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Protected areas are even more
important for biodiversity
conservation and human
livelihoods in a worldwith a
changing climate.

In a changing climate, protected areas
will take on added importance as safe
havens for biodiversity by offering
good-quality habitats less vulnerable
to climate extremes (African
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in Ngorongoro Conservation Area,
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he relationship between forests

and climate change is intricate.

On the one hand forests can miti-
gate climate change by absorbing carbon,
while on the other they can contribute to
climate change if they are degraded or
destroyed. In turn climatic changes may
lead to forest degradation or loss — which
exacerbates climate change further.

A protected area is defined as: “A
clearly defined geographical space,
recognized, dedicated and managed,
through legal or other effective means,
to achieve the long-term conservation
of nature with associated ecosystem
services and cultural values” (Dudley,
2008). Forest protected areas help con-
serve ecosystems that provide habitat,
shelter, food, raw materials, genetic
materials, a barrier against disasters,
a stable source of resources and many
other ecosystem goods and services —and
thus can have an important role in help-

ing species, people and countries adapt
to climate change. By virtue of their
protective status, these forests should
remain free from destructive human
intervention. They can thus continue to
serve as a natural storehouse of goods
and services into the future.

Today climate change is one of the
main emerging threats facing biodiver-
sity. Up to a quarter of mammal species
(about 1 125) (IPCC, 2002) and about
20 percent of bird species (about 1 800)
(IPCC,2007) are atrisk of global extinc-
tion because of climate change.

Protected areas that were set up to
safeguard biodiversity and ecological
processes are likely to be affected by
climate change in a number of ways.
Climate change is expected to cause
species to migrate to areas with more
favourable temperature and precipita-
tion. There is a high probability that
competing, sometimes invasive spe-
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cies, more adapted to a new climate,
will move in. Such movements could
leave some protected areas with a dif-
ferent habitat and species assemblage
than they were initially designed to pro-
tect. For example, Scott (2005) found
that a stated objective of Prince Albert
National Park in Saskatchewan, Canada,
to protect ecological integrity “for all
time”, is unrealistic, as all possible cli-
mate scenarios project the eventual loss
of boreal forests and their related bio-
diversity in that area. Climate change is
expected to lead to disease outbreaks as
pest species may become more resistant
or survive longer and new pest species
may invade protected areas. For instance,
Pounds et al. (2006) have traced the
much publicized extinction of the Mon-
teverde harlequin frog (Atelopus sp.)
and the golden toad (Bufo periglenes)
in the Monteverde forest of Costa Rica
nearly two decades ago to warming in
the American tropics which is thought
to have favoured a particular fungus
that infected the amphibians. Climate
change is also likely to lead to a higher
incidence of fire in some situations and
floods in others (IPCC, 2007).

In many cases, the negative effects of
climate change on protected areas will be
compounded by other stresses, notably
those caused by humans, for example
through overconsumption, pollution or
encroaching urbanization. Biodiver-
sity in protected areas that may already
be vulnerable because of these human
threats may be more quickly or more
severely affected by climate change.

With these and other likely changes,
the management of existing protected
areas will need to be modified if they
are to fulfil their biodiversity conserva-
tion role as well as support adaptation
to climate change.

This article explores the importance
of forest protected areas for ecological,
social and economic purposes, drawing
on examples from the work carried out
around the globe by the World Wide
Fund for Nature (WWF) in the context of

climate change. It focuses on the broader
spatial context and the landscapes within
which protected areas are found. It then
proposes a range of management and
policy responses to ensure that forest
protected areas can continue to support
biodiversity conservation in the face of
climate change.

IMPORTANCE OF FOREST
PROTECTED AREAS IN THE FACE
OF CLIMATE CHANGE

Protected areas have been recognized for
several decades as an essential tool for
conserving biodiversity. The impacts of
climate change now give them arenewed
role as adaptation tools for a changing
climate. Their importance in this respect
is threefold:

*in supporting species to adapt to
changing climate patterns and sud-
den climate events by providing
refuges and migration corridors;

*in protecting people from sudden
climatic events and reducing vulner-
ability to floods, droughts and other
weather-induced problems;

* indirectly, in supporting economies
to adapt to climate change by re-
ducing the costs of climate-related
negative impacts.

Ecological role

The world now has over 100 000 pro-
tected areas, of which the terrestrial ones
cover 12.2 percent of the earth’s surface
(UNEP-WCMC, 2008). Protected areas
can be among the most effective tools
for protecting species from extinction
and from the impact of human-induced
threats. If well planned and managed,
they can contribute to biodiversity con-
servation by:

* representing distinct natural commu-
nities within conservation landscapes
and protected areas networks;

* maintaining ecological and evolu-
tionary processes that create and
sustain biodiversity;

* maintaining viable populations of
species;

« conserving blocks of natural habi-
tat large enough to be resilient to
large-scale disturbances and long-
term changes (Noss, 1992).

In the creation of most protected areas
and in the identification of sites that
achieve targets for habitat and species
representation to date, a relatively con-
stant climate has been assumed (Hannah
et al., 2007). However, as the climate
changes, plans and assumptions about
protected areas need to be reconsidered
(McCarty, 2001). Areas for future con-
servation efforts need to be assessed
in the face of different climate change
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scenarios, and the current protected area
network needs to be reviewed to ensure
that it can deliver intended conserva-
tion results and help mitigate negative
climate change impacts.

In a changing climate, protected areas
will take on added importance as safe
havens for biodiversity by offering good-
quality habitats less vulnerable to cli-
mate extremes, by providing refuges
for threatened species and by conserv-
ing important gene pools. It will also
become more important to protect refer-
ence landscapes — ecosystems on which
restoration planning is based, and which
provide a basis for evaluating the success
of restoration (Sayer, 2005).

Networks of protected areas within
large-scale landscapes will help accom-
plish the fourth point above, providing
resilience to climate change. Landscape
planners can help biodiversity adapt to
changing conditions by carefully defin-
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Because of the added
threat of climate
change to African
elephants and their
habitat, the WWF
Species Action

Plan for African
elephants includes
climate vulnerability
assessments for
elephant populations
(Tarangire National
Park, United Republic
of Tanzania)

ing and managing connections or cor-
ridors between protected areas, remov-
ing or preventing barriers such as roads
or monoculture plantations of trees or
agricultural crops and creating “stepping
stones” for particular species (Figure).

To ensure the survival of priority plant
and animal species targeted for conserva-
tion, it will be important to obtain new
information on their:

e sensitivity to disruptions (e.g. by
roads, agriculture, settlements);

* sensitivity to edge effect, i.e. the ratio
between perimeter and area (gener-
ally the greater the ratio, the greater
the sensitivity to disturbances from
outside the perimeter);

« food specialization and availability;

* habitat quality required (e.g. primary
or secondary forest);

* movements, particularly when under
stress;

e migration habits and routes;

e relationship to local human com-
munities and to other species
(Mansourian, 2006).

This information can then be over-
laid with predicted climate scenarios
so that action can be taken to safeguard
biodiversity.

For example, because of the added
threat of climate change to African
elephants and their habitat, the imple-
mentation of the WWF Species Action
Plan for African elephants (Stephenson,
2007) will include climate vulnerabil-
ity assessments for elephant popula-
tions using available assessment tools
(Hannah, 2003). The results will be
used to develop and implement climate
change adaptation strategies for elephant
landscapes identified as being at high
risk. The Amazon’s unique biodiversity
is also expected to be under significant
threat from climate change; a loss in
the viability of numerous plant species,
specifically in the northeastern Amazon,
is expected by 2095 under all climate
scenarios (Miles, 2002).

Socialrole

Protected areas may provide ecosystem
services such as drinking water, carbon
storage and soil stabilization; harbour
sacred sites for different faith groups;
and hold important gene reservoirs
of value in medicine, agriculture and
forestry. In the face of climate change
these roles all become more critical to
enhance the adaptive capacity of local
people to cope with climate change
(Simms, 2006).

Protected areas, by helping to maintain
natural ecosystems, can contribute to
physical protection against major dis-
asters, which are predicted to be on the
rise with climate change (Scheuren et al.,
2007). Although the scale of disasters
generally depends on an aggregation of
factors (e.g. building regulations, land
use), in many cases ecosystem mainte-
nance and forest protection can greatly
reduce theirimpacts. Coastal mangroves,
coral reefs, floodplains and forests may
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Protection of coastal
mangroves can

help ensure their
provision of physical
1 defence against major
disasters, which are
predicted to be on
the rise with climate
W change (Sundarbans
8 National Park,
Bangladesh)

bufferland, communities and infrastruc-
ture against natural hazards. For exam-
ple, during the Indian Ocean tsunami in
2004, vegetation-covered coastal sand
dunes at Yala and Bundala National
Parks in Sri Lanka completely stopped
the waves and protected the land behind
them (Caldecott and Wickremasinghe,
2005). Some protected areas also provide
an opportunity for active or passive res-
toration of traditional land use practices
such as agroforestry and crop terracing,
which may help mitigate the impacts of
extreme weather events in arid lands,
for example by reducing the risk of ero-
sion and by maintaining soil structure
(Stolton, Dudley and Randall, 2008).

Inaddition, protected area management
can help empower marginalized human
populations or community groups. Alter-
native forms of protected area gover-
nance such as community conservation
or joint management, for example, are
being implemented to reduce conflicts
over land and to promote long-term
maintenance of protected areas for
provision of benefits to stakeholders.
A case in point is the “Parks with Peo-
ple” policy developed in Boliviain 2005
to engage indigenous communities in
management of protected areas (Peredo-
Videa, 2008).

Economicrole
If acountry’s natural habitat is destroyed
by climate change impacts, its economy

will suffer. A recent study (Dasgupta et
al.,2007) found that the gross domestic
product (GDP) of a number of countries,
led by Viet Nam, could be negatively
affected by sealevelrise, saltwater intru-
sion and natural disasters attributed to
climate change. In helping to protect
natural habitat, protected areas indirectly
help to protect the national economy.

In addition, protected areas can pro-
vide a direct means of enhancing rev-
enue, notably through tourism, but also
through the valuable products they har-
bour and the services they provide. For
example, Guatemala’s Mayan Biosphere
Reserve provides employment for over
7 000 people and generates an annual
income of approximately US$47 million
(PCLG, 2002). In Madagascar, a study of
41reserves found that the economic rate
of return of the protected area system was
54 percent, essentially from watershed
protection and to a lesser extent from
ecotourism (Naughton-Treves, Buck
Holland and Brandon, 2005). Thus, pro-
tected areas provide a safety net which
can be valuable in times of stress, such
as extreme climate events.

The loss of protected areas may lead
to significant costs, for example infra-
structure damage and human tragedy
caused by desertification or tsunamis,
or to loss of revenue, from tourism for
instance. Furthermore, deforestation of
major forest blocks, such as the Amazon,
is thought to have an impact on global

rainfall, which in turn affects agriculture
and therefore the livelihoods of millions
of people (Nepstad, 2007). Protected
areas therefore not only help protect bio-
diversity, but also indirectly contribute
to the planet’s food security.

PROTECTED AREA MANAGEMENT
AND POLICY RESPONSES

Protected area managers, and the broader
conservation community, will need to
consider climate change in considering
future management actions. Already,
most conservation agencies have taken
on board the need to factor climate
change into their planning. For exam-
ple, in 2008 WWF embarked on a new
global conservation strategy (WWF,
2008a) which includes not only bio-
diversity goals but also a major focus
on humanity’s “ecological footprint”
(demand on the biosphere in terms of
the area of biologically productive land
and searequired to provide the resources
used and to absorb the waste produced
by society). Addressing climate change
is a key objective.

In addition to using the creation of pro-
tected areas and the number of hectares
of threatened habitat under protection
as indicators for measuring progress in
achieving conservation goals, protected
area management will need to address
the following additional dimensions to
take account of climate change.

Designing protected areas in
landscapes

A well-planned protected area network
is necessary if species that are present
in few fragmented patches of habitat, in
small numbers or at the limits of their
range are to adapt to climate-related
changes. Size, shape and altitudinal gra-
dients all contribute to a protected area’s
resilience to climate change and to spe-
cies’ freedom of movement. Optimally
designed protected area networks should
reduce barriers and obstacles between
protected areas. They should incorpo-
rate buffers, connections, corridors and
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The potential loss of protected
areas may lead to loss of revenue,
from tourism for example (Iguazu
Falls National Park, on the border
between Brazil and Argentina,
one of the top destinations in
South America with nearly

2 million tourists a year)

stepping stones for the movement of
animal species across the landscape and
abundant good habitat across a vastrange
of altitudes, so that in times of stress
species can move to more favourable
environments within the relative safety
of aprotected area. In Borneo, for exam-
ple, WWF and partners are seeking to
secure a network of protected areas in a
240 000 km?landscape which has an alti-
tudinal gradient of more than 4 000 m, to
enable species to move between different
habitat types (WWF, 2008b).

Expanding the protected area network
In seeking to maintain a representative
network of ecosystems, it is no longer
safe to assume that all of a species’ his-
toricrange remains suitable in achanging
climate. As noted above, under future
climate scenarios many of the current
protected areas will no longer be able
to fulfil their role of protecting repre-
sentative habitat for species targeted
for conservation. A modelling study in
Mexico, the Caperegion of South Africa
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and Western Europe indicated that with
a moderate increase in temperatures,
extensive new protected areas would
be needed to achieve representativeness
(Hannah et al., 2007). In this regard the
Convention on Biological Diversity’s
Programme of Work on Protected Areas
(CBD, 2004) urged great expansion of
the protected area network across the
globe to secure long-term representa-
tiveness of ecosystems and help species
adapt to climate change. In subsequent
years the world’s protected areas have
expanded exponentially, but the expan-
sion needs to continue.

In a future stressed [}
by climate change, [
protected areas will
only be viable if they
are directly relevant to
human communities
that live in or depend
on them (sustainable
honey production by a |
local women'’s group
in a forest reserve in
Zambia)

Managing protected areas in
landscapes

Effective management is essential to
climate adaptation. Protected area man-
agement to ensure adaptation to climate
change may include restoration, focusing
on resilient habitats, managing specifi-
cally for anticipated threats such as fire
and pests, and addressing other threats
(which can be exacerbated by climate
change). Restoration will be important
both within protected areas and around
them in targeted locations within the
wider landscape. WWF adopts a forest
landscape restoration approach in which
key elements of the landscape are identi-
fied for restoration to achieve multiple
objectives and make the whole landscape
more functional in meeting environ-
mental, social and economic objectives
(Mansourian, Vallauri and Dudley, 2005).
Inthelower Danube basin in Bulgaria, for
example, WWF and partners have focused
on restoring floodplain forests to ensure
that this biological corridor, important for
spawning fish as well as nesting and migra-
tory birds, can withstand climate change
(WWF, 2002). Since ancient habitats that
have withstood variations in climate to
date may be more likely to endure future
changes, WWF is also working with local
authorities in Chile to ensure protection
of the resistant Valdivian forest which
has trees over 3 000 years old.
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Future protected area management
strategies and plans should also include
options for carbon storage as well as
reducing emissions from deforestation
and degradation. Regular assessments
of management must be a priority so
that interventions can be adjusted if
necessary.

Socio-economic considerations

In a future in which more people will
be vying for fewer resources, and where
climate change is likely to cause a greater
strain on both people’s livelihoods and
the availability of resources, protected
areas will only be viable if they are
directly relevant to human commu-
nities that live in or depend on them
(Borrini-Feyerabend, Kothari and
Oviedo, 2004). Protected areas con-
tribute less to livelihood strategies in
practice than they could in theory. In
the future, design and management plans
for protected areas will need to focus
more on local community engagement,
linkages with the national development
agendaand alternative forms of protected
area management such as private-sector
or community management. Governance
schemes for protected areas may need
to be modified for greater effectiveness
and for conflict resolution. Decision-
makers need to ensure that institutional
and legal conditions enable people to
benefit directly from protected areas.

CONCLUSIONS

While future climate change scenarios
and local impacts remain uncertain,
protected areas will surely be affected.
However they can also play a significant
part in adaptation to climate change.
Improving climate resilience and adapta-
tion will require changes in the approach
to protected area planning, establish-
ment and management. Moreover, it is
critical to reduce global greenhouse gas
emissions and to keep the temperature
rise within a 2°C limit. If these are not
achieved, adaptation will never be suf-
ficient. &
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