge related to biodiversity within impact and vulnerability assessments and
climate change adaptation, with particular reference to communities and sectors vulnerable to climate
change.

(1) Identifying opportuities to deliver multiple benefits for carbon sequestration, and
biodiversity conservation and sustainable use in a range of ecosystems including peatlands, tundra and
grasslands;

()] Identifying opportunities for, and possible negative impacts on, ldoslty and its
conservation and sustainable use, as well as livelihoods of indigenous and local communities, that may
arise from reducing emissions from deforestation and forest degradation;

(K) Identifying options to ensure that possible actions for reduemissions from
deforestation and forest degradation do not run counter to the objectives of the CBD but rather support the
conservation and sustainable use of biodiversity;

)] Identifying ways that components of biodiversity can reduce risk and daamsageiated
with climate change impacts;

(m) Identifying means to incentivise the implementation of adaptation actions that promote
the conservation and sustainable use of biodiversity.



INTRODUCTION

8. The fourth assessment repdAR4) of the Intergovernmdal Panel on Climate Change
(IPCCY revealeda total temperature increase from 186899 to 20012005 of 0.76°C with the

warming trend escalating over the past 50 years. Furthermore, the average temperature of the oceans
has increased to a depth of at te#s3000m since 1961.

9. Anthropogenic changes in climate and atmospH@aibon Dioxide CO2) are already having
observable impacts on ecosystems and speciemné& species and ecosystems are demonstrating
apparent capacity for natural adaptation, but othershowing negative impadisluding reductions

in species populations and disruptions to the provision of ecosystem sémpeets are widespread

even with the modest level of change observed thus far in comparison to some future projections
Observé signs of natural adaptation and negative impacts incloaeges in the

Geographic distributionsf species;

Timing of life cycles (phenology)

Interactions between species

Rates of photosynthesis and respiratiacay (and thugarbonsequestration rad

storage)in response taltered temperate, climatic wetne€sQ 2f efir t i | i sat i onc
increasedhitrogen depositionand

1 Changes in theakonomic composition of ecologicabmmuniies and vegetation

structure of ecosystems.

1
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10. In fact, the AR4 estimatethat 2030% of species assessed would be at risk of extinction if
climate change leads to global average temperature rises greater tHa5°C5 Aside from well
known arctic and high altitude case studibgre are many examples globatifyindividual species
likely to be negatively impacted by climate changspecially through reduced geographic range
size$, including endemic species such Etediterranearclimate South African Proteaf which 30

to 40 percentare forecastultimately to suffer extinction under plausible climate scenarios for this
century As another example projected sekevel rise of 88cm over the 21st century could lead to
the loss of 1% of mangrove area in 16 pacific island coiggror territories, Wh losses as high as
50%on some islands

11. Such increased risks of extinctiare also likely to impact and be impacted by ecosystem
processesThere is ample evidence that warming will alter the patterns of plant, animal and human
diseases. Numerous modelling studies project increases in economically important plant pathogens
with warming, and experimental studies show similar patterns. Therdedgvidence that climate

change may play a role in changitine distribution of diseasdsor example, climate change has been

listed as a contributing factor to increased instances of disease outbreaks among corals, sea turtles, sea
urchins, molluscs and marimeammals.

12. In addition to affecting individual species and ecosystem healthyahes and services
provided to peopleby ecosystems, so called, ecosystem services, will also be impatteese
include provisioning services suchfasd and raw materialsvhich may improve in the short term in
bored regions and decline elsewhere;ukding services such as flood control and coastal protection
which are expected to be particularly impacted by the degradation of coral reefs and wetlands; and
cultural services including traditional livelihoads

13. It is also important to note thalimmate change impacts on ecosystems can exert significant
positive feedbacks to the climate systetris Igenerally agreed that one of the main feedbacks to the
climate system will be through the increase in soil respiration under increased temperature,
particulrly in the arcticwith the potential to add 200ppm ¢® the atmosphere by 210®ne area

of research that has expanded since the 4AR is that of the projected Amazon drying and dieback. It
has been suggested thdimate change will cause increasedsessl water stress in the Eastern
Amazon which could increase susceptibility to fire especially in areas near tsattiments and
agricultural lands. This increase in forest fire may contribute to increased greenhouse gas &missions



14. At the same timegha climate change is impactingjodiversity, biodiversity and associated
ecosystem services haagecognized role in reducing climate change and its impacts.

15. Carbon is sequesteraahd storedby ecosystems, anthe processeswvhich constitute and
sustain tis ecosystem servicarethe result obiodiversity. An estimated 2,400 Gt carbisrstored in
terrestrial ecosystems, compared to approximately 750Gt in the atmodphehermore, primary
forests in all biomes boreal, temperate and tropi¢éahave als been shown to be, even at a very old
age, continuing to function as carbon siflk$/arine ecosystemalso sequester large amounts of
carbon through phytoplankton at the ocean surfaceguntingfor approximately 50% of the global
ecosystem uptake of GOwith a proportion of dead organic matter being deposited in the ocean floor
sediment.Protecting the current stock of carbon in forests and other natural ecosystems such as
wetlands is a necessary compliment to reducing fossil fuel emissions if toltal ginthropogenic
emissions are to be reduced to a level that will avoid dangerous climate'thange

16. Currently, however,only 312Gt carbon or 3.2 per cent of the global carbon staskunder

some degree of protectiavithin more than 100,000 protectadsas The conversiomnd degradation

of natural ecosystems is therefore a significant contributing factor to climate change. For example, the
conversion of peat swamp forests to oil palm causes a net release of approximabéty &50on

dioxide equivalentper hectarg, while in tropical forests land use activities includilogiging have

been shown to deplete carbon stocks and increase susceptibility to fire Harimadect, some
commercially managed temperate forests in the 1YS#ave been found to be amd 40% or more

below natural carbon carrying capa&ity

17. Given that, in the absence of mitigation policite® AR4 projects that temperatures are likely

to riseby 1.1°C to 6.4°C by the end of the®Z%ntury relative to the 1980999 baselingethe roleof
ecosystems in storing and sequestering carbon is critically impo#tasiich, the conservation and
sustainable use of biodiversity has the potential to contribute significantly to the maintenance of
carbon stocks while the rehabilitatiothough naural or humanassisted meahsof degraded
ecosytems canincrease sequestratiooth the protectionof existing carbon stocks and the
restoration of depleted carbon stoeldl therefore helgimit the required adaptations to the impacts

of climate change

18. Even with mitigation strategies in plasggnificantclimate change is inevitabtiie to lagged
responses in the Earth climate systigading to the need for comprehensive affdctive adaptation
strategies.The recognition of the value of ecosystemrvices by the Millennium Ecosystem
Assessment provided an opportunity to assess the potential economic impacts of the loss of such
servicedn the face of increasing pressures

19. Overall, for a 2°C increase in global mean temperatures, for example, aummdimic
damages could reach U8%rillion by 2100 (expressed in U.S. dollars at 2002 prieg)s one
example,a study by the World Bank revealed that coral reef degradation attributable to climate
change in Fiji is expected to cost between US$ 5 miliiod US$ 14 million a year by 2080There

is therefore, an urgent need to include, within any adaptation plan, specific activities for the
conservation and sustainable use of biodiversity and associated ecosystem service.

20. Adaptation focused on the consation and sustainable use of biodiversity faces many
challenges including the need to balance the natural adaptations of species and ecosystems with
planned adaptation. For example, as species migrate in response to climate change, ranges and extent
may slift beyond the borders of existing protected areas. As such, conservation strategies in the future
will need to focus not only on conserving existing habitats but also restoring degraded, Hadittats
managing existingressuresuch as invasive specjesd enhancing connectivity in order to allow for

natural adaptation.

21. The supportingrole of biodiversity and associated ecosystem sensbesldbe integrated

within broader adaptation planning and practices through the adoption of ecebgsttnadaption,

which may be further described as the use of sustainable ecosystem management activities to support
societal adaptationSuch approaches can deliver multiple benefits for biodiversity and society



including improved flood control, enhanced carbonusstration and storage, support for local
livelihoods, etc.

22. Finally, as climate change mitigation and adaptation activities accelerate, it is important to
ensure that such activities dot have negative impacts on biodiversity. For examplejrtipact of

adaptation strategies on biodiversibas been shown to be negative in many circumstances,
particularly in the case of dédhard defencesd cons
result in maladaptation in the long term if it removes matulood regulation properties of coastal

and freshwater ecosystems, for example.

23. With regards to mitigation, activities involving land use change can have positive, negative or
neutral impacts on biodiversity. The conversiortropical forest andvetlands to palm oil plantations,

for example, results in biodiversity loss and reduction in overall carbon storage capacities provided by
these ecosysterm On the other hand, reducing emissions from deforestation and forest degradation,
and careful reforestatn, if well designed, has to potential to significantly contribute to global efforts
towards the conservation and sustainable use of biodiversity.



KEY MESSAGES

A. Climate change and biodiversity interactions

Maintaining natural ecosystems (includingitigenetic and species diversity) is essential to meet
the ultimate objective of the UNFCCRecause of their rolén the global carbon cycle and
because of the wide range of ecosystem services they provide teasantial for human well
being.

Climate change is one of multiple intrting stresses on ecosystems, other stresses include
habitat fragmentation through lade change, ovexxploitation, invasie alien species, and
pollution.

While ecosystems are generally more carbon dense and biologiwakydiverse in their natural

state, the degradation of many ecosystems is significantly reducing their carbon storage and

sequestration potential, leading to increases in emissions of greenhouse gases and loss of

biodiversity at the genetic, species daadscape level;

o Hypothetically, if all tropical forests were completely deforested over the next 100 years, it
would add as much as 400GtC to the atmosphere and increase the atmospheric concentration
of carbon dioxide by about 100ppm, contributing toiacrease in global mean surface
temperatures of about de:

o Recent studies estimate that unmitigated climate change could lead to a thawing of Arctic
permafrost releasing at least 100GtC into the atmosphere by 2100, thus amplifying global
mean surfacestmperature changes.

B. Impacts of climate change on biodiversity

Changes in the climate and in atmospheric carbon dioxide levels have already had observed
impacts on natural ecosystems and species. Some species and ecosystems are demonstrating
some capaty for natural adaptation, but others are already showing negative impacts under
current levels of climate change, which is modest compared to most future projected.changes

Climate change is projected to increase species extinction rates, with apedxih® per cent of

the species assessed so far at an increasingly high risk of extinction for ®eigelin global

mean surface temperature within the range of future scenarios typically modelled in impacts
assessments (usually’€5global temperaterrise).

Projections of the future impacts of climate change on biodiversity have identified wetlands,
mangroves, coral reefs, Arctic ecosystems and cloud forests as being particularly vulnerable. In
the absence of strong mitigation action, there ispthesibility that some cloud forests and coral
reefs would cease to function in their current forms within a few decades.

Further climate change will have predominantly adverse impacts on many ecosystems and their
services essential for human we#ing, ncluding the potential sequestration and storage of
carbon, with significant adverse economic consequences, inchindirigss of natural capital.

Enhancing natural adaptation of biodiversity through conservation and management strategies to
maintain ancenhance biodiversity can reduce some of the negative impacts from climate change
and contribute to climate change mitigation by preserving carbon sequestration and other key
functions; however there are levels of climate change for which natural adaptdtioecome
increasingly difficulf especially where surrogate conditions may be absent or disconnected



C. Adaptation to Reduce the Impacts of Climate Change on Biodiversity

1 All adaptation activities should aim to maintain or enhance and take advasftdge natural
adaptive capacity of species and ecosystems so as to increase the effectiveness of adaptation and
reduce risks to biodiversity from climate change.

1 To optimise their effectiveness well as biodiversity ebenefits,adaptation activitiesan
0 Maintain intact and interconnected ecosystemstoease resilience arallow for
biodiversityand peopléo adjust to changing environmental conditions.
0 Restoe or rehabilitde fragmented or degraded ecosystems, argstablish critical
processesuch as water flow or pollinatido maintain ecosystefanctions:
A taking intoaccount theadverseeffects of climate change including impacts
on disturbance regimes and extreme events, and
A emphasizing restoration of functionaliyd habitat valueatherthan species
composition since some pexisting species may no longer be suited to
changed environmental conditions.
0 Preserve and enhanpeotective ecosystem service values that help buffer human
communities from floods, storms, erosion and other cénoshange hazards.
o Ensuethattheuse of renewable natural resources will be sustainable under changed
climatic conditions.
o Collect, preserve and disseminate tradaioand localknowledge, innovations and
practices related to biodiversity conservatiord asustainable usender climate
change and variability

1 Toincrease thadaptive capacitpf species and ecosystems to the stress of accelerated climate
changeespecially in light of tipping points and thresholds, it is further recommended that

o Non-climatic stresses, such as pollution, habdas andragmentation and invasive
speciesarereduced or eliminated.

0 The resilience of ecosystenssmproved or maintained by wider adoption of
conservation and sustainable use practices.

0 Biodiversity valuesare recognized, maintainednd restoredacross land uses and
tenuresas suggested below

0 Protected area networkse strengthened and enhanced because of their central role
in maintaining biodiversitynd enabling migration of species.

o In some caseselocdion, captive breedin@ndexsitu storage of germplasmaybe
implemented whenecessary to preveatpeciedecoming extingtbut such
measures are ofterery expensivegss effective thaim situactions are not
applicable to all species, usuallyaféble only on small scalesndvery rarely
maintainecosystem functions and servicksthe case of relocation, potential effects
on other species need to be considered.

1 Risks to biodiversity from climate change and +adaptation can be assessed usngilable
vulnerability and impactssessment guidelin@gth priority given to ecosystems and species of
particular ecological, sociabr economic importance

1 Planning and implementation effectiveadaptation activitieselies upon:
o0 consideringtraditional knowledge,including the fullinvolvement oflocal and indigenous
communities
o0 defining measurable outcomes that are monitored and evaluated; and
o building on a scientifically credible knowledge base concerning climate change impacts and
evidencebased effective responses.

1 Given ongoing development efforts, including through the Millennium Development Goals,
identifying and reducing potential negative impacts of climate change on biodiversity is especially



important in developing countries thaegrarticularly vulnerable to the effects of climate change.

As recognized by the UNFCCC this includes, especially, small island developing states and least
developed countries, given their high levels of endemism, high exposure to risk, and limited
capaciy to adapt.

D. Ecosystem Based Adaptation

9 Adaptation activities that make use of biodiversity and associated ecosystem services, when
integrated into an overall adaptation strategy, may contribute to cost effective climate change
adaptation and generadditional environmental and societal benefits.

9 Ecosysterbased adaptation may be further described as the use of sustainable ecosystem
management activities to support societal adaptafionsysterrbased adaptation:

o Identifies and implements a rangestifategies for the management, conservation and
restoration of ecosystems fovide services that enable people to adapt to the
impacts of climate change.

o Can be applied atregional, national and local levelgt both project and
programmatic levelsandbenefits can be realized over short and long time scales.

o May be more cost effective and more accessible to rural or poor communities than
measures based on hard infrastructure and engineering.

1 Means of implementing ecosystdrased adaptation includetivities such asustainable water
management where river basim®ovide water storage, flood regulation and coastal defearabs
the establishment and effective management of protected area systems that ensure both the
representation and persistence daddiversity to increasig resilience to climate chang&he
ecosystem approach and similar approaghegide useful guiding principles for designing and
implementing ecosysteimased adaptation.

1 There are many ecosystdrased adaptatioapproaches thateliver significantvalue for societal
adaptation and an ability to provideditionalbenefits including the use of coastal ecosystems to
reduce risk of flooding from storm surges, and the maintenance of diverse agricultural landscapes
to support productity under changing climate conditions. Ecosystemsed adaptation, if
designed, implemented and monitored appropriately, can:

0 Generatemultiple social, economic and cultural-G@nefits for local communities.

o Contribute tothe conservatiorand sustainablese of biodiversity

o Contribute to climate change mitigation, by conserving carbon stocks, reducing
emissions caused by ecosystem degradation andfosshancing carbon stocks.

1 Ecosystenrbased adaptation may requinanaging ecosystems to provig&ticular services over
others. It is thereforeimportant that decisions to implement ecosysbarsed adaptation are
subject to risk assessment, scenario planning and adaptive management apfirvabdegnise
and incorporate these potential traufts.

E. Impacts of Adaptation on Biodiversity

1 Adaptation to the adverse impacts of climate change can have both positive and negative
consequences for biodiversity and ecosystem services.

1 The impacts of adaptation strategies on biodiversity will vary aces®rs and will depend on
the way in which such strategies are implemented. For exampldetiedopment of plantation
forests including those with nemative speciesvill result in novel ecosystems and may have
impacts on the endemic species of the .afeflitionally, the construction dfard infrastructure
approaches coastal area®.g., sea walls, dykes, etoffen adversely impact natural ecosystems



processes by altering tidal current flows, disrupting or disconnecting ecologically related coastal
marine communitiesanddisrupting sediment or nutrition flows

In most cases there is the potential to reduce negative impacts and increase positive impacts to
minimize tradeoffs and the risk of maladaptation. Steps to achieve this include strategic
emironmental assessments (SEA), environmental impact assessments (EIA), and technology
impact assessments, which facilitate the consideration of all adaptation options. Furthermore, an
examination of case studies of maladaptation can provide importantdésaamed.

Biodiversity and climate change mitigation through LULUCF activities including REDD

Maintaining natural and restoring degraded ecosystems, and limiting hocwaed climate
change, result in multiple benefits for both the UNFCCC and @Bbechanisms to do so are
designed and managed appropriately, for example through protection of forest carbon stocks, or
the avoided deforestation of intact natural forests and the use of mixed native forest species in
reforestation activities

LULUCEF actimties, including reduced deforestation and degradation, that maintain, sequester and
store carbon can, in concert with stringent reductions in fossil fuel emissions of greenhouse gases,
play a necessary role in limiting increases in atmospheric greenlgasseoncentrationsnd
humaninduced climate change.

Primary forests are generally more carbon dense, biologically diverse and resilient than other
forest ecosystems, including modified natural forests and plantations, accordingly, in largely
intact fores landscapes where there is currently little deforestation and degradation occurring, the
conservation of existing forests, especially primary forests, is critical both for preventing future
greenhouse emissions through loss of carbon stocks and consiemeeistration, as wedls for
conserving biodiversity.

In forest landscapes currently subjecthtirvestingclearing antbr degradation,mitigation and
biodiversity conservation can be best achieved by reducing deforestation, and reducing forest
degrad#on through the sustainable management of forests and through forestti@stor

In natural forest landscapes that have already been largely cleared and degraded, mitigation and
biodiversity conservation can be enhanced through reforestation, fotesatiea and improved

forest management which, through the use of mixed native species, can yield multiple benefits for
biodiversitywhile sequestering carbon.

Implementing REDD activities in identified areas of high carbon stocks and high biodiversity
values can promote ebenefits for climate change mitigation and biodiversity conservation and
complement the aims and objective of the UNFCCC and other international conventions,
including the Cowmention on Biological Diversity.

The specific design of patdal REDD mechanisms (e.g., carbon accounting scheme, definition of
reference scenarios, time frame, etc.) can have important impacts on biodiversity conservation;
0 Addressing forest degradation is important because degradation leads to loss of carbon and
biodiversity, decreases forest resilience to fire and drought, and often leads to deforestation;
o Both intranational and intenational displacement of emissions under REDD can have
important consequences for both carbon and biodiversity, and therefousrereq
consideration for achieving mutual benefits

While it is generally recognized that REDD holds potential benefits for fdvesking
indigenous and local communities, a number of conditions would need to be met for these co
benefits to be achievea.g., indigenous peoples are unlikely to benefit from REDD where they



do not own their lands; if there is no principle of free, prior and informed consent, and if their
identities are not recognized or they have no space to patédn policymaking proesses.

The implementation of a range of appropriately designed-fasmthgement activities (e.g.,
conservation tillage and other means of sustainable cropland management, sustainable livestock
management, agrorestry systems, maintenance of natural wataurces, and restoration of
forests, peatlands and other wetlands) can result in the complementary objectives of the
maintenance and potential increase of current carbon stocks and the conservadimstanable

use of biodiversity.

Climate mitigationpolicies are needed to promote the conservation and enhanced sequestration of
soil carbon, including in peatlands and wetlands, whicls lzeneficial for biodiversity.

The potential to reduce emissions and increase the sequestration of carbon fror@ARULU
activities is dependent upon the price of carbon and is estimated to range 12 GIEQ-eq

per year for forestry activities (REDD, sustainable forest management, restoration and
reforestation), and 2:8.4 GtCQ-eq per year for agricultural acties for a price of
US$100/tCQ-eq by 2030.

G. Biodiversity and climate change mitigation through renewable energy
technologies and geengineering

There is a range of renewable energy sources, including onshore and offshore wind, solar, tidal,
wave, gethermal, biomass and hydropower and nuclear, which can displace fossil fuel energy,

thus reducing greenhouse gas emissions, with a range of potential implications for biodiversity
and ecosystem services

While bioenergy may contribute to energy securityral development and avoiding climate
change, there are concerns that, depending on the feedstock used and production schemes, many
first generation biofuels (i.e., use of food crops for liquid fuels) are accelerating deforestation with
adverse effectsrobiodiversity, and if the full life cycle is taken into account, may not currently

be relucing greenhouse gas emissidis.

Largescale hydropower, which has substantial unexploited potential in many developing
countries, can mitigate greenhouse gawssions by displacing fossil fuel production of energy,
but can often have significant adverse biodiversity and social effects

Artificial fertilization of nutrient limited oceans has been promoted as a technique to increase the
uptake of atmospheric daon dioxide, but it is increasingly thought to be of limited potential and
the biodiversity consequences have been little explored.

H. Valuation and incentive reasures

Accounting for thevalue of biodiversityand the ecosystem it supports,important ér the
decision making process, and for the provision of appropriate incentives for societal adaptation to
climate change

Ecosystem services contribute to economill-being and associated development goals (e.g.
MDGSs) in two major ways through contthutions to the generation of income and vieling
(e.g., provisioning of food and fiber), and throufle reduction of potentially costly impacts of

2/ The expert from Brazil disassociated himself from this statement.



climate change and other stresses on so¢ty., coral reefs and mangrove swamps protect
coastal infragucture).

1 There are many methodologieghich have beerdevelopedto estimae the economic vakl
(including both market and nemarket valuespf ecosystem servicesd thesashouldbe applied
in order to promote the full range of financial options wheplémenting ecosystetrased
adaptation.

1 Both economic and noreconomicincentives could be used to implement ecosysteased

adaptation:

0o Economic measures include:

A (i) removing perversesubsidies to sectors such as agriculture, fishe and
energy;
(i) introducingpaymentgor ecosystem services
(iii) implemening appropriate pricing policies for natural resources;
(v) establising mechanisms to reduce nutrient releases and promote carbon
uptake; and
(vi) applying fees, taxes, levees, and tariftsdiscourage activities that degrade
ecosystem services

>> > >
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o Policies should be assessed in all sectors to reduce or eliminatsertmsl impacts on
ecosystem services.

o Noneconomidncentives and activities includimproving or addressing

A (i) lawsand regulations;

(i) governance structurgsationally and internationally,

(iii) individual and community propéy or land rights;

(iv) access riglstand restrictions;

(iv) information and education;

(v) policy, planning, and management of ecosyst;and

(vi) development and implementation déchnologies relevant for biodiversity
and climate change adaptation (etgchnology that mkes use of genetic
resources and technology to manage natural disasters)

DI D> >

1 In order to achieve intended adaptatijectives while avoiding market distortions, such as
through tariff and nonariff barriers, incentives for ecosystdrmased adaptation should be
carefully designed to consider social, economic and biophysical variables.



SECTION 1
BIODIVERSITY -RELATED | MPACTS OF ANTHROPOGENIC CLIMATE CHANGE
1.1 OBSERVED AND PRQ@ECTED IMPACTS OF CIMATE CHANGE ON BIODIVERSITY

Anthropogenic changes in climate and atmospheric CO2 are already having observable impacts

on ecosystems and species; some species and ecosystemsgla@nonstrating apparent capacity

for natural adaptation, but others are showing negative impactsimpacts are widespread even

with the modest level of change observed thus far in comparison to some future projections. Observed
signs of natural adaptati@md negative impacts include

1 Geographic distributions: Speci es® geographic ranges are shi-
elevations where possibléVhile this can be interpreted as natural adaptation, caution is advised,
as the ranges of some spec@e contracting from warm boundaries, but are not expanding
elsewhere; there are also geographic limits to how far some species will be able to go. Range
shifts have mostly been studied in temperate zones, due to the availability of long data records;
changes at tropical and sdtopical latitudes will be more difficult to detect and attribute due to a
lack of time series data and variability of precipitation.

I Timing of life cycles (phenology):changes to the timing of natural events have now been
documetted in many hundreds of studies and may signal natural adaptation by individual species.
Changes include advances in spring events (e.g. leaf unfolding, flowering, and reproduction) and
delays in autumn events.

1 Interactions between speciesevidence of th disruption of biotic interactions is emerging.
Changes in differential responses to timing are leading ismaiches between the peak of
resource demands by reproducing animals and the peak of resource availability. This is causing
population declines imany specieand may indicate limits to natural adaptation.

1 Photosynthetic rates, carbon uptake and productivity in responsetoCAf er t i | i zat i on¢
nitrogen deposition: models and some observations suggest that global gross primary production
(GPP) ha increased. Regional modelling efforts project ongoing increases in GPP for some
regions, but possible declines in others. Furthermore, in some areéerti@ation is favouring
fast growing species over slower growing ones and changing the compositioatural
communities while not appreciably changing the GPP.

1 Community and ecosystem changesbserved structural and functional changes in ecosystems
are resulting in substantial changes in species abundance and composition. These have impacts on
livelihoods and traditional knowledge including, for example, changing the timing of hunting and
fishing and traditional sustainable use activities, as well as impacting upon traditional migration
routes for people.

During the course of this century the res#ince of many ecosystems (their ability to adaptl
recovernaturally) is likely to be exceeded by an unprecedented combination of change in climate,
associated disturbances (e.g., flooding, drought, wildfire, insects, ocean acidification) and in other
anthropogenicglobal change drivers (especially langse change, pollution and ovesxploitation

of resources), if greenhouse gas emissions and other changes continue at or above current rates
(high confidence)3

Many of the mass extinctions that have occued over geologic time were tied, at least in part, to

climate changes that occurred at rates much slower than those projected for the next century.

These results may be seen as potentially indicative but are not analogues to the current situation, as
continents were in different positions, oceanic circulation patterns were different and the overall
composition of biodiversity was significantly different. It should also be kept in mind that these
extinctions occurred with the temperature change taking phasetens of thousands of yeéra rate

3 This statement is extracted verbatim from IPCC WG2 Chapter 4 conclusions.



at which natural adaptation should have been able to take(pldu@ugh the end of ice ages has been,
historically, quite rapitf). This is in contrast to the much more rapid rate of temperature change
observed ad projected toddy.

Further climate change will have increasingly significant direct impacts on biodiversity.
Increased rates of species extinctions are IRelyith negative consequences for the provision of
servicesthatthese species and ecosyst@msvide. Poleward and elevational shifts, as well as range
contractions and fragmentation, are expected to accelerate in the future. Contractions and
fragmentation will be particularly severe for species with limited dispersal abilities, slower lifgy histor
traits, and range restricted species such as polar and mountain top’spedepecies restricted to
freshwater habitat§

Increasing CO, concentrations are altering the basic physical and chemical environment
underpinning all life, especially temperdaure, precipitation, and acidity. Atmospheric
concentrations of CQOcan themselves have important direct influences on biological systems, which
can reinforce or act counter to responses to climate variables and complicate projection of future
responsesThe direct effects of elevated atmospheric ,Cde especially important in marine
ecosystems and in terrestrial systems that are not-liraterd®.

Climate change will also affect species indirectly, by affecting species interactiohsdividualistic

respmses of species to climate and atmospheric change may result in novel species combinations and

ecosystems that have no present day analogue (a finding supported by paleoecological studies). These
impacts on communities may be more damaging in some retfiansthe direct effects of clineat

changes on individual species, and may compromise sustainable development. The impacts of climate

change on species will have cascading affects on community associations and ecosystems leading to
nortinear responses, it t hr es hol ds that areidt yietpyvpliumdgrstqgpch i nt s 0

Climate change will interact with other pressures acting on natural systems, most notably land

use and landuse change, invasive alien species and disturbance by fiteanduse change and

related habitat loss are currently major threats to biodiversity world@ideate change is also very

likely to facilitate the spread and establishment of invasive alien species. However, shifts in
distributions of native species as an adaptive responslarate change will force a reassessment of

how we define what These pressaunes amflify climatenchaage ieffeetsd by
causing fragmentation, degradation and drying of ecosysiapigding increased incidence of fire,

which is often eacerbated during climatic events like El Nifibhus, it is vital to consider the effects

of climate change in the context of interacting pressures and the influence they may exert directly on
natural systems and on t hlmatechangest ems 6 abil i ti es

Climate change will have significant impacts on fire regimes, with effecten the function of

many terrestrial ecosystems andvith important feedbacks to the climate systefi. Fire is an
essentiahaturalprocess for the functioning of mangasystemsln these ecosystemstd affectsthe
distribution of habitats, carbon and nutrient fluxes, and the water retention properties of soils.
However fireecosystem relationships are being altered by climate change, with significant
consequences fasther ecological processes, including carbon sequestration, and for biodiversity
In ecosystemsiccustomed to fire and dependent on itftorctioning fire exclusion often results in
reduced biodiversity and increased vegetaéind fueldensity, oftenincreasing risks of catastrophic

fire over time.lt is estimated that ecosystems wéhthropogenicalhaltered fire regimesurrently
encompas®ver 60% of global terrestrial area, and only 25% of terrestrial aetgia unaffected
(natural) fire regime conditiong®. Moreover, effective biodiversity conservation requitkat fire
regimes are ablplay their role in maintaining ecosystem functioning, laitthe same time not pose a
threat to biodiversity or human wddking throughexcessive occurrence

Extinction risks associated with climate change will increase, but projecting the rate of extinction is
di fficult due to | ags andintesaptiernsinempiete gnovdeddeaft i on r e
natural adaptive capacitythe complex cascade of intespecies interactions in communitieand
the uncertainty around dowsscaled regional predictions of future climate.



Research shows that approximately 10% of species assessed so far are at an increasingly high
risk of extinction for every 1°C rise in global mean temperature, within the range of future
scenarios modeled in impacts assessments (typically’€5global temperature rise). Given the
observed temperature rise, this now places approximat@yo 6of the species studied at an
increasingly high risk foextinction. The current commitment to additional temperature increases (at
least 0.5°C) places an additional% of species at increasingly high risk of extinction (based on
single species studies and not including losses of entire ecosystems). tAstadgrof global bird
distributions estimated that each degree of warming will yield a nonlinear increase in bird extinctions
of about 106600 specie€d. Temperature increases of 2°C above-ipckistrial levels begin to put

entire ecosystems at risk arne textinction rate is expected to rise accordingly.

The negative impacts of climate change on biodiversity have significant economic and ecological
costs

A key property of ecosystems that may be affected by climate change is th@odsand services

they provide. These include provisioning services such as fisheries and timber production, where the
response depends on population characteristics as well as local conditions and may include large
production losse<Climate change also affects the ability obggstems to regulate water flows, and

cycle nutrients.

There is ample evidence that warming will alter the patterns of plant and animal diseases.
Current research projects increases in economically important plant pathogens with warming. There
has also ben considerable recent concern over the role of climate change in the expansion of disease
vectoré®. For example, shoterm local experiments have demonstrated the impacts of predicted
global change on plant health including riEerthermore, studies tfie impacts of climate change on

the range of the tickorne disease Theileriosis (East Coast fever) show increases in areas of
suitability in Africa®.

The impacts of climate change on biodiversity will change human disease vectors and exposure.
Climate dange is predicted to result in the expansion of a number of human disease vectors and/or
increase the areas of exposure. For example the increased inundation of coastal wetlands by tides may
result in favourable conditions for saltwater mosquito breedithassociated increased in mosguito

borne diseases such as malaria and dengue fever.

Climate change affects the ability of ecosystems to regulate water flowdigher temperatures,
changing insolation and cloud cover, and the degradation of ecosystetarstrimpedes the ability

of ecosystems to regulate water fldw.Asia, for example, water supplies are at risk because climate
changeis meltingthe glaciers that feed Asia's largest rivers in the dry s&&s@necisely the period
when water is neededost to irrigate the crops on which hundreds of millions of people depend.

Climate change will have important impacts on agricultural biodiversity.Even slight changes
temperature, precipitation, etare expected to decrease agricultural productivitytropical and
subtropical areasn regions that experienceame frequent and more extreme droughts and flabds
likelihood of crop failurewill increaseand may result in negative livelihood impacts including forced
sale of assets, outigration anddependency on food relief. The wild relatives of crop plang
important source of genetic diversity for crop improvemerdre also potentially threatened by
climate change.

Changes and shifts in the distribution of marine biodiversity resulting fromclimate changewill

have serious implications for fisheriesThe livelihoods of coastal communities are threatened by the
projected impacts of climate change on coral reefs and other commercially important marine and
freshwater species. Fisheries may inwaran the short term in boreal regions but they may decline
elsewhere with projected local extinctionssoimefish species important for aquaculture production.

As a result of climate change and in the absence of stringent mitigation, up to 88% ottheafer

in Southeast Asia may be lost over the next 30 y&aeddition, ocean acidification may cause pH to
decrease by as much as 0.5 units by 2100 causing severfésdieshellfish’.

Biodiversity loss and ecosystem service degradation resultingom climate change has a
disproportionate impact on the poor and may increase human conflictThe areas of richest



biodiversity and ecosystem services are in developing countries where billions of people directly rely
on them to meet their basic needs. @etition for biodiversity resources and ecosystem services may
lead to human conflictSmall Island Developing States and Least Developed Countries are
particularly vulnerable to impacts such as projected sea level rise, ocean current oscillation changes
and extreme weather events.

Indigenous people will be disproportionately impacted by climate change because their
livelihoods and cultural ways of life are being undermined by changes to local ecosystems.
Climate change is likely to affect the knowledgmadvations and practices of indigenous people and
local communities and associated biodiverbiiged livelihoods. However, it is difficult to give a
precise projection of the scale of these impacts, as these will vary aiffeentlareas and different
environmentskFor example, indigenous people and local communities in the Arctic depend heavily on
cold-adapted ecosystems. While the number of species and net primary productivity may increase in
the Arctic, these changes may cause conflicts betweertidradilivelihoods and agriculture and
forestry. In the Amazon, changes to the water cycle may decrease access to native species and spread
certain invasive fish species in rivers and lakes. Furthermore, climate change is having significant
impacts on trditional knowledge, innovations and practices among dryland pastoral communities.

Shifts in phenology and geographic ranges of species could impact the cultural and religious

lives of some indigenous peopleddany indigenous people use wildlife as integparts of their

cultural and religious ceremonies. For example, birds are strongly integrated into Pueblo Indian
communities where birds are viewed as messengers to the gods and a connection to the spirit realm.
Among Zuni Indians, prayer sticks, usingcptieers from 72 different species of birds, are used as
offerings to the spirit realm. Many ethnic groups in-8#tharan Africa use animal skins and bird
feathers to make dresses for cultural and religious ceremonies. For example, in Boran (Kenya)
ceremonis, the selection of tribal leaders involves rituals requiring Ostrich feathers. Wildlife
including species which may be impacted by climate chapiggs similar roles in cultures elsewhere

in the world.

Many ecosystems are currently acting as carbon sirsk sequesteing 30% of anthropogenic
emissions, but if no action is taken on mitigationsome ecosystems in those regions whialll
experience a decrease in annu@lrecipitation or an increasing in seasonality{and thus reduced

rates of photosynthesis andbiomass production) will slowly convert to carbon sourcesThe
reason for this conversion from sink to source is linkedtemperaturegises increasingsoil
respiration, thawing of peatlands, incriegswildfire, etc Some studies suggest that this tesck
could increase Cgroncentrations by 20 to 200 ppm, and hence increase temperatures by ®C to 1.5
in 2100 The level of global warming which would be required to trigger such a feedback is
uncertain, but could lie in the range of an increase ibajlmean surface temperature of between 2
4°C above préndustrial levels according to some modé&lsrthermore

9 Local conversion of forests from sinks to sources wouldxaeerbated by deforestation and
degradation, which increases the vulnerability ofeét to climate changby, inter alia,
reduéng microclimatic buffering and rainfall generah. Some models predict that the
Amazonforestis particularly vulnerabléut if left undisturbed by antbpogenic disturbance
could have sufficient natural resihce to buffer climate change impacts into the d2n
centurﬁz. On the other hand diween 2580% of rainfall is recycled from the Amazon forest,
forming one of the most important regional ecosystem services. Deforestatiort0¥a36f
the AmazorBasin esgcially in Eastern Amazonia, could shift the foresbia permanently
drier climatejncreasing theisk of fire and carbon release

9 Arctic ecosystemstaiga peatlandsand tropical peatlands could become strong sources of
carbon emissions in the absermfemitigation. Recent studies estimate that unmitigated
climate change could lead to thawing of Arctic permafrost releasing at least 100GtC by 2100,
with at leas#0Gt coming from Siberia alone by 2050. Such increases will not be offset by the
projectedadvance of the boreal forest into the tuftira

1 Reduced rainfall may change the equilibrium between vegetation, hydrology and soil in
peatlands and miredn areas where there will be insufficient precipitagp@at formation



will reduce or stop, and reggsion may take place.

Biodiversity can be important in ameliorating the negative impacts of some kinds of extreme
climate events for human society; but certain types of extreme climate events which may be
exacerbated by climate change will be damagindtodiversity

Ecosystems play an important role in protecting infrastructure and enhancing human security.

More than 1 billion people were affected by natural disasters between 1992 and 2002. During this
period floods alone left more than 400 000 peoplediess and caused many detHs response to

these events many countries adopted plans and programmes recognizing the need to maintain natural
ecosystems.

The value of biodiversity in ameliorating the negative impacts of some extreme events has been
demorstrated. The value of mangroves for coastal protection has been estimated in some areas to be
as much as US$ 300,000 per km of coast based on the cost of installing artificial coastal protection. A
study of the overall value of wetlands for flood protettrovided an estimated benefit of $464 per
hectaré®. Furthermore, the conservation and sustainable use of biodiversity has a significant role to
play in response to drought providing important genetic diversity in livestock and crops.

The impacts of climae change on biodiversity will reduce the ability ofsome ecosystems to
ameliorate the negative impacts of extreme event&uture predictions of the impacts of climate
change on biodiversity have identified some of the ecosystems most critical for hwaty ses
being particularly vulnerable to the impacts of climate chaRge example, climate change impacts
are expected to result in a loss of over half the areaastal protectingnangroves in 16 Pacific
island States by the end of the centtiry

1.2 TOOLS FOR IMPACT, R8K* AND VULNERABILITY > ASSESSMENTS

Assessments of impaats and, risks andsulnerabilitiesto biodiversityas a result of climate
changeusing currently available toolsire dependent on the integratioof data on the distribution
of species with spatially explicit climate data, and other physical process data, for a range of
climate change scenarios

There are different scales of exposurto risk ranging from gross exposure (e.@. climate factors,

listed in Tablel under exposudeto minor or more localized exposures (e.g., behavioural traits, listed
under adaptive capacity). The amount of genatid behaviouraplasticity (adaptive capacity) of

many species is unknown, and may be a factor of exposure to past climates oveEmavgltime. It

is also important to understand the extent to which behavioural thermoregulation by animals can or
cannot buffer them from climate change imp¥HctSor example, one recent study found that limb
length in one species is temperature depenaed thus would convey a potential adaptation potential

to a range of climatés One potential approach to estimating potential adaptive capacity would be to
estimate potential exposure to past clienaver evolutionary time in ojunction with dispersie
capability. Research has shown that many species have shifted ranges with past climates (assuming
rate of change matches dispersal capability), while others have evolved in climates that have been
stable for millions of years. Those species that leasdvedin situ with a stable climate can show

high degrees of specialization and frequently have evolved mutualistic relationships with other
species, such that extinction of one species would lead to extinction of the pSuokerfactors

should be inalded in risk assessments concerning the impacts of biodiversity in climate change as
outlined in Box 1.

4 Riskcan bedefined as a function dfazardandvulnerability (CBD 2009). From a climate change perspectiagardcan

be defined aphysical manifestations of climatic variability or change, such as droughts, floods, storms, episodes of heavy
rainfall, longterm chages in the mean values of climatic variables, potential future shifts in climatic regimes (Brooks
2003).

5 Vulnerabilityis defined by IPCC (2001) as the degree to which a system is susceptible to, or unable to cope with, adverse
effects of climate changécluding climate variability and extremes. Vulnerability is a function of the character, magnitude,
and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity.



The understanding of the characteristics that
has improved. Species withrestricted distributionsthose that occur at low densitgnd tropical
montane species are at particular riak are those with limited dispersal ability. Areas of most
concern are the arctic and Antarctic regi@ipine regionscentres of endemism where many species
have vey narrow geographic and climatic ranges, dgug regions, wetlands, coral reefs and
freshwater systems where species have limited dispersal opportunities. Vulnerability is also affected
by the degree and extent of other human pressures. Recent worktsubge for birds, amphibians

and warm water corals as many as7886 of species have lHeistory traits that make them
vulnerable to climate changje In the absence of strong mitigation in all sectors (fossil fuel and land
use), some ecosystems, sushcloud forests and coral reefs, may cease to function in their current
form within a few decades.

The value of risk assessmeriies in its ability to prioritize, for adaptation activities, species and
ecosystems identified as being most vulnerabldzollowing the risk assessment, appropriate
adaptation activities can be identified which reduce the risks to the identified species and ecosystems.
These activities should include consideration of the necessary funding, stakeholders, monitoring and
evaluation,and define timégound, measurable outcoméaurthermore, e risk assessment should
involve two aspects: an assessment is required of the current and projected adverse impacts of
climatic change to biodiversity based on consideration of the kinds of isnpggected to occur at a

local, national or regional scale; and an assessment is also required of the vulnerability of selected
species and ecosystems to thejgmied climatic change hazartfs Examples of good practices to
assess and address risks tmbiersity from climate change are available in Annex 2.

Box 1: Guidelinesor assessing risto biodiversity valuefrom climate change

1. Assess the potential climatic change hazard using recommended vulnerability and impag
assessment guidelines. Such assessments should also account for climatic variability
uncertainty, and make use of available climate analysis tools such as Climate W
(http://www.climatewizard.ory Potsdam DIVA tool littp://www.pik-potsdam.de/diva Climate
change in Australiahftp://www.climatechangeinaustralia.gov.au

2. Conduct vulnerability assessments

a. Assess the vulnerability of all ecosystems in a locality or regionVulnerability siould be
assessed in terms of observed trends in critical ecosystem states, and relative to a baseling
threatening processes. Ecosystem vulnerability should be assessed on the basis of the pof
climate change to cause significant changescosystem states (e.g., coral bleaching, desertifica
or to key ecosystem processes such as dominant disturbance regimes (e.g., fire, floodi
outbreaks, droughts); invasive species; net ecosystem/biological productivity; and chan
ecosytem stocks such as surface and ground water flows, biomass, and nutrients; and other e
services.

b. Identify a subset of species for assessment of their relative vulnerabilitpecies should bg
selected for assessments that have particular gicalp cultural or economic valuesPrioritized

species should include threatened or endangered status, economically important, culturally im
dominant, ecological keystone or, sources of crop, stock and medicinal genetic diversity, or th
are dependent on vulnerable ecosystems.

c. Assess vulnerability of species on the basis of biological and ecological traits, and other factg
that determine sensitivity, adaptive capacity and exposure to climate chang&uch traits include
habitat speificity, life history, interactions with other species, biogeography, mobility, intrif
capacity for phenotypic or micrevolutionary changes, availability of habitat, and microhab
buffering. Species vulnerability should be assessed in the cof@xtaseline vulnerability from othe
threatening processes such as habitat loss, fragmentation and degradation; invasive species
pollution; over use of living resources; altered fire and hydrology regimes.

c

C


http://www.climatewizard.org/
http://www.pik-potsdam.de/diva
http://www.climatechangeinaustralia.gov.au/

There many techniques that have been used to analyze vulnerabiliffable ). These include
Delphi models and expert systems frequently used for the analyses of bilityecd endangered
species to climate change. While quantitative in their use of scores, thagt apeantitative models

per sé. Table 1 doesot included the wide range of studies and databases looking at observed
changes over time (e.g., phenoladinetworks). Observed changes over time, or changes to climate
variability potentially offer methods to assess the sensitivity of bioclimatic models. There have been
a number of reviews examining how species ranges and timing have changed in a maisi&nto

the regional climate changes.

Table 1 Tools and methodologies used to estimate impacts and/or vulnerability

Components of Scale of Biodiversity
Vulnerability Genes Species Communities & Ecosystems
Projections of
change
(mcludlngC_Oz' Projections of change I
concentration; (including CQ Projections of change
temperature, concentrgation' (including CQ concentration;
precipitation, temperature. breci ’itatior temperature, precipitation,
Exposure' extreme events, extri ame ev,e?wts Simate extreme events, climate
climate oo ’ variability, sea levels, ocear
variability, sea o\i:aer;bglgc’ii?iigt:g\rgelsséa acidification, sea surface
levels, ocean surface tem eratl’Jre) temperature)
acidification, sea P
surface
temperaturg
Bioclimatic models
(process and
correlativef?
Demographic modet§ Earth system modé:’f.é. _
) : projections of productivity;
Ecophysiological . :
modelds: Dynamic vegetation models
Population vi’ability (including plant functional
modelé® estimates of types}, b|ogeoc€2em|cal
Sensitivity threatened status (e.g. R H c(i:ryoclloe Ezgldesloi’land
List status}’; interactions y gical,
and ceextinction models moisture balance, coastal
(e ollination. predater flooding modeld® estimates
p.rge.yp competiti;np host of ecosystem heafth fire
parasite)’; digital : mod_el§_ ; rophic
vegetation models: relationship?’; statetransition
Speciesspecific energy models
mass balance modéls
Use of natual latitudinal
Selection or elevational gradierﬁgs Estimates of resilience and
) : life history and species | role of nonclimatic stressé&
experimenty; . 60, _ : :
. trait analysi&”; estimates GIS: analysis of spatial
. experimental - : A
Adaptive estimates of of resilience and nen habitatavailability, PAs,
capacity ecotvpic climatic stressé§ GIS: corridors, barriers,
-0typ analysis of spatial habitg topography; statéransition
variation of o :
availability, PAs, models; responses to past]
respons¥ corridors, barriers climates
topography;




Bioclimatic models;
Experimental
manipulations of CQ,
water, temperature &tc
translocation/transplant
experiment®; responses
to past or current climate
variability®®: responses tg
past climate®

While there are many risk assessment tools available there are also a number of needs or data
gaps:

1 Climate Data- Readily available downscaled |abilistic projections at appropriate spatial
scales for regional and local management, including extreme ewemiddition to mean
values

1 Climate impact radels need to be linked with other physical modélsirrently most models
only link two items togther (e.g., climate and species rangwsclimate and hydrological
regime). Ideally, systems need to be developed that link bioclimatic modélsotier
physical models (CIABS For example, linking bioclimatic models with lande models, fire
models,hydrological modelsyegetation change modelstc., preferably withhe ability to
look at feedbacks

1 Climate impact radels need to be linked with other biological moddideally, systems need
to be developed that link bioclimatic models with gtwysidogical, demographic and
viability models (e.g., using SCS (strategic cyclical sca)ingurthermore, urrently, most
bioclimatic models look either at single species, or groups of species as one (e.g., plant
functional types). Models need to be devetbpigat take into account interactions between
species and through trophic levelhat isfurther neededire more conjoined studies that
simultaneously look at projections of changes to current climates over time using bioclimatic
models, coupled with obsev ed changes in the same species
potential to captur&uture shifts in species rarfge

1 The establishment of mufiurpose monitoring progranthat include the impacts of climate
change on biodiversity would be beneficial in mazing the use of limited resources\
monitoring programme that integrates biodiversity status, within a framework that includes
threat status monitoring and the recording the effectiveness of adaptation measures is also
recommended.

Experimental studis on multiple pressures in various ecosystems are needed to better define causal
relationships

Climate change impact assessments should optimally be integrated with assessments of other
stresses on ecosystems such as current and future lanse change, ad changes in disturbance
regimes where applicable The direct effects of land use and lamk change may overwhelm
climate change effects on biodiversity in the short to medium term. Alternative modelling approaches
that simulate changes in ecosystemdite andprocessesnay be more mechanistically robust in
simulating, for example disturbance regimes such as fire, and should be used where possible to
provide alternative or complementary insights into species and ecosystem vulnerability.

Readily available, easy to use, multiple impact stressor tools are needddhere are many different

tools available to project the potential impacts of climate change on biodiversity. However, these
tools are hampered in many areas and for many species by the acklalbility of distribution data.
Additionally, these efforts are often undertaken in isolation from other efforts and often only look at
one, or a few, climate change scenarios for only one or a few different GCMs. Efforts are now
underway to link emson scenarios, multiple GCMs, and multiple species bioclimatic tools to better
enable the research community to not only look at impacts using a much broader range of emission



scenarios using more GCMs, but to do so in a probabilistic fashion. Thjgrawilte better estimates

of uncertainty and make it easier for researchers to reanalyze their results once new emission
scenarios or new climate change models become available. These same modelling tools are also
being used to link the same climate andssions data with hydrological and deael rise models

and it is possible that, in the near future, all could be examined simultaneously.

The experimental approach can be used to establish causality and define both the nature and
magnitude of cause ad effect relationships. This makes this approach very valuable despite its
limitations arising mainly from the limited size of experimental plots. Experiments have already been
used to assess the effects of increased temperature, altered precipitatien aediincreased GO

level on population biology, species composition, phenology and biogeochemistry in various, mostly
low-stature ecosystems. More studies are needed on the combined effects of multiple pressures
including temperature, precipitation, g@anduse, invasive species and nitrogen deposition. Finally,
broader geographic coverage is necessary to draw globally relevant conclusions, as much of this work
has been conducted in temperate, northern Hemisphere ecosgatetrapical forest systems

1.3 CONFIDENCE LEVELS AND UNCERTAINTY

There is considerable confidence that climate models provide credible quantitative estimates of
future climate change, particularly at continental scales and above. However, at finer spatial scales
projections have digh level of uncertainty, particularlyoutside Plar Regions, and in relation to
projections of rainfall change.

Confidence in climate change models comes from the foundation of the models in accepted
physical principles, and from their ability to reprodu ce observed features of current climate and

past climate changesClimate models quantify and bound the errors and identify processes where
confidence limits are widest and further reseasaeededConfidence in model estimates is higher

for some climag variables (e.g., temperature) than for others (e.g., precipitation). There are, however,
some limitations in the models. Significant uncertainties are, for example, associated with the
representation of clouds leading to uncertainties in the magnitwti¢iraimg, as well as regional
details, of predicted climate change.

Despite uncertainties, models are unanimous in their prediction of substantial warming under
greenhouse gas increaseJhis warming is of a magnitude consistent with independent estimates
derived from other sources, such as from observed climate changes and past climate recofi&tructions
Furthermore, since confidence in the changes projected by global models decreases at smaller scales,
other techniques, such as the use of regional climatgels, or downscaling methods, have been
specifically developed for the study of regicrahd localscale climate change.

Research needs and gaps remail€BD Technical Series 10 outlined a number of research needs
and gaps with regards to assessingitmgacts of climate change and biodiversity. Some of these
gaps have been filled, however many remain. For example, there is still a lack of extensive, readily
available quantitative information on many species globally. While efforts to fill this aeed
underway (e.g., Global Biodiversity Information Facility), more work remains to be done, especially
with regards taunderstandinghe conditions under whicbpecies are ndbund (a critical factor in
performing many bioclimatic modelsFurthermorehuman land and water use patterns are available

for many parts of the world, but are not widely linked into the typical models used for looking at
biodiversity impacts.

Key uncertainties that limit our ability to project climate change impacts on ecesystinclude
projections for precipitation which carry a significantly higher uncertainty than temperature and
uncertainties regardingkeyecological processesuch as the rates of fire, photosynthesis and

respiration

Models currently contain inadequate epresentations of the interactive coupling between
ecosystems and the climate system and of the multiple interacting drivers of global changis
prevents a fully integrated assessment of climate change impacts on ecosystem services; major biotic



feedbaks to the climate system, especially through trace gases from soils in all ecosystems, and
methane from labile carbon stocks such as wetlands, peatlands, permafrost and loess soils.

There is uncertainty with respect to the functional role of individual speies and the functioning
of complex systemsk-urther uncertainties are drawn from:

1 the assumption of instantaneous (and often perfect) migration, which biases impact
estimates;

1 the net result of changing disturbance regimes (especially through firdsiaseclanelse
change) on biotic feedbacks to the atmosphere, ecosystem structure, function and
biodiversity;

1 the magnitude of the G&ertilisation effect in the terrestrial biosphere and its components
over time;

T the limitations of climate envelope hels used to project responses of individual species to
climate changes, and for deriving estimations of species extinction risks (see below);

1 the synergisticrole of invasive alien speciesnoboth biodiversity and ecosystem
functioning;

1 the effect of mcreasing surface ocean £@nd declining pH on marine productivity,
biodiversity, biogeochemistry and ecosystem functioning; and

1 the impacts of interactions between climate change and changes in human use and
management of ecosystems as well as otheewmriof global environmental change in
ecosystems including more realistic estimates of lagged and threshold responses.

The complexity of ecosystems may often lead to-hinear responsesvith thresholdsthat introduce
uncertainty

Short-term responses wihin ecosystems and among species may considerably differ, and may

even be the opposite of longer term responseBcological changes aneot likely to always be

gradual, butnstead may bsetepwise, and changes may take place in the form of sudden shifse w

timing and location is largely unpredictable. Nawear responses include tipping points and
thresholds beyond which adaptation may no longer be possible. Sudden shifts may occur as a result of
the outbreaks of pests or the decrease of recovenbtimaeen extremdisturbancevents.

The difficulty in predicting thresholds makes the management of biodiversity an important
safeguard.Biodiversity contributes to the resilience of ecosystem functiont@titemaintenance of
associated ecosystem seescin light of climate change impaéfs Landscapescale ecosystem
heterogeneityand redundancgnayi to some exterit buffer against moderate changes in climate. In
particular, the diversity of species and interactions among them, may provide a raraeralf n
adaptive capacity in the face of a certain Iseélchangé”.

Information on extreme event impacts is difficult to gather since these occur rarely and
unpredictably. A further difficulty is that climate change scenarios are limited in ability poesent

their changing frequencyWidespread and londuration extreme events may induce a range of
damaging impacts on ecosystems and biodiversity (e.g., as observed following the 2003 European
heat wavg

Investment in key areas that require scientifiewklopment would reduce uncertainty in
assessments of the impacts of climate change on biodiversity and related impacts on human society

More emphasis on deriving a credible range of precipitation projections and resultingvater

regime effects is neededThese should emphasise interactions between vegetation and atmosphere,
including CQ-fertilisation effects, in mature forests in the Northern Hemisphere, seasonal tropical
forests, and arid or serarid grassland and savannas.

Improved understanding of the role of cumulative impacts of multiple disturbance regimes is



needed This includes frequency and intensity of episodic events (drought, fire, insect outbreaks,
diseases, floods and whstiorms) and that of species invasions, as they interact with emwsyst
responses to climate change.

Improvements in the integration of feedback mechanisms are needed in order to address
differences between modelled changes and observed impactich an approach could include
studies on impacts of rising atmospheric, @@ oceanacidification and warming on coral reefs and
other marine systems, and widening the range of terrestrial ecosystems for whitdrtii€ation
and temperature/nmsturerespirationresponses have been quantified.

It is important to develop a much clearer understanding of the linkages between biodiversity
impacts due to climate change and their implications for human societysignificant advances

have been made recently in quantifying the value of ecosystems and their biodiversity, but these are
not yet widely incorporated into climate change impact assessment approaches. One of the most
effective approaches has been to integrate climate change impacts on ecosystems and biodiversity in
terms of the related changes in various ecosystem services.

Obsevations'* from indigenous and local communities form an important component of impact
assessments as long as they are conducted with prior informed consent and with the full
participation of indigenous and local communities

Currently, remote sensing provies the only viable way to monitor changes at a global scale,

which has serious limitations on developing a globally integrated picture of species level
responses Field monitoring efforts could be productively strengthened, harmonised and organised
into aglobal network, especially to include the coverage of areas not studied so far. In monitoring
efforts, special attention should be paid to the impacts of extreme events because they may serve as an
early warning of future vulnerability.

Indigenous people and local communities are holders of relevant traditional knowledge,
innovations and practices, as their livelihoods depend on ecosystems that are directly affected

by climate change.This knowledge is normally of a practical nature, and covers areasasuch
traditional livelihoods, health, medicine, plants, animals, weather conditions, environment and climate
conditions, and environmental management as the basis of indigenous wellbeing. This knowledge is
based on experience based onliifieg observationgraditions and interactions with nature. However,
further research is needeoh impact assessments that involve indigenous people and local
communities. This will substantially enhance the understanding of local and regional impacts of
climate change.

The potential impacts of climate change on biodiversity and related livelihoods and cultures of
indigenous people and local communities remains poorly knowrkurthermore, such impacts are
rarely considered in academic, policy and public discourse. In garticlimate models are not well

suited to providing information about changes at the local level. Even when observations are included
at the species level, there is little research on, for example, impacts on traditional management
systems as an importastrategy to cope with change. Accordingly it is suggested that further efforts
are made to ensure that traditional knowledge, innovations and practices are respected, properly
interpreted and used appropriately in impact assessments through contertasytrpractices in

data collection and sharing, development of indicators, assessment validation and feedback, and
applications.

Monitoring the impacts of climate change on biodiversity in partnership with indigenous and
local communities can benefit fom a range of practices.These include utilising the results of
communitybased monitoring linked to decisiomaking, especially because indigenous communities
are able to provide data and monitoring information at a system rather than individual kgveties
Examples of supporting activities include:

(@) Promote documentation and validation of traditional knowledge, innovations and
practices are limited. Most knowledge is not documented and has not been comprehensively studied



and assessed. Therefore thiereeed to enhance links between traditional knowledge and scientific
practices.

(b) Revitalize traditional knowledge, innovations and practices on climate change
impacts on traditional biodiversity based resources and ecosystem services through education and
awareness raising, including in nomadic schools.

(© Explore uses of and opportunities for commutiised monitoring linked to
decisionmaking, recognizing that indigenous people and local communities are able to provide data
and monitoring on a whole systaather than single sectors based on the full and effective
participation of indigenous and local communities.



SECTION 2
BIODIVERSITY AND CLIMATE CHANGE ADAPTATION

Enhancing natural adaptation can reduce negative impacts from climate changelamtithe scale
and scope of damages and to ensure the continued provision of ecosystem ssughbess carbon
sequestration

The components of biodiversity and their interactions and processes are subject to considerable
impacts from climate change.As outlinedin the previous sectionhése impacts increase the
vulnerability of biodiversity to perturbations, destruction and extinction. There is, therefore, a need for
adaptation strategies within the conservation sector, both to conserve biodiversity for sekevamd

to maintain ecosystem services, which are critical for societal adaptation

Adaptation planning must consider the scope and extent of planned mitigation

The greater the reduction of greenhouse gas emissions through mitigation, the smaller the
global and regional climate changes andssociatedmpacts, and hence the less the challenge for
adaptation. For example, stringent mitigation policy might induce emissions reductions that
constrain global mean temperature rise to 2°C abovéngtestrial kvels; less stringent reductions
might constrain it to 3°C; whilst modest reductions might constrain it to 4°C. The challenge that
ecosystems and species face in adapting to a 3°C rise is very much greater than for a @sC rise,
many ecosystems and specieould be unable to adapt to a rise of 3°C

An increasing number of hotspots for biodiversity are disrupted as temperatures increase from

2°C to 3°C. Examples include the Fynbos & Sucaul&aroo botanical areas in Southéinica, the
mammalian divesity in the Kruger National Park, and the Cerrado botanical area in Braadve

2°C many terrestrial species which try to move to higher latitudes or altitudes as temperatures rise,
will exceed their limits for adaptation due to lack of availabilityawfd. At 3°C widespread losses of
species and severe ecosystem disruption are expected in cloud forests, in the Arctic, in alpine areas,
and along coastlines as temperatures and sea levelsnds@e ecosystem disruption from ocean
acidification may ocar. Furthermore, at 3°C all coral reefs would be expected to convert to algal
mats, whereas at 2°C coral reefs could persist in several Biealty at 3°G or 2.5C for foreststhe

sink service of the terrestrial biosphere begins to convert to aesancttogether with increased fire
frequency this will rediin forest decline worldwidé.

Were temperatures to reach 4°C above prindustrial, few ecosystems would be expected to be

able to adapt and 50% of nature reserves could no longer fulfil theiconservation objectivé”.

Hence stringent reductions of emissions of greenhouse gases can avoid many of the more severe and
widespread impacts on ecosystems and dramatically reduce both extinction risks and the adaptation
challenge that ecosystems and sgetace under climate change.

2.1 ADAPTATION FOR BIODIVERSITY AND ASSOCIATED ECOSYSTEM SERVICES

Experiences have yielded a number of principlesf general applicability that can be used to
guide adaptation activities for minimizing the risk to biodiversty values from climate change

Such adaptation activitiesay need t@ddressot only wildlife conservation but alshe replacement

of lost ecological serviced-or example, it may be necessary to develop adaptations to losses to
natural pest contropdlination and seed dispersalhile replacing providers of these services may
sometimes be possible the alternatives may bdycdsnding a replacement faervices such as
contributions to nutrient cycling and ecosystem stability/biodiversiiiiely to be more difficult As
such,the ecosystem approads described ibox 2, is recommended as an appropriate framework for
applying these principles.



1. Principles for adaptation activity planning and implementation

Establish objectives and define expected outcomes for adaptatiactivities. Objectives should

describe how adaptation activities are intended to address the climate change impacts g

priority species and ecoggms.Outcomes should be defined in measurable,-boend terms so
that the efficacy of adaptation agties can be evaluated.

il

Monitor, measure and evaluate the effectiveness of adaptation activitiddonitoring practices
should be designed to: verify that the intended objectives of adaptation activities are ac
address uncertainty regarding theitighyand magnitude of climate change imisa and avoid
mal-adaptation.Indicators should be matched to the intended objectives and outconties
adaptéion activities. Indicators should be wetlefined, practical and measurable so that t
provide timey and relevant information. The specific choice of indicators is flexible and sk
be tailored to the situation being evaluated.

il

Inform decision making by integrating traditional knowledge, scientific information and

evidence about climate change imgas and the effectieness of adaptation activitiesA

research agenda should be elaborated to address questions about the ecological, s
econonic impacts of climate changeClimate change and impact models are needed to imp
the predictive capsdty at spatial and temporal scales that are relevant to decsikars and
despners of adaptation activitiedlechanisms for bringing together lessons learned and
facilitating knowledge transfer (e.g., the Ecosystems and Livelihood Adaptation KeNarobi

Work Programme databases and Focal Point forum) should be encouraged.

!

Build and strengthen management and technical capacity for biodiversity protection ang
sustainable use of natural resource by involving local and indigenous communitiesAll
relevant stakeholders, especially local and indigenous communities who may be most de
on adaptation activities, should be involved in manag® decisionsThis requires robus
management institutions that facilitate knowledge transfer (e.g.,nkedsarned, best practice
among communities, economic sectors, and the general publinstoeeinformed decisien
making.Appropriate training and capacity development needs to be ensured.

2. Principles regarding adaptation activity objectives and outcomes

Maintain intact and interconnected ecosystems to allow for biodiversity and people to adjud
to changing environmental conditions. This can be accomplished by: (i) representiing
protected areas and other conservation esjie$ genetic, species, community and ecosysi
diversity, and ecological redundancy of occurrences; (ii) identifying and protecting refugia
climate change impacts are expected to be less; (iii) maintaining connectivity; an
maintaining key edogical attributes witn natural ranges of variationEcosystem integrity caf
also be enhanced by abating other threats (e.bitahdoss, invasive specieg).comprehensive
and adequate protected area system should be the backbone ahthisdascgpe wide approach

to conservation management.




Fragmented or degraded ecosystems should be restored or rehdailed, and critical
processes should be restablished, to maintain ecosystem servicdsey ecological processe
and functionssuch as habitat connectivity, hydrological flows, fire regimes, and polling
dynamics should be restored or rehabilitateléhi with altered conditions.

I}

Preserve and enhance protective ecosystem service values that help buffer hum
communities from floods, storms, erosion and other climate change hazardS.he potential
for natural ecosystems to provide plogdi protection from climate change hazardsusthde
assessed and consideréthe social, environmental and economic costs and benefit
maintaining these ecosystem services should be compared to those of other kinds of ag

activities.

Ensure that any use of renewable natural resources is sustainable given climate chan
impacts. The sustainable use of ecosystems may be effected by climate change if, amor
things, the biological productivity declines. Management plans should be upddtbdraast or
use rates modified on the basis of such assessments to ensure sustainability.

Business as usual in biodiversity conservation may not be sufficient or desirable to protect species
and ecosystems in the future

As ecosystems change as a result of natural adagtat, conservation strategies will also need to
change.As such, adaptation for the conservation sector involves not only reducing the impacts of
climate change on biodiversity but also assessing and, where necessary, adjusting traditional
conservation prdices in order to reflect rapidly changing conditions.

Ecosystems are not static entitiesThrough historical time, the structure and composition of
ecosystems have changed with changing climates. Each species responds to the climate at its own rate
and he composition of past ecosystems often have no analogue to present day ecGsystems
Palaeoecologicallata indicates the rates of change for many species were substantially slower than
the current, and predicted future, rate of climate change. Furdlventrresearch suggests that novel
climates (for example, new combinations of temperature and precipitation) may arise in many
continent®. The ecosystem services provided by these new assemblages may also be novel, in
quantity and quality.

If emissions ae reduced to 50% of 1990 values by 2050, so that temperatures are constrained

to, but reach, 2°C warming above prendustrial levels recent work has shown that
temperatures will not begin to decline for at least a century Even if emissions peak in 201&nd

then reduce a rate that increases to 3%/yr there would be an estimat&@%0(mear80%) chance

that temperatures will stagbove 2°C for at least 100 years, depending on the rate of sulphate aerosol
reduction, and a 285% chance that it stays al®02°C for 200 yearsLess stringent policies would
result in still longer periods exceeding 2°C. With higher emissions come higher temperatures with
probabilities that ecosystems will need to adapt to 3° C, 4°C or even higher, fer fmeripds of

time. Sealevel rise would then continue for a substantial period beyond this.



The aim of conservation strategies in the future should continue to be to maximise biodiversity
(i.e. minimise loss) and to maintain ecosystem services-However, flexible conseation and
adaptation strategies will be needed that will be rolwslight of uncertainty concerninghe
magnitude, direction and rate of climate change. These strategies may némdlitate the
autonomous transformation of ecosystamgesponse to hlanging conditions so as to maximize
biodiversity and maintain functionality.

Box 2: Application of the Ecosystem Approach to Adaptation

At its 5" Conference of the Partiés 2000 the CBD adopted the ecosystem approach as the pr
framework for actions to help reach a balance of the three objectives dCdheention.The

ecosystem approach is a strategy for the integrated management of land, water and living r
that promotes conservation and sustainable use in an equitabldtigpased on the application ¢
appropriate scientific methodologies focused on levels of biological organization which encd
the essential processes, functions and interactions among organisms and their environ
recognizes that humans, witteir cultural diversity, are an integral component of ecosystems.

The ecosystem approach is described by 12 principles:
1. The objectives of management of land, water and living resources are a matter of societal
choice.
2. Management should be decentralizedne lowest appropriate level.
3. Ecosystem managers should consider the effects (actual or potential) of their activities on
adjacent and other ecosystems.
4. Recognizing potential gains from management, there is usually a need to understand and
manage the esystem in an economic context. Any such ecosystemagement programme
should:
reduce those market distortions that adversely affect biological diversity;
align incentives to promote biodiversity conservation and sustainable use; and
internalize costsral benefits in the given ecosystem to the extent feasible.
Conservation of ecosystem structure and functioning, to maintain ecosystem services, sh
a priority target of the ecosystem approach.
Ecosystems must be managed within the limits of theictfaning.
The ecosystem approach should be undertaken at the appropriate spatial and temporal s
Recognizing the varying temporal scales anedfigcts that characterize ecosystem process
objectives for ecosystem management should be set fartheerm.
9. Management must recognize that change is inevitable.
10. The ecosystem approach should seek the appropriate balance between, and integration (
conservation and use of biological diversity.
11. The ecosystem approach should consider all forms of r@l@varmation, including scientific
and indigenous and local knowledge, innovations and practices.
12. The ecosystem approach should involve all relevant sectors of society and scientific disci

toow
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At its 7" Conference of the Partiesh e CB D r tharecigyno sirgle correit way to achieve
ecosystem approach to management of | and,
can be translated flexibly to address managemenesssudifferent social contexts for example
(IUCN, 2004):

Step A Determining the main stakeholders, defining the ecosystem area, and developi
relationship between them. (Princip.les 1, 7, 11, 12)

Step B Characterizing the structuesd function of the ecosystem, and setting in place mechar
to manage and monitor it. (Principles 2, 5, 6, 10)

Step C ldentifying the important economic issues that will affect the ecosystem and its inhal
(Principles 4)

Step D Determining thdikely impact of the ecosystem on adjacent ecosystems. (Principles 3, 7

Step E Deciding on longerm goals, and flexible ways of reaching them. (Principles 7, 8, 9)

Step F Research, monitoring and adaptive management




Conservation strategies under changing climatic conditions must be based in solid science with
full consideration of the possible negative impacts of changing conservation adties.
Maintenance of current assemblages and services in their present form in their present location will
many cases, be impossibheccordingly, he four distinct but complementary strategies 6f&intury
conservation are described below.

1. Maintaning current ecosystems

The most fundamental biodiversity conservation strategy will be to continue to protect intact,
functioning ecosystems wherever possihl@his can be accomplished by:

1 Reducing other threatening process and stresses on specie®syslerns. These processes
include habitat loss and fragmentati&® a result of unsustainable useasivealien species,
damaging wildfire, pollution, and overharvesting. Minimization of these processes is
necessary to maximise retinceof species andcosystems to the new stress of rapid climate
change.

1 Increasing protected area systeamd improvingtheir connectivity to provide opportunities
for species to adapt to climate change by migration. Increasing the size of protected areas will
increase th@robability of maintaining viable populations.

1 Identifying locationswithin landscapes where species have maintained populations in the face
of past climate change (past climate refugia) and focus conservation efforts in these locations.
These refugiara most likely to provide refuges for species in surrounding ecosystems, not
for the species for which they were refugia in the past.

1 Identify existing locations that contain high levels of environmental heterogeneity (including
latitudinal and elevationajradients) in which to focus conservation efforts. Regions of high
heterogeneityfedaphic, moisture, and topographical conditiom]) continue to provide the
widest range of microhabitats, and therefore support the richest biodiversity in the future.

1 Examine models to determine those areas with climatic suitability for an ecosysieand
at various times in the future as potential priorities for protection. Similar work has been
performed for regions where coral reefs may be exposed to lower levédsnpérature
change and acidification.

1 Many areas of high endemism have begatively climatically stable for millions of years.
These areas tend to have species with a high degree of specialization. Research needs to
focus on the risk of climate chamgn these areas. As the communities have largely evolved
in situ, the options for relocation may be minimal so intensive efforts to maintain these areas,
or preserve their genetic diversity, may be crucial.

1 In many cases, conservation of existing ecasyst will involve active management of
disturbance events that will alter in both frequency and intensity in the future.

1 There is increasing interest in eengineering and this interest requires consideration of the
potential implications of such activés. Eceengineering may allow for the maintenance of
representive samples of some ecosystems howesueh efforts are likely to be expensive,
especially if they need to continue for lepgriods of timeand success cannot be assured
Examples of this wuld include making snow to better mimic current winter precipitation
regimes in alpine areas (should this be a limiting factor), shading reefs or beaches to lower
temperatures, etc.

2. Adapting restoration practices to climate change

Ecosystem restorationinvolves activities that transform a degraded ecosystem into an ecosystem
that is less disturbed and better able to provide ecosystegoods andservices.Restoration is
considered to be successful once ecosystem resilience has baehiexed’. Restoratio of
ecosystems can be of economic importance where those systems protect propertynnaraiseas
are critically important to biodiversity andor for people with biodiversitybased livelihoods
However, it idess expensivid conserve ecosystentgnto restore them.



Just as general strategies of conservation need to adjust to take into account future rapid
climate change, so too will restoration efforts need to take place in the context of a changing
environment. Ecosystem restoratiagirategies in the future will need to consider:

1 The ole of extreme event€limate change will not only alter mean climate (e.g. mean annual
temperature and rainfall) but will also alter the intensity and frequency of extreme.events
Understanding and anticipatintpe potential changes in disturbance regimes that influence
successional processes will be a key to restoration of functioning ecosystems.

9 Restoration of function not species compositiés: the climate changes, many species will
become increasingly unised to conditions within their present day geographic range. Successful
restoration of ecosystems will therefore need to focus on restoring functionality and ecosystem
services, rather thaattempting tore-creae the species composition that previouskjseed at a
location. For example, a given area may continue to be predominated byQo@ksusspp.) or
eucalyptus under a future climate but the particular species may diffsralso necessary to
restore redundancy in order to ensure resilience.

1 Genetic provenances used in-establishmentA long-held paradigm of restoration ecology is the
desirability of reestablishing individuals of local provenance i.e. propagation material collected
within a narrow radius of the restoration site that is thotmthe besadapted to local conditions.

As the climate, and therefore local conditions change in the future, this strategy may reduce the
potential for the restored community to be sustainable in the metiiulmngterm. The use of a

mixture of genetiprovenances collected over a broad range of siteslanateswill increase the

probability of restoration success and may be an effective form ofspigading.Such an

approach requires careful consideration, however, in order to ensure that intredaced i es dono
have negative impacts on that native flora and fauna which is able taradapto the impacts of

climate change.

Depending on the amount of climate change thahay be locked into the Earttd systems, more
extreme measures may be needdd preserve genetic, species and functional diversitilany of
these techniques are controversialolve high uncertaintywill be difficult at best and very
expensive. Two examples of such extreme measures are presented below.

3. Relocate species (agsid migration)

In some cases it might be necessary to relocate species, or assist them to relocate in response to
climate change and its impactsThere are three general types of relocation: -aeitucation, where

species shift their own ranges to stayequilibrium with the new climate; assisteglocation, where

movements between areas wghbitable habitats must be facilitated by human intervention; and
engineeredelocation, where before a species can be moved, habitat in the new area must first be
ccated or modified to allow the species to suryv
could potentially include modifying organisms (e.g., selective breeding or genetic modification) or
selection of more temperature/drought/salt tolerant epgoimove into an area.

There are limitations, risks, uncertainty, and high costs involved in each of these techniques.

For a species to be able to avetocate assumes the species has the capacity to disperse that matches
or exceeds the rate of cliteachange. This is more likely for winged animals, plants with small,
highly dispersible seeds, aquaticspecies that disperse in ocean curr@mtsvatercourses There
must al so be habitat suitabl e f or rrierbte migratienci e s 6
These movements are not risk frdeor example, as species A moves into habitat B it becomes an
Ai ntco®do s peci e Othdar oskstinblede distuptions of @redapoey interactions or
symbiotic interactions, changesparasitism rates and potential competition with exissipgcies for

limited resourceskFurther, the loss of species A from habitat A may lead to disruption of critical
ecosystenprocessesdepending on the leVof redundancy in the systeifhe more fragranted the
landscape the greater the probability of needing assistedation. In order to be successfuhitl be
necessary to move many individuals into the new area at bricereasing the possibility of
ecosystem disruption at the new spot. Itlsdikely that not just one species needs to be relocated



but rather multiple components of ecosystems #nd assumes that scientists understand the
necessary functions of the components of a natural ecosystem necessary for species to survive and
thrive. This involves very high costs, is only fides at small scales, and would likely fail in most
casesAt its most extreme it may require modifying an existing ecosystem to make it suitable for new
species without destroying its usefulness for exisBpgcies, again a veryigh cost, high risk
strategy.This may mean a species will have to be held in captivity (see below) for a length of time
before the new habitat is ready foetspecies relocatiéh

4. Bank species

Given the links between climate bange and extinction risls, it may be necessary to bangpecies

or genotypesthat are unable to survive under new conditions.Depending on the level of
greenhouse gas stabilization achieved, and the maximum level of climate change attained, many
species a likely to become extinctln other cases there may be loss of genetic variability even if the
species survives (e.g., loss of populations, loss of subspecies). Therefore, it megebsary to
Abanko sgetypestosuse dnrreintroductions onadimatic conditions have returned to a
suitable l@el for those speciesThereare many reasons for the loss of genetic resources and the need
to fAbankd s p e cHoweser, ase df thig teahrigiretepnes of climate change should be
seen as aabktditch effort, something better avoided by mitigation if at all possible. Furthermore, in
view of the high proportion of specidikely to be affected, bankingpecies (other than seeds) or
simple ecosystem components on this scale is infeasible arthekt expensive.

Society has a long history of maintaining species and genetic stock in zoos, aquaria and gene
banks. Most recently, the Svalbard Global Seed Vault has started collecting and storing seeds in
order to protect against loss of seeds culydreld in gene banks or against lasgmale crises. There

have been various attempts to recreate and simple ecosystems in closedotossirenvironments

(e.g., Biosphere 2, the Eden Project). These have met with mixed success depending omahe origi
purpose but do indicate the difficulty of trying to recreate and hold even simple functioning
ecosystems.

Endangered wildlife populations have beenprotected through the use of captive breeding and
translocations. These techniques have been suggesteithe past as methods to deal with future
population presures caused by climate chafigélowever, captive breeding and translocation, while

effective tools for the conservation of some species, may be appropriate for favy species.

Combined with hbitat restoration, such efforts may be successful in preventing the extinction of

small numbers of key selectec#a However, climate changeuld result in largescale modifications

of environmental conditions, including the loss or significant alteratfoexisting habitat over some

or all of a speciesd range. Captive breeding ar
panaceas for the loss of biodiversity that might accompany dramatic climate change, especially given

the current state of ghenvironment.

One limitation to captive breeding is the lack of spacavailable and the costd® hold wildlife for

breeding purposes.Existing zoos and of$ite breeding facilities can be expected to accommodate no
more than a small fraction of the nher of species that might be threatened. For example, an
estimated 16 snake species and 141 bird species could be accommodated and sustained in accredited
North American zoos and aquariumslamg-term management prograffisThese programs are also
expensie and reintroductions are technically difficult. For example, it costs $22,000 to raise a single
golden lion tamarin in the United States and reitce it to its native BraZil

2.2 ECOSYSTEMBASED ADAPTATION

Ecosysterrbased adaptation can, whentegrated irto an overall adaptation strategy, deliver a cost
effective contribution to climate change adaptation and generate societal benefits.



Ecosystembased adaptationis the use of ecosystem management activities to support societal
adaptation. Ecosytembased adaptation identifies and implements a range of strategies for the
management, conservation, and restoration of ecosystems to provide services that enable people to
adapt to the impacts of climate change. It aims to increase the resilienataod the vulnerability

of ecosystems and peopie the face of climate changé&cosysterrbased adaptation is most
appropriately integrated into broader adaptation and development strategies.

Ecosystembased adaptation can be applied at regionahational and local level,at both project
and programmatic levels and over short or long time scalesMeans of implementing ecosystem
based adaptation include:
- sustainable water management where river basins, aquifers, coasts and their associated
vegetation preide water storage, flood regulation and coastal defences
- disaster risk reduction where restoration of coastal habitats such as mangroves can be a
particularly costeffective measure against steaurges
- sustainable agriculture where using indigenousvwkadge of specific crop and livestock
varieties, and conserving mosaic agricultural landscapes secures food provision in changing
local climatic conditionsand
- the establishment and effective management of protected area systems that ensure both the
representation and persistence of biodiversity to increasing resilience to climate change, and
ensuring the continued delivery of ecosystem services.

Intact, well functioning ecosystems, with natural levels of biodiversity, are usually more able to
resist ard recover more readily from extreme weather events than degraded, impoverished
ecosystemsThey are also usually better able to provide ecosystem goods and services for eeosystem
based adaptatioifhe conservation afuch ecosystems and the restoratiodagfraded ecosystems is

an important element of ecosystéase adaptation

Restoration of ecosystems can be a cesffective ecosystenbased adaptation strategy
Restoration activities include limiting human activities such as grazing or logging to albeystems

to recover, or restoring ecologicaraponents such as connectivitylgdrological regimes, through
activities such as fooding wetlands. For example, an alternative to constructing additional dams or
reservoirs for increased flood water sige could be flood plain restoration, which would also
improve riparian habitat.

Adaptation approaches that include ecosysterhased adaptation may often be cosffective,

and can provide significant social, economic and environmental dmenefits. For example, the
restoration of mangrove systems can provide shoreline protection from storm surges, but also provide
increased fishery opportunities, and carbon sequestra&t®isuch, ecosystefmased adaptation can
achieve adaptation benefits for many sesctbrough a single investment.

Ecosystembased adaptation options are often more accessible to the rural poor than actions
based on infrastructure and engineering. The poor are often the most directly dependent on
ecosystem services and thus benefitmfr@daptation strategies that maintain those services.
Ecosysterrbased adaptation can be consistent with comnuaitsed approaches to adaptatican
effectively buildon local knowledge and needs; and can provide particular consideration to the most
vulnerable groups of people, including women, and to the most vulnerable ecosystems.

Like all adaptation activities ecosysterrbased adaptation is not without complexity uncertainty,

and risk. Ecosystenbased adaptation may require giving priority to patic ecosystem services at

the expense of other services. For example, using wetlands for coastal protection may require
emphasis on silt accumulation and stabilization possibly at the expense of wildlife values and
recreation. Slope stabilisation witlkerise shrubbery may expose the area to wildfire, especially in an
increasing wetry alternation under a changing climate, and possibly a disastrous reversal of the
adaptation goal. Thus, it is important that decisions to use ecosgasad adaptation belgect to

risk management procedures and cost effectiveness. In addition, the implementation of ecosystem



based adaption requires an adaptive management approach, which allows management adjustments in
response to changes in external pressures, and untyentaecosystem functioning.

In addition to adaptation benefits, ecosystem based adaptation strategies can have significant co

benefits

Ecosystembased adaptation can generate significant social, cultural and economic-benefits

for local communities. Communities that are managing ecosystems specifically to adapt to climate
change impacts can also benefit from these interventions in other ways, if they are designed an
managed appropriatelf éble2).

Ecosystembased adaptation can contribute to chhate change mitigation, by conserving carbon

stocks, reducing emissions from ecosystem degradation ands$, and enhancing carbon
sequestration The conservation, restoration and sustainable management of terrestrial ecosystems is
an integral part of bothdaptation and mitigation efforts. Ecosystbased adaptation measures that
conserve natural forestfor examplealso provide significant climate change mitigation benefits by
maintaining existing carbon stocks and sequestration capacity, and prevetutisgemissions from
deforestation and degradation. Adaptation projects that prevent fires or restore wetlands on tropical
forest peatlands will be particularly important for mitigation efforts, as these ecosystems have very
high carbon stocks and releasgnificant quantities of greenhouse gassben degraded. Restoration

of degraded forest ecosystems increases sequestration and enhances carbon stocks. Similarly, the
conservation and restoration of other natural ecosystems (such as savannahs, gaasklaetiznds)

can result in both adaptation and mitigation benefits.

Ecosystembased adaptation, if designed and implemented appropriately, can also contribute to
biodiversity conservation. Conserving, restoring and sustainably managing ecosysteneat a an
adaptation strategy to decrease human vulnerability to climate change, can also help conserve
biodiversity by providing important habitats and biological resources, and maintaining landscape
connectivity. For example, the conservation or restmadf wetlands to ensure continued water flow

in periods of drought also conserves plant and animal species that live or breed in these systems. The
establishment of diverse agroforestry systems with native plant species as an adaptation measure can
similarly help conserve biodiversf§ The creation or expansion of community conserved areas in
dryland regions can not only provide additional fodder resources for pastoralists, but also conserve
dryland biodiversity. Similarly, the establishment or creattbmetworks of marine protected areas

can ensure the continued provision of ecosystem services for adaptation, as well as biodiversity

conservation.

Table 2: Examples of ecosysterbased adaptation measures that provide ebenefits.
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In order to ensure ecosystenrbased adaptation measures deliver significant additional social,
cultural, economic and biodiersity benefits, it is important that these cebenefits be specifically
considered in the planning, design, implementation monitoring and evaluation of these
measures.Adaptation measures are more likely to deliver significarbexefits if social, ecamic

and cultural aspects are explicitly considered in all

phases of praojeetlopment and

implementation;if all tradeoffs and synergies are carefully identified amglared; and if all
stakeholders are given a voice in deciding how adaptation measara@aplemented.Examples of
such considerations are presented in the case studies below.

Systems to monitor and evaluate cdenefitsfrom ecosysterbasedadaptation measuresshould
be established to ensure the equitable distribution of benefits amongakeholders. Guidelines
already exist for ensuring the delivery of-loenefits in climate mitigation projects (e.g., Climate,
Community and Biodiversity Standards; CCBA) and these could potentially be adapted to guide
ecosystmbased adaptation measures.

Case studies on ecosystebased adaptation

1. Using ecosystems for coastal defence

Humaninduced climate change is already causing sea level rise, and projected climate change is
projectedto increase it further while also increasing the frequency oémarnweather events. This, in

turn, is contributing to an increase in storm surges and floods. One adaptation response is through
Ohardd defences (sea wal | s-based gdaptaton ean @so playd ele b ar |
in a number of coastalefence strategies. These approaches include activities such as planting of



marsh vegetation in the intertidal zone and wetland restofati@oastal wetlands can absorb wave
energy and reduce erosion through increased drag on water motion, a redudtierdired¢t wind
effect, and directly absorbing wave enéfgyThe accretion of sediments also mairgashallow
depths that decrease wave streffgth

Mangroves, for example, can provide physical protection to coastal communities whilst providing
provisioningecosystem services such as productive fisheries; offering both physical protection and
economic gain to the most vulnerable pedple has been estimated, that the value of mangroves for
coastal defence in Malaysia is US$ 300,000 per km based on thef tastl engineering that would
otherwise be requirétl Nearly 12,000 hectares of mangroves planted in Vietham at a cost of US$1.1
million, saved an estimated $7.3 million per year in dyke maintenance whilst providing protection
against a typhoon that destated neighbouring aréas

2. Designing resilient Marine Protected Areas

Climate Change represents a serious threat to tropical marine ecosystems of thiowexiinple,

ocean acidification is reducing the ability of many marine organisms to produtsevehiéd rising sea
temperatures are increasing the instances and extent of coral bleaching and exposure, among fish and
marine mammals, to disease and parasites.

Marine Protected Areas (MPAS) are defined as "any area of the intertida-odauierran, together

with its overlying water and associated flora, fauna, historical, and cultural features, which has been
reserved by law or other effective means to protect pattieentireenclosed environmentAn

MPA network is a portfolio of biologicall connected MPAs that is fully representative of the range

of targetecosystems, speciemd processes

The Coral Triangle comprises less than 2% of the wodd&ans yet it encompassge3% of the

world's coral reefs76% of coral speciésand50% of oral reef fish specie§he area includes all or

part of six countries in Melanesia and Southeast Asia, Papua New Guinea, Solomon Islands,
Philippines, Indonesia, Malaysia (Sabah) and East Timor. Since these are all developing countries
where many peopléve subsistence lifestyles, these reefs support livelihood of 126 million people
and the protein needs of millions more.

In recent years, principles for designing and managing MPA networks that are resilient to the threat of
climate change have been deped. They include:

9 Spreading the risk through representation and replication

9 Protecting special and unique sites

9 incorporating patterns of connectivity

i Effective management

As one exampfé, Kimbe Bay located on the north coast of the island of Newdritn the Bismark
Sea,Papua New Guineia a platform sitewhere the aim is to establish a resilient network of MPAs.
The vision for Kimbe Bay is toHarness traditional and community values to protect and use land
and sea resources in ways that mainthi@ exceptional natural and cultural heritage of the bay".
This will be achieved by working with local communities, governments and other stakehalders to
1 Establisha resilient network of MPAs that is specifically designed to address the threat of
climatechange.
1 Develop a rarine resource use strategy, which will address threats from overfishing
destructive fishing and hunting of rare and threatened species (dugong and sea turtles)
1 Develop a&nd use strategy, which will address the threat of runoff roan land use
practices.

3. Restoring and maintaining upland watersheds
Climate change is leading to increased inland flooding through more variable rainfall events.
Restoring and maintaining ecosystems in upland watersheds, including through the manafiement



soils and vegetation, can contribute to reducing the risk of flooding and the maintaining regular water
supplies. Rusoff from mountainous areas in small islandsfien the major supply of watérand in
countries such athe Philippines, watershedsrm a critical part of the nati@ economy’. Often

these watersheds are degraded, and their rehabilitation is one adaptaticf option

Watersheds can reduce flooding and sedimentation whilst improving water quality downgtream.
study of upland forests in a watershed in Madagascar diasated their flood protection value at
$126,700, and peat bog in Sri Lanka that buffers floodwaters from rivers have an estimated annual
value of more than $5 milliGh In the Morogoro region of Tanzania, reduced river flow and
increased flooding has beeattributed to deforestation in the mountains, and it has been suggested
that effective management of soil, forests and water resources are needed as adaptation measures,
along with improved social capacityEcuador and Argentina have integrated forests wetlands
into their o6l i vi H gndwefotediatioh Is cecogniséd as an ingdrtant dpteors for
adaptation in the watersheds of tRhkilippines®. Viet Nam includes measures such as integrated
management of watersheds in its disastducgon planning, along with forest management, and soil
and water conservatidh Largescale afforestation projects in China have been carried out with the
aim of reducing flooding and increasing water conservation, and countries of Central America are
collaborating to protect watersheds and fdf8st

4. Flood plain restoration

Climate change is causing an increase in the scale of flooding in flood plains. In some systems dams
are no longer a viable adaptation strategy, iarmbme cases dams have had negagiwvironmental

and socieeconomic impacts. In these circumstances ecosystem management is an effective adaptation
strategy at the river basin scale and an alternative talé¢helopment of smalicale dam$® In
developed countries, cost effective flood reduction strategies that allgvowth of vegetation
alongside rivers and establish vegetation buffers along streams, combined with the reduced
development of infrastructure, are being promoted in some'%re@mme evidence that this can be an
effective strategy has been provided in a ellig scenario exercise, which suggested that a
combination of wetland restoration and hard defencegiges optimal flood protectidff. Riparian
floodplains can also help to reduce the levels of watelutah following extreme event¥. In

Europe, the conservation or restoration of river floodplains has been included in a néifihed o
reductiogggtrategié@, although there are many new river management plamsithnot include such
measures".

5. Contribution of agrebiodiversity to crop diversification

Climate change increases the risk of reductions in crop yieldhinAé given region, different crops

are subject to different degrees of impdoom current and projected climate charlfe In light of

this, the adoption of specific crops or varieties in areas and farms where they were not previously
grown are among the adaptation opt available to farme¥8. Further, the use of currdptunder

utilised crops can help to maintain diverse and more stableeagsystens®. Conserving crop
diversity in many cases helps maintain local knowledge concerning management and uses of the crops
or varieties concerned.

In order to develop climatehangeresistancrop and livestock varieties and genotypes, such as those
resistant to drought, heat stress, disease, and saline conditions, it is critical to maintain
agobiodiversity™® and to ensure the continued survival of crop wild relativeBeveloping new
varieties may, iraddition to meeting adaptation needs, generateecefits in the context of health

and biodiversity conservation and sustainable use. For example, varieties resistant to crop diseases
may contribute to the reduction of pesticide use.

6. Changes in agricultual practice

Changes in climate are expected to increase soil erosion, carbon loss from soil, and fluctuations in soil
moisture in arable lands, causing decreased yields. Thus practices that enhance soil conservation and
sustainable use and maintain fawahle microclimates are important in adaptation in agriculture.
These practices can include methods such as: terracing and stone Bgntheguse organic



fertilizers, and changes to tillage practi¢&scrop rotation, contour tiling, minimum tillage and the

use of vegetation buffer strig§ and maintaining cover through plantings or mulé¢hetn drylands,
agricultural practices such as the use of shadow crops can enhance resilience by providing protection
against extreme rainfall, and increasing infiltration into thé’§oMany d these measures reduce the

need for nutrient inputs and use of heavy machinery. They also decrease vulnerability to extreme
weather events.

Climate change is resulting in higher temperatures in Northeast China. As a consequence the
replacement of soybeawith rice, which is tolerant of a warmer climate, has become very popular in
some former wetlands. Extending rice paddies can in some cases contribute to the restoration of
wetland ecosystems, increase local food production, decrease the flood riskeinosdands, and

makes an overall contritioh to sustainable developmé&rit

7. Agroforestry

Agroforestry is a promising option for increasing the resilience of rural communities to climate
change. Agroforestry involves the integration of trees into foodaairdal production and includes a
diverse rangef systems, such as silvopastosgistems, shadgrown perennial crops (e.g., coffee,
cocoa, rubber), windbreaks, allesopping, and improved fallowdncluding trees within agricultural
systems leads to ingased soil conservation, microclimatic buffgrand more efficient water usé

and thereby helps buffer the impacts of climate change. At the same time, agroforestry systems
provide a wide array of products to smallholder farmers, diversifying theiugtiod and livelihood
options. Agroforestry systems that are floristically and structurally diverse can also provide important
biodiversity kenefits to smallholder farméf8 They canalso serve an important role in climate
change mitigation by enhancingrban stocks within the agricultural landsc&Band, in some cases,
reducing pressure on nearby forests, thereby reducing emissions from deforestation.

8. Ecological management in drylands

Drylands cover more than 40% of the global land surface and aretathllia significant proportion

of the wor | didaizedppeaplE’. Thenintensityaandgfrequency of extreme events, both
droughts and floods, are predicted to increase under future climate change scenarios. Since
widespread technological solutiomsay be unavailable across these often vast dryland systems,
proper land tenure and ecosystem management policies can be particularly effective in helping
dryland inhabitants adapt to climate change. For example, climate warming has been shown to
decreas¢he production, diversity and the delivery of key ecosystem services on the grasslands of the
Tibetan Plateau. Ensuring that the amount and timing of grazing is appropriate to the seasonal
availability of fodder resources can buffer the system filo@senegative warming effect€. More

broadly, by reinforcing the traditional strategies pastoralists have developed to deal with climate
variability (e.g. mobility, common land tenure, reciprocity, mixed species grazing), in addition to
introducing newer techques (e.ggrass banks, income diversification), the economic, social, and
culturaélz\évelkbeing of societies dependent on dryland resources can be suppdhedace of climate
change™.

9. Increasing the resilience of managed forests

Evidence suggestsat intact? forests, particularly primary forests, will be more resistant to climate
changethan secondgjrowth forests and degraded foréStdVlanagement that is closer to natural forest
dynamics is therefore,likely to increase adaptive capacity. Maintam or restoring species and
genotypic diversity in these forests would increase their adaptive capacity when some species or
genotypes will no longer be suited to the altered environment and against spreading pests. In addition,
maintaining structural dersity (presence of various successional stages instead chgeérstands)

would increase their resiliena@nd resistancén the face ofextreme events (winthrow, ice/snow
damage). At broader scales adaptation can include the maintenance of ditiezshtyfpes across
environmental gradients, expansion of the protected aegavork, the protection of climatic refuges,

the reduction of fragmentation, and the maintenance of natural fire réffimes

10. Increasing the long term benefits of reforestation aatforestation



Increasing the extent of tree plantations has often been propedeth mitigation and adaptation
measures. Forest plantations for carbon storage, however, are generally established using genetically
uniform stock with high growth rates, tlow adaptive capacity, which will ultimately dimsh their

capacity in mitigatiotf’. For example, the largest monoculture plantation in the American tropics
suffered a large scale tree mortality as a result of veatess during the 1997 El Nitfd Increasing

both genetic and species diversity in forest stamtlkely to be important to increase forest resilience

and resistangeand can be obtained through selecting a mix of species and range of age structures,
including those that are likely to bdaptable to future climate conditidf

11. Adaptation in urban areas

Just over half of the global population live in urban areas, and will be exposed to the impacts of
climate change mainly through overheating (with higher temperatures expected in aitigs rinal

areas), flash floods, and extreme weather eV&nis addition to the impacts of climate change on

food and water supplies. 6Structural 6 adaptati
improved building design (for increased ventilatishading etc), increased use of air conditioning,

and improved drainage through more permeable sutfaces

Biodiversity can also play a role in urban planning through expanses of green areas for cooling,
improved use of natural areas for drainage anotifi@duction, and urban tree planting for structural

integrity and removal of pollutant¥. 6Ur ban greeningd can i mprove t
heat absorptidii® whereas paving over areas covered by vegetation and water reduces hewt loss a
increases vulnerability to floodify. Il ncreasing 6bl ue spaceb (e. g

recommended for cooling and reduced risk of flooding. There is also a growing interest in using an
understanding of ecosystem properties and functioning todésign of energgfficient buildings
and urban planning.

12. Using land management to reduce threats to health

Common ragweedAmbrosia artemisiifoliqis the most important allergenic plant in North America.

It is also an invasivalienspecies causing raby increasing health concerns Europe and Chini.
Increasing CQ levels and mean temperatures are predicted to favour itdogewent and pollen
productiori®®, and facilitae its further range expansidh The species spreads only to disturbed areas

(it is a common cropland weed), and natural ecosystems are highly resistant to its invasion. Thus land
management has a major @oin controlling its abundant& While traditional control measures
(chemicals) will remain necessary in intensive croplands, ierotineas landse that decreases
disturbance levels and facilitates ecosystem recovery may effectively contribute to limiting ragweed
abundance, pollen density, and, ultimately, to reducing negative impacts on human health.

2.3IMPACTS OF ADAPTATION ON BIODIVERSITY

Climate change adaptation may require tradeoffs, which should be fully considered at all stages of
planning

Many strategies adopted for adaptation may have negative impacts on biodiversity while some
strategies may have positive impactsihe impa&ts of adaptation strategies on biodiversity will vary

across sectors and will depend on the way in which such strategies are implemented. In most cases
there is the potential to minimize negative impacts and maximize negative effects through, for
example,the application of the ecosystem approach and the adoption of strategic environmental
assessments. As such, when deciding on measures to address a given climate change impact, e.g. that
of drought on agriculture in a certain area, there is usually a Hreyailable options, as illustrated

by the table in Annex 3The suitability of these options (taking into account environmental, social

and economic implications) will depend on the -specific environmental and soeszonomic

setting. Often, a spatig differentiated combination of measures may be appropriate.

Identifying and minimizing potential negative impacts on biodiversity is especially important
for small island developing States and Least Developed Countridslands tend to be charactedze



by high endemic biodiversity, while both islands and least developed coUyhffi€s) are socially

and ecologically highly vulnerable to climate change. All adaptation activities identified for the other
thematic areas might also be relevant for islams LDCs but their implementation may need special
considerations due to their limited size, whickeglnot permit great retreaand/or high reliance on
biodiversity resource$or livelihoods. Risks for maldaptation may be higher especially on small
islands with catastrophic results (extinctiolm particular, maladaptation can be defined as an activity
which increases vulnerability to climate change impacts rather than redumciRgr example, the
draining of coastal wetlands may be adopted as an ataptstrategy to expand agricultural
production and ensure food securibgwever such an activity could reduce breeding and feeding
grounds for fish and other marine biodiversity, thereby increasing the vulnerability of marine
ecosystems and associatelihoods such as fisheries.

To guide adaptation decisions which maximize positive impacts and minimize negative impacts
on biodiversity, the following principles are recommended:

- The potential of ecosystelpased adaptation options as contrasted wébhhical solutions
should be fully considereas outlined irtable2 above

- Strategic Environmental Assessment and Environmental Impact Assessment should be applied
in order to include a full consideration of all available alternatives, i.e. not be texbtric
different variants of the same technical option (as often happens).

- Monitoring and adaptive management approaches are a prerequisite for adaptation to
succeed particularly because of the high degree of uncertainty in projections about future
impacs on which adaptation decisions are based. Khewledge base with regard to
biodiversity especially in developing countries needs to be considerably strengthened.

Sector specific considerations would include:

Agriculture

The agricultural sector (inalling both cultivation and livestock production) will have to cope with

the multiple stresses of higher temperatures, water stress, greater climate variability and extreme
events, changing pest and disease prevalence and saline water intrusgrountbvaer. Common
responsedo these projected impacts could include intensification, use of systems which require
greater inputs, such as irrigation and increased fertilizers and other chemicals. However, these
responses are frequently maladaptive, for exarbplencreasing soil erosion in the face of extreme
events, eutrophication of water courses or relocating to new areas.

Genetically modified (GM) technology may provide traits that aid the adaptation of crops and tree
plantations to climate change. The ufeGM organisms outside of containment should consider
technical, legal, socieconomic and environmental aspects, including potential positive and negative
impacts on biodiversity. In this regard, it is important to develop comprehensive, soésscbad
transparent risk assessments, on a-bgsmse basis, and to fully respect the national legislation on
the mattes.

In many cases, it may be possible to use ecosystem based approaches, or to mitigate effects by
considering the longerm ecosystem eféés of potentially maladaptive approaches. The application of
agroecological approaches aimed at conserving soil moisture and nutrients, integrated pest
management and diversification through the application of rordpping or mixed farming systems
canincrease longerm resilience against climate change impacts and has mawsnedits such as
reducing erosion or eutrophication problems.

6 Modern biotechnology, as defined in the CartegeProtocol on Biosafety, may be
exploited. However the use of this technology should apply the prosisi@hprocesses as laid down
by the Cartagena Protocol (http://www.cbd.int/biosajety/



Fresh water management

Major impacts of climate change that need to be addressed in water management inclusiagncrea
flood risk and increasing risk of drought. Common technical approaches to flood risk include the
construction of dykes and dams. Technical solutions are also often applied to address problems of
water shortage, including the construction of resenaniis canals, facilities for water diversion and
abstraction from rivers, and alterations to river beds to improve shipping capacity during low water
periods. Hard structures can have significant environmental impacts, such as destruction or alteration
of wetlands, reducing connectivity between lakes, rivers and riparian zones, reduced services in
floodplains downstream, reduced flows upstream, and changing sediment flows. Restoration of
upland watersheds and floodplain restoration are ecologically viabenatives that deserve
attention.

In some cases, it may be possible to consider ecosysisau alternatives, by taking a bresdle
approach to problems that considers impacts at the watershed level, for example. Edusystem
alternatives include warshed management to increase the storage of rainwater in wetlands and
forests, and agricultural practices that improve the water storing capacities of soils, e.g. by enhancing
soil structure and humus content.

Forestry

There is no universally applicalmeasure for adapting forests to climate change because forest
ecosystems, projected disturbances, and ecosystem responses are all highly variable within and among
forest biomesand forest typesWhile forest managers could deploy multiple adaptation aneas
appropriate for their local situations, many of these measures can haveeriongnpacts on the
system, such as reduced productivity and reduced forest resilience. Possible measures with likely
negative consequences for biodiversity could includecased development of plantation forests
including those with nomative speciesthinning, increased use of herbicides and insecticides to
combat pestsand reduced rotation length. Some of the more controversial techniques that could be
used include assted migratbn of regional tree species, thmportation of alien treeer the use of
genetically modified tree stockThese latter techniques will result in novel ecosystems and may have
impacts on the endemic species of the area.

The negativempactsof adaptation to climate change in forests can be reduced through an increased
understanding and improved application of sustainable forest manad€ifenSustainable forest
management (the ecosystem approach applied in fofepstiy the main ecosystebrasd tool by

which adaptation in forests to climate change should be accomplished. Keeping in mind that forest
ecosystemsake decades to grow, adaptatimnclimate change may include applying sustainable
management principles based on future conditionsntble longerm resilience of forest systems.

For example, reducing a projected increase in wildfires may necessitate occasional prescribed burning
to eliminate accumulated fuels. At the same time, however, dead wood structures provide habitats for
many species, so removals should be relative to understood threshold volumes of wood to maintain
these species. At broader scales, protection of primary forests, reducing fragmentation, and increasing
landscape&onnectivity should be important adaptations &ntain biodiversity.

The current failure to implement sustainable forest management, in many areas of the world, limits
the capacity of forests and foretpendent pedgs to adapt to climate charffe To meet the
challenges of adaptation, commitn®td achieving the goals of sustainable forest management must
be strengthened at the international, national, and, wherepajapeo at the community levdh some

cases, hew modes of governance may be required that enable meaningful stakeholdetiparticip
especially among local communities, and to provide secure land tenure and forest user rights and
sufficient financial incentives.

Human settlement




Adaptation measures in human settlements will have tompgementedio address severeeather
evens, erosion, flooding, and increased heat. While many of these responses will require hard
development, some ecosystased measures can be employed.

The biggest dangdp biodiversityfrom adaptation measures comes from changes in environmental
conditions, including changes in water table level and distnces to sennatural habitats andy
protective hard infrastructure (e.g., dams and dykes). Adaptation strategies to promote biodiversity
that can be applied in the urban environment lie predominanttyeating new potential habitats
(above all new water bodies, dry and wet polders) as refugia for native plants and animals.

Broad adaptation policy measures include planning activities -(emng strategic planning, spatial
planning for flood managemeradaptive management policy), reducing other stresses in settlements
(e.g. airborne pollutants) or increasing resilience of urban vegetation to extreme weather. Special
adapation measures to reduce stresaesettlements anequired for example, bynlarging the flood
retention capacity (polders) and sustainable drainagettandgh theconstruction of small water
bodies.

Marine and coastal

Like other sectors, marine and coastal areas are already adversely impacted by many stresses, which
will be exacerbated by additional climatic change impacts (e.g., sea level rise).|@astgstems

ranging from polaregions to Small Island Developing States are essential to, and can enhance, our
capacity to respond to projected climate change impacts. Safifetds to adapt therefore requires a
holistic approach, which should consider the neededuce all sources of stresgbgsiman and

climatic) on the coastal region without adversely impacting on coastal biodiversity

Many proposed strategies to adapt climate change impacts in coastal regions consider hard
infrastructure approaches (e.g., sea walls, dykes, etc.). Such structures often adversely impact natural
ecosystems processes by altering tidal current flows, disrupting or disconnecting eltplogjatad

coastal marine communities, disrupting sediment or nutrition flows and may cause stagnation in some
contexts. Such structures may also impede successful reproduction of some species (e.g., turtles).

However, societal efforts to adapt requaeholistic approach, which should consider the need to
reduce all sources of impacts (human & climatic). Approaches to adaptation should also include
measures that address needs for coastal area protection while limiting adverse impacts on coastal
biodiversity. Ecosystenbased approaches to adapting to climate change offer huge potential for co
benefits in the context of building climate resilient coastal communities. Approaches to adaptation
should include measures that address needs for coastal protedtile limiting adverse impacts on
coastal biodiversity. Ecosystebased approaches to adapting to climate change offer huge potential
for cobenefits by meeting coastal protection objectives, securing climate resilience coastal
communities, while ensimg provision of coastal ecosystem services However, this approach is often
not considered in favour of engineering approaches which can be site specific in meeting the objective
of coastal defense yet more extensive in disrupting ecological services.



SECTION 3
BIODIVERSITY AND CLI MATE CHANGE MITIGATI ON

Maintaining natural and restoring degraded ecosystems, and limiting huriaeuced climate
change, represent multiple benefits for both the UNFCCC and CBD if mechanisms to do so are
designed and managkappropriately

Well-functioning ecosystems are necessary to meet the objective of the UNFCCC owing to their

role in the global carbon cycle andtheir significant carbon stocks. Carbon is stored and
sequestered by biological and biophysical processes asystems, which are underpinned by
biodiversity. An estimated 2,400 Gt C is stored in terrestrial ecosystems, compared to approximately
750Gt in the atmosphéfé Furthermore, in reference to Article @, well-functioning ecosystems

have greater resianceo climatechange which will reduce the vulnerability of may carbon stocks

Maintaining and restoring ecosystems represents an opportunity for wiwin benefits for

carbon sequestration and storage, and biodiversity conservation and sustainable uSe-benefits

are most likely to be achieved in situations where integrated and holistic approaches to biodiversity
loss and climate change are implemented. Many activities that are undertaken with the primary aim of
meeting the objectives of t&BD have signiftant potential to contribute to the mitigation of climate
change. Likewise, many activities that are undertaken or being considered with the primary purpose
of mitigating climate change could have significant impacts on biodiversity. In some cases these
impacts are negative, and there are t@iffie to be considered. An overview of the relevance of
different mitigation options is presented in Annex A list of possible wiawin activities for the
implementation of the UNFCC@nd the CBD is provided inmex5.

While protected areas are primarily designated for the purpose of biodiversity conservation,

they have significant additional value in storing and sequestering carborlhere are nhow more

than 100,000 protected sites worldwide covering about 12 peocent t he Ear t'W.®s | and
total of 312Gt carbon or 15.2 per cent of the global carbon stock is currently under some degree of
protection”® (see hble3). The designation and effective management of new protected @iraas,
strengthening the managent of the current protected area network, could contribute significantly to
climate change mitigation efforts.

Table 3 Global terrestrial carbon storage in protected areas

Protected area category % land cover Total carbon % terrestrial carbon
protected stored (Gt) stock in protected
Areas
IUCN categoryll 3.8 87 4.2
IUCN category IV 5.7 139 6.8
IUCN category {VI 9.7 233 11
All PAs 12.2 312 15.2
7/ Article 2 of the UNFCCCiiThe ultimate objective of this Ceantion and any related legal instruments

that the Conference of the Parties may adopt is to achieve, in accordance wéle\that provisions of the Convention,
stabilization of greenhouse gas concentrations in the atmosphere at a level that woultl daegerous anthropogenic
interference with the climate systeBuch a levekhould be achieved within a time frame sufficient to allow ecosystems to
adapt naturally telimate change, to ensure that food production is not threatened andtie econornidevelopment to
proceed in a sustainable manper.

8/ The Progr amme of Wo r k on Protected Ar eas of t he
establishment of protected areas that benefit indigenous and local communities, including by respecting, pesgerving,
maintaining their traditional knowl edge in accordance with



The ecosystem approach/ is a key tool for maximizing the synergies between implementation

of the UNFCCC and the CBD.The ecosystem approach is a strategy for the integrated management
of land, water and living resources that promotes the conservation and sustainable use of biodiversity
in a fair and equitable manndt.can, therefore, be applied @l ecosystems in order to deliver
multiple benefits for carbon sequestration and biodiversity conservation and sustainable use.

LULUCEF activities, including reduced deforestation and degradation can, in concert with stringent
reductions in fossil fuel missions of greenhouse gases, limit climate change.

Given that forests contain almost half of all terrestrial carbori*®, preliminary studies show that
continued deforestation at current rates would significant hamper mitigation effortsIn fact, if

all tropical forests were completely deforested over the next 100 years, it would add about 400GtC to
the atmosphere, and increase the atmospheric concentration of carbon dioxide by about 100ppm,
contributing to an increase in global mean surface temperaturesufGab’C**’.

The potential to reduce emissions and increase sequestration from LULUCF activitiesill be
influenced by if and how ecosystems, eegcially forests, are valuedby emissions trading
schemes The price of carbons estimated to range from 1432 GtCQ-eq per year for forestry
activitie(:ﬁ;‘g, and 2.36.4 GtCQ-eq per year for agricultural activities for a price of US®/tCQ-eq
by 203G™.

Balancing mitigation with natural adaptation of ecosystems would benefit from the
consideration of a wide ramge of different forest types.Intact primary forests contain the greatest
carbon stocks as well as harbouring the highest biodiversity and have the highest resilience to climate
change®®. Modified natural forests (i.e. those that have been logged or @éegtadugh other land

use activitieshave lower carbon stock§ less biodiversity and less resilience than primary forésts
Plantation forests may store and sequester considerable amounts of carbon but are not as beneficial for
biodiversity conservatioas natural forests. Among plantations types, those which comprise diverse
mixtures of native species have potential fimsintaining morebiodiversity than those comprising
monocultures or exotic species. In order to maximize the contribution of existilggion policies

to both climate change mitigation and biodiversity conservation and sustainable use, such differences
between forest types should be taken into account as outlined in4Tiaddtmw.

Table 4: Different carbon 10/ and biodiversity benefitsof main forest types

Forest typell/ Biomass Carbon sequestration | Biodiversity Value of
Carbon potential ecosystem
stockl?/ services

Primary forest +++ ++(+) +++ +++

Modified natural forest ++ ++ ++ ++
Plantations (indigenous + +++ (dependingn +(+) +
species) species used and
management)
Plantations (exotic + +++ (depending on + (+)
9f The main principles of the ecosystem approach focus on capacity building; participation; information

gathering and dissemination; research; comprebensionitoring and evaluation; and governandelvantages of the
ecosystem approach include: stakeholder participation; consideration of both scientific and technical and traditional
knowledge; and the achievement of balanced ecological, economic anccestsadnd benefits. A review of the application

of the ecosystem approach conducted by the CBD revealed many opportiongtesngthen ongoing efforts including
developing standards for application; adopting simplified and improved marketing appraaaheapacity building at all

levels.

10 Referring to total ecosystem carbon.
11 Forest definitions are a simplified version of FAO classification.
12/ Plantation forests store less carbon because stands are usually harvested at a relatively youhg age, a

young trees store less carbon than older trees. Also, timber harvesting causes emissions from collateral damage to living and
dead biomass and soil carbon. This is also why modified natural forests store less carbon than primary forests.



species) species used and
management)

Different forest landscapes require different LULUCF mitigation approaches.Three forest
landscape contexts can be broadly idedif 1) largely intact forested landscapes; 2) landscapes
whereforests have already been largely cleared and degraded; and (3) forested landscapes subject to
ongoing clearing and degradation. In general terms, mitigation in category (1) landscapebeastn be
achieved through avoiding emissions by protecting existing carbon stocks; in category (2) by growing
new carbon stocks; and in category (3) by reducing emissions from deforestation, degradation and
landuse change. Each type of LULUCF activity varies its potential benefits and risks to
biodiversity conservation (see Annéxalthough each activity can also be designed and implemented

in ways that enhance the potential benefits to biodiversity and reduce potential nhegative impacts.

Reducing deforestéion and forest degradation has the potential to contribute considerably to

the objective of allowing ecosystems to adapt naturally to climate chande.order to enhance the
contribution of reduced deforestation and forest degradation to adaptatiornitieactdould be
prioritized, which minimize fragmentation, maximize resilience and aid in the maintenance of
corridors and ecosystem serviceBhis could be achieved in particular through maintaining
connectivity of forest protected areas and other forasts)andscape levet

The conservation of existing primary forests where there is currently little deforestation or
degradation occurring, is critical both for protecting carbon stocks and preventing future
greenhouse emissions, as well as for consenbimgiversity

Significant emissions can be avoided through initiatives that lead to conservatidi® in largely

intact forested landscapesMost of the biomass carbon in a primary forest is stored in older trees or

the soit®’. Landuse activities that invobr clearing and logging reduce the standing stock of living
biomass carbon, cause collateral damage to soil and dead biomass carbon, and have also been shown
to reduce biodiversity and thus ecosystem resiliénc&his creates a carbon debt which takes
decae@s to centuries to recover, depending on initial conditions and the intensity of lditl use
Avoiding future emissions from existing carbon stockrapical and some temperatatural forests,
especially primarytropical forests, can be achieved throughrange of means including (a)
designating protected areas, (b) conservation agreements, easements and concessions (c) establishing
biological corridors that promote conservation in a coordinated way at large scales across land
tenures, (d) establishing pagnts for ecosystem services including carbon sequestration and storage,

(e) special financial incentives to compensate land owners, stewards and Indigenous peoples on their
traditional lands, for opportunity costs associated with forgoing certain kindisvefopment, and (f)
promoting forms of economic development that are compatibletidtbonservation and sustainable

useof biodiversity

In natural forest landscapes that have already been largely cleared and degraded, mitigation and
biodiversity conervation can be enhanced by growing new carbon stocks which, through the use of
mixed native species, can yield multiple benefits for biodiversity

Reforestation can make a significant contribution to enhancing forest carbon stocks and
biodiversity within | andscapes that have been largely deforested and degradfédReforestation

can involve the restoration of a permaneseiminatural forest rather than a plantation forest, make

use of remnant natural forests or use an appropriate mix of native SfieBie&restation activities

on long converted land can also supply sustainable wood products thereby relieving the pressure to
extract them from more mature natural forests.

13 fiConservatm © i s considered in terms of avoiding emissio

preventing the introduction of land use activities that would cause emissions.



Afforestation14 can have positive or negative effects on biodiversity conservation, deing on

the design and managementAfforestation that converts neforested landscapes with high
biodiversity values (e.g. heathlands, native grasslands, savannas) and/or valuable ecosystem services
(e.g. wetlands), increase threats to endemic biodiyeitwibughinter alia habitat loss, fragmentation

and the introduction of alien invasive species. Afforestation activities can help to conserve
biodiversity, if they: convert only degraded land or ecosystems largely composed of exotic species;
include natve tree species; consist of diverse, msiltata plantations; have minimal disturbance, and

are strategically located within the landscape to enhance connedtiiity.

In forest landscapes subject to ongoing clearing and degradatioitigation and biodivesity
conservation can be best achieved by reducing deforestation and forest degradation through the
sustainable management of forests and through forest restoration

In landscapes currently subject to unsustainable land use activitiessustainable forest
management (SFM)can make an important contribution to reducing emissions and enhancing
carbon stocks. SFM refers to atool kit of forest management activities thamulate natural
processes. These tools includianning for multiple values, planning at appriate temporal and
spatial scales, suitabletation lengthsoften decreasing logging intensities, aneduced impact
logging that minimizes collateral damage tound covers andsoils. The application of
internationally accepted principles of sustaieaforest management that have been established can
maximize the realization of multiple benefits outside of largely intact primary forest landscapes.
Relative to conventional commercial logging, SFM can also improve biodiversity conselimaiion
forest,and better deliver other related ecosystem services. Givemé#mt landscapes contain a mix

of categories of use a combination of conservation (on largely intact forested land) and SFM (on land
subject to deforestation and degradation) will be needethikimise mitigation efforts.

Implementing REDD 15 activities in areas of high carbon stocks and high biodiversity can
promote cobenefits for climate change mitigation and biodiversity conservation and sustainable

use. Several tools and methodologies soipport biodiversity benefits are available or under
development. The national gap analyses carried out by Parties under the Programme of Work on
Protected Areas of the CBD can be a valuable tool for identifying areas for the implementation of
REDD schemesn particular regarding the identification of priority forest areas for REDD activities

at national level.

The specific design of potential REDD mechanisms can have important impacts on biodiversity

In order to avoid conflict between the implementation of the CBD and the UNFCCC,
biodiversity considerations could be taken into account in the development of the REDD
methodology. Standards, indicative guidelines and criteria taking into account biodiversity
conservation could be develop®d

REDD methodolayies based only on assessments of deforestation rates could have significant
and often negative impacts on biodiversity conservationn particular the questioof whether
gross deforestation or net deforestatiéhis considered is important in this coxtteThe use of net
rates could hide the loss of mature (i.e. primary and modified natural) fogetktsir replacemernin

situ or elsewhere with areas of new forgedwth This could be accompanied by significant losses
biodiversity.

Addressing forest degradation is important because degradatiomesults in biodiversity loss,
decreased forest resilience talisturbances and often leads to deforestatioff’. Monitoring to

14 Afforestation here means the conversion of land that has not had forest coveerfptang time, if ever.

19 It is intended to use terms and definitions in this document consistently with UNFCCC decisions
2/CP.13 (REDD) and 1/CP.13 (Bali Action Plan). Suggestions are made without any attempehoppr@ngoing or
forthcoming negotidns.

16/ Net deforestation (net loss of forest area) is defined in the Gfbal Forest Resources Assessment
2005 as overall deforestation minus changes in forest area due to forest planting, landscape restoration and natural expansio
of forests



detectthe severity and exterdf forest degradation is therefore a key issue whiebds further
development.

Both intra-national and inter-national displacement of emissions under REDD can have
important consequences not only for carbon, but also for biodiversityWhile it often matters little
where deforestation or degradation ocduosn a carbon perspective, defining REDD eligible areas
without considering biodiversity could displace deforestation to higher biodiversity valued forests.

While it is generally recognized that REDD holds potential benefits for foidstlling indigenous
and local communities, a number of conditions would need to be met for these benefits to be
achieved

The implementation of the UN Declaration on the Rights of Indigenous Peoples is key to
delivering benefits from REDD for Indigenous PeoplesWhile it is generally recognized that
REDD holds potential benefits for the livelihoods of foréstelling indigenous and local
communities (ILCs), a number of conditions would need to be met for thebenefits to be
achieved. Indigenous peoples are unlikely to hefrem REDD where they do not own their lands; if
there is no principle of free, prior and informed consewricerning the use of their lands and
resourcesand if their identities are not recognised or they have no space to participate in policy
making pocesses as outlined imble5 below.

There is a need for capacity building on indigenous issues and rights, both on the side of
governments, as well as Indigenous people and local communiti&$is needs to include education
and awareness raisinigdigenous to Indigenous transfer of knowledge and capacity building.

Table 5: Overview of key challenges and opportunities for indigenous and local communities

Issue Biodiversity implications Climate Change implications

Recognition| Land tenure givedLCs opportunities tq Security of land tenure avoid
of rights manage and protect biodiversity on whi deforestation.
they rely for their livelihoods and culture

Governanceg Free, prior and informed consent is key| Mitigation strategies presently do n
and Equity | the effective management of biodisity | take into account ILC processes the
by ILCs in so far as it facilitates decisi¢ possible negative impacts on ILCs.
making based on traditional structurg
addresses the lack of law enforcemg
poor forest management and avo
perverse incentives.

Free, prior and informed consent of IL
could improve the effectiveness
REDD.

Policy Policies developed with the effective Policies developed with the effective
participation of ILCs are more likely to b| participation ® ILCs are more likely to
supported by them and contribute to be supported by them.

biodiversity conservation. ILCs concept of land and forest

ILCs concept of forest management ba{ management based on traditional

on traditional knowledge can contribute| knowledge can contribute to the globa
the global and national debate on { and national debate on REDD
conservation and sustainable use of fo
biodiversity.

Gender Women and Elders hold valuable Women and Elders hold valuable
knowledge on forest biodiversity wiic | knowledge on climate change impacts
should be safeguard and promoted with| forests and possible response activitie
their prior informed consent. which should be safeguarded and
promoted with their prior informed
consent




Other Concessions for forestry and extractive industries may be avoided.

ISSUes Opportunity to refocus attention and policies on forest conservation gain suppor,

land tenure and land titling processes.

Law and policies and their implementation niegyimproved.

The implementation of a range of appropriately designed landnagement activities can result in
the complementary objectives of the maintenance and potential increase of current carbon stocks
and the conservation and sustainable use of hi@adsity

Sustainable land management activities, including the restoration of degraded lands can yield
multiple benefits for carbon, biodiversity and livelihoods. Restoring degraded land and
implementing activities to maintain existing productivity carcbsteffective mitigation options with
potential to offset 5 to 15 per cent of the global feksl emissions per ye4f. In particular,
restoration of degraded cropland soils may increase crop yield, while contributing to the conservation
of agricultura biodiversity, including soil biodiversityKey examples of activities that can deliver
multiple benefits includeonservation tillage and other means of sustainable cropland management,
sustainable livestock management, agroforestry systems, restafijeatlands and other wetlands,

and maintenance of natural water sources and their fleas annex 2 for further informatior).

should be noted that all of these activities integrated to some extent within the decisions of the
Convention on BiologicaDiversity.

Climate mitigation policies are needed to promote the conservation and enhanced sequestration of
soil carbon, including in peatlands and wetlands, which is also beneficial for biodiversity

Carbon stored in soil accounts for a high percentage ofthe carbon stored in terrestrial
ecosystemsln fact, global soil organic carbon has a sequestration potential D ®tC/yt®. Recent

studies have suggested that there are almost 100 GtC stored in North American Arctic soffs alone
Furthermore, a recegtobal assessment of peat has estimated that peatlands store 550Gt df°carbon
However, this could be an underestimate as peat depth estimates are still uncertain. Furthermore,
ecosystems have the potential to store significantly more carbon than thewtlgudo, as many of

their carbon stocks are depleted below their natural carbon carrying capacity due to land use history
especially in temperate zones

Climate mitigation efforts that promote the conservation and enhanced sequestration of soil
carbon may be also beneficial for biodiversity. The loss of soil carbon is largely due lemd
conversionchanges in land usand a warming climateConversion of native ecosystems, such as
forests or grasslands, to agricultural systems almost always resaltese of soil carbon stocks, as
cultivated soils generally contain 58% less carbon than those in natural ecosystams native
vegetation provides a greater source of organic carbon into soil forming prodésgégrmore,

human disturbances such dsinage for agriculture or forestry have transformed many peatlands
from being a sink of carbon to a source in large areas. It is also important to consider the impacts of
other LULUCF activities on soil carbon. For example, afforestation can have bgttive and
positive impacts on soil carbon stores, depending on disturbance regime.

There is a range of renewable energy sources which can displace fossil fuel energy, thus reducing
greenhouse gas emissions, with a range of potential implications forilkerdity and ecosystem
services

Renewable energy sources, including onshore and offshore wind, solar, tidal, wave, geothermal,
biomass and hydropower and nuclear, can displace fossil fuel energy, thus reducing greenhouse

gas emissions, with a range of pomgial implications for biodiversity and ecosystem services.

The impacts on biodiversity and ecosystem services of solar, tidal, geothermal, wave and nuclear
energy are dependent on site selection and management practices.



While bioenergy may contribute to energy security, rural development and avoiding climate
change, there are concerns that, depending on the feedstock used and production schemes,
many first generation biofuels (i.e., use of food crops for liquid fuels, i.e., biethanol or bio-

diesel) ae contributing to rising food prices, accelerating deforestation with adverse effects on
biodiversity, and may not be reducing greenhouse gas emissiomgiofuel production can have
considerable adverse consequences on biodiversity (genetic, speciesn@schyda levels) and
ecosystem services when it results in direct conversion of natural ecosystems or the indirect
displacement of agricultural land into natural ecosyst®mslowever, biofuels can contribute to
greenhouse gas savings and avoid adverse tsymec biodiversity, soils and water resources by
avoiding landuse changes, in particular on land designated as of high conservation and sustainable
use value. Advanced generation technologies will only have significant potential to reduce greenhouse
gas enissions without adversely affecting biodiversity if feedstock production avoids, directly and
indirectly, loss of natural ecosystems, or uses native grasses and trees on degraded lands. Evaluation
of the environmental and social sustainability of différeaurces of biofuels could be achieved
through the development and implementation of robust, comprehensive and certifiable sta@dards.

Hydropower, which has substantial unexploited potential in many developing countries, can
potentially mitigate greenhouse gas emissions by displacing fossil fuel production of energy, but
large-scale hydropower systems often have adverse biodiversity and social eff&¢tsDam and
reservoir design is critical to limiting: (i) the emissions of carbon dioxide and methame
decomposition of underlying biomass, which can limit the effectiveness of mitigating climate change;
and (ii) adverse environmental (e.g., loss of land and terrestrial biodiversity, disturbance of migratory
pathways, disturbance of upstream and dorgast aquatic ecosystems, and fish mortality in
turbines) and social impacts (e.g., loss of livelihoods and involuntary displacement of local
communities). The environmental and social impacts of hydropower projects vary widely, dependent
upon predam condions, the maintenance of upstream water flows and ecosystem integrity, the
design and management of the dam (e.g., water flow management) and the area, depth and length of
the reservoir. Run of the river and small dams typically have fewer adversenemitial and social

effects. Sectoral environmental assessments can assist in designing systems with minimum adverse
consequences for ecological systems.

Artificial ocean fertilization has been promoted and exposed to early testing as a technique to
increase the uptake of atmospheric carbon dioxide, but it is increasingly thought to be of limited
potential'® and may have adverse environmental consequencesThe potential of ocean
fertilization to increase the sequestration of carbon dioxide with limitingemis such as iron or
nitrogen, is highly uncertain and increasingly thought to be quite limited, and there are potential
negative environmental effects including increased production of methane and nitrous oxide, de
oxygenation of intermediate watersdanohanges in phytoplankton community compaosition, which
may lead to toxic algae blooms and/or promote further changes along the fod®/¢Rain

The biological and chemical implications of deep sea injection of carbon dioxide, associated with

carbon capture and storage, are at present largely unknownbut could have significant adverse
conseqguences for marine organisms and ecosystems in the deep sea. Leakage from carbon storage on
the sea bed could increase ocean acidification, which could havestaige efects on marine
ecosystems, including coral reefs.

Thelongt er m st abi | i inyoilsasf as fieh unknownaandolargescale development
could result in additional land-use presures. The effectiveness and long term stability of biochar in
soils has not yet been establishéd Largescale deployment of biochanay require significant
amounts of biomasscreating the need for additional lands to grow bionmass thus creating
additional laneuse pressures

In addition to direct impacts of mitigation activities (LULUCF, renewable energy technologies
and gecengineering) on biodiversity there may be significant indirect impacts which require

17/ Theexpert from Brazil disassociated himself from this section.



further research. There is also potential for new mitigation technologies to be developed with either
positive, reutral or negative impacts on biodiversity.



SECTION 4
VALUATION AND INCENTIVE MEASURES

4.1 VALUING BIODIVERSITY AND ECOSYSTEM SERVICES

The valuation of ecosystem services should be seen within the broader context of an ecosystem
approach to adaptingto climate change.This sectiod8 describes methodologies for analyzing the
social, cultural and economic value of biodiversity and ecosystem services in supporting adaptation in
communities and sectors vulnerable to climate change using the conceptgaldrk developed by

the Millennium Ecosystem Assessment (MA), which links direct and indirect drivers of change to
ecosystem services to elements of human-baihg. In reality, valuation typically focuses on the
economic values of ecosystem serviceaegated by biodiversity that benefit humans rather than
biodiversity as such.

Ecosystems provide humans with a vast diversity of benefits such as food, fibre, energy, clean
water, healthy soils, pollinators, and many more Though our welbeing is depettent upon the
continued fl ow of tdseudlieed fib®x3pmapysategublic gadswithcne s 0
markets and no prices, so are typically not taken into account in current economic eweision

As a result, biodiversity is declining, oacosystems are being continuously degraded and society, in
turn, is suffering the consequences.

Valuation techniques are important to ensure that the true value of ecosystems and their
services provided are taken into account when estimating the impact biman-induced climate
change on ecosysteménformed decisions should evaluate the implications of any decision on all
ecosystem services and estimate the value of changes in the services that result.

Box 3: Ecosystem Services

Definition: The MA developed a comprehensive categorization of ecosystem sewtueh,
include: (i) provisioning services, e.g., food, fibre, fuel, biochemicals, natural medicines ang
water supply; (ii) regulating services, e.g., regulation of the téimmurification of air and water
flood protection, and natural hazard regulation: (iii) cultural services, e.g., cultural he
recreation, tourism and aesthetic values; and (iv) supporting services, e.g., soil formati
nutrient cycling.

Contribution to Human Welbeing: Ecosystem services contribute directly and indirectly,
human welbeing by: (i) providing natural resources for basic survival, such as clean aif
water; (ii) contributing to good physical and mental health, for exampleygh access to gree
spaces, both urban and rural, and genetic resources for medicines; (iii) providing funda
natural processes, such as climate regulation and crop pollination; (iv) supporting a strg
healthy economy, through raw materials fodustry and agriculture or through tourism a
recreation; and (v) providing social, cultural and educational benefits, as well dseweglland
inspiratian from interaction with nature.

Given that the applicaion of many valuation techniques is costly and tim&onsuming, and
require considerable expertise, a cost/benefit criterion should be applied, as appropriate, to the
valuation study itself: in principle, they should be applied when the anticipated inarhe

18 This text of this section is largely based on language used in the Defra report, An Introductory Guide to Valuing
Ecosystem Services; and the approaches and philospophy promoted by theilill&wosystem Assessment (MA), The
Economics of Ecosystems of Biodiversity (TEEB), the CBD Technical Series 29; and decisions VI/15 and VI111/25 of CBD
COP.



(including longterm) improvements in the decision are commensurate with the cost of undertaking
the valuation study.

Economic techniques for valuing ecosystem services are typically applied a within cdsnefit

analysis or a costeffectiveness analsis, whose results would otherwise be incomplete whenever
relevant external costs and/or benefits are presentCostbenefit analysis estimates the difference
between the costs and benefits of a particular decision, e.g., the costs of a particulaomdatitat
compared to the benefits that would accrue from action, wageomst effectiveness analysis assesses
the costs of different actions to achieve a particular outcome, e.g., totpaopasticular coastal
region. These economic analyses should turn be applied within broader decisioraking
frameworks which go beyond mere economic logic, such as environmental impact assessments (EIA),
strategic environment assessments (SEA);chige analysis (LCA), risk assessment, and multi
criteria analysis

Accounting for the value of biodiversity and the ecosystem it supports, is important for the
decision making process, and for the provision of appropriate incentives for societal adaptation

to climate change One issue that has engendered endlesstelébdahe choice of discount rate.
Different choices of discount rate lead to very different estimates of the damage costs of climate
change on biodiversity and ecosystems, and the relative costs and benefits of different strategies

There are many mehodologies available for estimating the economic valuation of ecosystem

services Methods for eliciting values should use a combination of economic and n&tonomic

valuation methods as appropriate to the context of the decisioas outlined inAnnex 6. The
appropriateness of various methodologies is determined by the biodiversity beneficiary (local versus
global, private sector versus nprofit, etc) and the types of biodiversity benefits realized (direct

versus indirect use values; use versususmvalies). A common feature of all methods of economic

valuation of ecosystem services is that they are founded in the theoretical axioms and principles of
welfare economics. These measures of change inbweli ng are reflected in pe
payfor changes in their level of use of a particular service or bundle of services.

Regardless of themethodology employed, the interim report of TEEB outlined nine key

principles of best practices for ecosystem valuation including

1 The focus of valuators houl d be on margi nal changes rat he
ecosystem;

1 Valuation of ecosystem services must be context specific, ecosgptmiiic and relevant to the
initial state of the ecosystem;

1 Good practices in benefit transfers need to betadato biodiversity valuation, while more work
is needed on how to aggregate the values of marginal changes;

9 Values should be guided by the perception of the beneficiaries;

9 Participatory approaches and ways of embedding the preferences of local consmuaitide
used to help make valuation more accepted;

9 Issues of irreversibility and resilience must be kept in mind;

1 Substantiating biphysical linkages helps the valuation exercise and contributes to its credibility;

1 There are inevitable uncertainties fretvaluation of ecosystem services, so a sensitivity analysis

should be provided for decision makers; and;

1 Valuation has the potential to shed light on conflicting goals and-tfislebut it should be
presented in combination with other qualitative andmgative information and may not be the
last word.

19 Stern argued on ethical grounds that a low discount rate should be chosen to assess the darobgintaie
change. Heonsidered how the application of appropriate discount @sssmptions about the equity weighting attached to
the valuation of impacts in poaountries, and estimates of the impacts on mortality and the environment (inatuding
biodiversity) wouldincrease the estimated economic costs of climate change.



Therefore the key steps in estimating the impact of different climate change adaptation or

mitigation decisions are:

1 Establish the ecosystem baseline;

1 Identify and provide qualitative assessment & timpacts of different decisions on ecosystem
services;

1 Quantify the impacts of different decisions on specific ecosystem services;

9 Assess the effects on human welfare; and

9 Value the changes in ecosystem services.

Figure: Overview of the impact pathway of a climate change decision

Decision—»Impact on Ecosystem—» Changes in Ecosystem Services—Impacts on

human welfare — Economic Value of Changes in Ecosystem services

Following these steps can help to ensure a more systematic apach to accounting for the
impacts of different decisions on ecosystemBven an initial screening of what ecosystem services
are affected, how potentially significant these impacts could be and developing an understanding of
the key uncertainties and gaps evidence can be useful first steps towards integrating these
considerations into decisianaking.

There is considerable complexity in understanding and assessing the causal links between a
decision, its effects on ecosystems and related services alnent valuing the effects in economic
terms. Integrated working with the science and economics disciplines will be essential in
implementing this approach in practice. The critical importance of the links to scientific analysis,
which form the basis for vailug ecosystem services, needs to be recognised.

The type of valuation technique chosen will depend on the type of ecosystem service to be
valued, as well as the quantity and quality of data availableSome valuation methods may be
more suited to capturinthe values of particular ecosystem services than adlserstlined irTable6

below. Benefits transfer, which applies economic values that have been generated in one context to
another context for which values are required, is also discussed. Thiaappsien used cautiously,

have the potential to alleviate the problem of deficient primary data sets as well as of limited funds
and time often encountered in valuation, and are of particular interest in cases where the potential
savings in time and costsitweigh a certain loss of accuracy (e.g., rapid assessments).

The valuation methodologies discussed are not new in themselve$he challenge is in their
appropriate application to ecosystem services. The ecosystem services framework emphasises the
need to consider the ecosystem as a whole and stresses that changes or impacts on one part of an
ecosystem have consequences for the whole system. Therefore, considering the scale and scope of the
services to be valued is vital if we are to arrive at angmimgful values.

Table 6: Valuation methods for different ecosystem servicé&

Valuation Element of TEV | Ecosystem service(s) | Benefits of Limitations of
method captured valued approach approach
Market prices | Direct and Those thatontribute to | Market data Limited to those
indirect use marketed products e.g.| readily available ecosystem
crops, timber, fish and robust services for which
a market exists
Costbased Direct and Depends on the Market data Can poentially




approaches | indirect use existence of relevant readily available overestimate
marketsfor the and robust actual value
ecosystem service in
guestion. Examples
include maAmade
defences being used as
proxy for wetlands storn
protection; expenditure
on water filtration as
proxy for value of water
pollution damages.

Production Indirect use Environmental services | Market data Dataintensive

function that serve as input to readily availdle | and data on

approach market products e.g. and robust changes in
effects of air or water services and the
quality on agricultural impact on
production and forestry production often
output missing

Hedonic Direct and Ecosystem services tha] Based on Very data

pricing indirect use contribute to air quality, | market data, so| intensive and
visual amenity, relatively robust| limited mainly to
landscape, quiet, i.e. figures services related td
attributes that can be property
appreciated by potential
buyers

Travel cost Direct and All ecosystems services| Based on Generally limited

indirect use that contribute to observed to recreational

recreational activities behaviour benefits.

Difficulties arise
when trips are
made to multiple
destinations.

Random Direct and All ecosystems services| Based on Limited to use
utility indirect use that contribute to observed values
recreatimal activities behaviour

Contingent Use and notuse | All ecosystem services | Able to capture | Bias in responses

valuation use and nowise | resourcentensive
values method,
hypothetical
nature of the
market
Choice Use and notuse | All ecosystem services | Able to capture | Similar to
modelling use and noise | contingent
values valuation above

Key challenges in the valuation of ecosystem services relate to the underlying questions on how
ecosystems provideeyvices, and on how to deal with issues of irreversibility and high levels of



uncertainty in ecosystem functioning.Thus, while valuation is an important and valuable tool for
good decisiormaking, it should be seen as only one of the inputs. Methodslagideal with these
challenges that account systematically for all the impacts on ecosystems and theis seevicey
much in development.

A number of studies have estimated the costs of climate change under different scenarlesr a
2°C increase in Ighal mean temperatures, for example, annual economic damages could reach
US$8 trillion by 2100 (expressed in U.S. dollars at 2002 prices).

There are few studiesavailable, however, on the lost value associated with the impacts of
climate change specifially on biodiversity in large part because of the difficulty in separating
climate change impacts from other drivers of biodiversity lossSome case studies inclife

1 The World Bank estimated that coral reef degradation in Fiji attributable to climatgecia
expected to cost between US$ 5 million and US$ 14 million a year by 2050 due to the loss of
value from fisheries, tourism and habitat.

1 The loss in welfare associated with climate change in a ivediterranean landscape in Israel
is estimated at 8% 51.5 million if conditions change to Mediterranean climate, US$ 85.5 million
if conditions change to a semiid landscape and US$ 107.6 million for conversion to an arid
landscape based on loss grazing and willingness to pay.

1 The lost value for protéed areas associated with the projected impacts of climate change in
Africa, based on willingness to pay, is estimated at US$ 74.5 million by 2100.

1 The predicted negative impacts of climate change on coral reefs in the Bonaire National Marine
Park in theNetherland Antilles, based on willingness to pay estimates by divers was US$ 45 per
person per year if coral cover drops by from 35 per cent to 30 per cent and fish diversity drops
from 300 species to 225 species and US$ 192 per person if coral covefrano$ per cent to
5 per cent and fish diversity drops from 300 species to 50 species.

4.2CASE STUDIES OF VALUEE DERIVED FROM LINKING BIODIVERSITY CONERVATION
AND SUSTAINABLE USEAND CLIMATE CHANGE ADAPTATION

A: The economic value of protection fronmatural disasters

Protecting and restoring ecosystems can be aetfesttive and affordable lorgerm strategy to help

human communities defend against the effects of climate change induced natural diBastection

against storm surges or high windssociated with more intense cyclones can include: (i) hard
infrastructures including seawalls and levees, which can be expensive, require ongoing maintenance,
and can fail catastrophically under severe storm conditions, e.g., New Orleans, USA,; loe (ii) t
protection and restoration of figreen infrastru
mangrove forests) and coral reefs, which can be moreeffestive means for protecting large coastal

areas, require less maintenance, and provide adaitmmmunity benefits in terms of food, raw

materials and livelihoods as well as benefiting biodiversity. Examples include:

1 Red Cross of Vietham began planting mangroves in 1994. By 2002, 12,000 hectares had cost
US$ 1.1 million, but saved annual leveeim@nance costs of US$ 7.3million, shielded inland
areas from typhoon Wukong in 2000, and restored livelihoods in planting and harvesting
shellfish.

1 In Malaysia, the value of existing mangroves for coastal protection is estimated at US$ 300,000
per km ofcoast based on the cost of installing artificial structures that would provide the same
coastal protection.

1 In the Maldives, the degradation of protective coral reefs around Malé required construction of
artificial breakwaters at a cost of US$ 10 milljper kilometer.

20 In conducting the studies, a number of assumptions had to be taken and choices made which could affect the
outcomes including: (ijhe discount rate; (ii) the General Cikation Model that the impacts are based upon;

and (i) future greenhouse gas scenarios



B. The economic value of biodiversitybased livelihoods

The World Bankdés Strategic Framework for Devel oy
From farming, ranching, timber and fishing, to water, fuebd, and subsistence resources, human
welfare is irextricably tied to natural resources and the benefits that ecosystems pravideNorld
Bankds Strategic Framework for Devel opment and
impacts of climate change on the poorest and most vulnerable comswaoitiel set back much of

the development progress of the past decades and plunge communities back into poverty. By
protecting and restoring healthy ecosystems that are more resilient to climate change impacts,
ecosystenbased adaptation strategies carphielensure continued availability and access to essential
natural resources so that communities can weather the conditions that are projected in a changing
climate. Strategies that involve local governance and participation will also benefit from coynmunit
experience with adapting to changing conditions, and may create greater commitment among
communities for implementation.

Additional examples include:

1 In Kimbe Bay, Papua New Guinea, coral reef resilience principles were applied to design a
network of maine protected areas that can withstand the impacts of a warming ocean and
continue to provide food and other marine resources to local communities. This approach is
already being implemented at several more sites in Indonesia and for thé\Medoan ref.

1 In Southern Africa, the tourism industry has been valued at US$ 3.6 billion in 2000, however, the
Intergovernmental Panel on Climate Change projects that between 25 and 40 per cent of
mammals in national parks will become endangered as a reslitnatec change. As such, the
National Climate Change Response Strategy of the Government of South Africa includes
interventions to protect plant, animal and marine biodiversity in order to help alleviate some of
this projected lost income.

C. The econome value of €osystem services provided by forestry

The value of forests in Britain
Well managed forests and woodlands deliver a range of ecosystem services with social and
environmental benefit&ncluding:

A providing opportunities for open accessdndr recreation

A supporting and enhancing biodiversity

A contributing to the visual quality of the landscape

A carbon sequestration.
A report by the Forestry Commission in 2003 estimated the total value of annual benefits to
people in Britain to baround £1 billion. Annual benefits (£ million) include: (i) recreation £393
m; (ii) biodiversity £386 m; (iii) landscape £150 m; and (iv) carbon sequestration £94 m, for a
total benefit of £1023 m. However, this analysis is only partial and did nointakaccount other
social and environmental benefits, such as improving air quality and regulating water supply and
water qguality. For exampl e, forests and woodl
particles and absorb gases such as sulphuiddi@nd ozone, thus the improved air quality can be
valued through the resulting improvements to human health. In addition, forests and woodlands
can reduce soil erosion, stabilise riverbanks and reduce pollution-offrun

D. The economic value of pptected areas

The value of the Okavango Delta in the economy of Botsivaramsar site

The Okavango Delta generates an estimated P1.03 billion in terms of gross output, P380 million
in terms of direct value added to gross national product (GNP) andrRilli8d in resource rent.

The direct use values of the Okavango Delta are overwhelmingly dominated by the use of natural
wetland assets for tourism activities in the central zone. Households in and around the delta earn a
total of P225 million per yeardm natural resource use, sales, salaries and wages in the tourism



industry, and rents and royalties in CBNRM arrangements. The total impact of the direct use of
the resources of the Ramsar site is estimated to be P1.18 million in terms of contributif, to G

of which P0.96 million is derived from use of the wetland itself. Thus the Ramsar site contributes
2.6% of the countryds GNP, with the wetl and
effect is greater for the formal sector than for the poooenponents in society, because the
former activities have greater backward linkages and households are primarily engaged in
subsistence activities. The natural capital asset value of the Ramsar site is estimated to be about
P3.9 billion, of which the Okaveyo Delta is worth P3.4 billion.

The economic value of the Great Barrier Reef to the Australian Economy

This analysis is partial and does not use the TEV but focuses on the value of tourism, commercial
fishing and recreational activities, net of tourisiihe values are Aus$5107 million, AUS$149
million, and Aus$610 million, respectively, for a total of Aus$5,866 million. Clearly the true
economic value, when considering all the other-usa values, is considerably higher.

4.3 INCENTIVE MEASURES

Changes in the broader set of economic incentives governing human behaviour awnlgcision
making, as well as norfinancial incentives, are essential to implement ecosystelbased
adaptation activities to climate change that can benefit biodiversity and ecosysterargices and
human well-being. Incentives for ecosystetvased adaptation should be carefully designed not to
negatively affect ecosystem services and the conservation of biological diversity, including in other
countries.

1 Measures changing to the econorimicentives to decisiecmaking seek to ensure that the value
of all ecosystem services, not just those bought and sold in the market, are taken into account
when making decisions. Possible measures include: (i) remove those subsidies to agriculture,
fisheries, and energy that cause harm to people and the environment; (ii) introduce payments to
landowners in return for managing their lands in ways that protect ecosystem services, such as
water quality and carbon storage, that are of value to societyn{piement appropriate pricing
policies for natural resources, e.g., for fresh water; (iv) establish market mechanisms to reduce
nutrient releases and promote carbon uptake in the mostffestive way; and (v) apply fees,
taxes, levees, and tariffs to dimirage activities that degrade biodiversity and ecosystem
services.

1 Nonfinancial incentives and activities seeking to influence individual bwhavior: (i) laws and
regulations; (i) new governance structures nationally and internationally that faciliete t
integration of decisioimaking between different departments and sectors, (iii) promote
individual and community property or land rights; (iv) improve access rights and restrictions; (iv)
improve access to information and education to raise awarenesg abosysterbased
adaptation; (v) improve policy, planning, and management of ecosystems by including sound
management of ecosystem services in all planning decisions; and (vi) develop and use
environmentfriendly technologies.

Financial incentives, seh as the payment for ecosystem services and environmental funds,

could provide alternative sources of income/livelihoods for the poor that are heavily dependent

on biodiversity and its components For example, a forest ecosystem provides a range ofategul

services besides their role as mitigation against climate cHanigés these services that need to be
maintained hence appropriate incentives such as the payment for ecosystem services and the use of
environmental fund$* services will ensure commities are better able to maintain a balance between
ecosystem and their use of the resourcBse World Bank together with other multilateral financial
institutions and conservation NGOs provide a plethora of finahmds.

Internalizing the value of biodiversity and ecosystem services, other than carbon, in climate
changerelated activities can provide a strong economic incentive for conserving biodiversityA



range of financial instruments are available and can be effective in a specific manceordaace
with ecosystem type, project scale and projected period (see Table below)

Criteria and indicators which are specific, measurable, appropriately monitored, and adapted

to local conditions, need to be developed to assure that the ecosystem sesviaegeted by the
incentive measures are not degraded over time.For instance, verification systems based on
biological/ecosystem criteria and indicators can provide projects/countries with a financial incentive
that ensures ecosystdmsed adaptation fahe longterm benefits of UNFCCC and CBD. Properly
designed criteria and indicators can become proxies for the intactness of ecosystems and adaptability,
which can faciliate the evaluation of a measupeovide useful information in determining the need

for corrective action, and thus help in achieving the objectives of UNFCCC and CBD.

Non-financial mechanisms can become indirect incentives to achieve multiple benefits of
adaptations and can help build societal awareness and understanding of the impantarole of
ecosystem based adaptation to climate changeéNon-financial mechanisms include: the use of laws

and regulations, property or land rights, access rights and restrictions, and valuation and education to
raise awareness about ecosystemmed adaption. Enhancing food security and other ancillary
benefits can be incentive to adopt ecosysbased approach for the people who rely on such benefits

for their livelihood. On a local scale, traditional codes have been a societal regulation to @void th
overuse of common ecosystem services. Incentives taking account for such societal codes can ensure
the societal adaptability for climate change as well as biological conservation.

While there are a wide range of incentives available, choosing one oombination of those
incentive measure one need to consider several factors of conditions and scdtes Table 7

below) Examples include: the characteristics (physical, biological, social and economic) of the
challenge, current and future financial amastitutional arrangements, human resource and
institutional capacities, gaps and obstacles, possibility of creating adverse impacts on other systems
and sectors, opportunity for lorigrm sustainability and linkages with other programs. In particular,
policies which create incentives without removing the underlying causes of biodiversity loss
(including perverse incentives) are unlikely to succeed. The incentive measures adopted should also
address issues on transparency, equity and should be regulariypretrand evaluated. CBD
guidance such as the Proposals for the Design and Implementation of Incentive Measures, endorsed
by the sixth meeting of the Conference of the Parthes:(/www.cbd.int/doc/publications/inc
brochure0l-en.pdj, could be consulted for identifying further key elements to be considered when
designing and implementing incentive measures, and for selecting appropriate and complementary
measures.

Table 7: Tools and incentives for implementingecosysterrbased adaptation.

Tools and incentives Application to ecosysterhased adaptation
Financial
1 Payment for Ecosystem Services (not Payment to reward the ecosystem service
tradable) those who maintain the méce (e.g.,
payments for watershed management)

1 Carbon finance Payment for carbon storage (e.g., Cl¢
Development Mechanism, Voluntary carb
market)

1 Incentives related to REDD Positive incentive on issues relating

reducing emissions from deforestati and
forest degradation in developing countries,

91 Biodiversity Based Mechanism, such as Payment based on proxy indicators
Biodiversity Banking, Biodiversity Offset surrogate of biodiversity (e.g, area of int;
forest)
Debt for Nature Swaps Cancellaibn of debt in exchange for th
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conservation of natural ecosystems (g
creation of protected areas in Costa Ric4g
return for debt relief)

Conservation Trust Funds

Funds for improving the management of/g
ensuring conservation of protected areas,
Conservation Covenant)

Certification and Labeling

Certification of products and services whi
are produced with minimal impacts

ecosystems, verified using rigorous standg
and indicators e.g. eco tourism, forg
stewardship council.

Access/Pricé’remium to Green Markets

Adding value and increasing market acc
for sustainable products and servicesg.
niche market for organic products, orga
coffee

Market development®

Creation of new markets and expansion
existing markets for products @nservices
that are environmentally friendly.

Agri i Environmental programme

Subsidies to organic farming, preservation
rare breed, eg; land set aside scher
stewardship payments, rural credit /loans

Environmental Prize/Award

Public recognition forgood environmentg
stewardship.

Eliminate Perverse Subsidies (eg; Fishing;
Agriculture)

Eliminate subsidies that destroy, degrade
lead to the unsustainable use of ecosystg
Ecosystems.

Taxes, fees, and charges

Taxation of activities that destroy, gtade or,
mismanage natural resources (e.g., taxa
of pesticide use, unsustainable timi
harvestingé)

Tradable quotas

Establishment of quotas for the extraction
goods (such as firewood, timber, fish harvg
harvest of wild species) from natur
ewsystems, to ensure their sustaing
management

Non-financial

1

Definition of land tenure, and use planning
and ownership and land use and managem
rights

Clarification of land tenure and rights,
enhance conservation, restoration
sustainablenanagement of ecosystems

Public awareness and capacity building on
ecosystenbased adaptation

Increased recognition of the value

ecosystenbased adaptation and its role
adaptation strategies, leading to incred
implementation

Development, refinrment and enforcement of
legislation

Legislation that promotes the implementat
of ecosystenbased adaptation and tools
ensure compliance; Legislation that promg
sustainable use of ecosystems or discour
mismanagement (e.g., protected a
legidation, pesticide use regulations, wa|
pollution laws)

Institutional strengthening and creation of
partnerships

Provision of financial and human resour
to relevant institutions and establishment
networks involving diverse stakeholders

Developmen transfer, diffusion and

Develop soft and hard technologies &




deployment of environmentally sound
technology

methodologies that could help

implementation of ecosystebased
adaptation (e.g., software development, e

warning systems, artificiaeefs)

in

t

é
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Annex2

CASE STUDIES FOR BESRACTICES ON ADDRISING CLIMATE CHANGRELATED RISK TO
BIODIVERSITY

1. Gondwana Link Australia
Principle: 2b

Objectives: The aim of the projedt s achi eve fAReconnewe ®tdercrouAt styr alci
which ecosystem function and biodiversity are re
global biodiversity hotspot, having been to broadscale clearing for intensive agrictitereegion is
experiencing ongoing ecological degradation and threats from fragmentation, salinity and climate change.

Activities: Protecting and rplanting bushland over more than 1,000 km; purchasing bushland to protect
and manage it; reegetating arge areas of cleared land advocacy for stronger protection of public land;
providing incentives for better land management; developing ecologically supportive industries such as
commercial plantings of local species.

Participants: A consortium of local ah national norgovernment organizations, universities, local
councils, university research centres, government mediated networks and agencies, and business
enterprises; including Bush Heritage Australia, Fitzgerald Biosphere Group, Friends of Fitzgeeald Ri
National Park, Greening Australia, Green Skills Ink, The Nature Conservancy, and The Wilderness
Society Inc.

Adaptation outcomes: Gondwana Link will provide some protection against the worst ecological

impacts of climate change by enabling gradualetienand species interchange on a broad front. In
previous (sl ower) periods of <c¢climate change, spec
southwest/northeast pathway; the direction Gondwana Link is spanning. The project is also
consolidatingnorth-south linkages, which may also be critical pathways for species impacted by climate
change. The rgegetation activities will also assist in stabilizing landscapes where clearing has led to

large scale salinity, wind erosion and other degradation.

Reference: www.gondwanalink.org

2. Costa Rica Biological Corridor Program (part of the Mesoamerican Conservation Corridor)
Principle 2b

Objectives: Update a proposal for improving structural connectivity forNlagional System of Protected
Areas.

Activities: (a) Designed an ecological conservation network in order to improve the connectivity between
protected areas and key habitat remnants; (b) Designed latitudinal and altitudinal connectivity networks;
(c) The National Biological Corridors Program, which aim is to provide technical and -sadtor
coordination support to local management committees, and a national technical committee for advising
biological corridor design and management were established.

Participants: National System of Conservation Areas (SINAC), The Nature Conservancy (TNC),
Tropical Agronomic Research and Higher Education Center (CATIE), Conservation International,
National Institute of Biodiversity (INBio).

Outcomes:(a) An ecological netark that enhance ecosystem resilience to CC has been established; (b)
local community committees for management the main biological corridors have been established; (c)
Monitoring and systematic planning tools that include adaptation issues has beemett\eshol
implemented in order to provide input and feedback on their management.

Reference Arias, E; Chacon, O; Herrera, B; Induni, G; Acevedo, H; Coto, M; Barborak; JR. Pa¢8.
redes de conectividad como base para la planificacion de la conservatadbiativersidad: propuesta
para Costa Ric&ecursos Naturales y Ambiente no. 5443/
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3. Nariva Wetland Restoration ProjectTrinidad and Tobago; World Bank Project
Principle 2b

Objectives: The Nariva wetland (7,000 ha) is a biodiversitsh environmat with a mosaic of vegetation
communities (tropical rain forest, palm forests, mangroves, and grass savannah/marshes). However, it
was subject to hydrologic changes and land clearing by illegal rice farmers.

The objective of the project is the reforeistiatand restoration of the Nariva wetlands ecosystem.

Activities: (a) Restoration of hydrology Water management plan to: (i) review the water budget of
Nariva; (ii) identify land form composition of wetland area; (iii) develop criteria to select migtty
restoration areas; and (iv) design and implement natural and engineered drainage options; (b)
Reforestation program. 1,0001,500 hectares being reforested; only native species used; (c) Fire
Management Programy training for fire responders, fireresponse planning, and community
environmental education; (d) MonitoringResponse of reforestation activities and biodiversity through
key species.

Participants: Government, World Bank, NGOs, communities

Outcomes: Strengthening of buffer service fonland areas against anticipated changes climate and
climate variability. The carbon sequestered and emission reductions effected will be sold and the proceeds
from the sale will support community development and further adaptation actions as required.

Reference: www.worldbank.org

4. Conservation Measures Partnership (CMP)
Principles 1a, 1b

Objectives: Establish standards, best practices and tools to support the design, management and
monitoring of conservation pjects at multiple scales.

Activities: The Conservation Measures Partnership compiled consistent, open standard guidelines for
designing, managing, and measuring impacts of their conservation actions. They also developed a
software tool based on thesergtards that helps users to prioritize threats, develop objectives and actions
and select monitoring indicators to assess the effectiveness of strategies. This software is available at
https://miradi.org The software lao supports development of wapkans, budgets and other project
management tools.

Participants: Members of the Conservation Measures Partnership include: African Wildlife Foundation,
The Nature Conservancy, Wildlife Conservation Society and World Wided For Nature/World
Wildlife Fund. Collaborator include: The Cambridge Conservation Forum, Conservation International,
Enterprise Works Worldwide, Foundations of Success, The National Fish and Wildlife Foundation, Rare
and the World Commission on Protattgreas/I[UCN.

Outcomes: Consistent open standards have been established, and continue to be improved on the basis of
experience by users.

Reference:www.conservationmeasures.org

5. Marine Protected Areas in Kimbe Bay, PNG
Principle 2a

Objectives: Establish a network of marine protected areas that will conserve globally significant coral
reefs and associated biodiversity, and sustain fisheries that local communities depend on for food and
income.
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Activities: Warming seas threaten to increase the frequency and extent of coral bleaching events in
Kimbe Bay. When corals bleach, fish habitat and fisheries productivity are diminished. Systematic
conservation planning methods were used to design a netivaniarine protected areas that (i) includes
replicated examples of all coral and other coastal ecosystem types found in the bay, (ii) protects critical
areas for fish spawning and reef sections that are more resistant to bleaching, and (iii) ensures
connetivity across MPAs so that areas that might become depleted or degraded by coral bleaching can be
repopulated. Local communities manage their own protected areas in the network so that they can best
protect their fisheries and benefit from additionaéliood opportunities such as emmrism and sport

fishing.

Participants: The Kimbe Bay MPA network was designed and implemented through a partnership
between local communities and The Nature Conservancy.

Outcomes: The Kimbe Bay MPA network is expectéal maintain the ecological integrity of the coral
reefs and make them more resilient to bleaching.

Reference Green, A., Lokani, P., Sheppard, S., Almany, J., Keu, S., Aitsi, J., Warku Karvon, J.,
Hamilton, R. and . Lipsetfloore. 2007. Scientific Desigof a Resilient Network of Marine Protected
Areas. Kimbe Bay, West New Britain, Papua New Guinea. TNC Pacific Island Countries Report 2/07.

6. Mangrove restoration in Vietnam
Principle 2c
Objectives: Restore coastal mangrove forests along the coastieimfam to provide coastal protection.

Activities: Waves and storm surges can erode shorelines, damage dykes, and flood communities, rice
paddies, and aquaculture facilities. Such hazards are expected to increase because of sea level rise and
changes irstorm frequence and intensity associated with climate change. Mangroves have been replanted
along coast of Vietnam in order to improve protection of communities and coasts. Restored mangroves
have been demonstrated to attenuate the height of wavew hiie shore, and to protect homes and
people from damaging cyclones.

Participants: Mangrove restoration has been led by Vietnam national and provincial governments, with
support from the World Bank and various humanitarian NGOs such as the Red Cross.

Outcomes: Since 1975, more than 120,000 hectares of mangroves have been restored. They have
provided community and levee protection during severe storm events in 2005 and 2006, and ongoing
support for livelihoods associated with mangrove habitats suapksting and tourism.

Reference http://www.expecosmos.or.jp/album/2008/2008_slide_e.pdfMangroves and Coastal
Dwellers in Vietnam The long and hard journey back to harmony. Cemorative lecture at Kyoto
University, November'®, 2008

7. Restoring floodplains along the Danube River, in Eastern Europe
Principle 2c
Objective:Rest ore 2,236 km2 of floodplain to form a 9, (

Activities: More freqgent flooding is expected along the Danube River because of climate change.
Floods in 2005 killed 34 people, displaced 2,000 people from their homes, and caused $625M in
damages. Dykes along the Lower Danube River are being removed to reconnect luetiplaih areas

to river channel. These areas are of only marginal value for other industrial activities. However, once
restored, they are estimated to provide flood control and other ecosystem services valued at 500 Euros per
hectare per year.

Participants: This restoration is being done by the World Wildlife Fund, working in conjunction with
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the governments of Bulgaria, Romania, Moldova and Ukraine

Outcomes:Restored floodplains serve to retain and more slowly release floodwaters that might otherwise
threaten to overtop or breach dykes.

Reference Orieta Hulea, S Ebert, D Strobel. 2009. Floodplain restoration along the Lower Danube: a
climate change adaptation case study. IOP Conf. Series: Earth and Environmental Science 6 (2009)
doi:10.1088/1758.307/6/0/402002°
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Annex3
IMPACTS OF CLIMATE BANGE ADAPTATION OBIODIVERSITY

Examples of common societal adaptations that might be taken (or are already being used) to climate change or effeéetshardjena agriculture and
drylands, forests, coadtareas, fisheries, human health and settlements and some selected impacts on biodiversity (positive and negativelednd sugge
ways to maximize or minimize these effects. No judgment is made about the efficacy of any of the selected adaptatinbieddomstiaptations require
environmental assessment to examine potential impacts and/or monitoring to improve results over the long term. Fbe forgstity of adaptations

apply to managed forests; we use the FAO forest types, specificallylni&tyraeminatural (S), and plantation (P) or all types (A). Where the forest
adaptations apply primarily to a given forest biome it is specified under the action column. Ectsgsdradaptations are noted with an *.

Issue Adaptation action Positive effects on  Maximise positive Negative effects on Minimise negative = Comments and
biodiversity effects biodiversity effects case studies
Agriculture  and
Drylands
Cumulative effects Shift to more heat Possible Use rare or loca Local varieties or Cautious use o Potentially low
of reduced pest, drought, flooc diversification; species;  Support species replaced GMOs and cost if suitable
moisture, increaser and salt  toleran Possible changin( (from NGOs, potentially invasive varieties
temperature, varieties or species ¢ management regime: agricultural species available; High
increased pests crops and livestock  People encouraged 1 extension cost if breeding
salinity and extreme value local wor ker s é) necessary,
events biodiversity Community Relevance ol
involvement  and traditional
building on knowledge;
traditional Maladaptation
knowledge anc risk unless all
management properties of the
techniques species are
considered:;
especially in
mountain,
grassland,
temperate
grasslands, an
SIDS
Seed banks Conserves genetii Support (from

diversity; Reducec NGOs, agricultural
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*Application of agro
ecologich approaches
aimed at conservin
soil  moisture  anc
nutrients (e.g.
conservation tillage
organic fertilizer use
agroforestry,
mulching, shelterbelt:
and windbreaks, bun
construction) anc
increasing
productivity

*Diversification:
multi-cropping or
mixed farming
systems (e.g
agroforestry systems
to enhance ecosyste
resilience to exeme
events

need to bring in non
native varieties whel
extreme events caus
losses

More sustainable
management regime
(e.g. kbss need fol
(6sl ash a

Improved soil
structure anc
composition;

Increasing structura
and species diversity

Increasing structura
and species diversity
Use of native species

extension

wor ker s é)
Community
involvement  and
building on
traditional
knowledge

Use local species
agrobiodiversity ;
Community

involvement  and
building on
traditional
knowledge anc
management
techniques;

Investment m heat,
pest, drought, flooc
and salt resistan
farming techniques
Support (from
NGOs, agricultural
extension

wor ker s é)
Use rare or loca

species;  Suppor
(from NGOs,
agricultural
extension

wor ker s é)
Community
involvement  and
building on
traditional
knowledge anc
management
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Reduce chemica Potentially low

inputs; focus on cost; Builds
shortterm benefits social capital anc
and longterm supports
benefits traditional
knowledge ;
Potential for ce
benefits e.g.
reduction of
erosion,
reduction of
eutrophication
problems, &
sequestration

Non-native species Reduce chemica Potentially low

introduction inputs Cost; Builds
social capital anc
supports
traditional
knowledge;
Potential for ce
benefits e.g.
reduction of
erosion,
decreasing are

requirements fol



*Restoration of Reduced degradatior
degraded ecosystem

e.g. revegetation

reforestation, slops

stabilization

Rainwater harvesting Less water require

storing and from other sources

management, e.c

contour trenches an

rain-fed drip irrigaton

Less intensive farmin¢ Reduction of

or pastoral activities chemica inputs;
Increase of structure
diversity

Adapted grazinc Degradation

management regime avoided/reduced

Supplementing

techniques

Possible nomative
species
introduction;
potential invasives
or GMOs

Support (from
NGOs, agricultural
extension
wor ker s é)
Need for alternative
income may lead tc
other pressures
Support local Pressure or
grazing biodiversity
management increases elsewher
regimes
Support adequat Increasing pressur
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Use endemics, limi
GMO use and only
after testing anc
controlled
outplaning

Cardul
management tc
avoid overgrazing

agriculture,
increasing watel
efficiency
Co-benefits  of
increasing
vegetation covel
e.g. reducec
erosion and €
sequestratian
Comparatively
high cost Long
timeframe High
technical inputs
required

Low cost and few
technical inputs

needed; Co
benefits, e.g.
groundwater

supplies increase

Potential for
resource
conflicts;
Maladaptation
risk if traditional
management
regimes disruptec
or alternative
unsustainable
livelihood
options adopted
Maladaptation



livelihoods by
increased harvestin
of plants or aimals
from the wild

Flood protection for Reduced
cultivated areasand degradation

livestock
Intensification

farming techniques

Increased fertilizer ust

More  pesticide /
herbicide use ir
response to pest ¢
disease increases

Extension of
agriculture or grazing
into other areas

of Intensification in one
irrigation and other area could
pressure elsewhere

management

system to allow for

regeneration

Environmental
education regarding
increasing climate

risks
vulnerability
risk
maladaptation
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and
and
of

on wild species

Could increase
water scarcity in
source ecosysterr
(marshes, lakes
deltas, rivers etc)
Monocropping
reduces
biodiversity

Increasing
eutrophication  of
nearby
ecosystems
Impacts on non
target species suc
as pollinators;
Impacts on fooc
webs;
Contamination  of
food or water
resources
Replacement o}
other ecosystems

Consider effects ot
entire watershec
and all water users

Careful
management 0]

aquatic fertilizer

application

Careful
management 0
pesticide /
herbicide
applicdion

risk by reducing
potential for
other ecosysten
services,
especially in
moumntains
High  technical
inputs and costly

Likely to be a
common

adaptation
response;  High
risk of
maladaptation
(monocropping
increases

vulnerability to
extreme events)
Conflict over

resources
Risk of
maladaptation
Risk of
maladaptation
Potential for
conflict over
resources;



especially alpine
areas

Abandonment ol Reduction of Maximize use of Possible High risk of
agriculture or grazing chemical iputs; afforestation colonization by conflict and
migration Reversion to more nortnative species maladaptation
natural state Need for alternative through over
income may lead tc exploitation  of
other pressures resources, losef
traditional
knowledge anc
disruption of
traditional
management
systems
following
migration
Crop insurance May decrease May increase Risk of
incentives for over incentives for over promoting
utilization utilization maladaptation
SLR Rdocation/manmade Creation of new Use local materials Impacts on new Minimize Limited areas in

Food Security crop sites e.g. concrel habitats, saving croj sites to be used introduction of atolls to fully
elevated taro patch  varieties, alien species accommodag
sitting needed area
Drought Relocation to new Saving otherwise los Improve irrigation Loss of habitats a Diversify food Drought
Food security sites e.g. wetland fo species new sites, crops resistance islant
taro crops to be
identified/researc
h
Water resources
Increasing  flood Construction anc Creation of Floodplain habital Avoid construction High relevance
risk operation of dams freshwater lake loss/damage in sensitive locatior for protection of
habitat Loss of natural infrastructure anc
inundation productive land;
dynamics High cost
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More resilient desigr
of infrastructure

Construction of dikes
to prevent flooding

Rezoning of flood
plains, e.g., relocatiol
of land use activities
sensitive to flooding

Land use manageme
in  watersheds  tc
maintain or enhanc

water retention, e.g. b
maintaining
/increasing fores

coverage, conservin
peatlands or adaptin
agricultural practices
to improve soil watel
capagy

Reduces need fc
dams

Increase habitat fo Manage using
flood plain 6cl ose t
ecosystems princi pl es o

May contribute to Aim for natural or
conservation ol nearnatural

restoration of forest composition of
wetlands anc forests and
agricultural wetlands, use
biodiversity biodiversity
friendly
agricultural
techniques
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Floodplain habitat
loss/damage

inundation

May increase build Avoid increasing Risk of

the area taken u maladaptation:

by infrastructure  financial capacity
of poor
communities  to
meet
infrastructure
costs / standard
exceeded

Avoid construction High relevance

in sensitive locatior for protection of
infrastructure anc
productive land;
High cost; High
maladaptation
risk:  increasing
danger of
flooding
downstream

High potential for
land use conflicts

Avoid afforestation Need for
in high biodivesity effective
habitats incentives anc

Avoid afforestation clarification  of
with nonnative land tenure issue:
species or GMO  Costbenefit ratio
Avoid agricultural depending or

soil  managemen location and

practices thal sociaeconomic

increase need fo setting,

herbicides potentially very
good



Increasing
water periods
rivers and lakes

low Shifting of water
in extraction to othel
sources, e.g

groundwater pumping
transfer through
channels
Construction anc
management 0
reservoirs

Desalination

Demandside
management, e.
reducing losses il
transfer or increasin
use efficiency, use o
greywater etc.

Land use manageme
in  watersheds
maintain or enhanc
water retention, se
above

Technical adaptation
for aquatic transpor
infrastructure

Adapting means ani
management 0

May provide
additional habitat for
wetland species

May decrease
pressure or
freshwater resarces,
and hypersalinity of
coastal areas
Decreasing
disturbance to nature
water balance

May lead to loss of
riverbed habitat, los:
of natural shore
structures

Reducing need fo
upkeep of

Increasing  watel Avoid damage tc
scarcity in other high  biodiversity
aquatic ecosystems habitats

May have negative Choose design witl
e.c impact on existing low  biodiversity
to imitate natural wetland, river, impact (e.g. latera
flooding dynamics floodplain or lake reservoirs  rathe
habitats than dams acros
rivers)
Pretreat effluent or
dispose in deepe
water

Optimise
management,

Choose design witt
low  biodiversity
impact

High risk for
delay of
necessary
adaptation by
simply  shifting
the problem

Very resource
intensive, conflict
with climate

change mitigatior

Good longterm
costbenefit ratio

High cost

Risk for
maladaptation by
changing

sedimentation
and currents
High investment
cost to individual
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aquatic transport, e.(
changing boat dem

infrastructure

users

Limit land use changt« Maintain forest
to conserve soll ecosystems
Drought Increase extractior May provide for Efficient water use Downstream Limit  extraction Assess alternativi
surface water potable water other ecosystems ecosystems rate sources
affected
Coastal zone
Sea Level Coastal Protectior Protect otherwise Proper Alter natural Minimize other Sea walls are
Rise/Coastal using hard affected biodiversity design/location processes, habit: stresses very site specific.
Erosion infrastructure e.g. se sites when eroded loss,
walls (types), dykes
etc
Coastal Protectior Protect otherwise Proper location oi Disturbance of Sourcing of the
using Soft structures affected biodivesity source/types o intertidal or sea material
e.g. beacl sites when eroded materials, bottom habitats Scale
nourishment primarily of source Previousstate of
areas ecosystem
Relatively high cost
High technological
and information
requirements
*Coastal  protectior Preserve curren Replanting, keep system: Inexpensive
using natural biodiversity keep/improve othe healthy, decreas
resources, e.c connected system: other stress
mangrove, etc e.g. freshwater flon
Creation & Artificial Create habitats Applicable in Changes to coast: migrate  endemic Sale, size anc
reef including assiste: certain  sites / currents, sea species where design,
migration regions bottom habitats possible Relatively cost
coastal biological effective
communities, Potential of ce
pollution; novel benefits with
communities fisheries (see
below)
Reduced resilienci Reduce tourism Protect species fror

of polar systems

excessive energ

72



expenditures, reduc
disruptions to norma
behaviour

Forestry
Over-arching
management

*Increase adaptive
management systen

policies to reduce (A)

impacts of CC

Reduce other stress
on forests, e.g.
pollutants (A)

Assisted migratior
(planting beyond
current range of tre
species) (A)

*Incorporate

traditional knowledge
about CC into fores
planning to improve

Increased use ¢
sustainable fores
management

including regular
monitoring and

research on effects ¢
management action:
Increased recogtion
of biodiversity as e
part of the manage
forest; increase fores
ecosystem resilience

reduce over
harvesting
Increased fores

vitality and resistance

Maintain species ir
time and space
increase resilience

Increase resilienci
and resistance

Increase practice
to entire forest lanc
base; increas!
application of
community
forestry; reduce
illegal logging;
high mitigation
benefit

Assess wors
pollutants on &

local and regiona
basis and mitigate

Carefully  model,
test and selec
species

Foster learning ant
interaction at the
local community
level
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Possible incorrec Improve  models;
selection based o Select species i
dispersal capacity region, select
anthropogenic individuals

novel  ecosysten carefully basedon
development; criteria

adaptive nature o

genotypes leading

to invasiveness

National impact,
best approach t
ecosystenbased
adaptation in
forests. Case
studies T
successful
application in
various countries
Co-benefit of

improved G
sequestration
Local and

regional scales

Regional scale

National impact



Changes in severit
of disturbances:

1.Increased
pests

and inform
management systen
(A)

*Increase use/area 1
protected areas t
maintain gene stocks
and as C sinks (N)

Maintain gene bank
N

Increasing use o0
insecticides to combe
pests (S,P)

Introduction of pest
resistant varieties o
species; promotion o
pestresistant specie
(S,P)

*Promoting
structurally rich mixed
stands of  native
species (S,P)

Reduce rotation lengt

to reduce favorable
conditions to pest:
(S,P)

Develop and act ol
invasive speciet
planning (A)

Maintain genes
species and migratio
corridors, protectior
of vulnerable
ecosystems
Maintain genes
species

Reduced loss o
forest area

Increase resistance

Increasing habita
availability to native
forest flora and fauna

Protection of forest
systems from
invasion

Select locations
wisely to maximize
C sequestratior
potential in time,
develop synergie:
with other
landscape planninc
local community
involvement

Impacts on non
target species an

National/internati
onal impact: eg.
of vulnerable
systems: tropical
boreal, mountain

Use biological
insecticides;

Possibility of
effects on

food webs; watel
pollution
Possible

selected areas
avoid overspray
Test

multiple kinds of
systems
local

invasiveness,
competition  with
endemic species

Use native specie

Possible reductior
and mixtures i

in natural
monocultures  anc
associated floraral
fauna
Reduction of old
forest

Active monitoring Alteration of

and eradicatior systems by invasiv
research an( species
programs
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thoroughly generally
before release and
release in isolatelr impact
trial areas

regional

Maintain  natural Regional scale
monocultures in
some areas

Minimise
affected

area Regional scale

National scale;
see: Global
Invasive Specie:
Plan



2.A. Wildfire
(boreal,
temperate)

2B. tropical

3. Increased
Frequency/
intensity

4. Nonnative
plant spp.
invasion

Decreased moistur
and increase(
temperature

Controlled burningto
reduce fuel loads (S,F

*Devel op ¢
landscapes (S,P)
Improve fire
management to reduc
fire (A)

*Reduce
fragmentation

*Assist forest
regeneration by
increagd planting
after disturbance:
(also referred to a
assisted nature
regeneration) (S,P)
Incorporate risk
management plannin
into FM (A)

Use of control mean:

(A)

Introduction or
promotion of specie:
with low water
requirements (A)

*Select species
increase resilience ¢
stands (see above) (A
Protect riparian area

Use of mixed wooc Use endemic fire Altered
forests

Reduced mature

forest loss

Increase forest are
and habitats

Increased resilience

Increased resilience
Maintain natural
biodiversity

Increased resilience

Increasing habita
availability to native

forest flora and fauna

Maintain  increasec

and flood plain forest: forest cover/habitat

resistant  species
consult traditional
knowledge
Increased training
and investment

Proper
planning

landscap

Use native specie
where possible

Improve models

Reduce probability
of invasibility
early.

Use locally

endemic species

Use locally
endemic species

Apply SFM

techniques
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Loss of dead woor
habitats

landscap:
structure vs. natura

Possible use o
nortnative species

Effects of
herbicides
Novel forest types

Establish anc Stand scale
maintain

ecosystenbased

thresholds

Reduce total Landscape scale

replacement
natural types

Assess probability
invasiveness

of

of regional effects

National  scale,
regional
implementgéion
National  scale,
regional

implementation
Regional effects

plan to eliminate
once stable syster

is echieved
Risk managemen
is not generally ¢
part of SFM
Match timing of Invasive species
application to planning required
phenology
Use regional Local and
species pool regional scales
Use regional Local and
species pool regional scales

Local effects



CO2 fertlisation/
altered N levels;
alteration of foresi
sinks

(S.,P)

Introduce species Increase resilience
provenances/genome:
resistant to wate

stress (S,P)

*In areas with risk of Retaining natura

largescale forest foreg cover

breakdown:  ensure

sufficient area of

forest is retained f«

avoid thresholds o

regional or local

hydrological  cycles

(A)

Adjust rate of cutting No forest loss ove

(S,P) time

*Under-plant with No loss in forest ove

suitable species (A) time

*Reduced Maintains forest

deforestation anc habitats, maintair

degradation (N,S) primary and intac
forests, reduce(
fragmentation

Increased rotatior Increase old growtt

period (S,P) forests

*Afforestation/reforest Increase fores

ation of degradec habitats; reduce

lands (S,P) fragmentation

N fertilization (P) Improve forest health

Improve forest C Improve dead wooc

Use native
where possible

sp replacement ol Monitor  effects;
native species; Us test outplanting
of nonnative
species that ma
invade and displac
endemics; nove
systems

Improve models tc

predict G&Y
Use of nomnative Improve models
species

Develop plans with

local communities

Use native spp
where possible o
replace nomative
spp. aice system i

stable
Understand C/N Overfertilisation Understand C/IN
ratios acidification ratios

Understand
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Local effects;
Monitor effects,
local impacts;
method to
enhance croy
value

Regional

Local effects
Local effects

Monitor effects,
regional leel

Local and
regional effects
Local and
regional effects

Local effects

Local effects



management (S,P) and soil habitats biodiversity
relationships  anc
thresholds
Minimise soil Improve soil biota Low impact Local effects
disturbance in harvesting
harvesting
*Prevent conversior Maintain forest Maintain large Local and
of primary forests tc habitat, icrease tracts; involve local regional effects
plantations (N) resilience (vs. communities
resilience of
plantations); reduct
fragmentation
Underplant with Enhanced soi Use endemic Local effects
legumes (S,P) processes  increas species; use
soil C traditional
knowledge to selec
species
Payment for Maintain forest Maintain large
environmental habitat, increase tracts; involve local
services (N) resilience (vs. communities
resilience of
plantations); reduct
fragmentation
Changing fores! *Promote the use o Improved forest Local and
conditions for local traditional knowledge resilience regional effects
and indigenous in forest planning (A)
communities
Encourage adoptiol Improved forest Local and
SFM techniques (A) resilience, improvec regional effects
use ofNTFPs
*Increase size o Improved forest Local effects
protected areas whei resilience, maintair
useful to  protect gene banks
communities (N,S)
Fisheries
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CC (temp, SLR, Creation/enhancing Preserve ecosystem Provide Alternative Effective MPAs

extreme events effective MPAs protect coasta protein and income management, us connectivity
Coastal Fisheries processes, improv generating sources local knowledge,
water quality etc locally owned,
CC ENSO pelaig Sustainable Preserve ecosystems Reduce  wastefu create pressure o Alter fishing Approach issue
fisheries oper Harvesting of Stock practices alternative methods e.g. ne on regional basis
ocean recourses mesh size, use by
catch
Closure of Critical Allow  stock to Good Limited knowledge Effective Regional
Fishing Grounds function understanding o of  stock, lack enforcement cooperation
stock biology enforcement critical

Human health

Increase anc Drainage of wetlands Management of Introduce endemic
spread of vecto for eliminate breeding wetland  breeding fish into wetlands
borne diseases sites of vector bornt sites. Transform to control larvae.
diseases like ecosystems/
mosquitoes introduced alien
species
Management o Preserve the Introduction of new Introduce regiona Alternative
wetland breeding sites ecosystem species on the (local) fish species
(mosquitoes) and the biodiversity. ecosystem into wetlands to
introducing fish to control larvae.
control larvae.
Chemical ontrol of Chemicals : Alternative
vector borne disease eliminate noRn
like mosquitoes target organisms
Bio-larvicide control Neutral, Bio Bio-larvicide did Alternative
of  vector borne larvicides control not eliminate non
diseases like population targeted organisms
mosquitoes mosquitoes larvae Not chemical
substances ar
liberated

Wild game and
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food plants

Reduced *Sustainable fores Protect natura
availability management sources
Assisted migration Novel systems Use regonal
species
Ex situ conservation Conservation ol
genetic material
Wildlife ranching Diseases, Use acceptec
inbreeding techniques; monitol

Human settlement
Extreme events
(e.g mudslides,
hurricanes, flash
floods)
Overarching
management
policies to reduce

Long-term
planning

strategic

Protection of greer To consult with
areas and thei local people and tc
biodiversity in towns derive benefit from

National impact,
best approach t
sustainable life in

impacts of CC them settlemerg
Spatial planning for Let some place: To protect mosi Disturb semi Make restoration o' Local impact
flood management without urban valuable rests o natural habitats by walls and dykes
exploitation semknatural wall and dyke
habitats construction
Introduce adaptive Possibility to adap' Increased an( National impact
management systems measures damagin regular monitoring
biodiversity and research o
effects of
management
actions
Reduce other stress: Increased vitality Assess wors Local and
in settlements, e.g. ail and resistance c pollutants on 3 regional scales

borne pollutants

urban vegetation local and regiona

basis and mitigate

Increase resilience ¢
urban vegetation t
extreme weather

Improved site To redize wide
conditions for more extent of measures
organisms
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Regional impact



Changes in severit Reduce heat

of disturbances:

Construct new wate
bodies

Construct new flooc
retention capacity
(polders)

Habitat loss

compensation

Sustainable drainage

Construction of
vegetated protectiol
barriers

Relocation of harc
infrastructure

(building, etc)

Improving
microclimate by use
of green
infrastructure (parks
trees, green roof
etc.)

Creating new
potential habitats
Creating new

potential haitats

Creating new (mostly
artificial) habitats as
refugia for native
plants and animals

Maintenance ol
sustainable
conditions for urbar
vegetation
Create new niches fc
biodiversity

Leave free ancien
urban space for ne\
habitats

Creating new
potential habitat

Construct only
small water bodies
To select suitable
wateradapted
habitats
Background from
local speaes
knowledge; use o
natural  materials
(stone, wood)
Make plantations o
regional species i
necessary

Use native species
design adequate

Design and where
is place the new
location

Disturb semi
natural habitats
Disturb semi

natural habitats

Disturbance to soi
organisms, chang
in water table leve

Shift some
pressures from on
habitat/ecosystem
to another

Shift some
pressures from on
habitat/ecosystem
to another

Design (choice of Local to regional
regional  species scales
management etc.)

Local scale

Use regional Local scale
species pool

Local scale

Take into accoun Local and
local site conditions regional scales

Lower cos$; Alternative
potential for land

use conflicts

Can be expensive. Scale,

High potential for characteristics o

land use conflicts habitats/
ecosystems
concerned
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Annex4

RELEVANCE OF DIFFERENT MITIGATION OPTIONS TO DIFFERENT LANDSCAPE CONTEXTS

Mitigation options

Landscapes where active
deforestation ard degradation
are occurring

Landscapes where there s
minimal or no deforestation
and degradation

Landscapes which have largely bee
deforested

Reducing deforestation ar

degradation

X

(not applicable, since n
deforestation ongoing)

(not applicable, sice no forest is left)

Forest Conservation

X (of forests that have not vy,
been deforested)

X

(not applicable, since no forest is left)

Sustainable forest manageme

X (on degraded forest land)

(not applicable, since no fore
management ongoing)

(potentally applicable to remnant fores
patches in landscape)

Afforestation, reforestation an

forest restoration

X (on alreadydeforested land)

(not applicable since minima
deforested land available fg
planting)

X

Implementation of sustainab

cropland maagement

X (on deforested land)

(not applicable since minima
deforested land available)

Implementation of sustainab
livestock managemer|

practices

X (on deforested land)

(not applicable since minima
deforested land available)

Implementation
Agroforestry systems

of

X (on deforested land)

(not applicable since minima
deforested land available)

X

Conservation and restorati
of peatlands and wetlands

X

X

X

Biofuels X (on deforested land) (not applicable since littlg X (on deforested land)
deforested land available)

Mangrove restoration X X X

Renewable energy (solg X X X

hydro, wind, etc.)

Note: renewable energy mitigation options are possible, regardless of the landscape context.

81



Annex5
OVERVIEW OF LINKAGES BETWEEN THE CONSERVATION ANBIaINABLE USE OF BIODIVERSITY, AND CLIMATE CHANGE

MITIGATION
Mitigation activity Potential benefits for Potential risks to Possible actions to maximize benefits or reduce negat
biodiversity biodiversity impacts on biodiversity
Reducing emissions | Reduced forest loss and Leakage into areas of high Develop premiums within incentive ngaes for
from deforestation and| reduced forest degradatizh biodiversity biodiversity cebenefits
forest degradation Reduced fragmentation At national level, prioritizing REDD actions in areas of
Maintenance of diverse gene high biodiversity
pools and robust species Improving forest governance
populations Promote participation in the REDD mechanism, to
minimize international leakage
Involve forestdwelling indigenous ahlocal
communities
Forest Conservation | Conservation of intact forest Prioritize conservation of forests with high biodiversity
Lol Conserve large areas of intact forest
Reduced fragmentation Maintain landscape connectivity
Moirstzr:%nfoebﬂfsggeeri;gene Conserve a diversity of forest types, covering different
po ulations P microclimaticconditions and including altitudinal
pop gradients
Maintenance of ecolpglcal Avoid unsustainable hunting
processes and functions
Enhanced integrity of the
landscaperad enhanced
resilience of ecosystems to
climate change
21/ This could be achieved through: increased flow of financing to address deforestation and forest degradation; improviededtgafaailitating decisiemaking and

capacity building on ways and means to address threats to forests and forest biodiversity
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Mitigation activity

Potential benefits for
biodiversity

Potential risks to
biodiversity

Possible actions to maximize benefits or reduce negat
impacts on biodiversity

Sustainable
Management of Forest

Reduced degradation of forest
(relative to conventional

logging)

Use encroachment in intag
forest, resulting in
biodiversity loss

Prioritize sustainable management in areas that are of
lower biodiversity value and already slated for
management

Minimize use in intact forests of high biodiversity value

Apply bestpractice guidelines for sustainable forest
management including reduced impacijiog

Afforestation and
Reforestation

(A/R)

Habitat restoration of degrade
landscapes (if native species
and diverse plantings are useq

Enhancement of landscape
connectivity (depending on
spatial arrangement)

Protection of water resources,
conserving agatic biodiversity
(depending on type of
plantation)

Introduction of invasive
and alien species

Introduction of genetically
modified trees

Replacement of native
grasslands, wetlands and
other norforest habitats by,
forest plantations

Changes in waterdiv
regimes, negatively
affecting both aquatic and
terrestrial biodiversity

Apply best practices for reforestation (e.g., native spe
mixed plantations)

Prevent replacement of intact forests, grasslands,
wetlands, and other neorest native ecosysterhy
forest plantations.

Implement afforestation/reforestation on degraded lan
(not intact forests)

Locate reforestation in such a way to enhance landscs
connectivity and reduce edge effects on remaining for
patches

Develop premiums within incentivaeeasures for
biodiversity cebenefits

Other land use and lan

duse change activities:

Landuse change from
low carbon to higher
carbon land use (e.g.,
annual cropland to
grassland; revegetatiol

Restoration of native habitats

Introduction of invasive
species

Prioritization of high net
carbon land uses over
biodiversity considerations

Conversion to nomative
ecosystem types

Promote the use of native species when changing lan
Restore native ecosystems

Improve the assessment / valuation of biodigend
ecosystem services during decision making regarding
land-use change (e.g. water cycling, flood protection, ¢

Develop premiums within incentive measures for
biodiversity cebenefits
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Mitigation activity

Potential benefits for
biodiversity

Potential risks to
biodiversity

Possible actions to maximize benefits or reduce negat
impacts on biodiversity

Implementation of
sustainable cropland
management

(includingsaoil
conservation,
conservation tillage,
fallows, etc)

Provision of habitats for
agricultural biodiversity

Reduced contamination of
streams and other water bodig
affecting aquatic biodiversity

Expansion of cropland into
native habitats

Possible increaseuse of
herbicides associated with
conservation tillage

Promote sustainable crop management as part of a
broader landscape level planning that includes
conservation of remaining native ecosystems and
restoration, as appropriate

Consider traditional and ¢al knowledge

Provide capacitypuilding and information on appropriat
sustainable cropland management

Implementation of
sustainable livestock
management practices

(including appropriate
stocking density,
grazing rotation
systems, improved
forage, etc.)

Provision of habitat for specieg
present in pastoral systems

Reduced contamination of
streams and other water bodig
affecting aquatic biodiversity

Expansion of area used fo
livestock into native
habitats

Promote sustainable livestock management aopar
broader landscape level planning that includes
conservation of remaining native ecosystems and
restoration, as appropriate

Consider traditional and local knowledge

Provide capacitypuilding and information on appropriat
sustainable cropland managent

Implementation of
agroforestry systems o
existing croplands or
grazing lands

Provision of habitat for
agricultural biodiversity

Restoration of degraded
landscapes

Enhancement of landscape
connectivity (depending on
spatial arrangement)

Protectionof water resources,
conserving aquatic biodiversity
(depending on type of
Agroforestry system)

Reduced contamination of
streams and other water bodig

(due to reduced use of

Introduction of invasive
and alierspecies

Encroachment into native
ecosystems

Promote agroforestry as part of a broader landscape |
planning that includes conservation of remaining nativ|
ecosystems and restoration, as appropriate

Consider traditional and local knowledge

Provide capcity-building and information on appropriat
agroforestry systems
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agrochemicals) affecting
aqguatic biodiversity

Conservation and
restoration of peatland:
and other wetlands
including mangroves

Habitat conservation and
restoration for both terrestrial
and aquatic biodiversity

Maintenance of ecologita
processes and functions,
particularly those related to
hydrology

Enhanced integrity of the
landscape and enhanced
resilience of ecosystems

Increased methane
emissions if restoration is
done inappropriately

Prioritize restoration of peatlands and wetkuwod high
biodiversity

Maintain and restore entire hydrological catchments o
least the headwaters

Restore and maintain landscape connectivity
Maintain natural water flow regimes

Encourage regeneratidror replant native mangrove
trees

Involve indigaous and local communities

Biofuels

Restoration of soils in degrade
lands

Enhanced connectivity betweg
ecosystems

Reduced air pollution

Reduction in application of
pesticides and fertilizers

Reduction in water used for
irrigation

Conversion and
fragmentation of natural
ecosystems, resulting in
biodiversity loss

Introduction of invasive
species

Contamination of water
reserves, affecting aquatic
biodiversity

Changes in water flow,
affecting aquatic and
terrestrial biodiversity

Prevent replacement of att forests, grasslands,
wetlands, and other native ecosystems by biofuel cro

Minimize encroachment of biofuels into intact
ecosystems of high biodiversity value

Plant biofuel crops on already degraded lands
Apply best practices and standards for &é

Use native species where possible

Other largescale
renewable energy
(including solar, hydro,
wind, etc.)

Reduced air pollution

Habitat destruction

Disruption of migration
patterns of terrestrial and/q
aquatic fauna

Increased mortality of kils
(wind turbines)

Identify areas for renewable energy projects that will h
a lesser impact on biodiversity

Conduct a comprehensive environmental impact
assessment

Apply best management practices
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Annex6
BASIC PRINCIPLES FORCONOMIC VALUATION AD INCENTIVE MEASURES

Methodologies available to value changes in ecosystem serdibese values can be considered in a
Total Economic Valug(TEV) framework that takes into account both the use andusenvalues
individuals and society gain or lose fronarginal changes in ecosystem serviddsV refers to the total
change in welbeing from a decision measured by the net sum of the willingness to pay (WTP) or
willingness to accept (WTA).The value that we are trying to capture is the total value of rgimad
change in the underlying ecosystem services.

As many ecosystem services are not traded in markets, it is necessary to assess the relative economic
worth of these goods or services using-nmarket valuation techniques.

Figure: Total Economic Value

Total Economic Value

Use Value NonrUse \/al{A
Actual/PIan@se O\pfon Value For 6{ Existence
Direct and Indirect Use Altruism dnd Bequest

Use valuesnclude direct use, indirect use andiop value. Examples oflirect usecan be in the form of
consumptive use, e.g., use of extracted resources such as food and timber (activities that can be traded in
the market), or nogonsumptive use, e.g., recreation (a-nmarketable activity). Exantgs ofindirect

use, which are not normally traded in the markeg those where society benefits from services such as
climate regulation, pollination, and soil maintenand@ption valueis the value society places on the

option to use a resource in theure, e.g., an individual may well be willing to pay for a national park

even if they have no intention of using it in the near future, but want to keep the option open to visit in the
future.

Nonuse valuesnclude bequest, altruistic and existenadues: bequest valuavhere society attaches

value to passing on the ecosystem services to future generatiomistic valuewhere individuals attach

value to the availability of ecosystem services to others within the current generatienjsiedce alue

where an individual has no planned or actual use of an ecosystem service but is willing to pay for it to be
maintained.

Typically, provisioning services have direct use and option values; regulating services have indirect use
and option values; amzlltural services have direct use, option and-uss values.

Economic valuationiechniques include(i) so-called revealed preference technigues, which are based on

actual observed behavioural data (conventional and surrogate markets, based on for enauhgt

prices, hedonic pricing, travel cost method); (iijcatled stated preference techniques, which are based

on hypothetical rat her than actual behaviour dat
hypothetical markets or situations arged to infer value (hypothetical markets based on for example
contingent valuation and choice modeling); and (iii) thecalted benefits transfer approach, which

consists in the use of results obtained in one valuation study in a different, but veay casd.

Non-economicvaluation can be addressed through deliberative or participatory approaches. These
approaches explore how opinions are formed or preferences expressed in units other than money.
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