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FOREWORD BY THE EXECUTIVE SECRETARY

The human pressure on our planet’s natural systems
is unprecedented. Loss of biological diversity threat-
ens to unravel the intricate ecosystems that life of
Earth depends. Climate change is having profound
and long-term impacts on human welfare and adds
yet another pressure on terrestrial and marine ecosys-
tems that are already under threat from land-use
change, pollution, over-harvesting, and the introduc-
tion of alien species.

At the 2002 World Summit on Sustainable
Development (WSSD), the world’s leaders reaffirmed
the need to tackle these issues and endorsed the target
set by the Convention on Biological Diversity’s
Conference of the Parties to achieve, by 2010, a signif-
icant reduction in the rate of loss of biological diver-
sity. The World Summit also reaffirmed the central
importance of the Convention on Biological Diversity
and the United Nations Framework Convention on
Climate Change—the conventions adopted at the Rio
Earth Summit 10 years earlie—in addressing these
issues.

The objectives of these two conventions are

closely inter-related:

+  Climate change is a major cause of biodiversity
loss and one of the obligations under the
Convention on Biological Diversity (CBD) is to
identify and address such threats. At the same
time, the ultimate objective of United Nations
Framework Convention on Climate Change
(UNFCCC) includes the stabilization of green-
house gas concentrations within a timeframe suf-
ficient to allow ecosystems to adapt to climate
change;

+  Biodiversity management can contribute to cli-
mate change mitigation and adaptation and to
combating desertification. Indeed, the UNFC-
CC calls for the conservation and enhancement
of terrestrial, coastal and marine ecosystems as
sinks for greenhouse gases;

«  Both conventions, as well as the United
Nations Convention to Combat
Desertification, are intended to contribute to
sustainable development.

The impacts of climate change on biodiversity are of
major concern to the Convention on Biological
Diversity. The Conference of the Parties has high-
lighted the risks, in particular, to coral reefs and to for-
est ecosystems, and has drawn attention to the serious
impacts of loss of biodiversity of these systems on
people’s livelihoods. More recently, the Conference of
the Parties has also turned its attention to the poten-
tial impacts on biodiversity and ecosystems of the var-
ious options for mitigating or adapting to climate
change and requested the Convention’s Subsidiary
Body on Scientific, Technical and Technological
Advice (SBSTTA) to develop scientific advice on these
issues.

SBSTTA established an ad hoc technical expert group
to carry out an assessment of the inter-linkages
between biodiversity and climate change. The results
are contained in the present report, which draws
upon best available scientific knowledge, including
that provided by the Intergovernmental Panel on
Climate Change.

The report concludes that there are significant oppor-
tunities for mitigating climate change, and for adapt-
ing to climate change while enhancing the conserva-
tion of biodiversity. However, these synergies will not
happen without a conscious attention to biodiversity
concerns. The report identifies a wide range of tools
that can help decision makers assess the likely impacts
and make informed choices.

The report provides the scientific basis for the devel-
opment of recommendations, as appropriate, under
each Convention, for setting priorities for future
research. I hope that it will also be used widely by
countries as they seek to implement policies, pro-
grammes and activities under the Convention on
Biological Diversity and the United Nations
Framework Convention on Climate Change.

This report is a tangible product of cooperation
among the Rio conventions. I trust that it will prove
to be a useful step in promoting implementation of
the three Rio Conventions in a mutually supportive
manner.

Hamdallah Zedan
Executive Secretary
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EXECUTIVE SUMMARY

A. Biodiversity and linkages
to climate change

Biological diversity includes all plants, animals,
microorganisms, the ecosystems of which they are
part, and the diversity within species, between
species, and of ecosystems '. No single component
of biodiversity (i.e., genes, species or ecosystems) is
consistently a good indicator of the overall biodi-
versity as these components can vary independent-
ly. Functional diversity describes the variety of eco-
logical functions of species or groups of species in
an ecosystem. It is a biodiversity descriptor that
provides an alternative way of understanding bio-
logical diversity, and the effects of disturbances
caused by human activities, including climate
change, on ecosystems.

Biodiversity is determined by the interaction of
many factors that differ spatially and temporally.
Biodiversity is determined for example, by a) the
mean climate and climate variability; b) the avail-
ability of resources and overall productivity of a
site; ¢) the disturbance regime and occurrence of
perturbations of cosmic (e.g. meteorites), tectonic,
climatic, biological or anthropic origin; d) the orig-
inal stock of biodiversity and dispersal opportuni-
ties or barriers; e) spatial heterogeneity of habitats;
f) the intensity and interdependency of biotic inter-
actions such as competition, predation, mutualism
and symbiosis; and g) the intensity and kind of sex-
ual reproduction and genetic recombination.
Biodiversity at all levels is not static, as the dynam-
ics of natural evolutionary and ecological processes
induces a background rate of change.

Biodiversity underlies the goods and services pro-
vided by ecosystems that are crucial for human
survival and well being. These can be classified
along several lines. Supporting services maintain the
conditions for life on Earth including, soil forma-
tion and retention, nutrient cycling, primary pro-
duction; regulating services include regulation of air
quality, climate, floods, soil erosion, water purifica-

tion, waste treatment, pollination, and
biological control of human, livestock and agriculture
pests and diseases; provisioning services include
providing food, fuelwood, fibre, biochemicals,
natural medicines, pharmaceuticals, genetic resources,
and fresh water; and cultural services provide non-
material benefits including cultural diversity and
identity, spiritual and religious values, knowledge
systems, educational values, inspiration, aesthetic val-
ues, social relations, sense of place, cultural heritage,
recreation, communal, and symbolic values.

Ecosystem goods and services have significant
economic value, even if some of these goods and
most of the services are not traded by the market
and carry no price tags to alert society to changes
in their supply or in the condition of the ecosys-
tems that generate them. Many ecosystem services
are largely unrecognized in their global importance
or in the crucial role that they play in meeting needs
in particular regions. For example, to date there
have been no markets that recognize the important
contribution of terrestrial and oceanic ecosystems
and their biodiversity in absorbing at least half of
the carbon that is currently emitted to the atmos-
phere from human activities, thereby slowing the
rate of global climate change.

Past changes in the global climate resulted in
major shifts in species ranges and marked reor-
ganization of biological communities, land-
scapes, and biomes. The present global biota was
affected by fluctuating Pleistocene (last 1.8 million
years) concentrations of atmospheric carbon diox-
ide, temperature, and precipitation, and coped
through evolutionary changes, species plasticity,
range movements, and/or the ability to survive in
small patches of favourable habitat (refugia). These
changes, which resulted in major shifts in species
ranges and marked reorganization of biological
communities, landscapes, and biomes, occurred in
a landscape that was not as fragmented as it is
today, and with little or no pressures from human
activities. Anthropogenic habitat fragmentation

1 This is a contraction of the definition in the Convention on Biological Diversity.
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has confined many species to relatively small areas
within their previous ranges, with reduced genetic
variability. Warming beyond the ceiling of temper-
atures reached during the Pleistocene will stress
ecosystems and their biodiversity far beyond the
levels imposed by the global climatic change that
occurred in the recent evolutionary past.

The current levels of human impact on biodiver-
sity are unprecedented, affecting the planet as a
whole, and causing large-scale loss of biodiversi-
ty. Current rates and magnitude of species extinc-
tion, related to human activities, far exceed normal
background rates. Human activities have already
resulted in loss of biodiversity and thus may have
affected goods and services crucial for human well
being. The main indirect human drivers (underly-
ing causes) include: demographic; economic;
sociopolitical; scientific and technological; and cul-
tural and religious factors. The main direct human
drivers (proximate causes or pressures) include:
changes in local land use and land cover (the major
historical change in land use has been the global
increase in lands dedicated to agriculture and graz-
ing); species introductions or removals; external
inputs (e.g., fertilizers and pesticides); harvesting;
air and water pollution; and climate change. The
rate and magnitude of climate change induced by
increased greenhouse gases emissions has and will
continue to affect biodiversity either directly or in
combination with the drivers mentioned above,
and might outweigh them in the future.

For a given ecosystem, functionally diverse com-
munities are more likely to adapt to climate
change and climate variability than impoverished
ones. In addition, high genetic diversity within
species appears to increase their long-term persist-
ence. It must be stressed, however, that the effect of
the nature and magnitude of genetic and species
diversity on certain ecosystem processes is still
poorly known. The ability of ecosystems to either
resist or return to their former state following dis-
turbance may also depend on given levels of func-
tional diversity. This can have important implica-

tions for the design of activities aimed at mitigating
and adapting to climate change. Therefore, conser-
vation of genotypes, species and functional types,
along with the reduction of habitat loss, fragmen-
tation and degradation, may promote the long-
term persistence of ecosystems and the provision of
ecosystem goods and services.

B. Climate change and biodiversity:
observed and projected impacts

Changes in climate over the last few decades of
the 20th century have already affected biodiversi-
ty. The observed changes in the climate system
(e.g., increased atmospheric concentrations of car-
bon dioxide, increased land and ocean tempera-
tures, changes in precipitation and sea level rise),
particularly the warmer regional temperatures,
have affected the timing of reproduction of animals
and plants and/or migration of animals, the length
of the growing season, species distributions and
population sizes, and the frequency of pest and dis-
ease outbreaks.

Projected changes in climate during the 21st centu-
ry will occur faster than in at least the past 10,000
years and combined with land use change and exot-
ic/alien species spread, are likely to limit both the
capability of species to migrate and the ability of
species to persist in fragmented habitats. The pro-
jected impacts due to changes in mean climate,
extreme climatic events and climate variability
include:

(a) The climatic range of many species will
move poleward or upward in elevation from their
current locations. Species will be affected differ-
ently by climate change; some will migrate through
fragmented landscapes whilst others may not be
able to do so.

(b) Many species that are already vulnerable
are likely to become extinct. Species with limited
climatic ranges and/or with limited geographical
opportunities (e.g., mountain top species, species
on islands, peninsulas (Cape Flora)), species with
restricted habitat requirements and/or small popu-
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lations are typically the most vulnerable.

(c) Changes in the frequency, intensity,
extent, and locations of climatically and non-cli-
matically induced disturbances will affect how
and at what rate the existing ecosystems will be
replaced by new plant and animal assemblages.
Species in an ecosystem are unlikely to all migrate
at the same rates; long-lived species will persist
longer in their original habitats leading to new
plant and animal assemblages. Many ecosystems
will be dominated by opportunistic, ‘weedy’
species, i.e., species well adapted to dispersal and
rapid establishment, especially if the frequency and
intensity of disturbance is high.

(d) Some ecosystems are particularly vul-
nerable to climate change, such as coral reefs,
mangroves, high mountain ecosystems, remnant
native grasslands and ecosystems overlying per-
mafrost. Some ecosystems will often be slow to
show evidence of change, e.g., those dominated by
long-lived species (e.g., long-lived trees), whilst
others, e.g. coral reefs, will show rapid response.

Net primary productivity of many species
(including crop species) will increase due to the
elevated concentrations of atmospheric carbon
dioxide, however, there may be losses in net
ecosystem and biome productivity. The changes
in the net primary productivity will result in
changes in the composition and functioning of
ecosystems. Losses in net ecosystem and biome
productivity can occur e.g., in some forests, at least
when significant ecosystem disruption occurs (e.g.,
loss of dominant species or a high proportion of
species due to changes in the disturbances, such as
wildfires, pest and disease outbreaks).

The livelihood of many indigenous and local
communities, in particular, will be adversely
affected if climate and land-use change lead to
losses in biodiversity. These communities are
directly dependent on the products and services
provided by the terrestrial, coastal and marine
ecosystems, which they inhabit.

Changes in biodiversity at ecosystem and land-
scape scale, in response to climate change and
other pressures (e.g., deforestation and changes
in forest fires, introduction of invasive species),
would further affect global and regional climate
through changes in the uptake and release of green-
house gases and changes in albedo and evapotran-
spiration. Similarly, changes in biological commu-
nities in the upper ocean could alter the uptake of
carbon dioxide by the ocean or the release of pre-
cursors for cloud condensation nuclei causing
either positive or negative feedbacks on climate
change.

C. Climate change mitigation and
adaptation options: links to, and impacts
on, biodiversity

Terrestrial and oceanic ecosystems play a signifi-
cant role in the global carbon cycle and their
proper management can make a significant con-
tribution to reducing the build up of greenhouse
gases in the atmosphere. Each year about 60 giga-
tons® (Gt) of carbon (C) are taken up and released
by terrestrial ecosystems and about another 90 Gt C
are taken up and released by ocean systems. These
natural fluxes are large compared to the approxi-
mately 6.3 Gt C currently being emitted from fossil
fuels and industrial processes, and about 1.6 Gt C
per year from deforestation, predominantly in the
tropics. Terrestrial ecosystems appear to be storing
about 3 Gt C each year and the oceans another
about 1.7 Gt. The result is a net build up of 3.2 Gt
of atmospheric C per year.

There are significant opportunities for mitigating
climate change, and for adapting to climate
change, while enhancing the conservation of bio-
diversity. Mitigation involves reducing the green-
house gas emissions from energy and biological
sources or enhancing the sinks of greenhouse gases.
Adaptation is comprised of activities that reduce a
system’s (human and natural) vulnerability to cli-
mate change. Carbon mitigation and adaptation
options that take into account environmental
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(including biodiversity), social and economic con-
siderations, offer the greatest potential for positive
synergistic impacts.

The ecosystem approach of the Convention on
Biological Diversity provides a flexible manage-
ment framework to address climate change miti-
gation and adaptation activities in a broad per-
spective. This holistic framework considers multi-
ple temporal and spatial scales and can help to bal-
ance ecological, economic, and social considera-
tions in projects, programmes, and policies related
to climate change mitigation and adaptation.
"Adaptive management", which allows for the re-
evaluation of results through time and alterations
in management strategies and regulations to
achieve goals, is an integral part of the ecosystem
approach.

Land-use, land-use change and forestry activities
can play an important role in reducing net green-
house gas emissions to the atmosphere.
Biological mitigation of greenhouse gases through
land use, land-use change and forestry (LULUCF)
activities can occur by three strategies: (a) conser-
vation of existing carbon pools, i.e., avoiding defor-
estation (b) sequestration by increasing the size of
carbon pools, e.g., through afforestation and refor-
estation, and (c) substitution of fossil fuel energy
by use of modern biomass. The estimated upper
limit of the global potential of biological mitigation
options (a and b) through afforestation, reforesta-
tion, avoided deforestation, and agriculture, graz-
ing land, and forest management is on the order of
100 Gt C (cumulative) by the year 2050, equivalent
to about 10-20% of projected fossil-fuel emissions
during that period,’ although there are substantial
uncertainties associated with this estimate. The
largest biological potential is projected to be in sub-
tropical and tropical regions. When LULUCF
activities are used to offset emissions from fossil

2 1 gigaton equals 10° tons

fuels, there is a net shift of carbon from fossil stor-
age to more labile storage—but potentially long
term—in terrestrial ecosystems.

Within the context of the Kyoto Protocol, addi-
tionality, leakage, permanence, and uncertainties,
are important concepts for carbon storage in rela-
tion with the implementation of mitigation activ-
ities. A project credited under the Clean
Development Mechanism is additional only if it
would not have occurred without the stimulus of
the Mechanism and if it removes more greenhouse
gases from the atmosphere than would have
occurred without the project. Leakage refers to the
situation where activities related to carbon seques-
tration or conservation of existing carbon pools
triggers an activity in another location, which leads
in turn, to carbon emissions. Permanence refers to
the longevity and stability of soil and vegetation
carbon pools, given that they will undergo various
management regimes and be subjected to an array
of natural disturbances. Uncertainties result from
lack of information or disagreement about what is
known or even knowable.

Afforestation’ and reforestation ° can have posi-
tive, neutral, or negative impacts on biodiversity
depending on the ecosystem being replaced, man-
agement options applied, and the spatial and tem-
poral scales. The value of a planted forest to bio-
diversity will depend to a large degree on what was
previously on the site and also on the landscape
context in which it occurs. The reforestation of
degraded lands will often produce the greatest ben-
efits to biodiversity but can also provide the great-
est challenges to forest management. Afforestation
and reforestation activities that pay attention to
species selection and site location, can promote the
return, survival, and expansion of native plant and
animal populations. In contrast, clearing native
forests and replacing them with a monoculture

2 The emission of carbon from the combustion of fossil fuels is projected to increase from the current level of

6.3Gt C per year to between 10 and 25 Gt C per year

4 Afforestation requires planting trees on land that has not contained a forest for over 50 years
5 Reforestation requires planting trees on land that was not forested in 1990
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forest of exotics would clearly have a negative
effect on biodiversity. Afforestation of other natu-
ral grasslands and other native habitat types
would also entail significant loss of biodiversity.

Short rotation plantations will not sequester and
maintain carbon as much as long rotation planta-
tions in which vegetation and soil carbon is
allowed to accumulate. Loss of soil carbon occurs
for several years following harvesting and replanti-
ng due to the exposure of soil, increased leaching
and runoff and reduced inputs from litter. Short
rotation forests, with their simpler structure, foster
lower species richness than longer-lived forests.
However, products from short rotation plantations
may alleviate the pressure to harvest or deforest
longer-lived or primary forests.

Plantations of native tree species will support
more biodiversity than exotic species and planta-
tions of mixed tree species will usually support
more  biodiversity  than
Plantations of exotic species support only some of
the local biodiversity but may contribute to biodi-
versity conservation if appropriately situated in the

monocultures.

landscape. Planting of invasive exotic species, how-
ever, could have major and widespread negative
consequences for biodiversity. Tree plantations may
be designed to allow for the colonization and estab-
lishment of diverse under-storey plant communi-
ties by providing shade and by ameliorating micro-
climates. Specific sites may make better candidates
for implementing such activities than others, based
on past and present uses, and the local or regional
importance of their associated biodiversity, and
proximity to other forests across a landscape.
Involvement of local and indigenous communities
in the design and the benefits to be achieved from a
plantation may contribute to local support for a
project and hence contribute to its longevity.
Plantations may contribute to the dispersal capa-
bility of some species among habitat patches on a
formerly fragmented landscape. Even plantations
of a single species can confer some benefits to local
biodiversity, especially if they incorporate features

such as allowing canopy gaps, retaining some dead
wood components, and providing landscape con-
nectivity.

Slowing deforestation and forest degradation can
provide substantial biodiversity benefits in addi-
tion to mitigating greenhouse gas emissions and
preserving ecological services.
regions, deforestation mainly occurred, when it
did, several decades to centuries ago. In recent
decades, deforestation has been most prevalent in
the tropics. Since the remaining primary tropical
forests are estimated to contain 50-70 percent of all

In temperate

terrestrial plant and animal species, they are of
great importance in the conservation of biodiversi-
ty. Tropical deforestation and degradation of all
types of forests remain major causes of global bio-
diversity loss. Any project that slows deforestation
or forest degradation will help to conserve biodi-
versity. Projects in threatened/vulnerable forests
that are unusually species-rich, globally rare, or
unique to that region can provide the greatest
immediate biodiversity benefits. Projects that pro-
tect forests from land conversion or degradation in
key watersheds have potential to substantially slow
soil erosion, protect water resources, and conserve
biodiversity.

Forest protection through avoided deforestation
may have either positive or negative social
impacts. The possible conflicts between the pro-
tection of forested ecosystems and ancillary nega-
tive effects, restrictions on the activities of local
populations, reduced income, and/or reduced
products from these forests, can be minimized by
appropriate stand and landscape management, as
well as using environmental and social assessments.

Most of the world’s forests are managed, hence
improved management can enhance carbon
uptake or minimize carbon losses and conserve
biodiversity. Humans manage most forests for
conservation purposes and to produce goods and
services. Forest ecosystems are extremely varied
and the positive or negative impact of any forest
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management operation will differ according to soil,
climate, and site history, including disturbance
regimes (such as fire). Because forests are enor-
mous repositories of terrestrial biodiversity at all
levels of organization (genetic, species, population,
and ecosystem), improved management activities
have the potential to positively affect biodiversity.
Forestry practices that enhance biodiversity in
managed stands and have a positive influence on
carbon retention within forests include: increasing
rotation length, low intensity harvesting, leaving
woody debris, post-harvest silviculture to restore
the local forest types, paying attention to landscape
structure, and harvesting that emulates natural dis-
turbance regimes. Management that maintains nat-
ural fire regime will usually maintain biodiversity
and carbon storage.

Agroforestry systems have substantial potential
to sequester carbon and can reduce soil erosion,
moderate climate extremes on crops, improve
water quality, and provide goods and services to
local people. Agroforestry incorporates trees and
shrubs into agricultural lands to achieve conserva-
tion and economic goals, while keeping the land in
production agriculture. The potential to sequester
carbon globally is very high due to the extensive
agricultural land base in many countries.
Agroforestry can greatly increase biodiversity, espe-
cially in landscapes dominated by annual crops or
on lands that have been degraded. Agroforestry
plantings can be used to functionally link forest
fragments and other critical habitat as part of a
broad landscape management strategy.

There are a large number of agricultural manage-
ment activities (e.g., conservation tillage, erosion
control practices, and irrigation) that will
sequester carbon in soils, and which may have
positive or negative effects on biodiversity,
depending on the practice and the context in
which they are applied. Conservation tillage
denotes a wide range of tillage practices, including
chisel-plow, ridge-till, strip-till, mulch-till, and no-
till that can allow for the accumulation of soil

organic carbon and provide beneficial conditions
for soil fauna. The use of erosion control practices,
which include water conservation structures, vege-
tative strips used as filters for riparian zone man-
agement, and agroforestry shelterbelts for wind
erosion control can reduce the displacement of soil
organic carbon and provide opportunities to
increase biodiversity. The use of irrigation can
increase crop production, but has the potential to
degrade water resources and aquatic ecosystems.
Where feasible, it is important to include farmer-
centred participatory approaches and considera-
tion of local or indigenous knowledge and tech-
nologies, promote cycling and use of organic mate-
rials in low-input farming systems, and use a
diverse array of locally adapted crop varieties.

Improved management of grasslands (e.g., graz-
ing management, protected grasslands and areas
set-aside, grassland productivity improvements,
and fire management) can enhance carbon stor-
age in soils and vegetation, while conserving bio-
diversity. The productivity, and thus the potential
for carbon sequestration of many pastoral lands is
restricted mainly by availability of water, nitrogen
and other nutrients, and the unsuitability of some
native species to high-intensity grazing by live-
stock. Introduction of nitrogen-fixing legumes and
high-productivity grasses or additions of fertilizer
can increase biomass production and soil carbon
pools, but can decrease biodiversity. Introduction
of exotic nitrogen fixers poses the risk of them
becoming invasive. Irrespective of whether a graz-
ing land is intensively managed or strictly protect-
ed, carbon accumulation can be enhanced through
improvement practices, especially if native species
are properly managed to enhance the biodiversity
associated with the system.

Avoiding degradation of peatlands and mires is a
beneficial mitigation option. Peatlands and mires
contain large stores of carbon, however, in recent
decades, anthropogenic drainage and climate
change has changed peatlands from a global carbon
sink to a global carbon source. Draining peatlands
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for afforestation and reforestation activities may
not lead to a net carbon uptake and in the short
term would lead to carbon emissions.

Revegetation activities that increase plant cover
on eroded, severely degraded, or otherwise dis-
turbed lands have a high potential to increase car-
bon sequestration and enhance biodiversity.
Sequestration rates will depend on various factors,
including revegetation method, plant selection, soil
characteristics and site preparation, and climate.
Soils of eroded or degraded sites generally have low
carbon levels and therefore a high potential to
accumulate carbon; however, revegetation of these
types of such sites will pose technical challenges.
An important consideration is to match the plant
species to the site conditions and to consider which
key ecological functions need to be restored.
Biodiversity can be improved if revegetation aids
recruitment of native species over time or if it pre-
vents further degradation and protects neighboring
ecosystems. In certain instances, where native
species may now be impossible to grow on some
degraded sites, the use of exotic species and fertiliz-
ers may provide the best (and only) opportunity
for reestablishing vegetation. However, care should
be exercised to avoid situations where exotics that
have invasive characteristics end up colonizing
neighboring native habitats, thereby altering plant
communities and ecosystem processes.

Marine ecosystems may offer mitigation oppor-
tunities, but the potential implications for ecosys-
tem function and biodiversity are not well under-
stood. Oceans are substantial reservoirs of carbon
with approximately 50 times more carbon than is
presently in the atmosphere. There have been sug-
gestions to fertilize the ocean to promote greater
biomass production and thereby sequester carbon
and to mechanically store carbon deep in the
ocean. However, the potential for either of these
approaches to be effective for carbon storage is
poorly understood and their impacts on ocean and
marine ecosystems and their associated biodiversi-
ty are unknown.

Bio-energy plantations provide the potential to
substitute fossil fuel energy with biomass fuels
but may have adverse impacts on biodiversity if
they replace ecosystems with higher biodiversity.
However, bio-energy plantations on degraded
lands or abandoned agricultural sites could benefit
biodiversity.

Renewable energy sources (crop waste, solar- and
wind-power) may have positive or negative effects
on biodiversity depending upon site selection and
management practices. Replacement of fuelwood
by crop waste, the use of more efficient wood stoves
and solar energy and improved techniques to pro-
duce charcoal can also reduce the pressure on
forests, woodlots, and hedgerows. Most studies
have demonstrated low rates of bird collision with
windmills, but the mortality may be significant for
rare species. Proper site selection and a case-by-
case evaluation of the implications of windmills on
wildlife and ecosystem goods and services can
avoid or minimize negative impacts.

Hydropower has significant potential to mitigate
climate change by reducing the greenhouse gas
intensity of energy production but also can have
potential adverse effects on biodiversity. In a few
cases, emissions of carbon dioxide and methane
caused by dams and reservoirs may be a limiting
factor on the use of hydropower to mitigate climate
change. Large-scale hydropower development can
also have other high environmental and social costs
such as loss of biodiversity and land, disruption of
migratory pathways and displacement of local
communities. The ecosystem impacts of specific
hydropower projects vary widely and may be min-
imized depending on factors including type and
condition of pre-dam ecosystems, type and opera-
tion of the dam (e.g., water-flow management),
and the depth, area, and length of the reservoir.
Run of the river hydropower and small dams have
generally less impact on biodiversity than large
dams, but the cumulative effects of many small
units should be taken into account.
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Adaptation is necessary not only for the projected
changes in climate but also because climate
change is already affecting many ecosystems.
Adaptation activities can have negative or positive
impacts on biodiversity, but positive effects may
generally be achieved through: maintaining and
restoring native ecosystems; protecting and
enhancing ecosystem services; actively preventing
and controlling invasive alien species; managing
habitats for rare, threatened, and endangered
species; developing agroforestry systems at transi-
tion zones; paying attention to traditional knowl-
edge; and monitoring results and changing man-
agement regimes accordingly.. Adaptation activities
can threaten biodiversity either directly—through
the destruction of habitats, e.g., building sea walls,
thus affecting coastal ecosystems, or indirectly—
through the introduction of new species or
changed management practices, e.g., mariculture
or aquaculture.

Reduction of other pressures on biodiversity aris-
ing from habitat conversion, over-harvesting,
pollution, and alien species invasions, constitute
important climate change adaptation measures.
Since mitigation of climate change itself is a long-
term endeavour, reduction of other pressures may
be among the most practical options. For example,
increasing the health of coral reefs, by reducing the
pressures from coastal pollution and practices such
as fishing with explosives and poisons, may allow
them to be more resilient to increased water tem-
perature and reduce bleaching. A major adaptation
measure is to counter habitat fragmentation
through the establishment of biological corridors
between protected areas, particularly in forests.
More generally, the establishment of a mosaic of
interconnected terrestrial, freshwater and marine
multiple-use reserve protected areas designed to
take into account projected changes in climate, can
be beneficial to biodiversity.

Conservation of biodiversity and maintenance of
ecosystem structure and function are important
climate change adaptation strategies because

genetically-diverse populations and species-rich
ecosystems have a greater potential to adapt to
climate change. While some natural pest-control,
pollination, soil-stabilization, flood-control, water-
purification and seed-dispersal services can be
replaced when damaged or destroyed by climate
change, technical alternatives may be costly and
therefore not feasible to apply in many situations.
Therefore, conserving biodiversity (e.g., genetic
diversity of food crops, trees, and livestock races)
means that options are kept open to adapt human
societies better to climate change. Conservation of
ecotones is also an important adaptation measure.
Ecotones serve as repositories of genetic diversity
that may be drawn upon to rehabilitate adjacent
ecoclimatic regions. As an insurance measure such
approaches can be completed by ex situ conserva-
tion. This might include conventional collection
and storage in gene banks as well as dynamic man-
agement of populations allowing continued adap-
tation through evolution to changing conditions.
Promotion of on-farm conservation of crop diver-
sity may serve a similar function.

The protection, restoration or establishment of
biologically diverse ecosystems that provide
important goods and services may constitute
important adaptation measures to supplement
existing goods and services, in anticipation of
increased pressures or demand, or to compensate
for likely losses.

For example:

The protection or restoration of mangroves can
offer increased protection of coastal areas to sea
level rise and extreme weather events;

The rehabilitation of upland forests and of wet-
lands can help regulate flow in watersheds, thereby
moderating floods from heavy rain and ameliorat-
ing water quality;

Conservation of natural habitats such as primary
forests, with high ecosystem resilience, may
decrease losses of biodiversity from climate change
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and compensate for losses in other, less resilient,
areas.

D. Approaches for supporting planning,
decision making and public discussions

There is a clear opportunity to implement mutu-
ally beneficial activities (policies and projects)
that take advantage of the synergies between the
United Nations Framework Convention on
Climate Change and its Kyoto Protocol, the
Convention on Biological Diversity and broader
national development objectives. These opportu-
nities are rarely being realized due to a lack of
national coordination among sectoral agencies to
design policy measures that exploit potential syner-
gies between national economic development
objectives and environmentally focused projects
and policies. In addition, there is a lack of coordi-
nation among the multilateral environmental
agreements, specifically among the mitigation and
adaptation activities undertaken by Parties to the
UNFCCC and its Kyoto Protocol, and activities to
conserve and sustainably manage ecosystems
undertaken by Parties to the Convention on
Biological Diversity.

Experience shows that transparent and participa-
tory decision-making processes involving all rele-
vant stakeholders, integrated into project or poli-
cy design from the beginning, can enhance the
probability of long-term success. Decisions are
value-laden and combine political and technocrat-
ic elements. Ideally, they should combine problem
identification and analysis, policy-option identifi-
cation, policy choice, policy implementation, and
monitoring and evaluation in an iterative fashion.
Decision-making processes and institutions oper-
ate at a range of spatial scales from the village com-
munity to the global level.

A range of tools and processes are available to
assess the economic, environmental and social
implications of different climate-change-mitiga-
tion and adaptation activities (projects and poli-

cies) within the broader context of sustainable
development. Environmental impact assessments
(EIAs) and strategic environmental assessments
(SEAs) are processes that can incorporate a range
of tools and methods including decision analytical
frameworks, valuation techniques, and criteria and
indicators. Simple checKlists, including indicative
positive and negative lists of activities, can help
guide consideration of when use of EIA or SEA is
warranted.

Environmental impact assessments and strategic
environmental assessments can be integrated
into the design of climate change mitigation and
adaptation projects and policies to assist plan-
ners, decision-makers and all stakeholders to
identify and mitigate potentially harmful envi-
ronmental and social impacts and enhance the
likelihood of positive benefits such as carbon
storage, biodiversity conservation and improved
livelihoods. EIAs and SEAs can be used to assess
the environmental and social implications of dif-
ferent energy and land-use, land-use change and
forestry (LULUCF) projects and policies undertak-
en by Parties to the UNFCCC and the Convention
on Biological Diversity and to choose among them.
While the Convention on Biological Diversity
explicitly encourages the use of EIA and SEA tools
as a means to achieve its objectives there is no
respective reference to them in the UNFCCC or its
Kyoto Protocol. The operational rules for the
Kyoto Protocol included in the Marrakesh Accords
only stipulate that participants in the clean devel-
opment mechanism (CDM) and in some cases
joint implementation (JI) projects have to carry
out an EIA in accordance with the requirements of
the host Party if, after a preliminary analysis, they
or host countries consider the environmental
impacts of the project activities significant.

Decision-analytic frameworks are tools that can
be used to evaluate the economic, social and envi-
ronmental impacts of climate change mitigation
and adaptation activities and those of biodiversi-

ty conservation activities. Decision-analytic
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frameworks can be divided into four broad cate-
gories, i.e., normative, descriptive, deliberative, and
ethically and culturally based. These include deci-
sion analysis, cost-benefit analysis, cost-effective-
ness analysis, the policy exercise approach and cul-
tural prescriptive rules. The diverse characteristics
of possible climate change mitigation and adapta-
tion activities and biodiversity conservation activi-
ties imply the need for a diverse set of decision-
analytic frameworks and tools so those most rele-
vant to the decision-making can be selected and
applied, e.g., if cost-effectiveness is the most impor-
tant decision criteria this would suggest conducting
a cost effectiveness analysis. Use of decision-analyt-
ic frameworks prior to implementing a project or a
policy, can help address a series of questions that
should be part of the project or policy design.

Methods are available to determine changes in
the use and non-use values of ecosystem goods
and services from climate-change-mitigation and
adaptation activities. The concept of total eco-
nomic value is a useful framework for assessing the
utilitarian value of both the use and non-use values
of ecosystem goods and services now and in the
future. The use values arise from direct use (e.g.,
provisioning of food), indirect use (e.g., climate
regulation) or option values (e.g., conservation of
genetic diversity), whereas the non-use values
include existence values. ° Valuation techniques can
be used to assess the "economic" implications of
changes in ecological goods and services resulting
from climate change mitigation and adaptation, as
well as biodiversity conservation and sustainable
use, activities. In contrast, the non-utilitarian
(intrinsic) value of ecosystems arising from a vari-
ety of ethical, cultural, religious and philosophical
perspectives cannot be measured in monetary
terms. Hence, when a decision-maker assesses the
implications of the possible alteration of an ecosys-
tem, it is important that they are aware of the util-
itarian and non-utilitarian values of the ecosystem.
Without a set of minimum common internation-

al environmental and social standards, climate-
change-mitigation projects could flow to coun-
tries with minimal or non-existent standards,
adversely affecting biodiversity and human soci-
eties. If agreed internationally, such standards
could be incorporated into national planning
efforts. Furthermore, the Marrakesh Accords
affirm that it is the host Party's prerogative to con-
firm whether a CDM project assists in achieving
sustainable development.

National, regional and possibly international sys-
tems of criteria and indicators could be useful in
monitoring and evaluating the impact of climate
change and to assess the impacts of climate
change mitigation and adaptation activities on
biodiversity and other aspects of sustainable
development. An important aspect of monitoring
and evaluation is the choice of suitable criteria and
indicators, which should be, whenever possible,
meaningful at the site, national and possibly inter-
national level, as well as consistent with the main
objectives of the project or policy intervention.
Criteria and indicators consistent with national
sustainable development objectives are to some
degree available. For example, many international
processes have developed or are currently develop-
ing specific biodiversity and sustainable develop-
ment criteria and indicators in management guide-
lines for forestry that could be useful for afforesta-
tion, reforestation and conservation (avoided
deforestation) projects and policies.

A critical evaluation of the current criteria and
indicators developed under the Convention on
Biological Diversity, and the many other national
and international initiatives could assist in
assessing their utility to evaluate the impact of
activities undertaken by Parties to the UNFCCC
and its Kyoto Protocol. Such an evaluation would
allow the presentation of an array of eligible stan-
dards and procedures for validation and certifica-
tion that could enable national and international

6 Where individuals are willing to pay to for the conservation of biodiversity

10
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initiatives to select a scheme that best serves their
project circumstances.

Monitoring and evaluation processes that involve
the communities and institutions most affected
by climate change mitigation and adaptation
activities and recognize that different spatial and
temporal scales will be required to assess the
implications of these activities, are likely to be the
most sustainable. Methods are available to moni-
tor components of biodiversity at the local and
regional scale, but few countries have an opera-
tional system in place. Determining the impact of
climate-change projects and policies on biodiversi-
ty is, in some instances, likely to remain problemat-
ical given the long lag-time between the interven-
tion and the response of the system.

E. Lessons learned from case-studies:
harmonization of climate-change-mitiga-
tion and adaptation activities with biodiver-
sity considerations

The individual and collective experience from
several case-studies provides insights on key
practical challenges and opportunities for
improving the design of projects. There are some
lessons learned for the harmonization of climate-
change-mitigation and adaptation activities with
biodiversity considerations, based on analyses of 10
case-studies being implemented at various scales
(site, regional, national). Some of these case-studies
were pilot projects launched in anticipation of the
Kyoto Protocol; others preceded the Kyoto discus-
sion.

Lesson 1: There is scope for afforestation, refor-
estation, improved forest management and avoid-
ed deforestation activities to be harmonized with
biodiversity conservation benefits. It has to be
noted that improved forest management and
avoided deforestation are not eligible under the
CDM. Improved conservation of biodiversity can
occur through reforestation [case studies 1 and 10];
afforestation [case studies 6 and 10], avoided defor-

estation [case studies 2 and 5] and improved forest
management [case study 5]. These projects includ-
ed specific design features to optimize conservation
benefits, including the use of native species for
planting, reduced impact logging to ensure mini-
mal disturbance; and establishment of biological
corridors. In addition, sustainable use of forest
products and services was also secured through
various incentive measures, particularly in the cases
of Uganda/Netherlands, Costa Rica and Sudan
[case studies 1, 2 and 6]. Nevertheless, there is
room for improvement in existing projects to fur-
ther explore synergies between climate mitigation
activities and biodiversity conservation; for exam-
ple, the Mesoamerican Biological Corridor Project
[case study 8], originally conceived as a regional
strategy for biodiversity conservation, and not to
address climate change, clearly has significant
potential and scope for mitigation and adaptation
options to be designed into the particular national-
level implementation of projects.

Lesson 2: The linkages between conservation and
sustainable use of biodiversity with community
livelihood options provides a good basis for proj-
ects supported under the Clean Development
Mechanism to advance sustainable development.
In some cases, project "success" [case studies 2 and
6] stemmed from combining key local develop-
ment and livelihood concerns with those relating to
carbon sequestration and biodiversity conserva-
tion, where-as in one case [case study 1] the restric-
tions imposed on the livelihoods of the local com-
munities almost led to project failure.

Lesson 3: The neglect and/or omission of social,
environmental and economic considerations can
lead to conflicts which could undermine the over-
all success of carbon mitigation projects, and
long-term biodiversity conservation. For exam-
ple, omission of social and environmental issues in
the Uganda-Norway/private investor project [case
study 9] during planning and negotiation of agree-
ments resulted in losses to key stakeholders; land
conflicts which undermined the security of carbon

11
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credits for the investor, livelihood loss for local
communities, and unsustainable forest manage-
ment for the Ugandan forest authorities. This was
also initially the case in the Uganda-
Netherlands/private investor project [case study 1],
although later the project took a proactive
approach to address these issues. Continued atten-
tion to economic and environmental considera-
tions in Costa Rica [case study 2] has proved to be
useful for balancing the carbon and biodiversity
objectives; after an initial period reforestation con-
tracts were excluded because the higher financial
rewards for these contracts over those for forest
conservation were serving as a disincentive for con-
servation.

Lesson 4: Countries and key stakeholders need to
have the necessary information, tools and capaci-
ty to understand, negotiate, and reach agreements
under the Kyoto Protocol to ensure that the
resulting projects are balanced with respect to
environment, social and development goals. The
tensions between key stakeholders and wavering
commitment to the agreement in the Uganda-
Norway/private investor project [case study 9] can
be partly attributed to the asymmetry of informa-
tion and understandings of their roles and respon-
sibilities at the time of finalizing the deal. It is crit-
ical that all stakeholders understand the benefits
and the costs of proposed interventions to each
partner, including the opportunities and synergies
to be achieved with conservation. In this regard,
Costa Rica’s experience [case study 2] has been
more positive in part due to the country’s sound
institutional and policy environment, and its
capacity to deal with key project issues and key
stakeholders as equal partners.

Lesson 5: Some minimum environmental and
social norms (or guiding frameworks) when pur-
chasing carbon credits through CDM projects
could avoid perverse outcomes. Without such
minimum ‘private
investors/parent countries, projects could still be
able to claim carbon credits even when they have

norms, e.g., between
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detrimental environmental and/or social impacts,
as indicated by the Uganda-Norway/private
investor project [case study 9].

Lesson 6: The application of appropriate analyti-
cal tools and instruments can provide construc-
tive frameworks for ex ante analysis to guide deci-
sion making; provide adaptive management
options during implementation; and provide a
basis for learning and replication through ex post
evaluations. In most cases, only a sub-set of the
available tools was used in designing the projects.
However, several of the case-studies reviewed illus-
trated the application of at least one of the various
analytical tools and instruments, which in turn
influenced processes at key stages of the
project/programme. The application of cost-bene-
fit analysis at a specific site in Madagascar [case
study 4] provided the rationale for retaining the
Masaola forest as a national park instead of con-
verting it to a logging concession, but concluded
that conservation would only succeed in the long
term if the benefits outweigh costs at all scales. The
application of the strategic environmental assess-
ment at a national level in Finland [case study 3]
revealed that the scenarios initially chosen for the
climate change strategy had been too narrowly
defined, and the Parliament has since requested
more scenarios and longer-term analyses be under-
taken. Similarly a strategic modelling approach to
inform the adaptation of nature conservation poli-
cy and management practice to climate change
impacts was undertaken in Britain and Ireland
[case study 7]. The comprehensive approach taken
by Costa Rica [case study 2] is also exemplary in
that it combined various tools (valuation, strategic
sector-level analysis, and decision analytical frame-
works) to unleash the power of the market to meet
multiple objectives of conservation, climate change
mitigation, and hydrological services.

Lesson 7: Measuring the impact of CDM and joint
implementation projects on biodiversity requires
baseline data, inventories and monitoring sys-
tems. The Belize and Costa Rica projects [case
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studies 2 and 5] are simultaneously monitoring and
measuring carbon and certain aspects of
biodiversity, whereas the Sudan project [case study
6] discontinued the biodiversity inventory and
monitoring
constraints.

component due to resource

Lesson 8: The ecosystem approach provides a good
basis to guide the formulation of climate change
mitigation policies/projects and conservation of
biodiversity. Most of the case-studies analysed
have not used the ecosystem approach as a guiding
framework, but the overall analyses of the case-
studies suggests that several projects benefited from
the consideration of the intent of the various prin-
ciples of the approach.

13
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INTRODUCTION

Outi Berghdll, Kalemani ]. Mulongoy

At its fifth meeting in 2000, the Conference of the
Parties to the Convention on Biological Diversity
(CBD) noted that there was a significant evidence
that climate change’ was a primary cause of the 1998
extensive coral bleaching® and made references to the
possible interactions between climate change and the
conservation and sustainable use of biological diver-
sity in forests’. In order to draw to the attention of
the Parties to the United Nations Framework
Convention on Climate Change (UNFCCC) the
need for reducing and mitigating the impacts of cli-
mate change on coral reefs and forest biological diver-
sity, the Conference of the Parties to the Convention
on Biological Diversity requested its Subsidiary Body
on Scientific, Technical and Technological Advice
(SBSTTA) to review the impacts of climatic change on
forest biological diversity® and prepare scientific
advice for the integration of biodiversity considera-
tions into the implementation of the UNFCCC and its
Kyoto Protocol".

The Conference of Parties to the CBD called for
this work to be carried out in collaboration with the
appropriate bodies of the UNFCCC and the
Intergovernmental Panel on Climate Change (IPCC),
bearing in mind that the objectives of both conven-

tions are, to a large extent, mutually supportive: cli-
mate change is one of the threats to biodiversity, and
the need for its rate to be reduced to allow ecosystems
to adjust to climate change is recognized in the objec-
tive of the UNFCCC". Strengthened collaboration
between the two conventions has been called for by
the CBD Conference of the Parties at its third, fourth
At the latter meeting, the
Conference of the Parties called for collaboration not
only concerning forest biodiversity but also incentive
measures” and the impact of climate change on coral
bleaching and on dry and subhumid lands.

In response to the request of the Conference of
the Parties to the CBD", the Subsidiary Body on
Scientific, Technical and Technological Advice decided
to carry out a wider assessment of the interlinkages
between climate change and biodiversity and, as a first
step, it established” in March 2001 an ad hoc technical
expert group on biological diversity and climate

and fifth meetings.

change with the following mandate:

(a) Analyse possible adverse effects on biological
diversity of measures that might be taken or are being
considered under the United Nations Framework
Convention on Climate Change and its Kyoto
Protocol;

(b) Identify factors that influence biodiversity's

capacity to mitigate climate change and
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As defined in the reports of Inter Governmental Panel on Climate Change, climate change is described as the variation in either the mean state
of the climate or in its variability, persisting for an extended period, typically decades or longer, encompassing temperature increases ("global
warming"), sea-level rise, changes in precipitation patterns, and increased frequencies of extreme events. Article 1 of the United Nations
Framework Convention on Climate Change (UNFCCC) describes "adverse effects of climate change" as changes in the physical environment or
biota resulting from climate change which have significant deleterious effects on the composition, resilience or productivity of natural and man-
aged ecosystems or on the operation of socio-economic systems or on human health and welfare.

Decision V/3, paras. 3, 5 and annex

Decision V/4, para. 11 and paras. 16-20.

Decision V/4, para. 11

Decision V/4, para. 18

The ultimate objective of the UNFCCC is the stabilization of greenhouse gas concentrations "within a time-frame sufficient [inter alia] to allow
ecosystems to adapt naturally to climate change" (art. 2). Thus, although the UNFCCC makes no specific reference to biological diversity, its objec-
tive contributes to the objectives of the Convention on Biological Diversity. Further, among their Commitments under the UNFCCC (art. 4), Parties
shall "promote sustainable management, and promote and cooperate in the conservation and enhancement, as appropriate, of sinks and reservoirs
of all greenhouse gases not controlled by the Montreal Protocol, including biomass, forests and oceans as well as other terrestrial, coastal and marine
ecosystems" (art. 4.1(d)) and "cooperate in preparing for adaptation to the impacts of climate change (...)" (art. 4.1(e)). Particular attention is given
to, inter alia, "fragile ecosystems" (art. 4.8(g)). Additionally, the Clean Development Mechanism of the Kyoto Protocol makes provision for a share
of the proceeds from certified project activities to be used to assist developing country Parties that are particularly vulnerable to the adverse effects
of climate change to meet the costs of adaptation (art. 12.8). The operational rules for the implementation of the Kyoto Protocol, included in the
Marrakesh accords, recognize the requirement to contribute to the conservation of biological diversity.

Under the Convention on Biological Diversity, "incentive measures" refer to any "economically and socially sound measures that act as incen-
tives for the conservation and sustainable use of components of biological diversity" (Article 11).

CBD COP Decision V/4, para. 11

Paragraph 5 of SBSTTA recommendation VI/7
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contribute to adaptation and the likely effects of
climate change on that capacity;

(c) Identify options for future work on climate
change that also contribute to the conservation and
sustainable use of biological diversity.

In addition, the expert group was requested to
develop recommendations based upon a review of
possible approaches and tools such as criteria and
indicators, to facilitate application of scientific advice
for the integration of biodiversity considerations into
the implementation of measures that might be taken
under the United Nations Framework Convention on
Climate Change and its Kyoto Protocol to mitigate or
adapt to climate change.

For the purpose of ensuring synergy and avoid-
ing unnecessary duplication, SBSTTA invited the
United Nations Framework Convention on Climate
Change, as well as the Convention on Migratory
Species, the Convention on Wetlands of International
Importance, especially as Waterfowl Habitat
(Ramsar), the United Nations Convention to Combat
Desertification, the Scientific and Technical Advisory
Panel of the Global Environment Facility, the United
Nations Forum on Forests, the Millennium Ecosystem
Assessment and other relevant organizations to con-
tribute to this work. Intergovernmental Panel on
Climate Change (IPCC) was also invited to contribute
to this assessment process inter alia by preparing a
technical paper on climate change and biodiversity.
The IPCC prepared the requested technical paper,
which was approved in April 2002.

The ad hoc technical expert group comprised
experts in the fields of biological diversity and climate
change from all the United Nations regions, including
scientists involved in the IPCC processes, and experts
from indigenous and local communities. The group
met three times; in Helsinki, Finland, in January 2002;
in Montreal, Canada, at the seat of the Secretariat of
the Convention on Biological Diversity in September
2002; and after a meeting of the lead authors organ-
ized in Washington in January 2003, again in Helsinki
in May 2003. During these meetings and in the inter-
sessional period, the expert group reviewed existing
literature including the IPCC Third Assessment
Review, the Special Report on Land Use, Land-Use
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Change and Forestry (LULUCF), the IPCC Technical
Paper on Climate Change and Biodiversity and other
available literature not covered by previous IPCC
assessments. The experts compiled that information
in a draft report that was then submitted between
February and May 2003 for peer-review to
Governments using the channels of both the
Convention on Biological Diversity and the United
Nations Framework Convention on Climate Change,
and to the wider scientific community. At its third
meeting, the expert group considered and took into
account the comments of the reviewers to finalise its
report.

Referring to the description of biodiversity in the
Convention on Biological Diversity, chapter 2 intro-
duces the concepts needed to understand the inter-
linkages between biodiversity and climate change,
with a particular emphasis on ecosystem functioning.
Building on the work of IPCC, chapter 3 summarises
observed and projected changes in climate and their
observed and projected impacts on biodiversity.
Chapter 4 begins by presenting the key provisions of
the UNFCCC and its Kyoto Protocol as well as the
ecosystem approach which provides the CBD frame-
work for the subsequent analysis. The chapter there-
after discusses climate change mitigation options,
focusing on the Land Use, Land Use Change and
Forestry (LULUCF) activities because of their particu-
lar relevance to biodiversity. The last section of the
chapter considers adaptation options to reduce the
impact of climate change on biodiversity. Chapter 5
introduces planning and analytical tools that can sup-
port decision-making as well as monitoring and eval-
uation of actions including methodologies that can be
used for ex-ante impact assessments at various levels.
Criteria and indicators to be used for monitoring and
evaluation processes and decision analytical frame-
works and tools are presented, as well as value and val-
uation techniques. Chapter 6 assesses how some of
the methodologies and tools have been applied in
selected case studies. The report provides information
on biodiversity considerations in the ongoing discus-
sions on afforestation and reforestation activities in
the context of the UNFCCC and its Kyoto Protocol.
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BIODIVERSITY AND LINKAGES TO CLIMATE CHANGE

Main authors: Braulio Dias, Sandra Diaz,
Matthew McGlone

Contributing authors: Andy Hector,

David A. Wardle, Greg Ruark, Habiba Gitay,
Heikki Toivonen, Ian Thompson,

Kalemani J. Mulongoy, Manuel R. Guariguata,
Peter Straka, Vaclav Burianek

INTRODUCTION

The purpose of this chapter is to provide a con-
ceptual and empirical base on the links between
biological diversity (from now on referred to as
biodiversity) and climate change. More specifical-
ly, the chapter addresses the following questions:

(a) How is biodiversity defined?

(b) How has biodiversity been affected by

changes in past climate and what are the

implications for both current and projected

climate change, and climate variability?

(c) What are the main contemporary

human impacts on biodiversity?

(d) How could biodiversity affect ecosystem

functioning and what are the implications

for climate-related management actions?

This chapter also summarises the complexi-
ty of biodiversity at all scales and how this affects
our ability to forecast changes that may occur in
any components of biodiversity. Biodiversity is
not only affected by climate and climate change,
but also many of the past and present human
activities. These interacting pressures will be
addressed in the chapter and put into the context
of changes in biodiversity over longer (i.e., geo-
logical) time frames.

2.1 BIODIVERSITY: DEFINITIONS AND
IMPORTANCE

The Convention on Biological Diversity
defines biological diversity as the variability
among living organisms from all sources
including, inter alia, terrestrial, marine and
other aquatic ecosystems and the ecological
complexes of which they are part; this includes

diversity within species, between species and of
ecosystems. This report adopts this definition,
but refers to particular aspects of biodiversity as
appropriate.
plants, animals and microorganisms, can be
measured and expressed in different units such
as genes, individuals, populations, species,
ecosystems, communities and landscapes (Boyle
and Boontawee 1995, Garay and Dias 2001,
Gaston 1996, UNEP 1995). Functional diversity,
which describes the ecological functions of
species or groups of species in an ecosystem
(e.g., relative abundance of shrub, tree, and grass
species; annual species vs. perennial species),
provides an additional way of measuring biodi-
versity. Differing levels of functional diversity

Biodiversity, which includes all

may impact ecosystem functioning; using func-
tional diversity as biodiversity descriptor pro-
vides an alternative way of understanding the
effects of disturbances, including climate
change, on the provision of ecosystem goods and
services (Chapin et al. 1996, Hawksworth 1991,
Mooney et al. 1996, Schulze and Mooney 1993,
UNEP 1995; but see Schwartz et al. 2000).

Many factors determine the biodiversity
present in a given area at a given time. The deter-
minants of biodiversity include: a) the mean cli-
mate and its variability; b) the availability of
resources and overall productivity of the site (meas-
ured in terms of the primary productivity and soil
characteristics), including availability of adequate
substrate, energy, water and nutrients; ¢) the distur-
bance regime and occurrence of perturbations of
cosmic, tectonic, climatic, biological or anthro-
pogenic origin; d) the original stock of biodiversity
and dispersal opportunities or barriers; e) the level
of spatial heterogeneity; f) the intensity and inter-
dependency of biotic interactions such as competi-
tion, predation, mutualism and symbiosis and; g)
the intensity and kind of sexual reproduction and
genetic recombination (Huston 1994, Kunin and
Gaston 1997, Ricklefs and Schluter 1993,
Rosenzweig 1995, UNEP 1995).  Biodiversity is
therefore not a static concept, as the dynamics of
evolutionary and ecological processes induces a
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background rate of change. Human induced cli-
mate change caused by increased greenhouse gases
emissions is a new perturbation, introduced in the
last century, that will impact biodiversity either
directly or in synergy with the above determinants.
Ecosystems provide many goods and services
essential for human survival and well being.
Ecosystem services can be classified along function-
al lines, using categories of supporting, regulating,
provisioning, and cultural services, as adopted by
the Millennium Ecosystem Assessment (Box 2.1).

Box 2.1. Ecosystem services

The most crucial ecosystem services provided
through biodiversity are:

Supporting Services (services that maintain the condi-
tions for life on earth):

Soil formation and retention; nutrient cycling; pri-
mary production; pollination and seed dispersal;
production of oxygen; provision of habitat;

Regulating Services (benefits obtained from regula-
tion of ecosystem processes):

Air quality maintenance; climate regulation; water
regulation; flood control; erosion control; water
purification; waste treatment; detoxification; human
disease control; biological control of agriculture and
livestock pest and disease; storm protection;

Provisioning Services (products obtained from ecosys-
tems):

Food; wood fuel; fiber; biochemicals; natural medi-
cines; pharmaceuticals; genetic resources; ornamen-
tal resources; fresh water; minerals, sand and other
non-living resources;

Cultural Services (non-material benefits obtained
from ecosystems):

Cultural diversity and identity; spiritual and religious
values; knowledge systems; educational values; inspi-
ration; aesthetic values; social relations; sense of
place; cultural heritage; recreation and ecotourism;
communal; symbolic.

Source: Millenium Ecosystem Assessment 2003 Report
"People and Ecosystems: A Framework for Assessment"

The provision of goods and services by
ecosystems is underpinned by various aspects
of biodiversity, although the relationship is a
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complex one. "Biodiversity" is a composite, mul-
tidimensional term and there is no simple rela-
tionship between biodiversity and ecosystem
services. Ecosystem functioning may be sensitive
to biodiversity at some levels and scales while
being insensitive at other levels and scales. The
relationship between species diversity per se and
particular aspects of ecosystem productivity is
debated. Most experiments show a positive rela-
tionship, but the interpretation of these experi-
ments and their applicability to natural ecosys-
tems is questioned (Loreau et al. 2001). Besides
species diversity, genetic diversity within popula-
tions is important to allow continued adaptation
to changing conditions through evolution, and
ultimately, for the continued provision of
ecosystem goods and services. Likewise, diversi-
ty among and between habitats, and at the land-
scape level, is also important in multiple ways for
allowing adaptive processes to occur.

Goods and services provided by biodiver-
sity have significant economic value, even if
some of these goods and most of the services
are not traded by the market. The value of bio-
diversity-dependent goods and services is diffi-
cult to quantify and may depend on the interests
of stakeholder groups. Ecosystem services may
be worth trillions of dollars annually (Costanza
et al.1997), but most of these services are not
traded in markets and carry no price tags to alert
society to changes in their supply, or even their
loss. The sustained of biodiversity-derived
goods is a service provided to society at low cost
by non-intensively managed ecosystems. An
estimated 40 percent of the global economy is
directly based on biological products and
processes, and the goods provided by biodiversi-
ty represent an important part of many national
economies. Ecosystems also provide essential
services for many local and indigenous commu-
nities. For example, some 20 000 species are used
in traditional medicine, which forms the basis of
primary health care for about 80 per cent of the
3 billion people living in developing countries.
Recent valuations by Balmford et al. (2002) have



Interlinkages between biological diversity and climate change

demonstrated the value of ecosystem services.
Many ecosystem services are largely unrecog-
nized in their global importance or in the pivotal
role that they play in meeting needs in particular
regions. For example, biodiversity contributes to
the absorption by terrestrial and ocean ecosys-
tems of nearly 60 percent of the carbon that is
now emitted to the atmosphere from human
activities, thereby slowing the rate of global cli-
mate change.

2.2 PAST AND CURRENT IMPACTS
ON BIODIVERSITY

This section reviews how biodiversity has been
affected by changes in past global climate.
Observed and projected impacts of current and
future climate change effects on biodiversity are
discussed in Chapter 3. Nevertheless, by examin-
ing past trends here, the reader may be assisted in
understanding likely future effects global climate
change on biodiversity. It is important to note that
past climate-driven changes in biodiversity were
virtually uninfluenced by human activities. The
Pleistocene record (last 1.8 million years) is most
relevant to put into perspective future concerns for
two main reasons: (1) the species that flourished
during the Pleistocene are either identical or close-
ly related to those of the present; and (2) there is a
wealth of independent climate variation data for
this period.

2.2.1 Past environmental impacts

While most discussion in this section refer to
temperature changes as an indicator of past cli-
mate events, precipitation, changes in sea level,
and extreme climate events also influenced the
Pleistocene period. The Pleistocene was charac-
terized by long (usually 100 000 year long) glacial
periods with cool fluctuating climates interrupted
by relatively brief (10 000 to 20 000 years) inter-
glacial periods during which climates approximat-
ed those of the present (Lowe and Walker 1997).
These glacial-interglacial cycles are understood to

be ultimately caused by cyclical changes in the sea-
sonal distribution of solar radiation (due to
changes in the Earth’s orbit), amplified by snow,
ice, vegetation and naturally produced greenhouse
gas feedbacks. Climate variation has not been uni-
form across the globe: high latitudes and the cen-
ters of continents tended to have the largest
changes. The coolest glacial intervals had lowered
global temperatures by around 5°C, while inter-
glacials at their peak were as much as 3°C warmer
than now (Kukla et al. 2002). Major alterations of
precipitation occurred with most (but not all)
areas being drier during glacials. Transitions
between the coolest glacial intervals and inter-
glacials tended to be rapid (Stocker 2000).

Global past climate change resulted in
marked reorganizations of biological communi-
ties, landscapes, and biomes, and major shifts in
species geographical ranges. During Pleistocene
glacials, biomes, such as tundra, desert, steppe,
grasslands, open boreal forest-parkland and
savannas, expanded while closed temperate and
moist tropical forest retreated towards the equator
and became fragmented (Kohfeld and Harrison
2000). Many moist tropical forests in southeast
Asia and the Amazon basin persisted intact
through glacial-interglacial transitions, although
dry, seasonal savannas were greatly expanded
(Flenley 1979, Colinvaux et al. 2000). The negative
effects on vegetation of low levels (ca. 180 ppmy;
parts per million) of atmospheric CO: on vegeta-
tion cover may have promoted these widespread
biome changes (Levis et al. 1999). Rapid global
expansion of woody vegetation and closed forest
occurred during the glacial-interglacial transi-
tions, and during interglacial peaks moist forest
types reached their maximum abundance.
Expansion and contraction of the northern ice
sheets, and alternations of cooler and more arid
glacial climates with warmer, wetter interglacials
forced major changes in species geographic distri-
butions, especially at high northern latitudes. Also
the sea level and sea surface temperature have fluc-
tuated greatly according to the glacial-interglacial
cycles and caused rearrangements in the marine
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biota. However, over most of the globe, especially
in the tropics and subtropics, southern latitudes
and mountainous and desert regions, habitat
reduction was the most common response
(Colinvaux et al. 2000, Markgraf et al. 1995,
Thompson et al. 1993).

After examination of past biological changes
due to climate change, it is clear that present
plant and animal communities do not resemble
ancient ones. Repeated assembling and disaggre-
gation of plant and animal communities and bio-
mes has occurred in the past at all spatial and tem-
poral scales (Andriessen et al. 1993, Marchant et al.
2002). Past biotic records indicate many alter-
ations in community structure, even during peri-
ods of relatively stable climates. Non-analogue
communities (past communities in which the
dominant species do not presently occur together,
or whose relative abundance is inconsistent with
any known for present day communities) have
formed frequently, most often during glacial peri-
ods, as species responded individualistically to
environmental change. For example, during the
late Pleistocene in North America, many mam-
mals with currently non-overlapping ranges were
in close proximity, while present day ranges show
little resemblance to past ones (FAUNMAP
Working Group 1996). An extensive northeastern
United States pollen data network has demon-
strated widespread, non-analogue plant commu-
nities, especially during the late Pleistocene (Webb
etal. 1993). Similar changes have been document-
ed in many tropical regions (Colinvaux et al.
2000).

Repeated movements of species due to cli-
matic fluctuations have affected their genetic
structures. Genetic studies have demonstrated
how diverse the distributional pathways and ori-
gins of the genomes of current taxa are (Petit et al.
2002). In some cases these genetic studies have
confirmed the inference--based on fossil records--
that populations of some species have survived
multiple glaciations in refugia which are thus cen-
tres of genetic diversity, while repeated expansion
and contraction of populations in response to cli-
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mate outside of these refugia have led to stochastic
change of genetic diversity (Hewitt 1999). Glacial
refugia and repeated expansions and contractions
both north-south and east-west in relation to cli-
mate change have created complexly structured
patterns of genetic diversity across the entire con-
tinent of Europe (Hewitt 1999).

During periods of rapid climate warming
during the Pleistocene, many tree and shrub
species excluded by ice or cold, and/or dry cli-
mates, migrated to more favourable site. Physical
barriers seemed to have only a limited effect, in
some regions, on migration (Davis 1989, Huntley
and Birks, 1983, Webb et al. 1993, Pitelka et al.
1997). Whether tree species will presently be able
to migrate the way the did in the past through
presently fragmented landscapes is debatable (par-
ticularly when the species has a low abundance of
individuals).

Species extinctions have occurred especially at
the start of major climatic change episodes.
Extinctions may be more likely to occur during
periods of rapidly changing climates and vegeta-
tion cover (Webb and Barnosky 1989, Alroy 2001).
Long-lived alterations in climate, either to a
warmer or cooler state, have invariably resulted in
adjustments in species numbers and types
(Crowley and North 1988). The last great global
readjustment of species numbers occurred during
the initiation of the Pleistocene cooling; e.g., a
major pulse of extinctions of marine organisms
occurred in many ocean basins 1-2 million years
ago (Jackson and Johnson 2000), and both north-
ern and southern temperate floras suffered diver-
sity loss (Lee et al. 2001, Huntley 1993, van der
Hammen and Hooghiemstra 2000). Plant
extinctions during the Pleistocene appear to
have been low. To take trees as an example, only
one species is documented to have gone extinct
during the last glacial-interglacial transition in
North America (Jackson and Weng 1999) despite
massive readjustments of forest ecosystems over
that period.

Widespread extinctions of large verte-
brates over the last 50 000 years have often
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occurred during periods of major climate and
habitat alteration, but human hunting or
introduced predators have also always been a
factor. Widespread extinctions of large verte-
brates have occurred throughout the globe dur-
ing the last 50 000 years. In some areas, in par-
ticular on islands, humans and human-intro-
duced predators have clearly been responsible
(Steadman 1995, Millien-Parra and Jaeger 1999).
In continental regions disruption of habitat
through rapid changes at the end of the last gla-
cial period have been often invoked as the pri-
mary agent, but even here, recent evidence at the
very least implicates human hunting as a con-
tributory agent (Cardillo and Lister 2002).

Implications for the present

The present global biota is adapted to changes
in climate within the Pleistocene ranges of
atmospheric concentrations of CO: tempera-
ture, and precipitation. Changes in climate per
se are not necessarily damaging to biodiversity as
most biotic communities have never been stable
for any length of time in the past. Species have
constantly adjusted their distributions and
abundance in response to a number of factors,
including atmospheric concentrations of CO:,
temperature, and precipitation. The present
global biota therefore appears well adapted to
fluctuating Pleistocene levels of atmospheric
CO:, temperature, and precipitation, and has
coped in the past through species plasticity,
range movements or ability to survive in small
patches of favourable habitat (refugia). In the
absence of other human disturbances (such as
land use and land cover change, habitat frag-
mentation), even rapid warming over the next
century, within the Pleistocene range, would be
unlikely to cause major species extinctions.
Projected rate and magnitude of changes
in climate during the 21st century are unprece-
dented compared to those in the last 1.8 mil-
lion years and the ability of species to adjust
given present human-dominated landscapes is

questionable. While shifts in the average tem-
peratures, for a given locality, in the range of 1-
3°C above those of the pre-industrial present
have been experienced from time to time during
Pleistocene inter-glacials, increases beyond that
range will create climates not encountered for
millions of years. During the Pleistocene, atmos-
pheric CO: levels have not reached those of the
present day, let alone those of the near future.
The rate of warming induced by greenhouse gas
emission seems historically unprecedented
(chapter 3), and there must be questions as to
the ability of species to adjust to existing human-
dominated landscapes, as many species exist in
fragmented, weed and pest infested localities,
confined to small areas within their previous
ranges, reduced to small populations with
reduced genetic diversity, and therefore con-
strained to any adjustment to climate change
through migration. There is therefore no reli-
able model in the recent past of what to expect
with sustained greenhouse driven global climate
change. Warming beyond the Pleistocene tem-
perature range can be expected to lead to large
biotic turnover and extinctions, besides the
expected substitution of present biotic commu-
nities by non-analogue communities. Species at
the northern or southern limit of their distribu-
tion might be affected differently by climate
change, and some could become extinct while
others could become pests.

2.2.2 Current human impacts

The Earth is subjected to many human-induced
and natural pressures that have significantly
altered, degraded, displaced and fragmented ter-
restrial ecosystems, often leaving biologically
impoverished landscapes. The pressures include
those from increased demand for resources;
selective exploitation or destruction of species;
land-use and land-cover change; the accelerated
rate of anthropogenic nitrogen deposition; soil,
water, and air pollution; introduction of non-
native species; diversion of water to intensively
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managed ecosystems and urban systems; frag-
mentation; and urbanization and industrializa-
tion (see Box 2.2). Among the most serious of
land transformations is that of primary forest
into degraded forest and outright deforested
lands, because forests maintain the majority of
terrestrial species. Where partial forest cover
remains, fragmentation effects result in the loss
of many species that would be associated with
more continuous habitat (Bierregaard et al.
1992, Andren 1994). In drylands, more than
50% of the land has been converted to cropland
in the past 90 years (Houghton 1994). As a
result, a high proportion of grassland species are
endangered and many are extinct. Worldwide,
about 70% of the agriculturally-used drylands
have been degraded, including through desertifi-
cation (UNEP 1995) and some 40 percent of
agricultural land has been strongly or very
strongly degraded in the past 50 years by ero-
sion, salinization, compaction, nutrient deple-
tion, biological degradation, or chemical pollu-
tion. Even more significantly, we are increasing-
ly undermining the productive capability of
ecosystems to provide the services that we desire.
Climate change constitutes an additional pres-
sure on ecosystems and the goods and services
they provide (IPCC 2002, UNEP 1995, Vitousek
et al. 1997, Sala et al. 2000).

Current rates of species extinction, related
to human activities, far exceed normal back-
ground rates and would tend to increase as cli-
mate change may add further stress on endan-
gered species. The main causes of species
extinctions as a result of human activities are
introduction and competition from invasive
exotic species, habitat destruction and conver-
sion, over-exploitation, agricultural and urban
expansion, over-grazing, and burning. Current
rates of species extinction, related to human
activities, far exceed normal background rates
(Pimm et al. 1995, Lawton and May 1995).
Current estimates suggest that 400-500 verte-
brates, about 400 invertebrates, and approxi-
mately 650 plants have become extinct in the
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past 400 years (UNEP 1995). Currently, 12% of
birds, 24% of mammals, 30% of fish, and 8% of
plants are already threatened with extinction
(UNEP 1995, SCBD 2001). Generally, rates of
species extinction have been greatest on islands
and lakes, largely owing to their biological
uniqueness and endemic character. Although
species have a certain level of resistance to
change, and may continue to persist in isolated
populations, many species have a high probabil-
ity of eventually becoming extinct.

Box 2.2. Main drivers of biodiversity change
Major indirect drivers (underlying causes):

Demographic (such as population size, age and
gender structure, and spatial distribution);
Economic (such as national and per capita
income, macroeconomic policies, international
trade, and capital flows);

Socio-political (such as democratisation, the role
of women, of civil society, and of the private sec-
tor, and international dispute mechanisms);
Scientific and technological (such as rates of
investments in research and development and the
rates of adoption of new technologies, including
information technologies); and

Cultural and religious (non-utilitarian values).

Major direct drivers (proximate causes or pres-
sures):

Changes in local land use and land cover;

Species introductions or removals;

Technology adaptation and use;

External inputs (e.g., fertilizer use, pest control,
irrigation);

Harvesting;

Natural physical and biological drivers

(e.g., volcanoes, landslides, floods, hurricanes);
Air and water pollution; and

Climate and climate change.

Source: Millenium Ecosystem Assessment 2003 Report
"People and Ecosystems: A Framework for Assessment”

Human impacts have significantly altered,
degraded, and displaced aquatic ecosystems
leaving a mosaic of biologically impoverished
waterbodies. There is no major commercial
fishery in the world that has been managed sus-
tainably and most world fisheries are now
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declining due to overfishing (FAO 1994, UNEP
1995). Other than through direct exploitation,
humans have affected ocean and freshwater sys-
tems through agricultural runoff and sedimen-
tation that has resulted in major impacts on
coastal and shoreline ecosystems. Other impacts
include pollution from waste disposal including
radioactive residues, global climate change, and
habitat (sea-floor) alteration. Pollution, warmer
temperatures and human impacts seem to be
causing extensive loss of coral reef ecosystems
that in turn eliminates habitat for numerous
other aquatic organisms (UNEP 1995, SCBD
2001). Damage to many freshwater systems has
occurred as a result of pollution, acidification,
invasion by exotic species, over-exploitation, and
altered water flows from damming.
Groundwater systems are also affected through
the accumulation of nitrogen from fertilizers
and unsustainable use, especially in arid areas.
Humans now withdraw about 20 percent of the
world’s rivers’ base flow and during the past cen-
tury the rate of increase in withdrawals was more
than twice the rate of population growth.

Human activities have affected the concen-
tration of greenhouse gases in the atmosphere.
During the period 1750 to 2000, the atmospher-

ic concentration of CO: increased by 31+4%,
primarily due to the combustion of fossil fuels,
land use, and land-use change, most of it since
1900. Fossil-fuel burning released on average 5.4
Gt C yr-1 during the 1980s, increasing to 6.3 Gt
Cyr-1 during the 1990s. About three-quarters of
the increase in atmospheric CO: during the
1990s were caused by fossil-fuel burning, with
land-use change, including deforestation,
responsible for the rest (Table 2.1). The atmos-
pheric concentration of CH: increased by
151+25% from 1750 to 2000, primarily due to
emissions from fossil-fuel use, livestock, rice
agriculture, and landfills. Increases in the con-
centrations of tropospheric ozone, the third
most important greenhouse gas, are directly
attributable to fossil-fuel combustion as well as
other industrial and agricultural emissions. CO:
enrichment in the atmosphere has been shown
to exert significant direct effects on biodiversity
(the so called CO: fertilization effect), impacting
growth rate, foliage quality and species abun-
dance (Malhi and Grace 2000, Kérner 2000,
Niklaus et al. 2001, Shaw et al. 2002).

Human activities have also affected hydro-
logical and biogeochemical cycles.
impoundments, deforestation, and excessive

Dams,

Changes in the atmospheric concentrations of greenhouse gases due to

human activities (From IPCC 2001 — Synthesis Report and IPCC 2002)

Concentration indicators

Atmospheric concentration of CO: | 280 ppm (parts per million) for the period 1000-1750 to 368 ppm in year
2000 (31+4% increase).

Concentration indicators

Terrestrial biospheric CO: exchange | Cumulative source of about 30 Gt C between the years 1800 and 2000; but
during the 1990s, a net sink of about 14+7 Gt C.

Atmospheric concentration of CH: | 700 ppb (parts per billion) for the period 1000-1750 to 1,750 ppb in year
2000 (151£25% increase).

Atmospheric concentration of N:O [ 270 ppb for the period 10001750 to 316 ppb in year 2000 (17+5% increase).

Tropospheric concentration of Os

Increased by 35+15% from the years 1750 to 2000, varies with region.

Stratospheric concentration of Os

Decreased over the years 1970 to 2000, varies with altitude and latitude.

Atmospheric concentrations of
HEFCs, PFCs, and SFs

Increased globally over the last 50 years.
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water use have altered the hydrological cycle.
The nitrogen cycle has also been altered by
increasing human fixing of N, up by a factor of 8
since 1950 and expected to rise by an additional
40% before 2030 (Galloway et al. 1994). All of
these changes are having an effect on global,
regional, and local climates, on the air quality,
and on rainwater quality and quantity (UNEP
1995, Vitousek et al. 1997). Acidic precipitation
continues to affect ecosystems especially in
Europe, China, and eastern North America.

Climate change is likely to interact with
land use change and other human impacts as a
major factor impacting biodiversity. The
major historical change in land use has been the
global increase in lands dedicated to agriculture
and grazing lands (Houghton 1994, WWEF 2002).
The majority of land use change in the past has
been located in Europe, Asia and North America,
where native forests have been deforested in a
large scale. In the past few decades a high rate of
deforestation and conversion of lands to either
agriculture and/or degraded lands with low pro-
ductivity has occurred in the tropics (Houghton
1994). Sala et al. (2000) developed scenarios of
biodiversity change for the year 2100 based on
changing scenarios of atmospheric carbon diox-
ide, climate, vegetation, land use, and the known
sensitivity of biodiversity to these changes. They
proposed that for terrestrial ecosystems, land-
use change followed by climate change would
probably have the largest effect on biodiversity
while for freshwater ecosystems, biotic exchange
(i.e., both unintentional and intentional intro-
duction of organisms) will have the largest
effect. The authors stressed that the level of
change in biodiversity will depend on interac-
tions among the different drivers of biodiversity
change and that in turn, discerning these inter-
actions represent one of the largest uncertainties
for projecting the future of biodiversity (see also
chapter 3).
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2.3 BIODIVERSITY EFFECTS ON
ECOSYSTEM FUNCTIONING:
LINKS TO CLIMATE CHANGE

For a given ecosystem, high-diverse and/or
functionally diverse ecosystems may be better
able to adapt to climate change and climate
variability than functionally impoverished
ecosystems. As biodiversity is degraded or lost,
communities and human society itself become
more vulnerable because options for change may
be diminished. Biodiversity is responsive to a
range of external factors, but of interest here is
that levels of biodiversity influence ecosystem
functioning (Chapin et al. 2000, Purvis and
Hector 2000). Experimental studies have indi-
cated that intact, non-intensively managed
ecosystems, as well as high-diversity agricultural
and forestry systems, may cope better with long-
term climatic variability than biologically
impoverished and man-made low-diversity
ecosystems. It must be stressed, however, that
the nature and magnitude of the effect of biodi-
versity on many ecosystem processes is still
poorly known. Although there is consensus that
at least some minimum number of species is
essential for ecosystem functioning and that a
larger number of species is likewise essential for
maintaining the stability of ecosystem processes
in changing environments (Loreau et al. 2001),
there is also growing evidence that the effects of
biodiversity on ecosystem processes are heavily
dependent on given levels of functional diversity
rather than to total number of species (Chapin et
al. 2000). This is because both the number and
type of functional types present in a community
largely affects ecosystem processes (reviewed in
Diaz and Cabido 2001). In addition, the larger
the number of functionally similar species with-
in the ecosystem (e.g., several species of trees),
the greater the probability that at least some of
these species will survive changes in the environ-
ment and maintain its vital properties (Chapin
etal. 1996). Nevertheless, ecosystem functioning
may sometimes be determined by a few domi-
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nant species. So-called keystone species are
examples of species whose ecosystem role is dis-
proportionately high in relation to their relative
biomass. Examples are some "ecosystem engi-
neer" species (Jones et al. 1994), and plant
species that form mutualisms with nitrogen fix-
ing bacteria (Vitousek and Walker 1989).

Two essential elements of ecosystem func-
tioning: resistance and resilience, are strongly
influenced by key attributes of its dominant
species. However, both elements cannot be con-
currently maximized (Lep§ et al. 1982).
Resistance is the ability of a system to avoid
change, or its capacity to stay in the same state in
the face of perturbation. Resilience is the rate at
which a system returns to its former state after
being displaced by perturbation (Lep$ et al.
1982). The ability of ecosystems to persist
depends on their resilience, resistance to change,
their capacity to ‘migrate’ due to changing envi-
ronmental conditions (see chapter 3), and on the
severity of the environmental variation (Pimm
1991). Functional diversity may also play a role;
e.g., the dominance of short lived, fast growing
plants (e.g., annual grasses) leads to high
resilience and low resistance, whereas the domi-
nance of long lived (e.g., trees) slow growing,
stress-tolerant plants favors resistance. This can
have important consequences for long-term car-
bon storage in ecosystems. Thus species attrib-
utes and types of species (e.g., trees, shrubs,
grasses) may have important implications in cli-
mate change mitigation projects as it may deter-
mine the longevity, rate and direction of desired
ecosystem processes (e.g., rate of atmospheric
carbon uptake).

The degree of genetic variability within
species can be important for maintaining
ecosystem performance and for allowing con-
tinued adaptation to changing conditions.
Therefore, the possibility exists that the loss of
within-species genetic variation could also lead
to instability in the face of a changing environ-
ment (Joshi et al. 2001). Grime et al. (2000)
reported that in herbaceous communities, those

composed of genetically uniform populations
appear to lose more species over time, than those
with more genetically heterogeneous popula-
tions. Evidence of this also comes from the field
of agriculture, in particular subsistence agricul-
ture practiced by traditional peoples. Genetic
erosion often occurs during the process of selec-
tion to produce high-yielding crop varieties
(Pretty 1995, Altieri 1995, Shiva 2000). Crops
with high genetic diversity tend to be more
resistant to pests (Zhu et al. 2000).

Mixed cropping systems can produce
higher combined yields than those based on
monocultures, especially if there are strong
functional and morphological differences
between crop species (Trenbath 1974,
Vandermeer 1989). The ground cover of mix-
tures can be higher than that of monocultures,
reducing water runoff (Pretty 1995). However, it
is debatable whether a mixture necessarily
results in better yields than the monoculture
alternatives, except for legume + non-legume
mixtures (Vandermeer 1989), and many produc-
tion systems based on monoculture appear to be
stable. Tropical rice systems for example, appear
to be stable even though they are often genetical-
ly uniform monocultures. Stability may be due
to high levels of diversity in crop-associated bio-
diversity including arthropods that provide
homeostasis in terms of pest-predator dynamics
(Settle et al. 1996). Pretty (1995) highlights that
in traditional peasant societies (where most
study cases come from), intercropping is prac-
ticed not as a way to maximize yield, but rather
to spread risk in coping with a spatially and tem-
porally variable environment. Ad-hoc experi-
ments on the role of plant biodiversity in the
functioning of forest ecosystems are much more
rare, due to obvious operational difficulties.
However, there are some experiments with low-
diversity mixtures and reviews based on forest
inventory data (Cannell et al. 1992) suggesting
that multiple tree species mixtures can be more
productive than monoculture stands, although
this pattern is far from universal (Cannell et al.
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1992, Wormald 1992, Caspersen and Pacala
2001). There is little consistent evidence of ben-
efits of tree intercropping for belowground
processes (Rothe and Binkley 2001).

2.4 RESEARCH NEEDS
AND INFORMATION GAPS

Our knowledge is still insufficient to give
detailed scientific advice on many aspects of
interlinkages between biodiversity, human-
induced climate change, and ecosystem func-
tion. Future research may want to assess:
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INTRODUCTION

The Convention on Biological Diversity (CBD)
has organized its work under the following the-
matic programs: agricultural biodiversity, dry
and sub-humid lands biodiversity, forest biodi-
versity, inland waters biodiversity, mountain
biodiversity, and marine and coastal biodiversity.
This chapter summarizes the observed and pro-
jected changes in the climate system and the
impacts of these changes on the above ecosystem
types, and the potential impacts of large-scale
changes in biodiversity on regional and global
climates.

The majority of the material for this chapter
is drawn from Intergovernmental Panel on
Climate Change (IPCC)' reports; in particular,
the Technical Paper V on climate change and
biodiversity that summarized the material in
IPCC reports of relevance to this chapter.
Appendix A of the IPCC Technical Paper V pro-
vided a set of additional literature of some rele-
vance to this chapter; in addition, a thorough lit-
erature search was conducted from 1999 to late
2002. Thus, there have been a number of publi-
cations of relevance to this chapter published
post-IPCC Third Assessment Report and these
have been assessed and are cited. Overall, the
additional publications have supported the
IPCC findings, often with specific examples of a
particular taxa, ecosystem or region.

IPCC in its Working Group II (impacts,
adaptation and vulnerability — IPCC 2001, IPCC
2002- section 1) provides definitions of concepts
of importance to this chapter. The major con-

cepts are impacts, adaptation, and vulnerability

and their accepted definitions are as follows:

(a) The magnitude of the impact is a function
of the extent of change in a climatic param-
eter (e.g., a mean climate characteristic, cli-
mate variability and/or the frequency and
magnitude of extremes) and the sensitivity
of the system to that climate-related stimuli.
The impacts of the projected changes in cli-
mate include direct changes in many aspects
of biodiversity and disturbance regimes
(e.g., changes in the frequency and intensity
of fires, pests, and diseases).

(b) Adaptation measures could reduce some of
the impacts. Human and natural systems
will to some degree adapt autonomously to
climate change. Planned adaptation (see
section 4.11) can supplement autonomous
adaptation, though options and incentives
are greater for adaptation of human systems
than for adaptation for natural systems.
Natural and human systems are considered
to be vulnerable if they are exposed and/or
sensitive to climate change and/or adapta-
tion options are limited.

(a) Vulnerability is the degree to which a system
is susceptible to, or unable to cope with,
adverse effects of climate change, including
climate  variability = and
Vulnerability is a function of the character,
magnitude, and rate of climate variation to

extremes.

which a system is exposed, its sensitivity,

and its adaptive capacity.

(b) Adaptive capacity is the ability of a system
to adjust to climate change (including cli-
mate variability and extremes), to moderate
potential damages, to take advantage of
opportunities, or to cope with the conse-
quences.

Chapter 2 has discussed the links between
climatic factors and biodiversity. In this chapter,
drawing on findings of the IPCC, the observed
and the projected changes in the climate system

16 IPCC publications are based on extensive assessment of literature, both peer reviewed and some grey literature, from all over the world.
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of relevance to biodiversity are summarised in
sections 3.1 and 3.2. These include changes in
the composition of the atmosphere (e.g., the
atmospheric concentrations of CO:), the Earth’s
climate (e.g., surface temperature, including
day-night and seasonal, intensity and frequency
of precipitation, snow cover, sea, river and lake
ice, glaciers, sea level, and climate variability) as
well as El Nino Southern Oscillation (ENSO)
events. ENSO events consistently affect regional
variations of precipitation and temperature over
much of the tropics, subtropics, and some mid-
latitude areas), and in some regions extreme cli-
matic events (e.g., heat waves, heavy precipita-
tion events).

As stated in chapter 2, ecosystems provide
many goods and services crucial to human well
being, including those for indigenous and local
communities. These include food, fibre, fuel,
energy, fodder, medicines, clean water, clean air,
flood/storm control, pollination, seed dispersal,
pest and disease control, soil formation and
maintenance, cultural, spiritual, aesthetic and
recreational values. Human activities create
many pressures on ecosystems such as land use
change, soil and water and air pollution. In
many cases, climate change is an added stress.
Climate and climate change can affect ecosys-
tems and biodiversity in many ways: the impacts
of observed and projected changes on terrestrial
and inland wetlands (including freshwater sys-
tems), marine and coastal systems and the goods
and services they provide is summarized in sec-
tions 3.3 to 3.5. Climate change is particularly
likely to impact traditional and indigenous peo-
ples and the projected impacts are summarised
in section 3.6. Some ecosystems are sensitive to
climatic factors and have limited adaptation
options thus making them vulnerable to climate
change; these are summarised in section 3.7.
Some changes in terrestrial and marine biodiver-
sity could affect the regional and global climate
and these interactions are summarised in section
3.8. The chapter ends with summarising the
information gaps and research needs that have to

be considered to increase the understanding of
the impacts of climate change on ecosystems and
to reduce some uncertainties in projecting the
impacts.

3.1 OBSERVED CHANGES
IN THE CLIMATE

Changes in climate occur as a result of internal
variability of the climate system and external
factors (both natural and as a result of human
activities). Emissions of greenhouse gases and
aerosols due to human activities change the
composition of the atmosphere. Increasing
greenhouse gases tend to warm the Earth’s cli-
mate, while increasing aerosols can either cool or
warm the Earth’s climate.

The IPCC findings of the observed changes
over the 20th century in the composition of the
atmosphere (e.g., the increasing atmospheric
concentrations of greenhouse gases such as CO:
and methane (CHs), the Earth’s climate (e.g.,
temperature, precipitation, sea level, sea ice, and
in some regions extreme climatic events includ-
ing heat waves, heavy precipitation events and
droughts) are summarized in this section (IPCC
2001, [questions 2, 4, 5] and the IPCC Working
Group 1, SPM).

a) Concentrations of atmospheric green-
house gases have generally increased.
During the period 1750 to 2000, the atmos-
pheric concentration of CO2 increased by
31£4%, primarily due to the combustion of
fossil fuels, land use, and land-use change
(see also chapter 4 on carbon cycle explana-
tion). The atmospheric concentration of
CH. increased by 151+25% from the years
1750 to 2000, primarily due to emissions
from fossil-fuel use, livestock, rice agricul-
ture, and landfills. Stratospheric aerosols
from large volcanic eruptions have led to
important, but brief-lived, negative forcings,
particularly the periods about 1880 to 1920
and 1963 to 1994.

b) Over the 20th century there has been a con-
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<)

d)

sistent, large-scale warming of both the
land and ocean surface. Most of the
observed warming over the last 50 years has
been due to the increase in greenhouse gas
concentrations. The global mean surface
temperature has increased by 0.6°C (range
of 0.4-0.8°C) over the last 100 years. The
warming has been greatest in the mid-high
latitudes. Since the year 1950, the increase
in sea surface temperature is about half that
of the increase in mean land surface air tem-
perature and night-time daily minimum
temperatures over land have increased on
average by about 0.2°C per decade, about
twice the corresponding rate of increase in
daytime maximum air temperatures.
Precipitation has very likely'” increased
during the 20th century by 5 to 10% over
most mid- and high latitudes of the
Northern Hemisphere continents, but in
contrast precipitation has likely decreased
by 3% on average over much of the sub-
tropical land areas. There has likely been a 2
to 4% increase in the frequency of heavy
precipitation (50 mm in 24 hours) events in
the mid- and high latitudes of the Northern
Hemisphere over the latter half of the 20th
century. There were relatively small increas-
es over the 20th century in land areas expe-
riencing severe drought or severe wetness: in
many regions these changes are dominated
by inter-decadal and multi-decadal climate
variability with no significant trends evi-
dent.

Snow cover and ice extent have decreased.
It is very likely that the snow cover has
decreased by about 10% on average in the
Northern Hemisphere since the late 1960s
(mainly through springtime changes over
America and Eurasia) and the annual dura-
tion of lake- and river-ice cover in the mid-

e)

£)

g)

and high latitudes of the Northern
Hemisphere has been reduced by about 2
weeks over the 20th century. There was also
widespread retreat of mountain glaciers in
non-polar regions during the 20th century.
Northern Hemisphere spring and summer
sea-ice extent decreased by about 10 to 15%
from the 1950s to the year 2000.

The average annual rise in sea level was
between 1 and 2 mm during the 20th cen-
tury. This is based on the few, very long,
tide gauge records from the northern hemi-
sphere and after correcting for vertical land
movements. It is very likely that the 20th
century warming contributed significantly
to the observed sea level rise through ther-
mal expansion of seawater and widespread
loss of land ice.

Warm episodes of the ENSO phenomenon
have been more frequent, persistent, and
intense since the mid-1970s, compared
with the previous 100 years.

There have been observed changes in some
extreme weather and climate events. It is
likely that there have been higher maximum
temperatures, more hot days and an increase
in heat index, and very likely that there have
been higher minimum temperatures and
fewer cold days and frost days over nearly all
land areas. In addition, it is likely that there
has been an increase in summer continental
drying and associated risk of drought in a
few areas.

3.2 PROJECTED CHANGES IN
THE CLIMATE

The Working Group I contribution to the IPCC
Third Assessment Report (IPCC 2001) provided
revised global and, to some extent, regional cli-
mate change projections based on a new series

17 Based on the IPCC Working Group I lexicon use, the following words have been used where appropriate to indicate judgemental estimates of
confidence: very likely (90—99% chance) and likely (66-90% chance). When the words likely and very likely appear in italics, these definitions are
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of emission scenarios from the IPCC Special
Report on Emissions Scenarios (SRES). The
SRES scenarios consist of six scenario groups,
based on narrative storylines. They are all plau-
sible and internally consistent, and no probabili-
ties of occurrence are assigned. They encompass
four combinations of demographic, social, eco-
nomic, and broad technological development
assumptions. Each of these scenarios results in a
set of atmospheric concentrations of greenhouse
gases and aerosols from which the changes in the
climate can be projected. CO: concentrations,
globally averaged surface temperature, and sea
level are projected to increase during the 21st
century. Substantial differences are projected in
regional changes in climate and sea level as com-
pared to the global mean change. An increase in
climate variability and some extreme events is
also projected. The projected changes, extracted
from section 4 of IPCC (2002), and that have rel-
evance to biodiversity--supplemented with any
recent literature--are summarized below.

(a) The concentrations of greenhouse gases
are projected to increase in the 21 century
and sulphate aerosol are projected to
decrease. The projected concentrations of
CO:s, in the year 2100 range from 540 to 970
parts per million (ppm), compared to about
280 ppm in the pre-industrial era and about
368 ppm in the year 2000. Sulfate aerosol
concentrations are projected to fall below
present levels by 2100 in all six illustrative
SRES scenarios, whereas natural aerosols
(e.g., sea salt, dust) and emissions leading to
sulfate and carbon aerosols (e.g. dimethyl
sulphide — DMS — emitted by some species
of phytoplankton) are projected to increase
as a result of changes in climate.

(b) The projected global average increases in
temperature are about two to ten times
larger than the central value of observed
warming over the 20th century and the
projected rate of warming of 1.4 to 5.8°C
over the period 1990 to 2100 is very likely to
be without precedent during at least the last

10,000 years. The most notable areas of
warming are in the landmasses of northern
regions (e.g., North America, and northern
and central Asia), which exceed global mean
warming in each climate model by more
than 40%. In contrast, the warming is less
than the global mean change in south and
southeast Asia in summer and in southern
South America in winter.

(c) Globally averaged annual precipitation is
projected to increase during the 21st cen-
tury, with both increases and decreases in
precipitation of typically 5 to 20% project-
ed at the regional scale. Precipitation is like-
Iy to increase over high-latitude regions in
both summer and winter. Increases are also
projected over northern mid-latitudes,
tropical Africa and Antarctica in winter, and
in southern and eastern Asia in summer.
Australia, Central America, and southern
Africa show consistent decreases in winter
rainfall. Larger year-to-year variations in
precipitation are very likely to occur over
most areas where an increase in mean pre-
cipitation is projected.

(d) Models project that increasing atmospher-
ic concentrations of greenhouse gases will
result in changes in daily, seasonal, inter-
annual, and decadal variability in temper-
ature. There is projected to be a decrease in
diurnal temperature range in many areas,
with nighttime lows increasing more than
daytime highs. The majority of models
show a general decrease in daily variability
of surface air temperature in winter and
increased daily variability in summer in the
Northern Hemisphere land areas. Although
future changes in El Nifio variability differ
from model to model, current projections
show little change or a small increase in
amplitude for El Nifo events over the next
100 years. Many models show a more El
Nifio-like mean response in the tropical
Pacific, with the central and eastern equato-
rial Pacific sea surface temperatures project-
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(e)
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(g)

(h)
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ed to warm more than the western equato-
rial Pacific and with a corresponding mean
eastward shift of precipitation. Even with
little or no change in El Nifio strength,
global warming is likely to lead to greater
extremes of drying and heavy rainfall and
increase the risk of droughts and floods that
occur with El Nifo events in many different
regions. There is no clear agreement
between models concerning the changes in
frequency or structure of other naturally
occurring atmosphere-ocean circulation
patterns such as the North Atlantic
Oscillation (NAO).

The amplitude and frequency of extreme
precipitation events are very likely to increase
over many areas and the return periods for
extreme precipitation events are projected to
decrease. This would lead to more frequent
floods even in areas of decreasing overall pre-
cipitation (Christensen and Christensen
2003). A general drying of the mid-continen-
tal areas during summer is likely to lead to
increases in summer droughts and could
increase the risk of wild fires.

More hot days and heat waves and fewer
cold and frost days are very likely over nearly
all land areas.

High-resolution modelling studies suggest
that over some areas the peak wind intensi-
ty of tropical cyclones is likely to increase
over the 21st century by 5 to 10% and pre-
cipitation rates may increase by 20 to 30%,
but none of the studies suggest that the loca-
tions of the tropical cyclones will change.
There is little consistent modelling evidence
for changes in the frequency of tropical
cyclones

There is insufficient information on how
very small-scale phenomena may change.
Very small-scale phenomena such as thun-
derstorms, tornadoes, hail, hailstorms, and
lightning are not simulated in global climate
models.

(i)

()

(k)

Glaciers and ice caps are projected to con-
tinue their widespread retreat during the
21st century. The Antarctic ice sheet is like-
Iy to gain mass because of greater precipita-
tion, while the Greenland ice sheet is likely
to lose mass because the increase in runoff
will exceed the precipitation increase.
Global mean sea level is projected to rise
by 0.09 to 0.88 m between the years 1990
and 2100, with substantial regional varia-
tions. Projected rise in sea-level is due pri-
marily to thermal expansion and loss of
mass from glaciers and ice caps. The pro-
jected range of regional variation in sea-
level change is substantial compared to pro-
jected global average sea-level rise, because
the level of the sea at the shoreline is deter-
mined by many additional factors (e.g.,
atmospheric pressure, wind stress and ther-
mocline depth). Confidence in the regional
distribution of sea-level change from com-
plex models is low because there is little
similarity between model results, although
nearly all models project greater than aver-
age rise in the Arctic Ocean and less than
average rise in the Southern Ocean.

Most models project a weakening of the
ocean thermohaline circulation, which
leads to a reduction of the heat transport
into high latitudes of Europe. The current
projections do not exhibit a complete shut-
down of the thermohaline circulation by
2100. Beyond 2100, there is some evidence
to suggest that the thermohaline circulation
could completely, and possibly irreversibly,
shut down in either hemisphere if the
change in radiative forcing is large enough
and applied long enough. The impact of
this on biodiversity is unknown.
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3.3 OBSERVED CHANGES IN
TERRESTRIAL AND
MARINE ECOSYSTEMS ASSOCIATED
WITH CLIMATE CHANGE

IPCC evaluated the effect of climate change on
biological systems by assessing 2 500 published
studies. Of these, 44 studies, which included
about 500 taxa, met the following criteria: 20 or
more years of data; measuring temperature as
one of the variables; the authors of the study
finding a statistically significant change in both a
biological/physical parameter and the measured
temperature; and a statistically significant corre-
lation between the temperature and the change
in the biological/physical parameter. Some of
these studies investigated different taxa (e.g., bird
and insect) in the same paper. Thus, a total of 59
plants, 47 invertebrates, 29 amphibians and rep-
tiles, 388 birds, and 10 mammal species.
Approximately 80% showed change in the bio-
logical parameter measured (e.g., start and end of
breeding season, shifts in migration patterns,
shifts in animal and plant distributions, and
changes in body size) in the manner expected
with global warming, while 20% showed change
in the opposite direction. Most of these studies
have been carried out (due to long-term research
funding decisions) in the temperate and high-lat-
itude areas and in some high-altitude areas. The
main findings of the IPCC are that some ecosys-
tems that are particularly sensitive to changes in
regional climate (e.g., high-altitude and high-lat-
itude ecosystems) have already been affected by
changes in climate (IPCC 2002- section 5.1, Root
et al. 2003, Parmesan and Yohe 2003).
Specifically, there has been a discernible impact
of regional climate change, particularly increases
in temperature, on biological systems in the 20th
century. Specific changes highlighted in the
IPCC paper, supplemented by recent material,
include changes in terrestrial (including freshwa-
ter) species distributions, population sizes, com-
munity composition and plant productivity:
declines in frog and some bird species have been

assessed in the IPCC Third assessment Report,

but it is not clear that climate change is the causal

factor, with pressures from other human activi-
ties being implicated. The main findings of the

IPCC Third Assessment Report (IPCC 2002) are:

(a) Changes in the timing of biological events
(phenology) have been observed. These
include changes the timing of growth, flow-
ering and reproduction. Such changes have
been recorded in some insects, amphibians,
reptiles, birds, and plant species.

(b) Changes in species distribution linked to
changes in climatic factors have been
observed. These include extension of range
limit of some species polewards, especially
in the northern hemisphere. Drought asso-
ciated shifts in animal’s ranges and densities
have been observed in many parts of the
world.

(c) Many taxa (birds, insects, plants) have
shown changes in morphology, physiolo-
gy, and behavior associated with changes in
climatic variables.

(d) Changes in climatic variables has led to
increased frequency and intensity of out-
breaks of pests and diseases accompanied
by range shifts poleward or to higher alti-
tudes of the pests/disease organisms.

(e) Changes in streamflow, floods, droughts,
water temperature, and water quality have
been observed and they have affected biodi-
versity and the goods and services ecosys-
tems provide.

(f) In high-latitude ecosystems in the
Northern Hemisphere, the warmer climate
has lead to increased growing degree-days
for agriculture and forestry. However, the
amount of sunlight and perhaps the pro-
portion of direct and diffuse sunlight also
influence plant productivity. There has been
altered plant species composition, especially
forbs and lichens in the tundra, due to
thermokarst, some boreal forests in central
Alaska have been transformed into extensive
wetlands during the last few decades of the
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20th century. The area of boreal forest
burned annually in western North America
has doubled in the last 20 years, in parallel
with the warming trend in the region.

(g) There has been observed decrease in sur-
vivorship of adult penguins. Over the past
50 years, the population of emperor pen-
guins in Terre Adelie has declined by 50%
because of a decrease in adult survival dur-
ing the late 1970s when there was a pro-
longed abnormally warm period with
reduced sea-ice extent (Barbraud and
Weimersckirch 2001).

(h) Extreme climatic events, and variability
(e.g., floods, hail, freezing temperatures,
tropical cyclones, droughts), and the con-
sequences of some of these (e.g., landslides
and wildfire) have affected ecosystems in
many continents. Climatic events such as
the El Nifo event of the years 1997-1998
had major impacts on many terrestrial
ecosystems.

The coastal and marine ecosystems are sen-
sitive to changes in water temperature and
extreme climatic events. Specific findings of the
IPCC (2002 — section 5.2, IPCC 2001, SYR,
Question 2) include:

(a) Tropical and subtropical coral reefs have
been adversely affected by rising sea surface
temperatures, especially during EI-Nino
events during which the temperatures
increase beyond the normal seasonal range.
These bleaching events are often associated
with other stresses such as, sediment loading
and pollution. The repercussions of the 1998
mass bleaching and mortality events will be
far-reaching (Reaser et al. 2000).

(b) Diseases and toxicity have affected coastal
ecosystems related to increased seasonal or
annual water temperatures.

(c) Changes in marine systems, particularly
fish populations, have been linked to large-
scale climate oscillations.

(d) Large fluctuations in the abundance of
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marine birds and mammals across parts of
the Pacific and western Arctic have been
detected and may be related to changing
regimes of disturbances, climate variability,
and extreme events.

3.4 PROJECTED IMPACTS OF
CHANGES IN MEAN CLIMATE AND
EXTREME CLIMATIC EVENTS ON
TERRESTRIAL (INCLUDING RIVERS,
LAKES AND WETLANDS)

AND MARINE ECOSYSTEMS

Climate change and elevated atmospheric concen-
trations of CO: is projected to affect individuals,
populations, species and ecosystem composition
and function both directly (e.g., through increases
in temperature and changes in precipitation,
changes in extreme climatic events and in the case
of aquatic systems changes in water temperature,
sea level, etc.) and indirectly (e.g., through climate
changing the intensity and frequency of distur-
bances such as wildfires). The impacts of climate
change will depend on other significant anthro-
pogenic pressures. The most significant pressures
are increased land-use intensity and the associated
destruction of natural or semi-natural habitats, loss
and fragmentation (or habitat unification, especial-
ly in the case of freshwater bodies), the introduc-
tion of invasive species, and direct effects on repro-
duction, dominance, and survival through chemi-
cal and mechanical treatments. No realistic projec-
tion of the future state of the Earth’s ecosystems can
be made without taking into account human land-
and water-use patterns—past, present, and future.
Human use will endanger some terrestrial and
aquatic ecosystems, enhance the survival of others,
and greatly affect the ability of organisms to adapt
to climate change via migration (chapter 2).
Independent of climate change, biodiversity is fore-
cast to decrease in the future due to the multiple
pressures from human activities—climate change
constitutes an additional pressure. Quantification
of the impacts of climate change alone, given the
multiple and interactive pressures acting on the
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Earth’s ecosystems, is difficult and likely to vary
regionally. Losses of species can lead to changes in
the structure and function of the affected ecosys-
tems, and loss of revenue and aesthetics (IPCC
2002 — section 6 introduction and 6.1).

IPCC (2002 — section 6.1, 6.2) stated that
projecting changes in biodiversity in response to
climate change presents some significant chal-
lenges, especially at the fine scale. Modelling
requires projections of climate change at high
spatial and temporal resolution and often
depends on the balance between variables that
are poorly projected by climate models (e.g.,
local precipitation and evaporative demand). It
also requires an understanding of how species
interact with each other and how these interac-
tions affect the communities and ecosystems of
which they are a part. The data and models need-
ed to project the extent and nature of future
ecosystem changes and changes in the geograph-
ical distribution of species are incomplete, mean-
ing that these effects can only be partially quan-
tified. Models of changes in the global distribu-
tion of vegetation are often most sensitive to
variables for which we have only poor projec-
tions (e.g., water balance) and inadequate initial
data.

Biodiversity is recognized to be an impor-
tant issue for many regions of the world. It also
provides goods and services for human wellbeing
(Box 2.1). Different regions have varied amounts
of biodiversity with varying levels of endemic
species. The projected impacts of climate change
at the regional level are summarised in Boxes no.
5 to 15 of the IPCC (2002) and will not be sum-
marised here. It is worth noting that there is a
limitation of region- and country-specific stud-
ies on the impacts of climate change on biodi-
versity particularly at the genetic level.

3.4.1 Projected impacts on individuals,
populations, species, and ecosystems

Based on IPCC Reports (2001; 2002), and
additional material (as listed), some examples of

how individuals, populations, and species,

ecosystems and some ecological processes that

may be affected by climate change (directly or
indirectly) include:

(a) While there is little evidence to suggest that
climate change will slow species losses, there
is evidence that it may increase species losses.

(b) Extinction of wildlife populations may be
hastened by increasing temporal variabili-
ty in precipitation. Models of checkerspot
butterfly (a common species found in North
America) populations showed that changes
in precipitation amplified population fluc-
tuations, leading to rapid extinctions
(McLaughlin et al. 2002). This process will
be particularly pronounced when a popula-
tion is isolated by habitat loss.

(c) Changes in phenology, such as the date of
bud break of plants, hatching, and migra-
tion of insects, birds and mammals, have
already been observed and are expected to
continue. This can be beneficial or detri-
mental, e.g., the changes in phenology of
plants can lead to higher productivity, but
can make the plants more vulnerable to
early or late onset of frost and pest/disease
outbreak. There could be further interac-
tion between the phenology and changes in
extreme climatic events, e.g., the lack of frost
in some regions can stop the onset of flow-
ering and thus fruit formation (e.g., in
southern Australia- Pittock et al. 2001).

(d) Ecosystems dominated by long-lived
species (e.g., long-lived trees) will often be
slow to show evidence of change and slow
to recover from climate-related stresses as
the changes in the climate may not be suffi-
cient to cause increased mortality among
mature individuals. Changes in climate
often also affect vulnerable life stages such as
seedling establishment and are expected to
continue to do so.

(e) Plant communities are expected to be dis-
rupted, as species that make up a community
are unlikely to shift together. In lakes and
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river systems, changes in water quality due to
climate change could cause eutrophication
and thus change the species composition.
Most soil biota have relatively wide tem-
perature optima, so are unlikely to be
adversely affected directly by changes in
temperatures, although there is lack of
information on the effect of changes in soil
moisture. Some evidence exists to support
changes in the balance between soil func-
tional types (see section 2.3 for discussion
on functional types).

For inland wetlands, changes in rainfall
and flooding patterns across large areas of
arid land will adversely affect bird species
that rely on a network of wetlands and lakes
that are alternately or even episodically wet
and fresh and drier and saline (Roshier et al.
2001), or even a small number of wetlands,
such as those used by the banded stilt
(Cladorhynchus leucocephalus) which
breeds opportunistically in Australia’s arid
interior (Williams 1998). Responses to these
climate induced changes may also be affect-
ed by fragmentation of habitats or disrup-
tion or loss of migration corridors, or even,
changes to other biota, such as increased
exposure to predators by wading birds
(Butler and Vennesland 2000, van Dam et al.
2002).

The lack of thermal refugia and migratory
routes in lakes, streams and rivers, may
cause contraction of the distributions of
many fish species. For example, warmer lake
water temperature will reduce dissolved oxy-
gen concentration and lower the level of the
thermocline, most likely resulting in a loss of
habitat for coldwater fish species in areas
such as Wisconsin and Minnesota (western
Great Lakes). In addition, reduced summer
flows and increased temperatures will cause a
loss of suitable habitat for cool water fish
species in riverine environments in the Rocky
Mountain region (British Columbia, western
Canada; Gitay et al. 2001)

(i)

()

(k)

M

Species and ecosystems are projected to be
impacted by extreme climatic events, e.g.,
higher maximum temperatures, more hot
days, and heat waves are projected to
increase heat stress in plants and animals
and reduce plant productivity; higher mini-
mum temperatures, fewer cold days, frost
days and cold waves could result in extend-
ed range and activity of some pest and dis-
ease vectors, increased productivity in some
plant species and ecosystems; more intense
precipitation events are projected to result
in increased soil erosion, increased flood
runoff; increased summer drying over most
mid-latitude continental interiors and asso-
ciated risk of drought are projected to result
in decreased plant productivity, increased
risk of wild fires and diseases and pest out-
breaks; increased Asian summer monsoon
precipitation variability and increased
intensity of mid-latitude storms could lead
to increased frequency and intensity of
floods and damage to coastal areas.

The general impact of climate change is
that the habitats of many species will move
poleward or upward from their current
locations with most rapid changes being
where they are accelerated by changes in
natural and anthropogenic disturbance pat-
terns. Weedy (i.e., those that are highly
mobile and can establish quickly) and inva-
sive species will have advantage over others.
Drought and desertification processes will
result in movements of habitats of many
species towards areas of higher rainfall
from their current locations.

The climatic zones suitable for temperate
and boreal plant species may be displaced
by 200-1,200 km poleward (compared to
the 1990s distribution) by the year 2100.
The species composition of forests is likely
to change and new assemblages of species
may replace existing forest types that may be
of lower species diversity due to the inabili-
ty of some species to migrate fast enough
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and or due to habitat fragmentation.
Increased frequency and intensity of fires
and changes caused by thawing of per-
mafrost will also affect some of these ecosys-
tems.

(m) For lakes and streams, the effects of tem-
perature-dependent changes would be
least in the tropics, moderate at mid-lati-
tudes, and pronounced in high latitudes
where the largest changes in temperature are
projected. Increased temperatures will alter
thermal cycles of lakes and solubility of oxy-
gen and other materials, and thus affect
ecosystem structure and function. Changes
in rainfall frequency and intensity com-
bined with land-use change in watershed
areas has led to increased soil erosion and
siltation in rivers. This along with increased
use of manure, chemical fertilizers, pesti-
cides, and herbicides as well as atmospheric
nitrogen deposition affects river chemistry
and has led to eutrophication, with major
implications for water quality, species com-
position, and fisheries. The extent and the
duration of the ice cover is projected to
decrease in some high latitude lakes and
thus the biodiversity may be affected by the
shorter ice cover season (Christensen and
Christensen 2003)

(n) Climate change will have most pro-
nounced effects on wetlands through alter-
ing the hydrological regime as most inland
wetland processes are intricately dependent
on the hydrology of the catchments (river
basin) or coastal waters. This is expected to
affect biodiversity and the phenology of
wetland species (van Dam et al. 2002)

(o) Land degradation arises both from human
activities and from adverse climate condi-
tions as to the exact quantitative attribu-
tion is difficult and controversial. Climate-
related factors such as increased drought
can lead to increased risk of land degrada-
tion and desertification (Bullock et al. 1996,
Le Houerou 2002, Nicholson 2001).

(p) Disturbance can both increase the rate of
loss of species and create opportunities for
the establishment of new (including inva-
sive alien) species. Changes in the frequen-
cy, intensity, extent and locations of distur-
bances such as fires, outbreaks of pests and
diseases, will affect whether and how existing
ecosystems reorganize and the rate at which
they are replaced by new plant and animal
assemblages (see section 2.2.1).

(q) The effect of interactions between climate
change and changes in disturbance regime
and their effect on biotic interactions may
lead to rapid changes in vegetation composi-
tion and structure. However, the quantitative
extent of these changes is hard to project due
to the complexity of the interactions.

3.4.2. Projected changes in biodiversity and
changes in productivity

IPCC 2002 (section 6.2.2) stated that changes in
biodiversity and the changes in ecosystem func-
tioning associated with them might affect biologi-
cal productivity. These changes may affect critical
goods and services (see Chapter 2) and the total
sequestration of carbon in ocean and terrestrial
ecosystems, which can affect the global carbon
cycle and the concentration of greenhouse gases in
the atmosphere. Productivity can be measured as
net primary productivity (NPP), net ecosystem
productivity (NEP) or net biome productivity
(NEB — see Box 4 of IPCC 2002).

3.4.2.1.Effects of elevated atmospheric
CO: concentrations on vegetation

Climate change may either augment or reduce
the direct effects of CO: on productivity,
depending on the type of vegetation, the region,
and the scenario of climate change. In most veg-
etation systems, increasing CO: concentrations
would increase net primary productivity (often
referred to as CO: fertilization effect) and net
ecosystem productivity, causing carbon to accu-

39



Interlinkages between biological diversity and climate change

mulate in vegetation and soils over time assum-
ing that the temperature increase is about 2-3 °C
and there is little or no moisture limitation
(Gitay et al. 2001).

The IPCC assessment was that over the 19th
and for much of the 20th century the global ter-
restrial biosphere was a net source of atmos-
pheric CO:, but before the end of the 20th cen-
tury it became a net sink, because of a combina-
tion of factors, e.g., changes in land-use and land
management practices (e.g., reforestation and
re-growth on abandoned land), increasing
anthropogenic deposition of nitrogen, increased
atmospheric concentrations of CO:, and possi-
bly climate warming (IPCC 2001, SYR, Question
2, IPCC 2001, section 6.2.2 --see also chapter 4).
54. During recent decades, the peak-to-trough
amplitude in the seasonal cycle of atmospheric
CO: concentrations has increased, and the phase
has advanced at Arctic and sub-Arctic CO:
observation stations north of 55° N. This change
in carbon dynamics in the atmosphere probably
reflects some combination of increased uptake
during the first half of the growing season which
could explain the observed increase in biomass
of some shrubs, increased winter efflux and
increased seasonality of carbon exchange associ-
ated with disturbance. This "inverse" approach
has generally concluded that mid-northern lati-
tudes were a net carbon sink during the 1980s
and early 1990s. At high northern latitudes, these
models give a wider range of estimates, with
some analyses pointing to a net and others to a
sink.

Free-air CO: enrichment (FACE) experi-
ments suggest that tree growth rates may
increase, litterfall and fine root increment may
increase, and total net primary production may
increase in forested systems, but these effects are
expected to saturate because forest stands tend
towards maximum carrying capacity, and plants
may become acclimated to increased CO: levels.
Longer-term experiments on tree species grown
under elevated CO: in open-top chambers under
field conditions over several growing seasons
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show a continued and consistent stimulation of
photosynthesis, little evidence of long-term loss
of sensitivity to COs, the relative effect on above-
ground dry mass highly variable and greater
than indicated by seedling studies, and the annu-
al increase in wood mass per unit of leaf area.
These results contradict some of the FACE
experiment results.

On a global scale, terrestrial models project
that climate change would reduce the rate of
uptake of carbon by terrestrial ecosystems, but
that they would continue to be a net, but
decreasing, sink for carbon through 2100 (IPCC,
2001, Question 3).

The interaction between atmospheric CO:
concentrations, air temperature and moisture is
particularly noticeable in the context of plant-
plant interactions (including shifts in competi-
tiveness of some groups of plants, e.g. Cs and Cs
species and lianas). Photosynthesis in Cs plants
is expected to respond more strongly to CO:
enrichment than in Ci plants. If this is the case, it
is likely to lead to an increase in geographic dis-
tribution of Cs (many of which are woody
plants) at the expense of the Cs grasses. However,
the impacts are not that simple. In pot experi-
ments, elevated CO: is reported to improve water
relations and enhance productivity in the Ci
shortgrass Bouteloua gracilis. In modelling and
experimental studies, NPP of both Cs and Ci
grasses increased under elevated CO: for a range
of temperatures and precipitation but could
result in relatively small changes in their geo-
graphical distributions. There are additional
interactions with soil characteristics and climat-
ic factors. The rate and duration of any change is
likely to be affected by the human activity where
a high grazing pressure may mean more estab-
lishment sites for the Ci grasses (Gitay et al.
2001). Phillips et al. (2002) have found increased
competitiveness and dominance of lianas in
Brazilian Amazon under higher CO: situations.
There could be a resultant degradation of forest
structure with increased liana biomass pulling
down trees.
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3.4.2.2. Summary findings of projected
changes in biodiversity and changes in
productivity

The main findings of IPCC (2002 — section

6.2.2) are:

(a) Where significant ecosystem disruption
occurs (e.g., loss of dominant species or
losses of a high proportion of species, thus
much of the redundancy), there may be
losses in NEP during the transition.

(b) The role of biodiversity in maintaining
ecosystem structure, functioning, and pro-
ductivity is still poorly understood (see
also section 2.3).

3.5. PROJECTED IMPACTS ON
BIODIVERSITY OF COASTAL AND
MARINE ECOSYSTEMS

Climate change will affect the physical, biologi-
cal, and biogeochemical characteristics of the
oceans and their coasts at different time and
space scales, modifying their ecosystem structure
and functioning. This in turn could exert feed-
backs on the climate system (IPCC 2002 - sec-
tion 6.3).

Human populations dependent on reef and
coastal systems face losses of marine biodiversi-
ty, fisheries, and shoreline protection. Even those
reefs with well-enforced legal protection as
marine sanctuaries, or those managed for sus-
tainable use, are threatened by global climate
change and thus would have repercussions for
the human populations that depend on them for
various goods and services (Reaser et al. 2000).
61. Wetlands, including reefs, atolls, mangroves,
and those in prairies, tropical and boreal forests
and polar and alpine ecosystems, are considered
to be amongst those natural systems especially
vulnerable to climate change because of their
limited adaptive capacity, and are likely to
undergo significant and irreversible change
(IPCC 2001 — WG2 SPM).

Other wetlands that could be impacted by

climate change are those in regions that experi-
ence El Nino-like phenomena, which are pro-
jected to increase, and/or are located in the con-
tinental interiors, and thus are likely to experi-
ence changes in the catchment hydrology (van
Dam et al. 2002).

3.5.1 Projected impacts on ecosystems in
coastal regions

Some of the findings of IPCC (2002- section
6.3.1) and supplemented by recent material
include:

(a) Coral reefs will be impacted detrimentally
if sea surface temperatures increase by
more than 1°C above the seasonal maxi-
mum temperature. In addition, an increase
in atmospheric CO: concentration and
hence oceanic CO: affects the ability of the
reef plants and animals to make limestone
skeletons (reef calcification); a doubling of
atmospheric CO: concentrations could
reduce reef calcification and reduce the abil-
ity of the coral to grow vertically and keep
pace with rising sea level (see also section
3.7).

(b) In the near-shore marine and coastal sys-
tems, many wetlands could be impacted
indirectly as a result of climate change due
to changes in storm surges. As a result,
there will be saltwater intrusion into the
freshwater systems. This may result in large-
scale translocation of populations in low
lying coral reef countries when tropical
storm surges pollute water supplies and
agricultural land with saltwater (Wilkinson
and Buddemeier 1994). Mangroves and
coastal lagoons are expected to undergo
rapid change and perhaps be lost as reloca-
tion may be impeded by physical factors,
including infrastructure and physical geo-
graphical features (van Dam et al. 2002).
Some examples are the United States of
America coastal ecosystems where the
increasing rates of sea-level rise and intensi-
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ty and frequency of coastal storms and hur-
ricanes over the next decades will increase
threats to shorelines, wetlands, and coastal
development (Scavia et al. 2002, Burkett and
Kusler 2000).

(c) Sea-level rise and changes in other climat-
ic factors (e.g., more intense monsoonal
rains, and larger tidal or storm surges)
may affect a range of freshwater wetlands
in low-lying regions. For example, in tropi-
cal regions, low lying floodplains and asso-
ciated swamps could be displaced by salt
water habitats due to the combined actions
of sea level rise, more intense monsoonal
rains, and larger tidal/storm surges. Such
changes are likely to result in dislocation if
not displacement of many wetland species,
both plants and animals. Plants, turtles,
some frogs and snakes, a range of inverte-
brate species, bird and fish populations and
species not tolerant to increased salinity or
inundation, have and could continue to be
eliminated or restricted in their distribu-
tion, whilst salt-tolerant mangrove species
could expand from nearby coastal habitats.

(d) The combined pressures of sea level rise
and coastal development (resulting in
coastal squeeze) could reduce the avail-
ability of intertidal areas, resulting in loss
of feeding habitat and leading to population
declines in wintering shorebirds (Lindstrom
and Agrell 1999). For a number of trans-
African-Arctic migratory bird species, the
wintering grounds in Africa and breeding
grounds in the Arctic will be threatened by
sea level rise, especially due to loss of mud-
flats (Bayliss et al. 1997, Lindstrom and
Agrell 1999, van Dam et al. 2002).
Migratory and resident animals, such as
birds and fish, may lose important staging,
feeding and breeding grounds (Bayliss et al.
1997, Eliot et al. 1999, Finlayson et al. 1993,
Lal et al. 2001, Li et al. 1999, van Dam et al.
2002).

(e) Currently eroding beaches and barriers
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are expected to erode further as the climate
changes and sea level rises.

(f) Globally, about 20% of coastal wetlands
could be lost by the year 2080 due to sea-
level rise, with significant regional varia-
tions.

(g) The impact of sea-level rise on coastal
ecosystems (e.g., mangroves, marshes, sea-
grasses) will vary regionally and will
depend on the interactions between erosion
processes from the sea depositional process-
es from land and sea-level rise. The ability of
fringing and barrier reefs to reduce impacts
of storms and supply sediments can be
adversely affected by sea-level rise.

3.5.2 Projected impacts on
marine ecosystems

Marine ecosystems include various functionally
different seas and oceans. Changes in the physi-
cal and chemical characteristics of the ocean and
seas (e.g. currents or circulation patterns, nutri-
ent availability, pH, salinity, and the temperature
of the ocean waters) will affect marine ecosys-
tems. Climate change impacts on the marine sys-
tem include sea surface temperature-induced
shifts in the geographic distribution of the biota
and compositional changes in biodiversity, par-
ticularly in high latitudes. The literature in this
area is not as extensive as in the terrestrial and
coastal ecosystems. In addition, the present
knowledge of the impacts of potential changes in
entire ecosystems due to climate change is still
poor.

Current scenarios of global climate change
include projections of increased upwelling and
consequent cooling in temperate and subtropical
upwelling zones. Ecological evidence, despite
being limited, suggests that such cooling could
disrupt trophic relationships and favour retro-
grade community structures in those local areas
(Aronson and Blake 2001, Barret 2003).

The response of marine productivity to cli-
mate change, using two different ocean biogeo-
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chemical schemes and two different atmosphere-

ocean coupled general circulation models (GCM),

suggest a reduction in marine export production

(-6%) although regional changes can be both neg-

ative and positive (from -15% zonal average in the

tropics to +10% in the Southern Ocean; Bopp et

al. 2001).

The main findings of the IPCC (2002- section
6.3.2) supplemented by recent literature include:
(a) The mean distribution of plankton and

marine productivity in the oceans in many
regions could change during the 21* century
with projected changes in the sea surface
temperature, wind speed, nutrient supply,
and sunlight.

(b) Climate change will have both positive and
negative impacts on the abundance and dis-
tribution of marine biota. Recent findings
show that warming will cause a northern
shift of distribution limits for the cod (Gadus
morhua) and common eelpout (Zoarces
viviparus) with a rise in growth performance
and fecundity larger than expected in the
north and lower growth or even extinction of
the species in the south. Such a shift may
heavily affect fishing activities in the North
Sea (Portner et al. 2001).

(c) Productivity of commercially important
fish species could be affected. There are clear
linkages with the intensity and position of
the Aleutian Low Pressure system in the
Pacific Ocean and the production trends of
many of the commercially important fish
species (see also Napp and Hunt 2001).

(d) There is likely to be a poleward shift of
marine production due mainly to a longer
growing season at high latitudes. At low lati-
tudes the effect of reduced upwelling would
prevail. Ocean warming is expected to cause
poleward shifts in the ranges of many other
organisms, including commercial species,

and these shifts may have secondary effects
on their predators and prey (Bopp et al
2001).

(e) Climate change could affect food chains,
particularly those that include marine
mammials. Reductions in sea ice in Arctic
and Antarctic could alter the seasonal dis-
tributions, geographic ranges, migration
patterns, nutritional status, reproductive
success, and ultimately the abundance of
marine mammals.

3.6 PROJECTED IMPACTS
ON TRADITIONAL AND INDIGENOUS
PEOPLES

Traditional® and indigenous peoples depend
directly on diverse resources from ecosystems
and biodiversity for many goods and services
(e.g., food and medicines from forests, coastal

wetlands, and rangelands — see also chapter 2).

These ecosystems are already under stress from

many current human activities and projected to

be adversely affected by climate change (IPCC

2002 — section 6.6). The main findings of IPCC

(2002 —section 6.6, Box 5-12) supplemented

with additional material include:

(a) The effects of climate change on indige-
nous and local peoples are likely to be felt
earlier than the general impacts. The liveli-
hood of indigenous peoples will be adverse-
ly affected if climate and land-use change
lead to losses in biodiversity, especially
mammals, birds medicinal plants and plants
or animals with restricted distribution (but
have importance in terms of food, fibre or
other uses for these peoples) and losses of
terrestrial, coastal and marine ecosystems
that these peoples depend on. In some ter-
restrial ecosystems, adaptation options
(such as efficient small-scale or garden

18. Following IPCC (2002) “Traditional peoples” here refers to local populations who practice traditional lifestyles that are often rural. Traditional

people may, or may not, be indigenous to the location.
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irrigation, more effective rain-fed farming,
changing cropping patterns, intercropping
and/or using crops with lower water
demand, conservation tillage and coppicing
of trees for fuelwood) could reduce some of
the impacts and reduce land degradation
(see section 4.10).

(b) Climate change will affect traditional
practices of indigenous peoples in the
Arctic, particularly fisheries, hunting, and
reindeer husbandry. The on-going interest
among indigenous groups relating to the
collection of traditional knowledge and
their observations of climate change and its
impact on their communities could provide
future adaptation options.

(c) Cultural and spiritual sites and practices
could be affected by sea level rise and cli-
mate change. Shifts in the timing or the
ranges of wildlife species due to climate
change could impact the cultural and reli-
gious lives of some indigenous peoples. Sea-
level rise and climate change, coupled with
other environmental changes, will affect
some, but not all, unique cultural and spiri-
tual sites in coastal areas and thus the people
that reside there.

(d) The projected climate change impacts on
the biodiversity, including disease vectors,
at ecosystem and species level could
impact human health. Many indigenous
and local peoples live in isolated rural living
conditions and are more likely to be
exposed to vector- and water-borne diseases
and climatic extremes and would therefore
be adversely affected by climate change. The
loss of staple food and medicinal species
could have an indirect impact and can also
mean potential loss of future discoveries of
pharmacological products and sources of
food, fibre and medicinal plants for these
peoples (Gitay et al. 2001, McMichael et al.
1996, 2001)

(e) Loss of food sources and revenues from
key sectors such as tourism and fisheries
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could occur As summarised in Section
3.5.1, coral reefs will be negatively affected
by bleaching; Fishing, although largely arti-
sanal or small-scale commercial, is an
important activity on most small islands,
and makes a significant contribution to the
protein intake of island inhabitants and thus
could lead to loss of food source and rev-
enue.

(f) Change in food production and water
flows in mountainous areas could affect
the indigenous and local people of those
areas. For indigenous and local people liv-
ing in mountainous regions, the impacts of
climate change are projected to result in
altering the already marginal food produc-
tion, change the seasonality of water flows
and thus the habitats of many species that
these people depend on.

(g) The potential expansion of tree monocul-
ture used as "carbon sinks" can compete
with traditional land use practices by
indigenous and local communities, e.g., in
South Africa (see also chapter 4). However,
community involvement and knowledge
could help towards win-win situations.

3.7 POPULATIONS, SPECIES AND
ECOSYSTEMS VULNERABLE TO
CLIMATE CHANGE

Many of the Earth’s species are already at risk of
extinction due to pressures arising from natural
processes and human activities. Climate change
will add to these pressures for many threatened
and vulnerable species. For a few, climate change
may relieve some of the existing pressures (IPCC
2002- section 6.4). Regional variation in the
impacts of climate change on biodiversity is
expected because of multiple interactions
between drivers of biodiversity loss. The main
findings of IPCC (2002) are:
(a) Species with limited climatic ranges
and/or restricted habitat requirements are
typically the most vulnerable to extinc-
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(b)

(0)

(d)

tion. These include species on mountainous
areas (as they cannot move up in elevation),
and species restricted to islands or peninsu-
las (e.g., the Cape Floral Kingdom including
the fynbos region at the southern tip of
South Africa). Additionally, biota with par-
ticular physiological or phenological traits
(e.g., biota with temperature-dependent sex
determination like sea turtles and croco-
diles, amphibians with a permeable skin and
eggs) could be especially vulnerable. For
some threatened species, habitat availability
will increase (e.g., warm-water fish are pro-
jected to benefit in shallow lakes in cool
temperate regions), possibly reducing vul-
nerability.

The risk of extinction will increase for
many species, especially those that are
already at risk due to factors such as low
population numbers, restricted or patchy
habitats, limited climatic ranges, or occur-
rence on low-lying islands or near the top of
mountains.

Geographically restricted ecosystems,
especially in regions where there is added
pressure from other human activities, are
potentially vulnerable to climate change.
Examples of geographically restricted, vul-
nerable ecosystems include coral reefs, man-
grove forests and other coastal wetlands,
high mountain ecosystems (upper 2000 to
3000 m), prairie wetlands, remnant native
grasslands, ecosystems overlying per-
mafrost, and ice-edge ecosystems.

Many important reserve systems may need
to be extended in area or linked to other
reserves, but for some such extensions are
not possible as there is simply no place to
extend them.

3.8 IMPACTS OF CHANGES IN
TERRESTRIAL AND MARINE

BIODIVERSITY ON REGIONAL AND

GLOBAL CLIMATE

70. Changes in genetic or species biodiversity can
lead to changes in the structure and functioning
of ecosystems and their interaction with the
water, carbon, nitrogen, and other major biogeo-
chemical cycles and so affect climate. Changes in
diversity at ecosystem and landscape scales in
response to climate change and other pressures
could further affect regional and global climate.
Changes in trace gas fluxes are most likely to
exert their effect at the global scale due to rapid
atmospheric mixing of greenhouse gases, where-
as the climate feedbacks from changes in water
and energy exchange occur locally and regional-
ly (IPCC 2002 — section 6.5). The IPCC (2002 —
section 6.5) findings were as follows:

Changes in community composition and
ecosystem distribution due to climate change
and human disturbances may lead to feedbacks
that affect regional and global climate. For
example, in high-latitude regions, changes in
community composition and land cover associ-
ated with warming are likely to alter feedbacks to
climate. If regional surface warming continues in
the tundra, reductions in albedo are likely to
enhance energy absorption during winter, acting
as a positive feedback to regional warming due
to earlier melting of snow and over the long term
the poleward movement of treeline. Surface dry-
ing and a change in dominance from mosses to
vascular plants would also enhance sensible heat
flux and regional warming in tundra during the
active growing season. Boreal forest fires, howev-
er, may promote cooling because post-fire
herbaceous and deciduous forest ecosystems
have higher albedo and lower sensible heat flux
than does late successional pre-fire vegetation.
Northern wetlands contribute 5 to 10% of glob-
al CH: emissions to the atmosphere. As temper-
ature, hydrology, and community composition
change and as permafrost melts, there is a poten-
tial for release of large quantities of greenhouse
gases from northern wetlands, which may pro-
vide a further positive feedback to climate
warming.

(a) Human actions leading to the long-term
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(b)

(0)
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clearing and loss of woody vegetation have
and continue to contribute significantly to
greenhouse gases in the atmosphere. In
many cases the loss of species diversity asso-
ciated with forest clearing leads to a long-
term transition from a forest to a fire and/or
grazing-maintained, relatively low diversity
grassland with significantly lower carbon
than the original
Deforestation and land-clearing activities
contributed about a fifth of the greenhouse
gas emissions (1.7+0.8 Gt C yr-1) during
the 1990s with most being from deforesta-

content forest.

tion of tropical regions. A total of 136£55
Gt C have been released to the atmosphere
due to land clearing since the year 1850.

Changes in land surface characteristics—
such as those created by land-cover
change—can modify energy, water, and gas
fluxes and affect atmospheric composition
creating changes in local, regional, and
global climate. Evapotranspiration and
albedo affect the local hydrologic cycle, thus
a reduction in vegetative cover may lead to
reduced precipitation at local and regional
scales and change the frequency and persist-
ence of droughts. For example, in the
Amazon basin, at least 50% of precipitation
originates from evapotranspiration from
within the basin. Deforestation reduces
evapotranspiration, which could reduce
precipitation by about 20%, producing a
seasonal dry period and increasing local
surface temperatures by 2°C. This could, in
turn, result in a decline in the area of wet
tropical rainforests and their permanent
replacement by less diverse drought-decidu-
ous or dry tropical forests or woodlands.

Marine ecosystems can be affected by cli-
mate-related factors, and these changes in
turn could act as additional feedbacks on
the climate system. Some phytoplankton
species cause emission of dimethylsulfide to
the atmosphere that has been linked to the
formation of cloud condensation nuclei.

Changes in the abundance or distribution of
such phytoplankton species may cause addi-
tional feedbacks on climate change.

3.9 RESEARCH NEEDS
AND INFORMATION GAPS

Further research of present and projected cli-
mate change impacts on soils and on coastal and
marine ecosystems is warranted. There are also
some information gaps that affect the ability of

making reliable projections of impacts.

The

main ones relate to development of data and

models for:

(a)

(b)

(0)

(d)

(e)

the geographical distribution of terrestrial,
freshwater, coastal and marine species, espe-
cially those based on quantitative informa-
tion and at high resolution Special attention
should be given to invertebrates, lower
plants and key species in ecosystems.

the inclusion of human land and water use
patterns, as they will greatly affect the abili-
ty of organisms to respond to climate
change via migration, to provide a realistic
projection of the future state of the Earth’s
ecosystems.

enabling the elucidation of the impacts of
climate change compared with pressures
from other human activities.

projections on changes in biodiversity in
response to climate change especially at the
regional and local level.

assessing impacts and adaptations to cli-
mate change at genetic, population and
ecosystem level.
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INTRODUCTION

The purpose of this chapter is to review the pos-
sible biodiversity implications of climate change
mitigation and adaptation activities, and
approaches to integrate biodiversity concerns
into these activities, in order to generate mutual-
ly beneficial outcomes—or at least to minimize
conflicting ones. The first section briefly
describes the current status of the Earth’s carbon
cycle. Section 4.2 discusses articles and provi-
sions of the United Nations Framework
Convention on Climate Change and its Kyoto
Protocol that are pertinent to the present assess-
ment. Biodiversity concerns relevant for mitiga-
tion and adaptation actions are discussed in light
of the underlying philosophy of the Ecosystem
Approach of the Convention on Biological
Diversity (section 4.3). Sections 4.4 to 4.8 gener-
ally follow the Kyoto Protocol activities (i.e.,
land-use, land-use change and forestry and low-
or zero-greenhouse gas emission energy tech-
nologies). Considerable attention is given to mit-
igation options related to forests and land man-
agement, as biodiversity relationships are
presently best understood in these situations.
Section 4.9 discusses some mitigation options
that may be relevant to national climate change
and/or biodiversity policies, although not credit-
ed under the Kyoto Protocol (e.g., carbon
sequestration in ocean systems, wetlands, and
geologic formations). Mitigation options aimed
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at reducing emissions from energy generation
are also considered because some of them may
have impacts on biodiversity (section 4.10). The
focus of the discussion in section 4.11 is on iden-
tifying the key issues for biodiversity conserva-
tion in adaptation activities aimed at assisting
ecosystems to adjust to climate change (although
it should be noted that certain activities can be
considered as both mitigation and adaptation
options).

4.1 THE CARBON CYCLE

When a forest is planted (or when is naturally
young as during early secondary succession) it
acts as a carbon "sink" by absorbing atmospher-
ic carbon dioxide and storing it in living plant
biomass and in materials that accumulate on the
forest floor and in the soil. In old-growth, pri-
mary forests, carbon stocks remain approxi-
mately constant or increase over time and the
forest is referred to as a carbon "sink" at least in
temperate and tropical systems (Carey et al.
2001), although they can be subject to reversal,
e.g. during El Nifio type conditions in Amazonia
(Tian et al. 1998). However, when a forest or
wood products are burned, much of the stored
carbon is rapidly converted to carbon dioxide
and the forest then acts as a "source" of carbon
dioxide to the atmosphere. Harvested wood that
is stored in products that are not burned serve as
a carbon reservoir for various periods of time
depending on use and degree of preservation.

The atmospheric concentration of carbon
dioxide has historically oscillated between about
180 ppm (parts per million) during glacial peri-
ods and 280 ppm during interglacial periods.
However, since the industrial revolution began
in the mid 1800’s, human activities, primarily
through the combustion of fossil fuels and land-
use changes, have and are continuing to perturb
the carbon cycle, increasing the atmospheric
concentration of carbon dioxide to the current
level of about 368 ppm.

While the terrestrial biosphere has histori-
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cally (from the year 1800 until about 1930) been
a net source of carbon to the atmosphere, in the
last several decades or so it has become a net
sink. Since 1930 there has been an ever-increas-
ing uptake by terrestrial biosphere, with the
gross terrestrial uptake exceeding emissions
from land-use changes.

Table 4.1 and Figure 4.1 (both based on
Watson and Noble 2002) show that during the
1990s the net global uptake of carbon by the
terrestrial biosphere was about 1.4 Gigatons C
per year. Assuming emissions from tropical
deforestation in the 1990s were about 1.6 Gt C
per year (the same as in the 1980s), then the
gross global uptake of carbon by the terrestrial
biosphere was about 3 Gt C per year. Inverse
modeling suggests that about half of the global
uptake is occurring in the tropics and the other
half in the mid- and high-latitudes of the
northern hemisphere, hence the net emissions
from the tropics are close to zero, while the net
emissions in mid- and high latitudes are about
1.5 Gt C per year. The primary cause of the
current uptake of about 1.5 Gt C per year in
North America, Europe and Asia is thought to
be re-growth due to management practices on
abandoned agricultural land, with carbon diox-
ide and nitrogen fertilization and climate
change contributing, but possibly to a smaller
extent.

One important feature of the carbon cycle
is the considerable year-to-year variability in
the growth of atmospheric carbon dioxide, with
the annual rate of increase varying by +2 Gt C.
This variability is largely caused by changes in
the uptake and release of carbon dioxide in the
terrestrial biosphere, with smaller changes in
the uptake and release of carbon dioxide in the
oceans. The most likely cause of the temporal
variability is caused by the effect of climate on
carbon pools with short lifetimes through vari-
ations in photosynthesis, respiration and fires.
Evidence suggests that variations in respiration,
rather than photosynthesis, are the primary
cause. A key question is: how will compliance
with the Kyoto Protocol be measured against
this year-to-year background variability of
about £2 Gt C around the mean?

Based on plausible future demographic,
economic, socio-political, technological and
behavioral changes, and in the absence of coor-
dinated international actions to protect the cli-
mate system by reducing greenhouse gas emis-
sions, the Intergovernmental Panel on Climate
Change projected that the atmospheric concen-
tration of carbon dioxide would increase from
the current level of about 368 ppm, to between
540 and 970 ppm by 2100, without taking into
account possible climate-induced additional
releases from the biosphere in a warmer world.

Estimated carbon fluxes for two contrasting time periods (in Gigatons).

Flux type 1980s 1990s

Atmospheric increase 33+0.1 32%0.1
Fossil emissions 54+0.3 6304
Ocean - Atmosphere flux -1.9+£0.6 -1.7+£0.5
Net Land — Atmosphere flux -0.2+0.7 -1.4+0.7
Land-use Change 1.7 £ 1.6 £0.8
Residual terrestrial sink -1.9+2 -3.0+2
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The carbon cycle during the 1990s

Atmosphere
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Gt Cy at equilibrium this would be zero.

4.2 THE UNFCCC AND THE KYOTO
PROTOCOL

Article 4.1(b) of the United Nations
Framework Convention on Climate Change
(UNFCCC) states that all Parties shall formu-
late and implement national programs con-
taining measures to mitigate climate change by
addressing anthropogenic emissions by
sources and removals by sinks of all green-
house gases and to facilitate adequate adapta-
tion to climate change. Acknowledging that
Parties have "common but differentiated respon-
sibilities" the UNFCCC divides countries into
two main groups: Annex I includes most coun-
tries from the Organization for Economic
Cooperation and Development (OECD), and
countries with economies in transition (EIT); all
other countries are designated as non-Annex I.
The ultimate objective of the UNFCCC is the
stabilization of atmospheric greenhouse gas con-
centrations at levels that would prevent danger-
ous anthropogenic interference with the climate
system. Such a level should be achieved within a
timeframe sufficient to allow ecosystems to
adapt naturally to climate change, to ensure that
food production is not threatened and to enable
economic development to proceed in a sustain-
able manner (Article 2).

Article 3.1 of the UNFCCC recognizes that
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Annex I Parties should take the lead in combat-
ing climate change and the adverse effects there-
of. To this end, these Parties have agreed, under
Article 4.2(a), to adopt national policies and to
take corresponding measures for climate change
mitigation through two main avenues including:
(a) actions aimed at reducing or limiting green-
house gas emissions (for example, fuel switch-
ing, the use of renewable energies and others);
and (b) the protection and enhancement of sinks
and reservoirs (mainly forestry-related activi-
ties).

With the adoption of the Kyoto Protocol,
Annex I Parties agreed to reduce their aggre-
gate anthropogenic greenhouse gas emissions
by at least 5% below the 1990 levels during
2008-2012. In order to meet this target, Annex I
Parties can make use of two basic alternatives:
83. First, Article 2 of the Kyoto Protocol identi-
fies policies and measures to be implemented
domestically that may include, among others:
(a) Energy-related activities, including the

enhancement of energy efficiency and the

use of renewable sources.

(b) Land-use related activities including the
protection and enhancement of sinks (also
known as LULUCF") and the promotion of
sustainable forms of agriculture. Article 3.3
specifies that Parties can execute activities of
afforestation, reforestation, and deforesta-
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tion, and shall account for the emissions
and removals from these activities that have
occurred since 1990. Article 3.4 of the
Kyoto Protocol allows Annex I Parties to
implement additional land-use related
activities. These additional activities were
defined by the Marrakesh Accords® and
include forest management, revegetation,
grazing land management and/or cropland
management. An Annex I Party can choose
within this list which activities to imple-
ment.

Second, domestic actions may be supple-
mented with three flexibility mechanisms, which
include:

(a) Joint Implementation (JI) - (Article 6 of the
Kyoto Protocol), comprising projects
designed between two or more Annex I
Parties and which are implemented in one of
them. These projects may include any of the
activities cited above. Through JI, investors
can benefit by earning units resulting from
these projects.

(b) Clean Development Mechanism (CDM) -
(Article 12 of the Kyoto Protocol), compris-
ing projects that take place in a non-Annex I
Party. The purpose of the CDM is both to
assist Annex I Parties in meeting their com-
mitments, and to assist non-Annex I Parties
in achieving sustainable development.
CDM projects may include activities that
reduce emissions of greenhouse gases, but
for land-use change related activities, eligi-
bility has been restricted to afforestation and
reforestation.

(c) Emissions Trading (ET) - (Article 17 of the
Kyoto Protocol), comprising trading of car-
bon units among Annex I Parties. ET pri-
marily takes place when an Annex I Party
has reduced emissions below its target, thus
resulting in a surplus that could be traded.

Article 3.3 of the Kyoto Protocol obligates
all Annex I Parties to account for the changes in
carbon stocks and non-carbon dioxide green-
house gas emissions attributable to afforesta-
tion, reforestation, and deforestation (ARD). If
the ensamble of ARD activities result in a net
sink of greenhouse gases, the Party will be given
credit towards meeting its emissions target. On
the other hand, net emissions resulting from
higher deforestation will represent a debit
towards meeting commitments.

The Marrakesh Accords allow Annex I
Parties to account for changes in carbon stocks
and non-carbon dioxide greenhouse gas emis-
sions resulting from forest management, reveg-
etation, cropland and grazing land manage-
ment (Article 3.4). A Party may choose to
include any or all of these in meeting its com-
mitments. Once taken, the decision cannot be
changed. For forest management there is a quan-
tified "cap" specified for each Party. Credits for
revegetation, cropland, and grazing land man-
agement are calculated on a "net-net" basis”. If a
sink becomes a source, the net emissions origi-
nating from this source will add to the compli-
ance burden of the Party concerned.

The Marrakesh accords state that emis-
sions and removals resulting from LULUCF
activities shall be measured as verifiable
changes in carbon stocks and non-carbon
dioxide greenhouse gas emissions during the
period from 1 January 2008 to 31 December
2012. The Accords also state that these changes
must be measured for five different pools: above-
ground biomass, below-ground biomass, litter,
dead wood and soil organic carbon. However, a
party may choose not to account for a given pool
if this Party can demonstrate that the pool is not
a source of greenhouse gas.

The Marrakesh Accords affirm the inclu-
sion of Land Use, Land Use Change and

19 LULUCEF stands for Land Use, Land-Use Change and Forestry.

20 The term “Marrakesh Accords” is used in this document to refer to the group of decisions adopted in 2001 during the seventh session of the COP
of the UNFCCC. These decisions define the operational rules for the implementation of the Kyoto Protocol.
21 “Net-net” accounting for specific activities under Article 3.4 is performed by subtracting the net changes in carbon stocks resulting from these

activities in 1990 multiplied by five from the net changes in carbon stocks resulting from these activities during the commitment period.
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Forestry (LULUCF) project activities under the
CDM, limiting eligibility to afforestation and
reforestation. For the first commitment period
(2008 - 2012), credits resulting from afforesta-
tion and reforestation under the CDM are limit-
ed to one percent of the Party’s base year emis-
sions times five.

The Marrakesh Accords require CDM
projects and JI Track II* projects to submit
documentation on the analysis of the environ-
mental impacts of the project activities. If
project participants or the host Party consider
these impacts significant, an environmental
impact assessment (EIA) must be undertaken in
accordance with the requirements of the host
Party. These assessments can assist project par-
ticipants in modifying projects to protect, con-
serve and enhance biodiversity (see chapter 5).

Climate change mitigation activities that
the Parties could implement may impact biodi-
versity in positive or negative ways (IPCC
2002). The major focus of domestic mitigation
policies and measures, as well as JI and CDM
activities, will be on the reduction of emissions
from the production and use of fossil fuels
through the use of alternative energy technolo-
gies (e.g., renewable energy), but there will also
be activities in the fields of forestry, agriculture,
and waste disposal. An activity may or may not
have implications to biodiversity conservation,
depending on its nature and the location of the
activity. However, activities can often be opti-
mized to help conserve or even enhance biodi-
versity, while at the same time sequestering car-
bon, resulting in ‘win-win’ solutions for society.
Mitigation actions, such as forest conservation
and forest management, are particularly relevant
for biodiversity concerns, as they have the poten-
tial to contribute to the conservation of biologi-
cal diversity.

Implementation of climate change adapta-
tion activities will depend on the expected cli-

mate change impacts in the country concerned:
for example, sea level rise, increased risk of
flooding, and occurrence of extreme weather
events. Article 4.8 of the UNFCCC lists cate-
gories of countries (e.g., small island countries;
countries with arid and semi-arid areas, forested
areas, and areas liable to forest decay; countries
with fragile ecosystems, including mountainous
regions) with environments that are particularly
vulnerable to climate change and where adapta-
tion actions may be necessary. The decisions
related to developing country funding in the
Marrakesh Accords state that adaptation activi-
ties are to be implemented, inter alia, in the areas
of water resource management, land manage-
ment, fragile ecosystems, and integrated coastal
management (FCCC/2001/13/Add.1 Decision
5/CP7). From this list, it can be inferred that
conservation of biodiversity may be a key objec-
tive of many adaptation activities.

4.3 THE ECOSYSTEM APPROACH
OF THE CONVENTION ON
BIOLOGICAL DIVERSITY

The ecosystem approach, which acknowledges
the three objectives of the Convention on
Biological Diversity (CBD), is a strategy for the
integrated management of land, water and liv-
ing resources that promotes conservation and
sustainable use in an equitable way (decision
V/6 of the Conference of the Parties to the
CBD). An ecosystem 1is defined as a dynamic
complex of plant, animal, and micro-organism
communities and their non-living environment
interacting as a functional unit (CBD, Article 2).
The ecosystem approach encompasses the essen-
tial processes, functions, and interactions among
organisms and their environment, and recog-
nizes that humans are an integral component of
most ecosystems.

The ecosystem approach does not preclude

22 JI track II projects follow stringent validation and verification procedures. This track has to be followed when the Party where the project will
be implemented does not meet all the criteria specified in the Annex to UNFCCC COP draft decision -/CMP.1 (Article 6), paragraph 21.
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other management and conservation
approaches, such as protected areas or single
species conservation programs, but rather can
be used to integrate all these approaches in
order to achieve better management of com-
plex situations. The strength of the ecosystem
approach lies in the participation of stakehold-
ers; the consideration of all knowledge, includ-
ing traditional knowledge; and in the balance it
strikes among ecological, economical, and social
interests. Adaptive management is an integral
part of the ecosystem approach, allowing for
adjustments to changing situations and new
knowledge. The ecosystem approach is based on
twelve inter-related guiding principles, which
facilitate decision-making concerning the con-
servation and sustainable use of biological diver-
sity (Box 4.1)%.

Two requirements specified by the
Marrakesh accords make the ecosystem
approach relevant for the design and imple-
mentation of mitigation and adaptation activi-
ties. The first one refers to the fact that LULUCF
activities shall contribute to the conservation of
biodiversity and sustainable use of natural
resources. The second is the objective of the
CDM to assist non-Annex [ parties in achieving
sustainable development. As stated above, the
ecosystem approach is an integrated strategy that
promotes conservation and sustainable use of
natural resources and does not preclude other
management and conservation approaches (for
example, carbon management). Thus, the
broader perspective of the ecosystem approach
synergistically addresses sustainable develop-
ment, biodiversity conservation and carbon
sequestration objectives, potentially resulting in
win-win situations.

Box 4.1. The 12 Principles of the Ecosystem Approach of the Convention on Biological Diversity

1. The objectives of management of land, water and living resources are a matter of societal choice.
2. Management should be decentralized to the lowest appropriate level.
3. Ecosystem managers should consider the effects (actual and 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
ecosystem in an economic context. Any such ecosystem-management programs should:
+  Reduce those market distortions that adversely affect biological diversity (i.e., eliminate perverse

subsidies, etc.);

+  Align incentives to promote biodiversity conservation and sustainable use;
+ Internalize costs and benefits in the given ecosystem to the extent feasible (including full accounting

for ecosystem goods and services).

5.  Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, should be

a priority target of the ecosystem approach.

6.  Ecosystems must be managed within the limits of their functioning.

7.  The ecosystem approach should be undertaken at the appropriate spatial and temporal scales.

8.  Recognizing the varying temporal scales and lag-effects that characterize ecosystem processes, objectives
for ecosystem management should be set for the long term.

9. Management must recognize that change is inevitable.

10. The ecosystem approach should seek the appropriate balance between, and integration of, conservation

and use of biological diversity.

11. The ecosystem approach should consider all forms of relevant information, including scientific and
indigenous and local knowledge, innovations and practices.
12. The ecosystem approach should involve all relevant sectors of society and scientific disciplines.

23 Further elaboration on the ecosystem approach and proposed guidelines for its implementation are contained in UNEP/CBD/SBSTTA/9/8, and dis-
cussed at the ninth meeting of the Subisdiary Body on Scientific, Technical and Technological Advice (SBSTTA) to the CBD during November 2003.
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4.4 MITIGATION OPTIONS

4.4.1 General concepts related
to mitigation

Mitigation is defined as an anthropogenic
intervention to reduce the sources or enhance
the sinks of greenhouse gases (IPCC 2001a).
Activities that reduce net greenhouse gas emis-
sions diminish the projected magnitude and rate
of climate change and thereby lessen the pressure
on natural and human systems from climate
change. Thus, mitigation activities are expected
to delay and reduce environmental damage
caused by climate change, providing environ-
mental and socio-economic benefits, including
biodiversity conservation. Mitigation activities
may have positive or negative impacts on biodi-
versity, independent of their effect on the climate
system. Nevertheless, it is important to note that
minimal gains can be achieved by land use
change, relative to the major gains that can be
achieved through reductions in the use of fossil
fuels (House et al. 2002).

Mitigation activities include emission
avoidance activities and carbon sequestration
activities. According to the IPCC (2000) about
80 percent of the carbon dioxide emitted into the
atmosphere between 1989 and 1998 resulted
from fossil fuel burning and cement production
with about 20 percent from land use changes,
predominantly from deforestation. Emission
avoidance activities include, among others,
increased energy efficiency or generation effi-
ciency, increased use of low-carbon or carbon-
free energy systems (including biomass energy),
and solar-, wind-, and hydropower.

4.4.2 Carbon sequestration potential of
mitigation activities

In terrestrial systems, mitigation activities
accumulate carbon both above- and below-
ground. The estimated global potential of bio-
logical mitigation options in forested systems
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from afforestation, reforestation and avoided
deforestation, is on the order of 60-87 Gt C
(cumulative) by the year 2050, with 70 percent in
tropical forests, 25 percent in temperate and 5
percent in boreal forests (IPCC 2002). In addi-
tion, improved forests, agricultural lands, grass-
lands, and other terrestrial ecosystems offer sig-
nificant carbon mitigation potential (IPCC
2000). House et al. (2002) indicate that the like-
ly maximum reduction of atmospheric carbon
achievable through afforestation and reforesta-
tion is between 17 and 31 ppm after accounting
for ocean response.

Ecosystem management strategies may
depend on whether the goal is to enhance
short-term carbon accumulation or to main-
tain carbon reservoirs over time. Carbon reser-
voirs in most ecosystems eventually approach
maximum levels in the various compartments
(e.g., Carey et al. 2001), with the rate of carbon
sequestering diminishing over time (Paul et al.
2003). Nevertheless, in old-growth forests car-
bon continues to accumulate in the soil and veg-
etation, and especially where decomposition is
slow, carbon stores can be maintained for long
periods (Kimmins 1997, Carey et al. 2001,
Schultze et al. 2000, Paul et al. 2003). Thornley
and Cannell (2000) reported that more carbon
was stored in undisturbed forests than in any
managed forest regime where wood was harvest-
ed. Although both the sequestration rate and the
amount of sequestered carbon may be concur-
rently high at some stages, they cannot be maxi-
mized simultaneously (Turner and Lambert
2000, Carey et al. 2001, Paul et al. 2003, Law et al.
2001, Klopatek 2002). The ecologically achiev-
able balance between the two goals is con-
strained by degree of site degradation, site pro-
ductivity, time frame considered, type of man-
agement intervention, stand origin, amount of
woody debris, and species attributes (e.g. Amiro
2001, Knohl et al. 2002, Vesterdal et al. 2002).
Different species grow at different rates and
hence sequester carbon at different rates. There
are often interactions among tree species in
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mixed species forests that influence growth and
soil carbon condition (e.g., Kimmins 1997, Paul
et al. 2002, Vesterdal et al. 2002). Further, there is
no universally applicable biological growth
response to increasing temperature and CO:, as
these factors interact in complex ways with a
number of other limiting factors such as wildfire
and moisture regimes (Kirschbaum 1999—and
see section 3.4.2.1). There is a need for stand
level modeling (as opposed to tree-based mod-
els) to understand the true potential of forests to
sequester carbon over time. Such models need
to be built to allow scenario-testing of exogenous
factors such as harvesting and fire on carbon
accumulation over time. This is especially true
in light of recent research that suggests an inter-
action between increased temperature and ele-
vated CO: that has depressed tree growth in a
tropical forest (Clark et al. 2003).

4.4.3 Key concerns

In addition to the effectiveness of carbon miti-
gation options, environmental, social, and eco-
nomic considerations should be taken into
account. Land is a finite resource and the rela-
tionship of climate mitigation activities with
other land use activities may be competitive,
neutral, or complementary. Measures adopted
within different sectors (e.g., forestry, agricul-
ture, or other land uses) to provide carbon
sequestration should strive to achieve social, eco-
nomic, and environmental goals (IPCC 2000;
2001a,b,c) and could be assisted by considera-
tion of the ecosystem approach (Box 4.1). Social
acceptance can influence how effectively mitiga-
tion options are implemented (see section 6.3.1).

For land-use changes, such as afforestation
or reforestation, there are concerns regarding
the permanence of biological sinks. The pri-
mary concern is that the carbon stored will be
labile, unlike carbon stored in fossil material that
remains in underground. The stored carbon
could be released back into the atmosphere by
natural (e.g. fires) or anthropogenic occurrences

(Brown et al. 2002). Fire is of particular concern
because of its capacity to emit carbon fixed over
a period of 50 to 300 years in a matter of hours
(Korner 2003) and because of the recent increas-
es in the number and severity of fires in moist
tropical forests, where fires are historically rare
(Cochrane 2003). There is concern that climate
change itself will reduce a forest’s capacity to act
as a sink by increased soil respiration (Royal
Society 2001). Hence, biological sinks can, realis-
tically, only be regarded as a temporary mitiga-
tion option. Critical concepts for carbon storage
and biodiversity conservation in connection
with climate change mitigation activities are list-
ed and discussed in Box 4.2 and paragraphs
below.

Carbon activities that offer multiple bene-
fits, including socio-economic benefits, are
more likely to be retained by society. For exam-
ple, greater permanence may be associated with
afforestation and reforestation activities that are
designed to restore key watershed functions,
establish biological corridors, and afford recre-
ational and amenity values. Similarly, the reveg-
etation of grasslands or wetland systems can also
be viewed by society as having long-term conser-
vation benefits.

Leakage problems can be minimized when
carbon mitigation activities are incorporated
into existing land uses. For example, agro-
forestry projects integrate planted trees and
shrubs into ongoing farm activities to achieve
conservation and economic goals rather than
convert agricultural lands to forest. Thus, the
pressure to convert other forested lands to agri-
culture can be reduced.

Mitigation activities that use the ecosys-
tem approach to incorporate biodiversity con-
siderations can potentially have lower risk of
failure. For example, planting a variety of native
tree species, or mixtures of single-species stands
rather than a monoculture of trees, can reduce
the probabilities of insect and disease attack and
help to achieve levels of ecosystem structure and
function that are greater than those of single

55



Interlinkages between biological diversity and climate change

Box 4.2. Concepts and definitions on carbon storage in connection to mitigation activities

Permanence. The Intergovernmental Panel on Climate Change (IPCC 2000) defines permanence as the
longevity of a carbon pool and the stability of its stocks, given the management and disturbance environment
in which it occurs. The concept of permanence is frequently used in connection with carbon uptake activities
because of the exposure of terrestrial carbon reservoirs to natural and anthropogenic factors, e.g., harvesting,
fires, and pests. The principles that govern the concept of permanence in the Kyoto Protocol stipulate that the
reversal of any removal resulting from these activities should be accounted for at the appropriate point in time
(FCCC/CP/2003/13/Add.1). In addition, the ongoing process to develop definitions and modalities for
afforestation and reforestation for CDM projects will take into account the issue of non-permanence.

Leakage. Leakage refers to the situation where a carbon sequestration activity (e.g., tree planting) in one loca-
tion, either directly or indirectly, triggers another activity in a different location, which in whole or part, leads
to carbon emissions (IPCC 2001a,b,c). Leakage caused by activities within Annex I Parties is accounted
through a comprehensive emission reporting system. In the Marrakesh Accords, the concept of leakage is con-
sidered only in connection with CDM projects and is defined as the net change in anthropogenic emissions
by sources of greenhouse gases that occur outside the project boundary and that are measurable and attribut-
able to the project activity (FCCC/CP/2001/13/Add.2).

Risk and Uncertainty. The IPCC defines "uncertainties" as an expression of the degree to which a value is
unknown. Uncertainty can result from lack of information or from disagreement about what is known or
knowable. The UNFCC states that Parties should take precautionary measures to anticipate, prevent or min-
imize the causes of climate change and mitigate its adverse effects. Where there are threats of irreversible dam-
age, lack of full scientific certainty should not be used as a reason for postponing such measures (Article 3).
Regarding the elaboration of greenhouse gas inventories, uncertainties relating to the estimation and meas-
urement of greenhouse gases emissions and removals are addressed through the application of the so-called
"Good Practice Guidance", which complements the revised 1996 IPCC guidelines for national greenhouse
inventories. Uncertainties are to be addressed also in the context of definitions and modalities for afforesta-
tion and reforestation CDM activities.

Additionality. The Marrakesh Accords stipulate that JI and CDM projects must result in anthropogenic
greenhouse gas emissions reductions or removals that are additional to any that would have occurred in their
absence, prior to 1990.

Baseline. In the Marrakesh Accords, a baseline for an activity must reflect the expected changes in carbon
storage and greenhouse gas emissions that would have occurred in the absence of the proposed project.

tree species systems (Carnus et al. 2003,
Thompson et al. 2003).

4.4.4 Monitoring of mitigation activities

All UNFCCC Parties are required to report
greenhouse gas emissions and activities to
address climate change. Annex I Parties have
strict obligations: they have to submit green-
house gas inventories annually and submit
national communications, which provide exten-
sive detail on current and planned activities to
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address climate change, every three to four years.
Both reports are subject to international expert
reviews. Non-Annex I Parties also prepare
national communications, but the requirements
are less strict. Annex I Parties must meet mon-
itoring and reporting requirements to be eligible
for participation in the market-based Kyoto
Mechanisms (JI, CDM, ET). The rules for mon-
itoring CDM projects include a requirement to
collect and archive information relevant to envi-
ronmental impacts (FCCC/2001/13/Add.2).
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4.5 AFFORESTATION, REFORESTATION
AND DEFORESTATION

4.5.1 Afforestation, reforestation and
deforestation in the Kyoto Protocol

As part of the commitments under the UNFC-
CC, Parties shall protect and enhance sinks and
reservoirs (Article 4.1(d)). Under the Kyoto
Protocol Article 3.3, all Annex I Parties have to
account for greenhouse gas sequestration and
emissions attributable to afforestation, reforesta-
tion, and deforestation. The Protocol specifies
that accounting under Article 3.3 be restricted to
direct human-induced land-use changes that
have taken place since 1990* .

In the context of Article 3.3 of the Kyoto
Protocol, both afforestation and reforestation
refer to the conversion of land under other uses
to forest. Afforestation is defined as the direct
human-induced conversion of land that has not
been forested for a period of at least 50 years to
forested land through planting, seeding, and/or
the human-induced promotion of natural seed
sources. Reforestation is defined as the direct
human-induced conversion of non-forested
land to forested land through planting, seeding,
and/or the human-induced promotion of natu-
ral seed sources on land that was forested but
that has been converted to non-forested land
(note that these definitions are different than
those generally used by foresters). For the Kyoto
Protocol’s  first ~ commitment  period
(2008-2012), reforestation activities will be lim-
ited to reforestation occurring on those lands
that, had been forested once, but that did not
contain forest on 31 December 1989 (Marrakesh
Accords FCCC/CP/2001/13/Add.1; page 58).

The time limit included in the definitions is
important; since only reforestation activities in
areas that were non-forested prior to 1990 can be
accounted for, it is thought that activities under
the Kyoto Protocol do not generally create a per-
verse incentive for conversion of natural forests
into plantation forests. However, this incentive
has not been totally removed as lands that did
not contain forest as of 1990 but may have since
been reforested, e.g. through natural forest suc-
cession, will be eligible for reforestation activi-
ties.

These two activities are the only
carbon wuptake activities that are also
eligible under the CDM (Marrakesh Accords
FCCC/CP/2001/13/Add.1 and Add.2). However,
at this time, it is unclear whether the same defi-
nitions of reforestation and afforestation under
the CDM will apply.

4.5.2 Biodiversity and afforestation and
reforestation activities

In planted forests, species selection often
results in a trade-off between fast carbon
assimilation and subsequent release vs. slower
carbon assimilation and longer retention time.
How these tradeoffs are made will affect biodi-
versity. This implies that fast rate of carbon
uptake from the atmosphere and long retention
time of the sequestered carbon cannot be maxi-
mized at the same time (e.g., Carey et al. 2001).
In many types of tree plantations, soil carbon
continues to be lost during the first 10-20 years
due to continued leaching (e.g., Turner and
Lambert 2000), and net accumulation only
becomes positive with increased time the length
of which is likely ecosystem-dependent. The

24 The Marrakesh Accords include the following definition for a forest:

"Forest" is a minimum area of land of 0.05-1.0 hectares with tree crown cover (or equivalent stocking level) of more than 10-30 per cent with
trees with the potential to reach a minimum height of 2-5 m at maturity in situ. A forest may consist either of closed forest formations where
trees of various storeys and undergrowth cover a high proportion of the ground or open forest. Young natural stands and all plantations which
have yet to reach a crown density of 10-30% or tree height of 2-5 m are included under forest, as are areas normally forming part of the forest
area which are temporarily unstocked as a result of human intervention such as harvesting, or natural causes, but which are expected to revert
to forest. (Source: Marrakesh Accord — FCCC/CP/2001/13/Add.1, page 58). Reforested and afforested sites are considered as forest (FAO

Forestry Paper no. 140: Global Forest Resources Assessment 2000).
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total carbon pool of a carbon-sequestering activ-
ity, the rate of positive change of the pool, and
the time that carbon will remain sequestered in
the system, strongly depend not only on climate,
soil nutrients, and rotation length, but also on
the dominant tree species (Paul et al. 2002,
Vestedal et al. 2002). For example in temperate
forests, poplars (Populus) are fast-growing, may
become very large, but are short-lived, while
oaks (Quercus) and beeches (Fagus) are slow-
growing, also become very large, but are very
long-lived. Forests of the latter species are less
ephemeral than poplar forests where in turn,
dead wood is more rapidly decomposed. From a
biodiversity perspective, the choice of tree
species can greatly affect the types of animals
and associated understory plant species that can
be supported. The use of either short- or long-
lived species depends on the goals. Long-lived
forest ecosystems, support more complex (plant-
animal; plant-plant) relationships than do sim-
ple and hence shorter-lived forests; therefore, the
former support greater levels of biodiversity
(e.g., Thompson et al. 2002). A decision on how
to balance the alternative goals for carbon and
biodiversity (rapid accumulation vs. long-term
sequestration) will have to be made in any forest
carbon-uptake activity (Aerts 1995, Caspersen
and Pacala 2001).

4.5.3. Impact of afforestation and refor-
estation on biodiversity

Afforestation and reforestation projects can
have positive, neutral or negative impacts on
biodiversity. The impact depends on the level
and nature of biodiversity of the ecosystem
being replaced, the spatial scale being considered
(e.g., stand vs. landscape), and other spatial
design and implementation issues (e.g., non-
native versus native species, native single versus
mixed-species, and  location).
Afforestation and reforestation activities may

native

help to promote the return, survival, and expan-
sion of native plant and animal populations.
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Degraded lands may offer the best opportunities
for such activities, as these lands have already
lost much of their original biodiversity.
Plantations may allow the colonization and
establishment of diverse understory communi-
ties by providing shade and ameliorating harsh
microclimates. Specific sites may be better can-
didates for implementing such activities than
others, based on past and present uses, the local
or regional importance of their associated bio-
logical diversity and proximity to nearby, natural
forests. In particular, the reduction of forest frag-
mentation, e.g. by careful design of native plan-
tation establishment and/or forest regeneration
strategies sites to give the most functionally con-
nected forest landscape possible would have pos-
itive impacts on biodiversity, improving ecosys-
tem resilience and allowing species migration in
response to climate change (see also section
4.11.4.3). Plantations of exotic species may only
be capable of supporting low levels of local bio-
diversity at the stand level (e.g., Healey and Gara
2002), but they could contribute to biodiversity
conservation if appropriately situated within the
broader landscape context; e.g. connecting areas
of natural forest enabling for species migration
and gene exchange (CIFOR 2003).

Activities that maintain a high ecosystem-
service value contribute to both carbon-uptake
and forest biodiversity conservation. An impor-
tant aspect is the extent to which activities take
into account concerns of the local and indigenous
communities in meeting the carbon credit priori-
ties of investors (Prance 2002, Pretty et al. 2002).
Incorporation of what is ‘valuable biodiversity’
from the local community perspective helps to
strike a balance between biodiversity and carbon
uptake, and promote long-term protection of
plantings (Diaz and Caceres 2000, Prance 2002).
The stipulation in the Marrakesh Accords that
CDM projects must contribute to the sustainable
development of the host country and may best be
achieved by the CBD ecosystem approach may
encourage project planners to design activities
that conserve and enhance biodiversity.
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Afforestation and reforestation planta-
tions can have beneficial environmental
impacts, especially if modifications are incor-
porated. Although plantations typically have
lower biodiversity than natural forests (see refer-
ences in Hunter 1999, Thompson et al. 2003), in
some cases they can reduce pressures on natural
forests by serving as sources of forest products,
thereby leaving greater areas of natural forests
for biodiversity conservation and provision of
environmental services. Afforestation and refor-
estation activities may also re-establish critical
ecological functions, such as erosion control
within degraded watersheds, and corridors with-
in a fragmented landscape. Further, in some
countries success at supporting at least some
native (non-tree) species in plantation forests
has been achieved, by paying attention to (stand
and landscape) structure, stem density, and
species mixing (Thompson et al. 2002, Carnus et
al. 2003 and references therein).
instances, plantation forests have been shown to
maintain considerable numbers of local species
(Carnus et al. 2003). Even modest changes in
project design have the potential to significantly
benefit biodiversity in plantation forests. For
example, mixing different species along the
stand edge, creating small clearings within the
stand, creating small water catchments in or near
the stand, and allowing under-story growth may
greatly improve habitat for some animals and
create favorable microsite conditions for some
plants. Significant biodiversity benefits can be
achieved by allowing a portion of the stand on a
landscape to age past maturity, by reducing
chemical and insect control, and avoiding locales
where rare or vulnerable ecosystems and species
are present at the time of site selection (Hunter
1999, Thompson et al. 2003). Finally, mixed-
species plantations have more overall ecosystem-

In some

service value and therefore are more likely to be
retained by local communities for a longer time
than single-species plantations (Daily 1997,
Prance 2002). However, it must be noted that
under climate change, there is considerable

uncertainty associated with the permanence of
benefits (Royal Society 2001).

Afforestation and reforestation activities
that replace native non-forest ecosystems (e.g.,
species-rich native grasslands, wetland, heath-
land or shrubland habitats) with non-native
species, or with a single or few species of any
origin, can negatively affect biodiversity. For
example, in South Africa, expansion of commer-
cial plantations (Eucalyptus and Pinus) has led
to significant declines in several endemic and
threatened species of native grassland birds and
suppression of indigenous ground flora
(Matthews et al. 1999). Similarly, drainage of
wetlands for afforestation and reforestation
activities may not be a viable carbon mitigation
option, as drainage will lead to immediate loss of
carbon stocks and potential loss of biodiversity.

Afforestation with non-indigenous species
may result in higher rates of water uptake than
by existing vegetation and this could cause sig-
nificant reductions in streamflow especially in
ecosystems where water is limiting. These
changes could have adverse effects on in-stream,
riparian, wetland, and floodplain biodiversity
(Le Maitre et al. 2002, Scott and Lesch 1997). For
example, the water yield from catchments in
South Africa was significantly reduced when the
catchments were planted with pines and euca-
lypts (UNEP 2002).

Tree improvement through silvicultural
techniques can increase the productivity asso-
ciated with plantations, and maintain genetic
diversity of local species. Individual tree species
are adapted to specific ranges of moisture and
temperature. Careful selection of seeds and tree
stocks under climate change scenarios, based on
modeling, will enable more rapid growth and
increase survivorship of planted tree species and
individuals than would be expected by relying
on available stocks (e.g., Rehfeldt et al. 1999).
This can be accomplished by matching expected
temperature and moisture regimes to planted
species and individuals within species and pay-
ing attention to maintaining species genetic
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diversity to enhance success of plantation forests

(Carnus et al. 2003). Conversely, single-species

plantations of commercially valuable tree species

have been widely planted in many regions of the
world. While still within their geographic range,
these plantations have often been planted off-site
into areas where factors like soil, elevation, mois-
ture, slope, and aspect differ significantly from
where they are normally found in the landscape.

Many of these plantations will become suscepti-

ble to reduce growth or dieback under drier or

warmer climate scenarios (e.g., Lexer et al. 2002,

Rehfeldt et al. 1999).

Measuring the success of afforestation and
reforestation activities can be accomplished
with a series of indicators for carbon uptake, as
well as for biodiversity, at the site and land-
scape scale (see chapter 5). In developing such
activities, the following considerations for biodi-
versity may be useful (Noss 2001, Thompson et
al. 2002, 2003; Carnus et al. 2003):

(a) landscape structure and planted trees
species composition can affect understory
plant species and animal species diversity;

(b) a regional suite of animal species requires
the full variety of local forest types and ages
of stands, with the structures normally asso-
ciated with those forests;

(c) planted forests that are structurally diverse
maintain more species than those that have
simple structure (i.e., monocultures);

(d) planted forests of native species conserve
local and regional animal species better than
do plantations of exotic tree species, or
monocultures of native species;

(e) large areas of forest maintain more species
than do small areas, and fragmented forests
maintain fewer species than do continuous
forests;

(f) core areas and protected areas connected by
reforested corridors or habitats enhance
population levels of species by reducing
fragmentation effects and improving disper-

sal capability, and through supporting more

individuals;

(g) some exotic tree species have the potential to
become invasive, with potentially negative
consequences for ecosystem functioning
and biodiversity conservation;

(h) planted forests that have high genetic diver-
sity are likely to be more successful over time
and under climate changes than those with
reduced genetic diversity.

(i) the spatial context where activities take place
is important to optimize for biodiversity of
desired species.

Uncertainty pertaining to the benefits of
mitigation and adaptation measures suggests
that adaptive management should be designed
into any project. Afforestation and reforesta-
tion projects should be viewed as experiments
with respect to their possible benefits to biodi-
versity. Monitoring programs should be put in
place to enable the long-term assessment of ben-
efits compared to expectations, and possible
adjustments made as required to design and
future efforts.

4.5.4 Afforestation and reforestation of
mires and peatlands as a special case

Pristine mires play an important role with
respect to global warming as carbon stores.
Their impact on climate change due to the emis-
sion of methane (CH:4) and nitrous oxide (N:O)
is typically insignificant (Joosten and Clarke
2002). However, methane production can be
high when water tables are within 20 cm of the
surface. Mires and peatlands” are characterized
by their unique ability to accumulate and store
dead plant material originating from mosses,
sedges, reeds, shrubs, and trees (i.e., peat), under
waterlogged conditions. About 50% of the dry
organic matter of peat consists of carbon.
Peatlands are the most prevalent wetland in the
world, representing 50 to 70 percent of all

25 A peatland is an area of landscape with a naturally accumulated peat layer on its surface. A mire is a peatland on which peat is currently form-
ing and accumulating. All mires are peatlands but peatlands that are no longer accumulating peat would not be considered mires anymore.
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wetlands and covering more than four million
km?® — or three percent — of the land and fresh-
water surface of the planet (Lappalainen 1996).
Between 270-370 Gt of carbon is currently
stored in the peats of boreal and sub-boreal peat-
lands alone (Turunen et al. 2000). This means
that, globally, peat represents about one-third of
the total soil carbon pool (about 1395 Gt) (Post
et al. 1982). Peat contains the equivalent of
approximately 2/3 of all carbon in the atmos-
phere and carbon equivalent to all terrestrial
biomass on the earth (Houghton et al. 1990).
Peatlands exist on all continents, from tropical to
polar zones, and from sea level to high altitude.
Humans affect peatlands both directly, through
drainage, land conversion, excavation, and inun-
dation, and indirectly, as a result of air pollution,
water contamination, water removal, and infra-
structure development.

Anthropogenic drainage has changed
mires and peatlands from a global carbon sink
to a global carbon (and other greenhouse gas)
source, and afforestation and reforestation
activities in recently drained peatlands may be
inconsequential as carbon sequestration activ-
ities (Joosten and Clarke 2002). Human activi-
ties continue to be the most important factors
affecting peatlands, both globally and locally,
leading to a current annual decrease of the mire
resource. When peatlands are drained to create
more agricultural land N:0 emissions are
increased and these lands become more prone to
fires. In some years greenhouse gas emissions
from the burning of these drained peatlands
(e.g., in South East Asia) may constitute a sub-
stantial portion of the global emissions (Page et
al. 2002).

4.5.5 Agroforestry as a special case of
afforestation and reforestation

Agroforestry systems incorporate trees or
shrubs  in landscapes.
Agroforestry practices could be considered eli-
gible under the CDM if they meet the adopted

agricultural

CDM definition of afforestation or reforesta-
tion. Agroforestry systems include a wide vari-
ety of practices: agrosilvicultural systems; sil-
vopastoral systems; and tree-based systems such
as fodder plantations, shelterbelts, and riparian
forest buffers. These systems are typically man-
aged, but can also be natural, such as silvopas-
toral systems in Sudan. Agroforestry systems
may lead to more diversified and sustainable
production systems than farming systems with-
out trees, and may provide increased social, eco-
nomic and environmental benefits (IPCC 2000,
Leakey 1996). The IPCC recognizes two classes
of agroforestry activities for increasing carbon
stocks: (a) land conversion; and (b) improved
land use. Land conversion includes transforma-
tion of degraded cropland and grassland, into
new agroforests (IPCC 2000). Improved land use
requires the implementation of practices such as
high-density plantings and nutrient manage-
ment that result in increased carbon stock.

Globally, significant amounts of carbon
could be sequestered in agroforestry systems,
due to the large agricultural land base in many
countries. In temperate systems, agroforestry
practices have been shown to store large
amounts of carbon in trees and shrubs (Kort and
Turlock 1999, Schroeder 1994, IPCC 2000,
Dixon et al. 1994, van Kooten et al. 1999).
Positive net differences in carbon stocks, includ-
ing those in the soil, have been documented in
the tropics between agroforestry systems and
common agricultural practices (IPCC 2000,
Palm et al. 2002, Woomer et al. 1999, Fay et al.
1998, Sanchez et al. 1997).

In addition to carbon uptake, agroforestry
activities can have beneficial effects on biodi-
versity, especially in landscapes that are domi-
nated by production agriculture. Agroforestry
can add plant and animal diversity to landscapes
that might otherwise contain only monocultures
of crops. Freemark et al. (2002) demonstrated
the important role of farmland habitat for the
conservation of native plant species in Eastern
Canada. In the Great Plains region of the United
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States, where cropland occupies most of the
landscape, linear riparian zones and field shel-
terbelts play essential roles in maintaining natu-
ral habitats for biodiversity (Guo 2000). In the
same region, Brandle et al. (1992) highlighted
the potential of agroforestry practices to provide
wildlife habitat. Traditional agroforestry sys-
tems, e.g. shaded coffee plantations, are common
throughout Central and South America. These
systems may contain well over 100 annual and
perennial plant species per field and provide
beneficial habitat for birds (including migratory
species) and other vertebrates (Altieri 1991,
Thrupp 1997).

Agroforestry can enhance biodiversity on
degraded and deforested sites (IPCC 2002).
Agroforestry systems tend to be more biological-
ly diverse than conventional croplands, degraded
grasslands or pastures, and the early stages of
secondary forest fallows. However, where agro-
forestry replaces native forests biodiversity is
usually lost (IPCC 2002). The use of native
species in agroforestry systems will provide
greatest benefits to biodiversity. In view of
human migrations to the forest margins, the
optimal tradeoffs between carbon sequestration
and economic and social benefits are an impor-
tant policy determination. Examples of such
tradeoffs are described in Gockowski et al.
(1999), Vosti et al. (1999), and Tomich et al.
(1998, 1999).

Agroforestry can be used to functionally
link forest fragments and other critical habitat
as part of a broad landscape management
strategy. Agroforestry can augment the supply
of forest habitat and enhance its connectivity.
This can facilitate the migration of species in
response to climate change. Even when there are
forest reserves in an area, they may be too small
in size to contain the habitat requirements of all
animal species, and whose populations may
extend in range beyond reserve boundaries
(Kramer et al. 1997).
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4.6 DEFORESTATION

The Marrakesh Accords define deforestation as
the direct human-induced
of forested land to  non-forested
land (FCCC/CP/2001/13/Add.1 page 58).
Deforestation, especially of primary forests,

conversion

causes an immediate reduction in above- and
below-ground biomass carbon stocks, followed
by several years of decreases in other carbon
stocks, including soils and a consequent decline
in associated biodiversity. Increased soil temper-
ature following deforestation leads to an increase
in the rate of decay of surface dead wood and lit-
ter, as well as the decay of soil organic matter,
thus increasing the loss of carbon from the sys-
tem (e.g., Fearnside 2000, Duan et al. 2001).
Deforestation may result in forest fragmenta-
tion, which adversely affects the ability of the
forest to uptake carbon, and can interact syner-
gistically with other changes, such as edge effects
and fire, potentially leading to serious degrada-
tion of the ecosystem (Gascon et al. 2000,
Laurance and Williamson 2001, Laurance et al.
1997). Large-scale deforestation may also cause
a decrease in precipitation, by reducing plant
evapotranspiration and altering local microcli-
mates and reducing moisture in the fragmented
stand and leading to increased fire potential
(Laurance and Williamson 2001).

In the tropics, expansion of agriculture is
the principal cause of deforestation. Tropical
forests currently experience the highest rates of
deforestation of all forest ecosystems. Achard et
al. (2002) estimate that between 1990 and 1997,
about 5.8 Mha of tropical forests were lost each
year (a much lower estimate than that of FAO
[2001] of 15 Mha per year). Globally, emissions
of carbon from land use changes have been esti-
mated to be 1.7 + 0.8 Gt/yr (Houghton 1999,
Houghton et al. 2000, IPCC 2000). The future
carbon mitigation potential of slowing current
rates of tropical deforestation has been estimat-
ed at about 11-21 Gt of carbon by 2050 (IPCC
2002). Worldwide, forests currently represent a
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carbon sink of about 3 Gt of carbon per year —
about half is taken up by northern hemisphere
ecosystems with the major contribution fluctu-
ating between Eurasia and North America. The
other half is in tropical ecosystems, which means
that the tropical zone is currently neither a sig-
nificant net source or sink (Watson and Noble
2002), but also suggests that slowing the rate of
deforestation would make tropical forests a net
carbon sink.

In addition to climate change mitigation
benefits, slowing deforestation and/or forest
degradation could provide substantial biodi-
versity benefits. Primary tropical forests contain
an estimated 50-70 percent of all terrestrial
species, and tropical deforestation and degrada-
tion of forests are major causes of global biodi-
versity loss. Deforestation reduces the availabili-
ty of suitable habitats for species coexistence,
may cause local extinctions, and can decrease
both population and genetic diversity. Thus
reducing the rate of deforestation is key to halt-
ing the loss of biodiversity in forests (Stork 1997,
Iremonger et al. 1997, Thompson et al. 2002).
Although any project that slows deforestation or
forest degradation will help to conserve biodi-
versity, projects in threatened/vulnerable forests
that are unusually species-rich, globally rare, or
unique to that region can provide the greatest
biodiversity benefits. Projects that protect forests
from land conversion or degradation in key
watersheds have potential to substantially slow
soil erosion, protect water resources, and con-
serve biodiversity.

Forest protection through avoided defor-
estation may have either positive or negative
social impacts. The possible conflicts between
the protection of forested ecosystems and ancil-
lary negative effects, restrictions on the activities
of local populations, reduced income, and/or
reduced products from these forests, can be min-
imized by appropriate stand and landscape man-
agement, as well as using environmental and
social assessments (IPCC 2002).

Pilot projects designed to avoid emissions

by reducing deforestation and forest degrada-
tion have produced marked ancillary environ-
mental and socio-economic benefits. These
include biodiversity conservation, protection
of watersheds, improved forest management,
and local capacity-building. Although avoided
deforestation is not an eligible CDM activity, it is
an important mechanism to maintain biodiver-
sity. Itis important that reduced deforestation in
one location does not simply result in intended
or unintended deforestation at another location;
i.e., leakage (see Box 4.2).

4.7. REVEGETATION

Revegetation is an eligible activity under
Article 3.4 of the Kyoto
"Revegetation" is defined as a direct human-
induced activity to increase on-site carbon

Protocol.

stocks through the establishment of vegetation
that covers a minimum area of 0.05 hectares and
does not meet the definitions of afforestation
and reforestation (FCCC/CP/2001/13/Add. 1,
page 58).

Revegetation includes various activities
designed to increase plant cover on eroded,
severely degraded or otherwise disturbed land.
Short-term goals of revegetation are often ero-
sion control, improved soil stability, recovery of
soil microbial populations, increased productiv-
ity of degraded rangelands and improved
appearance of sites damaged by such activities as
mining or construction. It is often the initial step
in the long-term restoration of ecosystem struc-
ture and function, natural habitats, and ecosys-
tem services.

Soils of eroded or degraded sites generally
have low carbon levels but have high potential
for carbon sequestration through revegetation.
Lal (2001) estimated the sequestration potential
of eroded land restoration as 0.2-0.3 Gt of car-
bon yr-1. Research in Iceland has demonstrated
sequestration of carbon in soils, above- and
below-ground biomass, and litter, but sequestra-
tion rates depend on various factors, including
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the revegetation method, soil characteristics, and
climate (Aradottir et al. 2000, Arnalds et al.
2000).

The effects of revegetation on biodiversity
will vary depending on the site conditions and
methods used. Effects on biodiversity can be
positive if revegetation efforts create conditions
that are conducive to an increase of native plant
species over time (e.g., Choi and Wali 1995,
Aradottir and Arnalds 2001, Gretarsdottir 2002),
or if it prevents further degradation and protects
neighboring ecosystems. Conversely, biodiversi-
ty can be negatively affected by revegetation if it
results in conditions that impede the coloniza-
tion of native species (Densmore 1992, Forbes
and McKendrick 2002). In certain instances
where endemic species may now be impossible
to grow on some severely degraded sites, the use
of exotic species and fertilizers may provide the
best opportunity as a catalyst for regeneration of
natural vegetation. However, in such instances,
it is desirable that the use of exotic species is
temporary (D’Antonio and Mayerson 2002, Ewel
et al. 1999). Furthermore, exotic species used for
revegetation can invade native habitats and alter
plant communities and ecosystem processes far
beyond the areas where they were originally used
(e.g., Pickard et al. 1998, Whisenant 1999,
Magnusson et al. 2001, Williamson and Harrison
2002).

Revegetation actions that do not depend
on direct seeding or planting enhance local
populations and have positive effects on biodi-
versity. Such actions involve manipulation of:
seed dispersal processes (Robinson and Handel
2001), seedbed properties (Urbanska 1997,
Whisenant 1999) and resource base for estab-
lishment and growth of plants (e.g. Tongway and
Ludwig 1996, Whisenant 1999). This should
enhance local populations and have positive
effects on biodiversity, unless exotic species are
common at the given site.
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4.8 LAND MANAGEMENT

Land management actions to offset greenhouse gas
emissions can affect overall environmental quality,
including soil quality and soil erosion, water quali-
ty, air quality, and wildlife habitat and in turn,
affect terrestrial and aquatic biodiversity (IPCC
2002). The subsections below deal with manage-
ment of forests, croplands and grazing lands.

4.8.1 Forest management

Most of the world forests are managed (FAO
2001), so improved management can enhance
carbon uptake, or at least minimize carbon
losses, and maintain biodiversity. For the pur-
poses of the Kyoto Protocol, forest management
is defined as a system of practices for steward-
ship and use of forest lands, aimed at
tulfilling
biodiversity), economic, and social functions

relevant  ecological (including
of the forest in a sustainable manner
(FCCC/CP/2001/13/Add.1 page 58).
management is one of the carbon uptake activi-

ties for which Annex 1 countries can receive

Forest

credit when fulfilling their commitments under
the Kyoto Protocol. Forest management refers to
activities such as harvesting, thinning and regen-
eration. These management activities provide
opportunities to promote conditions that are
conducive to increased biodiversity. Zhang and
Justice (2001) estimated that improved forest
management in central Africa could provide the
uptake of an additional 18.3 Gt of carbon over
the next 50 years. By reducing the amount of
logging debris through "good" forestry practices
such as low-impact harvesting in tropical forests,
significant amounts of carbon in the standing
vegetation can be retained and that otherwise
would have been released to the atmosphere by
decomposition (e.g., Pinard and Putz 1996).
Low impact harvesting also minimizes the prob-
ability of forest fires, as there is little woody
debris that otherwise would serve as combustion
fuel (Holdsworth and Uhl 1997).
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Forest ecosystems are extremely varied
and the positive or negative impacts on biodi-
versity of any forest management operation
will differ according to soil, climate, and site
history. Therefore, it would not be helpful to
recommend that any specific system or measure
is inherently good or bad for biodiversity under
all circumstances. Prescriptions must be adapted
to specific local forest conditions and the type of
forest ecosystem under management.

Because forests are enormous repositories
of terrestrial biodiversity at all levels of organ-
ization (genetic, species, population, and
ecosystem), good management practices can
have positive effects on biodiversity. Forestry
practices that enhance biodiversity in managed
stands and have a positive influence on carbon
retention within forests include: increasing rota-
tion age, low intensity harvesting, leaving woody
debris, post-harvest silviculture to restore native
plant communities that are similar to natural
species composition, and harvesting that emu-
lates natural disturbance regimes (Hunter 1999).
The application of appropriate silvicultural
practices can reduce local impacts while ensur-
ing the long-term protection of soils and animal
and plant species (see section 6.3.5). The use of
appropriate harvesting methods can lessen the
negative impacts on biodiversity, while still pro-
viding socio-economic benefits to local owners
and communities that are largely dependent on
the forest for their livelihoods.

Measuring progress towards sustainabili-
ty, and managing adaptively, is an important
aspect of forest management. Many national
and international agencies, have adopted a series
of indicators to measure progress in conserving
biological diversity in sustainable forest manage-
ment, for which there is a large body of available
literature (see chapter 5).

Forest regeneration includes practices
such as planting at specific stocking levels,
enrichment planting, reduced grazing
of forested savannas, and changes in tree
provenances/genetics or tree species.

Box 4.3. Forest Management Practices with
Potential Impacts on Biodiversity

Improved regeneration, or the act of renewing tree
cover by establishing young trees naturally or artifi-
cially—generally, before, during or promptly after
the previous stand or forest has been removed.
Fertilization, or the addition of nutrients to
increase growth rates or correct a soil nutrient defi-
ciency.

Forest fire management, which is used to reduce
the loss of forest biomass from fires, and reduce
emissions of greenhouse gases.

Pest management, or the application of strategies to
maintain pest populations within acceptable levels.
Harvest level and timing, including thinnings,
selection, and clear-cut harvesting.

Regeneration techniques can influence species
composition, stocking, and density and can
affect biodiversity. Natural regeneration of
forests can provide benefits for biodiversity by
expanding the range of natural or semi-natural
forests. Areas adjacent to natural forests demon-
strate the most potential for such activities.
Plantations, even of indigenous species, adjacent
to natural or semi-natural forests may not pro-
vide maximum benefits to biodiversity unless
designed as part of an integrated scheme for the
eventual restoration of natural forests (Niesten
et al. 2002). Efforts to understand and integrate
land use at the landscape scale can increase the like-
lihood that biodiversity will be accommodated.
Forest fertilization may have negative or
positive environmental effects. Fertilization
may adversely affect biodiversity, soil and water
quality by improving the environment for
unwanted species (i.e., weeds), by altering
species composition and by increasing nutrients
in water run-off that adversely affect watercours-
es (e.g., increased emissions of nitrous oxide
[N:0] to air, ground, and water). Although care-
ful attention to the rate, timing, and method of
fertilization can minimize environmental
impacts, in general, positive environmental ben-
efits are not likely to result from forest fertiliza-
tion, except on highly degraded sites. There, fer-
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tilization may be necessary where soils and
nutrients have been depleted. Fertility can affect
the establishment of trees, shrubs, and understo-
ry plant communities (Oren et al. 2001). When
organic and inorganic amendments were
applied to an eroded site in South Iceland, plant
cover and the diversity of native vascular plant
and moss species increased (Elmarsdottir 2001).
Another study on the same site showed
increased carbon stocks in soil, vegetation and
litter in similar but successively older treatments
(Aradottir et al. 2000). Approaches that use not
only inorganic fertilizers, but also organic
amendments and nitrogen fixing plant species as
well should be considered.

Fire management has environmental
impacts that are difficult to generalize because
in some forest ecosystems fires are essential for
regenerative processes to occur. Restoring near-
historical fire regimes may be an important
component of sustainable forestry but may also
require practices, such as road construction, that
may create indirect deleterious environmental
effects. The suppression of natural fire cycles
leads to the excessive accumulation of com-
bustible material, potentially leading to larger,
more intense fires and is unlikely to provide
viable long-term carbon sequestration (Noss
2001). In some forest ecosystems periodic fires
are necessary to regenerate understory plant
communities and their associated biodiversity.
However, in forests not subjected to recurrent
natural fires, e.g., tropical rainforests, increased
fire frequencies lead to overall negative effects on
biodiversity, and loss of soil nutrients through
leaching and runoff.

The use of biocides to control pests may
result in increased or reduced biodiversity.
Many introduced plant and animal species have
had unintended negative impacts on biodiversi-
ty. Carefully targeted pest management efforts
have been used to reduce the impact of intro-
duced species on native populations, for exam-
ple predation of birds and their eggs. Biocides
can, at times, prevent large-scale forest die-off,
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and can increase benefits associated with land-
scape, recreation, and watersheds. Conversely,
the potential adverse effects of herbicides and
pesticides on biodiversity include disruption of
root-mycorrhizae symbiosis (Noss 2001) and a
reduction in plant species populations and
diversity. Pesticide use may also have undesired
secondary effects on predators (Noss and
Cooperrider 1994). If not carefully used, pesti-
cides can be leached into surface waters and
groundwater and cause negative impacts to
aquatic biodiversity and human health.

Harvesting practices affect the quality and
quantity of timber produced, which has impli-
cations for carbon storage and biodiversity.
Harvesting can have positive or negative impacts
on biodiversity, recreation, and landscape man-
agement. Small-scale harvesting (i.e., patch or
selection) is often appropriate in forest ecosys-
tems on soils that are subject to erosion.

4.8.2 Management of cropland

The Marrakesh Accords define cropland man-
agement as "the system of practices on land on
which agricultural crops are grown, and
on land that is set aside or temporarily not
being used for crop  production”
(FCCC/CP/2001/13/Add.1 page 58).

Most carbon stocks in cropland are housed
in the soil; they currently constitute about 8-10
percent of total global carbon stocks. Some
studies suggest that most of the world’s agricul-
tural soils have about half of their pre-cropped
soil carbon and that change in soil management,
especially reducing tillage, can greatly increase
their carbon stocks (IPCC 1996, IPCC 2000).

Generally, conversion of natural systems
to cropland results in losses of soil organic car-
bon ranging from 20-50 percent of the pre-cul-
tivation carbon stocks (IPCC 2000). For exam-
ple, following conversion from forest to row-
crop agriculture, soil carbon losses associated
with CO: emissions is about 20-30 percent of the
original carbon stocks. On a global basis, the
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cumulative historic loss of carbon from agricul-
tural soils due to practices such as crop residue
removal, inadequate erosion control and excessive
soil disturbance has been estimated at 55 Gt, or
nearly one third of the total carbon loss (i.e., 150
Gt of carbon) from soils and vegetation (IPCC
1996, Houghton 1999).

Activities in the agricultural sector that
reduce greenhouse gas emissions and increase
carbon sequestration may enhance or decrease
given levels of biodiversity. There are many agri-
cultural management activities that can be used to
sequester carbon in soils (e.g., intensification, irri-
gation, conservation tillage, and erosion control).
Practices may have positive or negative effects on
biodiversity, depending on the specific practice
and the context in which it is applied. Activities
include adopting farmer participatory approaches;
consideration of local knowledge and technolo-
gies; the use of organic materials; and the use of
locally adapted crop varieties and crop diversifica-
tion. Agricultural practices that enhance and pre-
serve soil organic carbon can affect CHs and N.O
emissions.

Agricultural intensification practices that
may enhance production and increase plant
residue in soil include crop rotations, reduced
bare fallow, cover crops, improved varieties, inte-
grated pest management, optimization of inor-
ganic and/or organic fertilization, irrigation,
water table management, and site-specific man-
agement. These have numerous ancillary benefits
including increased food production, erosion con-
trol, water conservation, improved water quality,
and reduced siltation of reservoirs and waterways
benefiting fisheries and biodiversity. However, soil
and water quality is adversely affected by indis-
criminate use of chemical inputs and irrigation,
and increased use of nitrogen fertilizers will
increase fossil energy use and may increase N:O
emissions. Agricultural intensification influences
soil carbon through the amount and quality of
carbon returned to the soil, and through water and
nutrient influences on decomposition.

Irrigation can increase crop production,

but may also degrade ecosystems. Irrigation
also increases the risk of salinization and may
divert water from rivers and flood flows with sig-
nificant impacts on the biodiversity of rivers and
flood plains. Return flows from irrigation can
cause downstream impacts on water quality and
aquatic ecosystems. Additional impacts can
include the spread of water-borne diseases.

Conservation tillage denotes a wide range
of tillage practices, including chisel-plow,
ridge-till, strip-till, mulch-till, and no-till to
conserve soil organic carbon. Adoption of con-
servation tillage has numerous ancillary benefits,
including control of water and wind erosion,
water conservation, increased water-holding
capacity, reduced compaction, improved soil,
water, and air quality, enhanced soil biodiversity,
reduced energy use, reduced siltation of reser-
voirs and waterways with associated benefits for
fisheries and biodiversity. In some areas (e.g.,
Australia), increased leaching from greater water
retention with conservation tillage could cause
downslope salinization.

Reduction or elimination of intensive soil
tillage practices can preserve and increase soil
organic carbon stocks. In these practices 30% or
more of crop residues are left on the soil surface
Conservation tillage has the
potential to sequester significant amounts of
carbon in the soil. Soil carbon sequestration can
be further increased when cover crops are used

after planting.

in combination with conservation tillage (IPCC
2000). Carbon levels can be increased in the soil
profile for 25 to 50 years, or until saturation is
reached, but the rate may be highest in the initial
5 — 20 years. However, long-term soil carbon
sequestration through conservation tillage will
largely depend on its continued use, as reversion
back to conventional practices can cause the
rapid loss of sequestered carbon.

Erosion control practices—which include
water conservation structures, vegetative strips
used as filters for riparian zone management,
and agroforestry shelterbelts for wind erosion
control—can reduce the global quantity of soil
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organic carbon displaced by soil erosion. There
are numerous ancillary benefits and associated
impacts, including increased productivity;
improved water quality; reduced use of fertiliz-
ers, especially nitrates; decreased siltation of
waterways; reduced CH: emissions; associated
reductions in risks of flooding; and increased
biodiversity in aquatic systems, shelter belts, and
riparian zones.

Rice management strategies—which
include irrigation, fertilization, and crop
residue management—affect CH:s emissions
and carbon stocks. But there is limited informa-
tion on the impacts of greenhouse gas mitiga-
tion rice management activities on biodiversity.

4.8.3 Grazing lands and grasslands

The response of grazing land systems will vary
under potential climate change scenarios
depending on its type and location. Grazing
land (which include grasslands, pasture, range-
land, shrubland, savanna, and arid grasslands)
contain 10-30 percent of the world’s soil carbon
(IPCC 2000). The mixture of grass, herb, trees
and shrub species usually determines the pro-
ductivity of a given rangeland. Grazing land with
a higher percentage of grass in relation to other
plant components is likely to have higher pro-
ductivity. A greater percentage of annual or
ephemeral species would suggest lower annual
productivity, whereas a predominance of peren-
nial species is more likely to result in high pro-
ductivity. The Marrakesh Accords define grazing
land management as "the system of practices on
land use for livestock production aimed
at manipulating the amount and type
of vegetation and livestock produced”
(FCCC/CP/2001/13/Add.1, page 58).
Operationally, a distinction is sometimes made
between grazing land management and grass-
land management; grazing lands are managed
for livestock, whereas grasslands may be man-
aged for different purposes, including conserva-
tion, but not specifically for livestock. One of the

68

goals of grazing land management is to prevent
overgrazing, which is the single greatest cause of
grassland degradation and the overriding
human-influenced factor in grassland soil car-
bon loss (Ojima et al. 1993).

In grazing lands, carbon accumulates
above- and below-ground, and transforming
cropped or degraded lands to perennial grass-
lands can increase above- and below-ground
biomass, soil carbon, and biodiversity.
Protection of previously intensively grazed lands
and reversion of cultivated lands to perennial
grasslands is likely to be more prevalent in coun-
tries with agricultural surpluses, but opportuni-
ties for environmental protection set-asides are
possible in all countries. Globally, estimates of
the potential area of cropland that could be
placed into set-asides are approximately 100 M
ha (IPCC 1996).

Grasslands management activities that
can be used to sequester carbon in soils include
grazing management, protected grasslands and
set-asides, grassland productivity improve-
ments, and fire management. The productivity
of many pastoral lands, and thus the potential
for carbon sequestration, particularly in the
tropics and arid zones, is restricted by nitrogen
and other nutrient limitations and the unsuit-
ability of some native species to high-intensity
Introduction
legumes and high-productivity grasses or addi-

grazing. of nitrogen-fixing
tions of fertilizer can increase biomass produc-
tion and soil carbon pools, but some of these
introduced species have significant potential to
become weeds (IPCC 2000).

Most grassland management activities are
beneficial to biodiversity and carbon uptake;
some such as fertilization may decrease on-site
biodiversity (LULUCF 2000-Table 4.1). Carbon
accumulation can be enhanced through
improved practices when grazing lands are
intensively managed or strictly protected.
Properly managed native species can enhance
the biodiversity associated with grazing lands.
Native species are also often more tolerant of cli-
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matic variations than exotic species, and can
provide essential habitat for animals. Buckland
et al. (2001) suggest that native perennial species
of grass have the potential to establish and effec-
tively compete with annuals, improving system
stability. Grazing lands can also be made more
productive, e.g., through fertilization, although
it may lead to a reduction in the biodiversity of
native grasslands.

4.9 CARBON SEQUESTRATION IN
OCEAN SYSTEMS, WETLANDS AND
GEOLOGIC FORMATIONS

Oceans and wetlands are enormous reservoirs
of carbon; currently, there is approximately 50
times as much carbon in the oceans as in the
atmosphere. Oceans have provided a sink for
up to 30 percent of the anthropogenic carbon
dioxide emissions (Raven and Falkowski 1999).
However, these activities cannot generate credits
to meet commitments under the Kyoto Protocol.

Marine ecosystems may offer mitigation
opportunities for removing CO: from the
atmosphere, but the implications for biodiver-
sity and ecosystem functioning are not well
understood. Mitigation of climate change
impacts by means of the direct introduction of
fossil fuel-derived carbon dioxide into marine
waters was first proposed in 1977. Subsequently,
proposals have been developed to inject CO: gas
into intermediate depth waters (800 m), either
from fixed shore-based pipelines (Drange et al.
2001) or from pipelines towed behind ships.
Other proposals envisage delivery of CO: into
deep water to form a lake covered with CO:-
clathrate hydrate (Brewer 2000).

All proposed oceanic CO2 storage schemes
have the potential to cause ecosystem distur-
bance (Raven and Falkowski 1999). Carbon
dioxide introduced at depth will alter seawater
pH, with potentially adverse consequences for
marine organisms (Ametistova et al. 2002). A
decline in pH associated with a CO: plume could
disrupt marine nitrification and lead to unpre-

dictable phenomena at both the ecosystem and
community level (Huesemann et al. 2002).
Organisms unable to avoid regions of low pH
because of limited mobility will be most affect-
ed; layers of low pH water could prevent vertical
migration of species and alter particle composi-
tion, affecting nutrient availability (Ametistova
et al. 2002). Deep-sea organisms are highly sen-
sitive to changes in pH and CO: concentration
(Seibel and Walsh 2001). Thus, even small
changes in pH or CO: could have adverse conse-
quences for deep-sea ecology and hence for
global biogeochemical cycles that depend on
these ecosystems (Seibel and Walsh 2001). The
introduction of CO: into seamount ecosystems,
which are essentially the tops of mountains or
chains of mountains beneath the sea, raises fur-
ther concerns. While data is limited, it appears
that seamounts have high levels of endemic bio-
diversity; i.e., containing species unique found
nowhere else in the world (Koslow et al. 2000,
Forges et al. 2000). The overall ecological and
biodiversity implications of ocean CO: disposal
are highly uncertain, especially to benthic sys-
tems, due to a lack of knowledge about the fau-
nal assemblages likely to be affected, and the
extent of the areas affected. It is important to
note that these activities are likely to take place
on the high seas outside of national jurisdiction.

Ocean fertilization is another type of car-
bon sequestration. The concept of mitigating
climate change through increased biological
sequestration of carbon dioxide in oceanic envi-
ronments (IPCC 2001a) has mainly focused on
fertilization of the limiting micronutrient, iron,
to marine waters that have high nitrate and low
chlorophyll levels (Boyd et al. 2000). The aim is
to promote the growth of phytoplankton that, in
turn, will fix significant amounts of carbon. The
introduction of nitrogen into the upper ocean as
a fertilizer has also been suggested (Shoji and
Jones 2001). However, the effectiveness of ocean
fertilization as a means of mitigating climate
change may be limited (Trull et al. 2001,
Buesseler and Boyd 2003).
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The consequences of larger and longer-
term introductions of iron remain uncertain.
There are several feedback mechanisms between
ocean systems and climate, and there is a danger
to disrupt the current functioning of the Earth’s
largest ecosystem through mitigation activities.
There are concerns that the introduction of iron
could alter food webs and biogeochemical cycles
in the oceans (Chisholm et al. 2001) causing
adverse effects on biodiversity. There are also
possibilities of nuisance or toxic phytoplankton
blooms and the risk of deep ocean anoxia from
sustained fertilization (Hall and Safi 2001). A
series of experimental introductions of iron into
the Southern Ocean promoted a bloom of phy-
toplankton (Boyd et al. 2000) but also produced
significant changes in community composition
and the microbial food web (Hall and Safi 2001).

Wetlands have positive impacts on water
quality, provide protection against local flood-
ing, help control soil and coastal erosion, and
are important reservoirs of unique biodiversi-
ty. They also serve as corridors for many long-
range, migrant species and provide important
breeding grounds for fish. Long-term revegeta-
tion (i.e., ecological restoration) of former wet-
lands can increase carbon sequestration but may
lead to increases in other gas emissions.
Wetlands are important reservoirs of biodiversi-
ty. Thus restoration of wetlands that have been
formerly drained for agriculture or forestry will
provide important benefits: improvement of
water quality, control of soil and coastal erosion,
as well as providing protection against local
flooding (IPCC 2000). Restoration of wetlands
will increase carbon storage as organic matter,
but may also increase methane (CHs) emissions.

Effects of carbon sequestration in geologi-
cal formations on biodiversity are not well
understood. As with marine carbon sequestra-
tion, this option is not explicitly incorporated in
the Kyoto Protocol, but the technical potential is
very large, and considerable governmental and
private sector investments in research are under-
way to further develop this alternative. The bio-
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diversity implications of the different technolo-
gies applied (storage in oil fields, coal beds or
aquifers) are not well understood; possible nega-
tive effects could be due to release of carbon
dioxide from underground storage or by chang-
ing the chemical properties of ground water
(Reichle et al. 1999).

4.10 ENERGY ACTIVITIES

About 60 % of anthropogenic global green-
house gas emissions originate from the genera-
tion and use of energy. The majority of mitiga-
tion efforts are therefore focused on energy pro-
duction, transport and space heating.

A substantial proportion of anthropogenic
greenhouse gas emissions originate from non-
energy sources. Measures are being taken to cut
emissions from sources such as waste disposal,
forestry and agriculture, as well as enhance
removals. By definition, these actions provide
environmental benefits in terms of climate
change; they may have beneficial or adverse
effects on biodiversity. Potential impacts on bio-
diversity of some emission reduction actions are
discussed below.

Mitigation options in the energy sector
that may affect biodiversity include increasing
the use of renewable energy sources such as
bioenergy, and wind-, solar-, and hydropower.
Some activities that increase efficiency in the
generation or use of fossil fuels are not discussed
in this report but may also have beneficial effects
on biodiversity. Increased efficiency in these
types of activities will reduce fossil-fuel use,
thereby reducing the impacts on biodiversity
caused by mining, extraction, transport, and
combustion of fossil fuels.

4.10.1 Use of biomass / Bioenergy

The use of biomass (plant material) as a fuel can
mitigate the impacts of climate change by
decreasing fossil fuel use. Bioenergy carriers
store solar energy in the form of organic materi-
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al, which can be used at any time. The variety of
forms in which bioenergy carriers occur is a fur-
ther advantage: they can be used in solid, liquid
or gaseous state to produce either electricity or
heat or both. During plant growth, plants assim-
ilate carbon dioxide from the atmosphere. The
CO: is released during combustion. Therefore,
the use of bioenergy is more or less CO:-neutral.
Any difference will depend on the amount of
fossil fuels used to produce, harvest and convert
bioenergy carriers. Generally, the use of agricul-
tural or forest residues requires a smaller incre-
mental use of fossil energy than the cultivation
of specialized energy crops. However, emissions
from biomass fuels still include components
such as sulphur and black carbon particles, or
gases (such as N:O or CH.) that have negative
effects on the environment.

Today, eleven percent of the global pri-
mary energy consumption (419 EJ) is produced
from bioenergy (Goldemberg 2000). In some
developing countries the share of bioenergy can
be as high as 90 percent of total energy con-
sumption, although the average for developing
countries is 33 percent (Hall 1997). According to
IPCC calculations, energy crops could supply
much of modern bioenergy, which could be cul-
tivated on about 10 percent of the world’s land

area (Table 4.2). Achieving the technical poten-
tial indicated by IPCC’s calculation would
require setting aside large areas in Latin America
and Africa for bioenergy crops.

Despite many advantages, such as overall
availability and diversity of uses, bioenergy
also bears risks for the global biosphere and for
food security. To exploit bioenergy to the poten-
tial presented in the IPCC third assessment
report (IPCC 2001a,b,c), it may require the con-
version of natural vegetation, especially forests,
to bioenergy plantations, and causing a signifi-
cant loss of biodiversity in the affected regions.
Several studies have shown that bioenergy tree
plantations host less breeding bird and mammal
species and individuals than the surrounding
forests and shrublands (Hanowski et al. 1997,
Christian et al. 1998). Moreover, these planta-
tions are not colonized by forest animals but by
species typical of open landscapes (Christian et
al. 1997;1998). The introduction of wood ener-
gy crops into open landscapes changes wildlife
community dynamics and might lead to a frag-
mentation of grasslands, precipitating the loss of
species who depend on large open areas (Paine et
al. 1996).

Nevertheless, bioenergy crops can result in
neutral or positive impacts on biodiversity if

Comparison of several studies calculating global bioenergy potentials.

Study IPCC (2001a,b,c) Kaltschmitt et al. (2002) Fischer and
Schrattenholzer (2001)
Potential (EJ) 396 (+45) 104 370-450
Area for energy crops ~10% of world’s | ~2.5% of world’s land area | Whole grassland area
land area
16% of Africa
32% of Latin America
Yields for energy crops High Moderate Moderate
[tha'] 15 6-7 4.7
Residue use (average) [tha'] No data Forest: 0.5 Forest: 1.4

Agriculture: 0.7 Agriculture: 1.2
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several points are considered.

(a) Bioenergy plantations, which do not replace
natural vegetation but cropland or non-
native grazing land (e.g., managed pastures
or plantations) in areas affected by degrada-
tion or erosion, may result in improved soil
fertility and structure. Precise land use
models, such as those developed for north-
eastern Brazil (Schneider et al. 2001), can
identify suitable land and avoid competition
with food production areas.

(b) Bioenergy plantations containing a high
level of structural heterogeneity are better
for biodiversity than large homogenous
monocultures (Christian et al. 1994).
Examples of these plantations are stands
that are established with patches of different
species or clones.

(c) Use of native species that resemble as close-
ly as possible the natural vegetation of a cer-
tain region. For example, switchgrass
(Panicum virgatum) plantations in the
North American prairie region provides
suitable habitat for native wildlife species
(Paine et al. 1996).

(d) Perennial energy crops require less agro-
chemicals than annual crops and are often
more productive (Graham et al. 1996, Paine
et al. 1996, Zan et al. 2001).

4.10.2 Fuel wood as a
special case of bioenergy

More than half of the world’s total round wood
production is used as fuel wood, and fuelwood
and charcoal consumption in tropical coun-
tries is estimated to increase from 1.3 billion m*
in 1991 to 3.4 billion m’ by 2050 (Schulte-
Bisping et al. 1999). In the rural areas of most
developing countries fuel wood collected in
forested common lands is the main source of
domestic energy (Heltberg et al. 2000). In sever-
al Asian and African countries, e.g., China, India,
and Kenya, wood consumption exceeds plant
growth rates. Several authors have described the
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cycle induced by fuel wood scarcity: increased
efforts to find fuel wood lead to increased envi-
ronmental degradation, which in turn intensifies
fuel wood scarcity (Heltberg et al. 2000, K6hlin
and Parks 2001). Integration of sustainable pro-
duction of fuel wood into forest management,
afforestation/reforestation, agroforestry, revege-
tation and grassland management projects will
help to reduce the pressure on forests and their
biodiversity.

The extent of environmental degradation
and the effects for biodiversity depend on the
type of wood collected. Normally, fuel wood
collectors first gather dry wood lying on the for-
est floor, before breaking dead twigs and branch-
es off living trees (Du Plessis 1995). The removal
of these substrata may affect a variety of species,
which use dead wood for food, shelter, or nest-
ing. The disruption of nutrient flows that are
supplied to the soil from decomposing wood
may disturb or even eliminate biotic decom-
posers that include insects, fungi, and microbes.
(Shankar et al. 1998). Similar effects are caused
by the excessive removal of uprooted shrubs and
over-topped trees on village common lands in
India (Ravindranath and Hall 1995). Liu et al.
(1999) noted that giant panda habitat declined
in the Wolong Nature Reserve in China as the
population, and hence the demand for fuel wood
increased.

Fuelwood conservation measures, such as
efficient cookstoves, solar cooking and biogas,
have the potential to reduce pressure on forests
and thus conserve both carbon reservoirs and
biodiversity. Biogas derived from anaerobic
decomposition of crop waste and cattle dung can
potentially substitute for fuelwood at the house-
hold or community levels. The same holds true
when solar energy is used. Thus, mitigation
activities aimed at reducing fuelwood use for
cooking and heating through improvements in
efficiency (improved stoves and biogas) and
changes in behavior of local people can signifi-
cantly reduce pressure on forests and thereby
contribute to biodiversity conservation. In some
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circumstances however, like in Mediterranean
countries, the termination of brushwood gather-
ing led to an increase in fire risk and thus put a
potential threat to biodiversity.

4.10.3 Hydropower and dams

Hydropower has been promoted as a technolo-
gy with significant potential to mitigate cli-
mate change by reducing the greenhouse gas
intensity of energy production (e.g,
International Hydropower Association 2000).
Greenhouse gas emissions from most hydropow-
er projects are relatively low, with the exception
of large shallow lakes in heavily vegetated tropi-
cal areas where emissions of methane (CH.)
from decaying vegetation can be substantial.
Currently, about 19 percent of the world’s elec-
tricity is produced from hydropower. While a
large proportion of hydropower potential in
Europe and North America is already tapped, a
smaller proportion of the larger potential in
developing countries has been exploited. Of the
first 25 projects moving through the Clean
Development Mechanism validation process as
of August 2002, seven were hydro projects
(Pearson, in press).

Emissions of carbon dioxide and methane
caused by dams and reservoirs may be a limit-
ing factor on the use of hydropower to mitigate
climate change. Preliminary research suggests
that emissions from dams and reservoirs world-
wide may be equivalent to about one-fifth of
estimated total anthropogenic methane (CHs)
emissions and four percent of anthropogenic
carbon dioxide emissions. The science of quanti-
fying reservoir emissions is, however, still devel-
oping and subject to many uncertainties. One
major issue requiring further study is how dams
and reservoirs affect watershed carbon cycling.
Measurements of gross reservoir emissions may
significantly under- or over-estimate net emis-
sions depending on how pre-dam carbon fluxes
have been affected (World Commission on
Dams 2000a).

Large-scale hydropower development can
also have other high environmental and social
costs. The large-scale promotion of hydropower
for climate mitigation could have serious
impacts on biodiversity, especially in aquatic and
riparian ecosystems. The World Bank/IUCN-
sponsored World Commission on Dams (World
Commission on Dams 2000b) concluded that
"large dams have many, mostly negative impacts
on ecosystems. These impacts are complex, var-
ied and often profound in nature. In many cases,
dams have led to the irreversible loss of species
populations and ecosystems". Dam reservoirs
result in loss of land, which may lead to loss of
local terrestrial biodiversity. Dams may also pre-
vent fish migration, an essential part of the life
cycle of some species and thus damage fishing
resources with its associated social impacts on
local populations. Altering the timing, flow,
flood pulse, oxygen and sediment content of
water may reduce aquatic and terrestrial biodi-
versity. Systematic changes of the aquatic habi-
tats by hydropower projects may cause a cumu-
lative negative effect on specialized aquatic and
semi-aquatic species. Disturbing aquatic ecosys-
tems in tropical areas can also induce indirect
environmental effects; for example, increased
pathogens and their intermediate hosts may lead
to an increase in human diseases such as malar-
ia, schistosomiasis, filariasis, and yellow fever.
The environmental impacts of hydropower
plants are summarized in Table 4.3.

The ecosystem impacts of specific
hydropower projects vary widely and may be
minimized depending on factors including
type and condition of pre-dam ecosystems,
type and operation of dam, and the height of
dam and area of reservoir. Well-designed instal-
lations, for example using modern technologies
that cascade the water through a number of
smaller dams and power plants, may reduce the
adverse environmental impacts of the system.
Small and micro-scale hydroelectric schemes
normally have low environmental impacts, but
the cumulative effects of many projects within
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Typology of main environmental impacts from hydropower

(from McCully 1996).

Impacts Due to Dam and Reservoir Presence

Impacts Due to Pattern of Dam Operation

Upstream change from river valley to reservoir

trine).

(includes flooding of terrestrial habitats and conversion
of aquatic habitats from wetland and riverine to lacus-

Changes in downstream hydrology;
changes in total flows;

change in seasonal timing of flows;
short-term fluctuation in flows;
change in extreme high and low flows.

Changes in downstream morphology of riverbed and
banks, delta, estuary and coastline due to altered sedi-
ment load.

Changes in downstream morphology caused by
altered flow patterns.

Changes in downstream water quality: effects on river
temperature, nutrient load, turbidity, dissolved bases,
concentration of heavy metals and minerals.

Changes in downstream water quality caused by
altered flow patterns.

ment of organisms and because of the above changes.

Reduction of biodiversity due to the blocking of move-

Reduction in riverine/riparian/floodplain habitat
diversity, especially due to elimination of floods.

a watercourse may have considerable impact on

the biodiversity within a larger area. In general,
run-of-river projects will have fewer impacts
than storage dams with large reservoirs® but
they may also have serious effects on biodiversi-
ty. These impacts are mainly due to the blocking
of fish migration, either because of the physical
barrier of the dam wall or through the dewater-
ing of a stretch of river below the dam.
Cumulative impacts of small dams on biodiver-
sity need to be considered even when individual
installations may have only a small impact
(World Commission on Dams 2000b).

Proper design and operation of reservoirs
and dams could decrease their impact on bio-
diversity. Another important determinant of
dam impacts is their location within the river
system. Dams near the headwaters of tributaries
will tend to have fewer impacts than mainstream
dams that may cause perturbations throughout
the whole watershed (see e.g. Pringle 1997). The
protection of dams from siltation may be a

mayor incentive for biodiversity conservation in
the form of reforestation or afforestation meas-
ures within the watershed. The World
Commission on Dams has published a compre-
hensive list of guidelines for water and energy
planning which might be helpful in that respect
(World Commission on Dams 2000b).

4.10.4 Wind energy

Wind energy plays an important role in the
development of renewable energy; the use of
wind energy is increasing rapidly and it is one
strategy to mitigate climate change. The addi-
tionally installed capacity in the record year 2001
was 6824 MW worldwide (Krogsgaard and
Madsen 2002). Today wind energy next to
hydropower is the most important renewable
energy source of electricity. Europe accounts for
more than 70 percent of the total installed capac-
ity in the world, and the United States of
America has 18 percent. In Germany 37 percent

26 The term run-of-river is ill-defined but refers to projects with very small storage capacity relevant to streamflow.
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of the world’s capacity is connected to the grid
(Brown 2002, Bundesverband Windenergie
2002). In addition to the installation onshore,
development of offshore wind farms will accel-
erate in the future.

Onshore, as well as offshore, the construc-
tion and the operation of wind energy plants
may cause negative impacts on the natural
environment. Detailed and long-term research
programs are needed to provide data on the
effects of onshore and offshore wind farms on
the natural environment and biological diversity.
Onshore, there is proof of impacts on fauna,
mainly avifauna. Wind energy farms may also
lead to direct and/or indirect loss of habitat
(Ketzenberg et al. 2002), which may be critical
for rare species. Most of the studies have demon-
strated low rates of collision mortality, but these
rates could nevertheless be significant for some
species (BfN 2000, and references therein).
Studies conducted so far indicate species and
site-specific sensitivity of birds, but further
research is needed (Anderson et al. 1999,
Kruckenberg and Laene 1999, Leddy et al. 1999,
Morrison et al. 1998, Winkelmann 1992).

At present, knowledge of the effects of off-
shore wind farms on the avifauna (migration
paths) is less extensive than the information
available on onshore farms (Garthe 2000).
Little is known about the impacts on sea mam-
mals, fish, and the biotic-communities of the
seabed (Merck and Nordheim 1999), but in sea
mammals, there is a high potential risk of disori-
entation or displacement due to the noise during
the construction and operation of wind farms.
Benthic communities and fish may be affected
by direct loss of habitats (during construction),
or through rearrangement of the sediment. The
input of solid substrates (concrete or steel foun-
dation) may also have negative impacts on bio-
diversity. However, current knowledge about
these impacts is still limited. Land use planning
can help identify biologically sensitive areas and
prevent them from being negatively impacted
(Huggett 2001). For example, Germany is cur-

rently performing respective action with refer-
ence to their offshore wind energy strategy
(BMU 2002) identifying ecologically sensitive
areas and simultaneously defining wind energy
qualification areas. Parallel to this strategy an
extensive research plan related to possible envi-
ronmental effects of wind farms is executed.

4.11 OPTIONS FOR ADAPTATION TO
CLIMATE CHANGE

The Intergovernmental Panel on Climate
Change has defined "adaptation" as adjustment
in natural or human systems to a new or chang-
ing environment. In the context of climate
change, adaptation refers to adjustment in prac-
tices, processes, or structures in response to actu-
al or expected climatic stimuli or their effects,
with an effort to reduce a system’s vulnerability
and to ease its adverse impacts. While ecosystems
can, to a certain extent, adapt naturally to chang-
ing conditions, in human systems adaptation
requires: an awareness of potential impacts of
climate change, the need for taking action, an
understanding of available strategies, measures
and means to assess adaptive responses, and the
capacity to implement effective options. In the
following discussion, the term "adaptation” does
not include the autonomous response of natural
systems to climate change (e.g., to changed CO:
levels).

Adaptation activities could include policies
and programs to:

(a) Increase robustness of infrastructure and
investments to climate change impacts (e.g.,
expanding buffer zones against sea level
rise);

(b) Discourage investments that would increase
vulnerability in systems sensitive to climate
change;

(c) Increase flexibility of managed systems to
accommodate and adapt to climate change;

(d) Learn from, and enhance resilience and
adaptability of, natural systems; and

(e) Reverse maladaptive trends in development
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and resource management and use (e.g.,

reducing subsidies associated with ineffi-

cient use of energy and water; GEF 2003).

Inertia” in the climate, ecological, and
socio-economic systems makes adaptation
inevitable and already necessary in some cases.
Mitigation of climate change itself is a long-term
endeavor. Even if all anthropogenic additions of
greenhouse gases to the atmosphere were to be
stopped immediately, global warming and asso-
ciated impacts such as sea level rise, would be
expected to continue for many decades (IPCC
2001d). Thus mitigation options alone (see sec-
tion 4.4) may not be adequate to reduce the
impacts of climate change on biodiversity and
ecosystems; adaptation activities need to be con-
sidered along with mitigation options.

Adaptation activities to climate change
will be required in all countries and in most
sectors. For example, adaptation activities may
be necessary for water management, agriculture,
and forestry, and infrastructure development. It
is generally considered that adaptation options
are best carried out as part of an overall
approach to sustainable development, integrat-
ed, for example, with national biodiversity
strategies and action plans. As mentioned in
Section 4.3, the ecosystem approach provides a
unifying framework for adaptation activities to
climate change in the context of sustainable
development. Implementing appropriate moni-
toring systems will help detect potential trends
in changes in biodiversity and help plan adaptive
management strategies.

4.11.1 Adaptation options to reduce the
negative impacts of climate change on
biodiversity

Adaptation is necessary not only for the pro-
jected changes in climate but also because cli-

mate change is already affecting many ecosys-
tems. Adaptation options include activities
aimed at conserving and restoring native ecosys-
tems, managing habitats for rare, threatened,
and endangered species, and protecting and
enhancing ecosystem services.

Reduction of other pressures on biodiver-
sity arising from habitat conversion, over-har-
vesting, pollution, and alien species invasions,
constitute important climate change adapta-
tion measures. Since mitigation of climate
change itself is a long-term endeavour, reduction
of other pressures may be among the most prac-
tical options. For example, increasing the health
of coral reefs may allow them to be more
resilient to increased water temperature and
reduce bleaching (see section 4.11.4).

A major adaptation measure is to counter
habitat fragmentation, through the establish-
ment of biological corridors between protected
areas, particularly in forests. More generally,
the establishment of a mosaic of interconnected
terrestrial, freshwater and marine multiple-use
reserve protected areas designed to take into
account projected changes in climate, can be
beneficial to biodiversity.

While some protected areas are large, usu-
ally the entire suite of local species including
their full genetic variation are absent as most
reserves are too small to contain the habitat
requirements of all species (Kramer et al. 1997).
Biodiversity affects, and is affected by, ecological
processes that typically span spatial scales greater
than the area encompassed within a protected
area (Schulze and Mooney 1993; chapters 2 and
3). Moreover, because biodiversity responds
intimately to climate change, with among other
effects, shifts in species distributions, efforts may
have to be directed to actions that increase the
resiliency of existing protected areas to future
climate change while recognizing that some

27 According to the Intergovernmental Panel on Climate Change, inertia means delay, slowness, or resistance in the response of the climate, bio-
logical, or human systems to factors that alter their rate of change, including continuation of change in the system after the cause of that change

has been removed.
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change is inevitable as a consequence of the
response of species to climate change. For exam-
ple, many species have populations that extend
beyond current reserve boundaries; in Alaska
and Canada, it is not possible to protect the full
range of migratory caribou (Rangifer tarandus)
herds, as these cover tens of thousands of km?2.

Networks of reserves with connecting cor-
ridors provide dispersal and migration routes
for plants and animals. The placement and
management of reserves (including marine and
coastal reserves) and protected areas will need to
take into account potential climate change if the
reserve system is to continue to achieve its full
potential. Options include corridors, or habitat
matrices that link currently fragmented reserves
and landscapes to provide the potential for
migration. In many instances, corridors can be
used to connect fragmented habitats. For exam-
ple, agroforestry shelterbelts across agricultural
lands can be designed to connect forest frag-
ments. A ‘corridor’ may simply be habitat areas
sufficiently close to each other (i.e., functionally
linked) to enable dispersal. The appropriate
width and species composition, how the edges of
the corridors should be managed, and the opti-
mal pattern of patches within the matrix of sur-
rounding land needs to be understood. Many
corridors may be useful for animals but their
utility for plants or entire vegetation types to
move with climate change is less certain.
Transitional zones between ecosystem types
within and among reserves (ecotones) serve as
repository regions for genetic diversity that may
be drawn upon to restore degraded, adjacent
regions. Hence, additional adaptation measures
may be needed in ecotones. As an insurance
measure, such approaches can be completed by
ex situ conservation.

Conservation of biodiversity and mainte-
nance of ecosystem structure and function are
important climate change adaptation strate-
gies because genetically-diverse populations
and species-rich ecosystems have a greater
potential to adapt to climate change.

Conserving biodiversity at the species and genet-
ic levels (including food crops, trees, and live-
stock races) means that options are kept open to
adapt human societies better to climate change.
While some natural pest-control, pollination,
soil-stabilization, flood-control, water-purifica-
tion and seed-dispersal services can be replaced
when damaged or destroyed by climate change,
technical alternatives may be costly and therefore
not feasible to apply in many situations.

Captive breeding for animals, ex-situ con-
servation for plants, and translocation pro-
grams can be used to augment or reestablish
some threatened or sensitive species. Captive
breeding and translocation, when combined
with habitat restoration and in situ conservation,
may be successful in preventing the extinction of
small numbers of key taxa under small to
moderate climate change. Captive breeding for
reintroduction and translocation is likely to be
less successful if climate change is more dramatic
as such change could result in large-scale modi-
fications of environmental conditions, including
the loss or significant alteration of existing habitat
over some or all of a species’ range. However, it is
technically difficult, often expensive, and unlikely
to be successful in the absence of complete
knowledge about the species’ biology (Keller
et al. 2002).

Moving populations of threatened species
to adapt to the changing climate zones is
fraught with scientific uncertainties and con-
siderable costs. Special attention may be given
to poor dispersers, specialists, species with small
populations, endemic species with a restricted
range, those that are genetically isolated, or those
that have an important role in ecosystem func-
tion. These species may be assisted by the provi-
sion of migration corridors (e.g., by erecting
reserves with north—south orientation), but
many may eventually require assisted migration
to keep up with the speed with which their suit-
able habitats move with climate change.
Superimposing a new biota on a regional biota
that is experiencing an increase in problems
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from warmer climates will likely be a controver-
sial adaptation.

4.11.2 Consequences of adaptation
activities on ecosystems and biodiversity

Adaptation activities may be necessary to reduce
the impacts of climate change on human wellbe-
ing. Some such adaptation measures may threat-
en biodiversity, although the negative effects can
often be mitigated by careful design. Depending
on the location, some climate change adaptation
activities may have either beneficial or adverse
impacts on biodiversity.

Physical barriers may be necessary to pro-
tect against extreme weather events as adapta-
tion measures (e.g., storm surges, floods), and
may have positive or negative impacts on bio-
diversity. In terms of negative impacts, a loss of
biodiversity due to adaptation measures may
impair ecosystem functions, resulting in
increased vulnerability to future climate change.
For example, in some cases, certain ecosystems
in small islands may be largely destroyed by
efforts to obtain construction material for
coastal protection. On the other hand, certain
adaptation options may benefit biodiversity; for
example, the preservation of ecosystems that
serve as natural protection against potential
impacts of climate change, such as mangrove
forests and coral reefs, and the strategic place-
ment of artificial wetlands. Traditional respons-
es to climate change (e.g., building on stilts and
the use of expandable, readily available indige-
nous building materials) have proven to be effec-
tive responses in many regions.

The use of pesticides and herbicides may
be increased to control new pest and diseases,
and invasive alien species that might result
from climate change. This may lead to damage
to existing plant and animal communities, water
quality, and human health. Human responses to
climate change may also contribute synergisti-
cally to existing pressures; for example, if new
pest outbreaks are countered with increased pes-
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ticide use, non-target species might have to
endure both climate and contaminant-linked
stressors. In addition, non-target species could
include natural predators of other pests thus cre-
ating more problems due to even more frequent
pest outbreaks. In some cases, use of integrated
pest management may offer a more sustainable
solution, especially in agriculture.

Changes in agriculture and increased
use of aquaculture--including mariculture--
employed to compensate for climate-induced
losses in food production, may have negative
effects on natural ecosystems and associated
biodiversity. However, there may also be oppor-
tunities for sustainable agriculture and aquacul-
ture.

4.11.3 The contribution of biodiversity to
adaptation options

The protection, restoration or establishment of
biologically diverse ecosystems that provide
important goods and services may constitute
important adaptation measures to supplement
existing goods and services, in anticipation of
increased pressures or demand, or to compen-
sate for likely losses. Although climate change
has been observed to affect ecosystems and their
biodiversity, biodiversity itself can play a poten-
tially important role in enhancing ecosystem
capacity to recover (resilience) and adapt to the
impacts of climate change (see Chapter 2). In
addition, recent work on the valuation of the
services provided by ecosystems suggests that in
many cases, the value of ecosystems in their nat-
ural state is greater than that of their converted
state. For example, the net present value of intact
mangrove in Thailand is greater than the value
obtained from shrimp farming once converted
(Balmford et al. 2002). Reducing general envi-
ronmental pollution and other external stresses,
as noted above, can increase ecosystem resilience
against climate change. For example:
(a) The protection or restoration of mangroves
can offer increased protection of coastal
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areas to sea level rise and extreme weather
events (see section below on marine and
coastal ecosystems);

(b) The rehabilitation of upland forests, coastal
forests, and wetlands can help regulate flow
in watersheds, thereby moderating floods
from heavy rain and ameliorating water
quality; and

(c) Conservation of natural habitats such as pri-
mary forests, with high
resilience, may decrease losses of biodiversi-
ty from climate change and compensate for
losses in other, less resilient, areas.

ecosystem

4.11.4 Adaptation options in various
ecosystems

4.11.4.1 Marine and coastal ecosystems

An integrated approach to fisheries manage-
ment, which takes into consideration ecologi-
cal as well as socio-economic issues and
reduces pressures on fisheries and associated
ecosystems constitute an adaptation strategy.
Recent (2002) FAO fisheries statistics indicate
that 47% of global fisheries are fully fished, while
18% are overfished and 9% depleted. In addi-
tion, 90% of large predatory fish biomass world-
wide has been lost since pre-industrial times
(Myers and Worm 2003). The relationship
between climatic factors and fish carrying capac-
ity is complicated, and the effects of climate
change will likely have different consequences
for various species. Overfishing causes a simpli-
fication of marine food webs, and will thus affect
the ability of predators to switch between prey
items (Stephens and Krebs 1986, Pauly et al.
2002). Healthy fisheries are better able to with-
stand environmental fluctuations, including cli-
mate change, than those under stress from over-
exploitation (see e.g., Jackson et al. 2001, Pauly et
al. 2002).

Considering the depleted state of the
world’s fish stocks, a reduction of the pressures
on fully- and overexploited coastal and oceanic

fisheries can be an important component of
adaptation measures to reduce impacts on bio-
diversity, and facilitate sustainable harvesting.
The World Summit on Sustainable Development
agreed on a goal to restore fish stocks to levels
that can produce maximum sustainable yields by
the year 2015 (WSSD Plan of Implementation,
paragraph 30(a)). Means to reach this goal
include, for example, reduction of the size of
fishing fleets, ending subsidies for industrial
fishing and establishing a global network of
marine reserves, which would allow fish stocks
to regenerate (Pauly and MacLean 2003).

Adaptation strategies relating to coral
reefs will need to focus on the reduction and
removal of other external stresses. Climate
change may represent the single greatest threat
to coral reefs worldwide (West and Salm 2003).
The geographic extent, increasing frequency, and
regional severity of mass bleaching events are an
apparent result of steadily rising marine temper-
atures, combined with regionally specific El
Nifio and La Nifa events (Reaser et al. 2000),
and the frequency and severity of such bleaching
events is likely to increase (Hoegh-Guldberg
1999). Although it may be possible that coral
reefs will expand their range with the warming
of water temperatures, the potential for estab-
lishing new reefs polewards will ultimately be
limited by the light levels at higher (or lower) lat-
itudes, and will be insufficient to compensate for
the loss of reefs elsewhere. Given the inertia in
the climate change system, adaptation measures
will need to focus on reducing the anthro-
pogenic stresses on coral reefs.

Although all reefs, even those granted
well-enforced legal protection as marine pro-
tected areas or managed for sustainable use, are
threatened by climate change, several recent
studies suggest that unstressed and protected
reefs are better able to recover from bleaching
events (e.g., Reaser et al. 2000). The 2002 Status
of Coral Reefs of the World report (Wilkinson
2002), concluded that reefs that are highly pro-
tected and are not stressed were better able to
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recover from bleaching events. Similarly, the
Coral Reef Degradation in the Indian Ocean
(CORDIO) 2002 Status Report (Linden et al.
2002) noted that while in most areas recovery
following bleaching has been slow, patchy or
non-existent, significant recovery had occurred
in areas that were either far away from human
influence or inside well protected marine
reserves. These two studies support the use of
effective integrated marine and coastal area
management, including, as its central compo-
nent, highly protected marine reserves as an
adaptation strategy. Such highly protected areas
also serve to spread risk, whereby areas that
escape damage can act as sources of larvae to aid
recovery of nearby affected areas (Hughes et al.
2003). Practical advice on the management of
bleached and severely damaged coral reefs is
available (Westmacott et al. 2000).
Aquaculture, including mariculture, can
negatively impact biodiversity at the genetic,
species and ecosystem level, although such
effects can be mitigated through sustainable
practices. Development of mariculture and
aquaculture has been proposed as a possible
adaptation option to potential climate-change
induced decline of wild fisheries. However, the
claim that aqua- and mariculture would reduce
the impact on the remaining coastal systems is
disputed (Naylor et al. 1998; 2000). The farming
of carnivorous species such as salmon, trout, and
sea bream may have a detrimental effect on wild
fisheries because the harvest of small fish for
conversion to fish meal leaves less in the food
web for other commercially valuable predatory
fish, such as cod, and for other marine predators,
such as seabirds and seals (Pauly et al. 1998).
Some improvement to this situation may be pro-
vided in the future by development of new feeds
where fishmeal can be replaced by other ingredi-
ents (Foster 1999). Importantly, in the context of
climate change adaptation strategies, large- scale
developments of aqua-and mariculture in, e.g.
mangrove ecosystems, leading to clear cutting of
large areas in coastal zones, may affect the
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ecosystems’ capacity to mitigate floods and
storms. Habitat conversion from mangrove
swamp to shrimp farms in Malaysia has been
estimated to produce a significant loss of wild
fish from habitat conversion alone. Other nega-
tive biodiversity effects of unsustainable aqua-
culture include modification, degradation or
destruction of habitat, disruption of trophic sys-
tems, depletion of natural seedstock, and trans-
mission of diseases and reduction of genetic
variability (Naylor et al. 2000). For example,
fish-farming for salmon and char has been
shown to increase the incidence of salmon lice
on wild salmonid populations, which negatively
affects the production, survivorship, and behav-
iour of the wild fish (Bjorn et al. 2001). Further,
there are considerable localised eutrophication
effects from aquaculture generally on the diver-
sity and community structure of benthic com-
munities (e.g., Pohle et al. 2001, Holmer et al.
2002, Yokoyama 2002). For aquaculture or mar-
iculture to be considered as a viable climate
change adaptation option, it needs to be under-
taken in a sustainable manner, and in the context
of integrated marine and coastal area manage-
ment.

Coastal, marine and freshwater ecosys-
tems offer adaptation services within the con-
text of predicted sea level and climate changes.
The protection and restoration of coastal ecosys-
tems, such as mangrove and salt marsh vegeta-
tion, can protect coastlines from the impacts of
climate induced sea-level rise, and also have bio-
diversity benefits (Suman 1994). Maintenance of
healthy mangrove cover and restoration of man-
groves in areas where they have been logged can
be a positive adaptation strategy (Macintosh et
al. 2002). There is also a possibility for the range
of mangroves to be expanded landwards as a
function of changes in sea level and other coastal
climate change impacts (Richmond et al. 1998).
Coastline adaptation strategies for ecosystems,
such as the use of mangrove and salt marsh veg-
etation can be relatively easy to implement,
unless dykes and tidal barriers are already
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installed. Adaptation measures should provide a
holistic approach to the integrated management
of entire watersheds, including inland water,
coastal and marine areas.

4.11.4.2 Inland water ecosystems

As with terrestrial ecosystems, adaptation
strategies to climate change in inland water
ecosystems include conservation and spatial
linkages. Climate change is expected to impact
inland water ecosystems in two major ways.
First, through changes in the water cycle.
Second, through associated changes in the ter-
restrial ecosystem within a given catchment.
Adaptation options to these changes should con-
sider all components of the watershed (e.g.,
Sparks 1995). River biota, within reasonable lim-
its, is naturally well adapted to rapid and unpre-
dictable changes in environmental conditions
(Puckridge et al. 1998). For rivers, it may be
essential to conserve or restore ecosystem con-
nectivity, both longitudinally along the river
course and laterally between the river and its
wetlands, in order to sustain ecosystem function
(Ward et al. 2001). However, many of the natu-
ral aquatic corridors are already blocked through
dams and embankments. This increases the vul-
nerability of freshwater biodiversity to climate
change and constrains implementing adaptive
strategies. In their lower reaches, coastal rivers
enter the estuarine and coastal zone where they
have a major influence. These areas should be
considered a contiguous part of inland water
ecosystems and managed together under the
ecosystem approach. The identification of the
degree of vulnerability of the various compo-
nents of complex inland water ecosystems, and
the subsequent development of appropriate
ecosystem management plans based upon this
information, is a critical requirement for adapta-
tion to climate change for inland waters.

Any management that favors near natural
hydrological function in inland water ecosys-
tems is likely to have major benefits for the

conservation of biodiversity.
modern approaches to the management of rivers
recognise that for many systems change is
inevitable. This has stimulated much interest in
the concept of sustaining "environmental flows"
as a management target for rivers (Tharme in
press). Such approaches need to take on board

In particular,

climate change if they are to be adaptive. The
increase in extreme weather events that climate
change may bring (for freshwaters - particularly
the frequency and extent of droughts and floods)
is likely to be more of a concern with isolated
lakes and wetlands. The issue of extreme hydro-
logical events is, however, of major significance
to integrated water resources planning and man-
agement. For example, maintaining river flood-
plains and wetlands helps restore water balance
and hence mitigate catastrophic flooding.
Climate change, therefore, can be regarded as
providing additional incentives to manage
inland waters better and both the financial and
conservation benefits of doing so are consider-
able. Maintaining natural river form and related
ecosystem processes is likely to provide signifi-
cant benefits for coastal regions.

4.11.4.3 Forest ecosystems

Due to their high resilience, adaptation strategies
to climate change in forest ecosystems that miti-
gate the underlying causes of forest destruction
and its degradation, are likely to be the most
effective. It should be noted, however, that some
of these strategies may overlap with those aimed
at mitigating climate change through forest
management (see section 4.5). For example, a
forest plantation designed as an altitudinal
wildlife migration corridor (to adapt to climate
change) may also sequester carbon and hence be
a mitigation activity. Nevertheless, there are
some specific considerations relevant to forest
ecosystem management as adaptation options
that may help to conserve biodiversity in a
changing climate (Noss 2001):

(a) Maintaining representative forest ecosys-
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tem types across environmental gradients
in protected areas. Because it is difficult to
ascertain which forest types are to be the
most sensitive to climate change, mainte-
nance of a full spectrum of types serves as a
"bet-hedging" strategy;

(b) Protecting climatic refugia at all spatial
scales, therefore allowing persisting popula-
tions of plants and animals to recolonize the
surrounding landscape when conditions
favorable for their survival and reproduc-
tion return;

(c) Protecting primary forests. As the intensi-
ty and rate of biotic change is likely to be
buffered in forest interiors, maintaining
large patches of primary forests may help to
maintain biodiversity during climate
change. Primary forests also provide store-
houses of genetic diversity that may be
diminished in second-growth forests, and
hence limiting the ability for various species
to be able to adapt to climate change (e.g.,
Rajora et al. 2002);

(d) Avoiding fragmentation and providing
ecological connectivity, especially parallel
to climatic gradients. By increasing habitat
isolation, fragmentation is likely to hamper
the ability of a species to migrate due to cli-
mate change. Ecological connectivity can
be achieved through a mixed strategy of
corridors and unconnected but nevertheless
"stepping-stone” habitats;

(e) Providing buffer zones for adjustment of
reserve boundaries. With changing cli-
mate, buffer zones have the potential to pro-
vide for shifting populations as conditions
inside reserves become unsuitable;

(f) Practicing low-intensity forestry and pre-
venting conversion of natural forests to
plantations. Mixed-species plantations,
where appropriate, are likely to spread the
risk of biotic change at the stand level
because different species have distinct levels
of response to climate change. They may
also facilitate migrating species to be incor-
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porated into the mix. This also applies to
forest restoration practices that incorporate
mixed species plantings of native trees in
degraded areas;

(g) Maintaining natural fire regimes where
possible. The threat to biodiversity from
lack of fire in many forest ecosystem types
may outweigh the potential advantages of
suppressing fire even though in the short
term, fire suppression enhances carbon
storage;

(h) Proactively maintaining diverse gene
pools as genetic diversity is the basis for
genetic adaptation to climate change. This
is particularly important in the case of
mixed-species plantations and reforestation
with monocultures when necessary; and

(i) Identifying and protecting "functional"
groups of similar species, and/or ecologi-
cally important species. That is, large her-
bivores and carnivores, and frugivorous
birds, as their presence may be essential for
ecosystem adaptability to climate change.

4.11.4.4. Agricultural ecosystems and
grasslands

Agricultural systems are vulnerable to climate
change, but as a human managed ecosystem,
adaptation is possible, given sufficient socio-eco-
nomic resources and a supportive policy envi-
ronment.

Conservation of crop and livestock genetic
resources, in situ and ex situ, and their incorpo-
ration in long term strategic breeding pro-
grammes is important in maintaining future
options for unknown needs of agriculture,
including those arising from the impacts of cli-
mate change (FAO 1998, Cooper et al. 2001).
This includes conventional collection and stor-
age in gene banks as well as dynamic manage-
ment of populations allowing continued adapta-
tion through evolution to changing conditions.
Promotion of on-farm conservation of crop
diversity may serve a similar function.
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Conservation of other components of agricul-
tural biodiversity, i.e., "the associated biodiversi-
ty" that provides natural pest control, pollina-
tion, and seed dispersal services and ensures soil
health, can be promoted through measures such
as integrated pest management and reduced
tillage, while minimizing the use of pesticides
and herbicides. On the other hand the services
provided by such components of agricultural
biodiversity can sometimes be replaced, but the
alternatives may be costly, and may impact neg-
atively on biodiversity.

211. Native grasslands species have adaptive
characteristics that enable them to respond to
climatic changes. For a grassland ecosystem to
maintain resilience to adverse changes in cli-
mate, maintenance of a balanced native species
composition may be essential. Prescribed graz-
ing management regimes would be beneficial in
order to enhance adaptability of the system to
climatic changes. Rehabilitation of degraded
pasturelands using native grass species would be
important in enhancing species as well as genet-
ic variability and increasing resilience and adapt-
ability of the system.

4.11.4.5. Mountain Ecosystems and Arctic
ecosystems

Mountain and arctic ecosystems and associated
biodiversity could be under particular stress
and threat of degradation due to their high
sensitivity and vulnerable characteristics to cli-
mate change. But few adaptation options are
available.

Arctic ecosystems are likely to be severely
affected by climate warming and changes in
precipitation regimes through increased UV-B
radiation, deterioration of permafrost, melting
of glaciers and icecaps, and reduced freshwater
flows into Arctic oceans. The precise effects of
climate change on arctic ecosystems while high-
ly uncertain, will be negative to present biodiver-
sity, and so the only adaptation strategies avail-
able are to carefully monitor changes to try to

predict future conditions, make use of tradition-
al knowledge to formulate hypotheses for test-
ing, and to identify knowledge gaps that research
can address.

Adaptation activities that best address
how mountain ecosystem management leads to
adaptation benefits may be those that link
upland-lowland management strategies. These
include mountain watershed management, and
establishment of corridors that allow for species
migration as well as adaptation to climatic stress.
When adaptation measures are considered, pro-
grams and projects using integrated manage-
ment of mountain ecosystems should identify
ecosystems and human societies at risk from
adverse change, and those likely to be vulnerable
to climate change in the future.

4.12. RESEARCH NEEDS AND
INFORMATION GAPS

The main message of this chapter is that,
depending on the management options applied,
the temporal and spatial scales considered, and
the type of ecosystem, activities aimed at miti-
gating or adapting to climate change can have
positive, neutral, or negative impacts on biodi-
versity; and that the conservation and use of bio-
diversity, and the maintenance of ecosystem
structure and function, are in turn, related to the
many options aimed at coping with global cli-
mate change through mitigation and adaptation
strategies. Still, several research needs and infor-
mation gaps exist:

(a) There is a need for stand level modeling (as
opposed to tree-based models) to under-
stand the true potential of forests (i.e., at
broad scales) to sequester carbon over time.

(b) The relationships between elevated levels of
CO: and plant growth, and forest function-
ing are presently not entirely clear; more
knowledge is needed to calibrate models to
predict changes both in forest structure and
biodiversity.

(c) Climate change may affect rates of plant her-
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bivory in future forest stands and this will have
consequences for stand growth and survival;
however, little predictive modeling has been
done on this topic.

(d) Gathering of data for modelling relationships
between climate change, ecosystem function,
and biodiversity is needed; also, for modelling
relative response of individual species to cli-
mate change and predicting community struc-
tures under climate change scenarios.
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