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As we were putting the finishing touches to
The State of the World’s Forests 2020 (SOFO), the
world came face to face with the unprecedented
challenges of the COVID-19 pandemic. While
the immediate global priority is to tackle this
public health emergency, our long-term
response must also address the underlying
causes of such a pandemic. The degradation
and loss of forests is one such contributing
factor, disrupting nature’s balance and
increasing the risk and exposure of people to
zoonotic diseases. Understanding and keeping
track of the state of our world’s forests has
never been so important.

This year marks the end of the United Nations
Decade on Biodiversity and the implementation
of the Strategic Plan for Biodiversity 2011-2020.
All countries are coming together to review
progress towards the Plan’s five Strategic Goals
and the 20 Aichi Biodiversity Targets to shape the
post-2020 global biodiversity framework.

This framework must be underpinned by
evidence: evidence of the current state of the
world’s biodiversity and recent trends; evidence
of the linkages between biodiversity and
sustainable development; and evidence of
successful actions taken to conserve and
sustainably use the many products and services
that the world’s biodiversity provides to support
food security and human well-being.

The vast majority of terrestrial biodiversity is
found in the world’s forests — from boreal forests
in the far North to tropical rainforests. Together,
they contain more than 60 000 different tree
species and provide habitats for 80 percent of
amphibian species, 75 percent of bird species and
68 percent of mammal species. About 60 percent
of all vascular plants are found in tropical
forests. Mangroves provide breeding grounds
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and nurseries for numerous species of fish and
shellfish and help trap sediments that might
otherwise adversely affect seagrass beds and
coral reefs, habitats for marine life.

The conservation of the majority of the world’s
biodiversity is thus utterly dependent on the
way in which we interact with and use the
world’s forests.

This edition of SOFO examines the contributions
of forests, and of the people who use and manage
them, to the conservation and sustainable use of
biodiversity. It assesses progress to date in
meeting global targets and goals relating to
forest biodiversity and describes the effectiveness
of policies, actions and approaches for
conservation and sustainable development alike,
illustrated by case studies of innovative practices
and win-win solutions.

This volume does not aim to be a comprehensive
treatise on forest biodiversity, but rather to
provide an update on its current state and a
summary of its importance for humanity. It is
intended to complement The State of the World’s
Biodiversity for Food and Agriculture, released by
the Commission on Genetic Resources for Food
and Agriculture of the Food and Agriculture
Organization of the United Nations (FAO) in
2019, last year’s Global Assessment Report on
Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) and
the Global Biodiversity Outlook 5 of the
Convention on Biological Diversity (CBD).

For the first time, this edition of SOFO is a joint
effort between two United Nations entities: FAO
and the United Nations Environment Programme
(UNEP). Building on our ongoing collaboration
and comparative advantages, we bring together



new information generated by FAO’s Global
Forest Resources Assessment 2020 with analyses
of the status and representativeness of protected
forests over time undertaken by the UN
Environment Programme World Conservation
Monitoring Centre (UNEP-WCMC).

SOFO 2020 confirms that deforestation and forest
degradation continue to take place at alarming
rates, which contribute significantly to the
ongoing loss of biodiversity. Agricultural
expansion continues to be one of the main
drivers, while the resilience of human food
systems and their capacity to adapt to future
change depends on that very biodiversity.

SOFO 2020 also identifies signs of hope. The rate
of forest loss is decreasing globally and solutions
that balance conservation and sustainable use of
forest biodiversity do exist. To turn the tide on

324

Qu Dongyu
FAO Director-General
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deforestation and biodiversity loss, we urgently
need to see these solutions being scaled up as
well as instill transformational change in the way
we produce and consume food. We also need to
conserve and manage forests and trees within an
integrated landscape approach and reverse the
damage done through forest restoration efforts.

Critical to these transformations are effective
governance, policy alignment between sectors and
administrative levels, land-tenure security, respect
for the rights and knowledge of local communities
and indigenous peoples, enhanced capacity for
monitoring of biodiversity outcomes, and by no
means least, innovative financing modalities.

Ultimately, we need to foster a new relationship
with nature, and we can achieve that together.
SOFO 2020 contributes to that vision. We hope
you will find it interesting, valuable and inspiring.

Inger Andersen
UNEP Executive Director



The State of the World’s Forests 2020 (SOFO 2020) was prepared by the FAO Forestry Policy and Resources
Division in collaboration with the United Nations Environment Programme World Conservation
Monitoring Centre (UNEP-WCMC).

The development of the report was guided by a core team of five senior staff members of FAO and
UNEP-WCMC and led by the FAO Divisional Director, who assumed overall coordination for the
publication.

Progress towards goals and targets related to forests and their biodiversity was assessed based on
existing literature and commissioned studies. A series of case studies were compiled to provide practical
examples of the conservation and sustainable use of forest biodiversity from around the world.

This issue of SOFO draws on the results of FAO’s Global Forest Resources Assessment 2020 (FRA 2020),
which will also be published in 2020.

FRA 2020 examined the status and trends of more than 60 variables related to the extent, characteristics,
condition, management and uses of forest across 236 countries and areas over the period 1990-2020.

The backbone of FRA 2020 is official data provided by a well-established network of officially nominated
National Correspondents through a consolidated transparent and traceable reporting process. The
application of a standardized reporting methodology enables monitoring changes over time and
aggregation of data at regional and global levels.

Only data relevant to forest biological diversity were used for SOFO 2020. Most of these were at the global
level and drawn on the Key Findings of FRA 2020, which were released shortly before SOFO 2020. Readers
can explore more detailed information at regional and country level in the upcoming FRA 2020 report
(FAO, 2020). Terms and definitions used in FRA 2020 can be found at http://www.fao.org/3/I18661EN/
i8661en.pdf.
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Three new studies were specifically commissioned for SOFO 2020:

A UNEP-WCMC analysis of annual land-cover data from 1992 to 2015 provided new information on how
the area under tree cover varies significantly from year to year. This was further investigated in relation
to FAO’s global ecological zone map, the World Database of Key Biodiversity Areas (WDKBA) and the
World Database on Protected Areas (WDPA) providing new insights on the representativeness of
protected areas and on changes in the protection status of forests over time.

The Joint Research Centre of the European Commission in collaboration with the United States Forest
Service applied an existing methodology for analysing spatial patterns of forests to the global Copernicus
Land Cover map for 2015, overlaid with FAO’s global ecological zone map. This provided new data on
forest intactness and fragmentation by broad forest types.

The World Bank contributed a study on the links between forests and poverty. This was based on a
literature review and overlaying forest maps with poverty data held by the Bank.

All chapters benefited from the support of staff and consultants for data-collection and/or writing.
The final document was assembled and edited by a senior consultant.

Internal peer reviewers from different units and departments in FAO and UNEP and external peer
reviewers provided extensive comments and suggestions on the draft versions of the document.
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World Conservation Monitoring Centre (UNEP-WCMC). Andrea Perlis assisted the core team in
compiling and editing the publication. Additional contributors and reviewers are listed below.
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As the United Nations Decade on Biodiversity
2011-2020 comes to a close and countries
prepare to adopt a post-2020 global biodiversity
framework, this edition of The State of the
World’s Forests (SOFO) takes the opportunity to
examine the contributions of forests, and of the
people who use and manage them, to the
conservation and sustainable use of
biodiversity. It is intended to complement The
State of the World’s Biodiversity for Food and
Agriculture, released by the Food and
Agriculture Organization of the United Nations
(FAO) in February 2019; the Global Assessment
Report on Biodiversity and Ecosystem Services of
the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES),
the draft of which was released in 2019 and the
Global Biodiversity Outlook 5 of the Convention
on Biological Diversity (CBD), released in 2020.

Forests harbour most of Earth’s terrestrial
biodiversity. The conservation of the world’s
biodiversity is thus utterly dependent on the
way in which we interact with and use the
world’s forests. Forests provide habitats for
80 percent of amphibian species, 75 percent of
bird species and 68 percent of mammal
species. About 60 percent of all vascular
plants are found in tropical forests.
Mangroves provide breeding grounds and
nurseries for numerous species of fish and
shellfish and help trap sediments that might
otherwise adversely affect seagrass beds and
coral reefs, which are habitats for many more
marine species.

Forests cover 31 percent of the global land
area but are not equally distributed around
the globe. Almost half the forest area is
relatively intact, and more than one-third is
primary forest. More than half of the world’s
forests are found in only five countries (Brazil,
Canada, China, Russian Federation and United
States of America). Almost half the forest area
(49 percent) is relatively intact, while 9 percent
is found in fragments with little or no

l
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connectivity. Tropical rainforests and boreal
coniferous forests are the least fragmented,
whereas subtropical dry forest and temperate
oceanic forests are among the most fragmented.
Roughly 80 percent of the world’s forest area is
found in patches larger than 1 million hectares.
The remaining 20 percent is located in more
than 34 million patches across the world - the
vast majority less than 1 000 hectares in size.

More than one-third (34 percent) of the world’s
forests are primary forests, defined as naturally
regenerated forests of native tree species where
there are no clearly visible indications of human
activity and the ecological processes are not
significantly disturbed.

Deforestation and forest degradation
continue to take place at alarming rates,
which contributes significantly to the
ongoing loss of biodiversity. Since 1990, it is
estimated that some 420 million hectares of
forest have been lost through conversion to
other land uses, although the rate of
deforestation has decreased over the past three
decades. Between 2015 and 2020, the rate of
deforestation was estimated at 10 million
hectares per year, down from 16 million
hectares per year in the 1990s. The area of
primary forest worldwide has decreased by
over 80 million hectares since 1990. More than
100 million hectares of forests are adversely
affected by forest fires, pests, diseases, invasive
species drought and adverse weather events.

Agricultural expansion continues to be the
main driver of deforestation and forest
fragmentation and the associated loss of
forest biodiversity. Large-scale commercial
agriculture (primarily cattle ranching and
cultivation of soya bean and oil palm)
accounted for 40 percent of tropical
deforestation between 2000 and 2010, and local
subsistence agriculture for another 33 percent.
Ironically, the resilience of human food
systems and their capacity to adapt to future



change depends on that very biodiversity —
including dryland-adapted shrub and tree
species that help combat desertification, forest-
dwelling insects, bats and bird species that
pollinate crops, trees with extensive root
systems in mountain ecosystems that prevent
soil erosion, and mangrove species that
provide resilience against flooding in coastal
areas. With climate change exacerbating the
risks to food systems, the role of forests in
capturing and storing carbon and mitigating
climate change is of ever-increasing
importance for the agricultural sector.

The net loss of forest area decreased from

7.8 million hectares per year in the 1990s to

4.7 million hectares per year during 2010-2020.
While deforestation is taking place in some
areas, new forests are being established through
natural expansion or deliberate efforts in others.
As a result, the net loss of forest area is less
than the rate of deforestation. In absolute terms,
the global forest area decreased by 178 million
hectares between 1990 and 2020, which is an
area about the size of Libya.

The biodiversity of forests varies considerably
according to factors such as forest type,
geography, climate and soils — in addition to
human use. Most forest habitats in temperate
regions support relatively few animal and tree
species and species that tend to have large
geographical distributions, while the montane
forests of Africa, South America and Southeast
Asia and lowland forests of Australia, coastal
Brazil, the Caribbean islands, Central America
and insular Southeast Asia have many species
with small geographical distributions. Areas
with dense human populations and intense
agricultural land use, such as Europe, parts of
Bangladesh, China, India and North America,
are less intact in terms of their biodiversity.
Northern Africa, southern Australia, coastal
Brazil, Madagascar and South Africa, are also
identified as areas with striking losses in
biodiversity intactness.
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Progress on preventing the extinction of
known threatened species and improving their
conservation status has been slow. More than
60 000 different tree species are known, more
than 20 000 of which have been included in the
International Union for Conservation of Nature
(IUCN) Red List of Threatened Species, and
more than 8 000 of these are assessed as globally
threatened (Critically Endangered, Endangered
or Vulnerable). More than 1 400 tree species are
assessed as critically endangered and in urgent
need of conservation action. Some 8 percent of
assessed forest plants, 5 percent of forest
animals and 5 percent of fungi found in forests
are currently listed as critically endangered.

The forest-specialist index, based on 455
monitored populations of 268 forest mammals,
amphibians, reptiles and birds, fell by

53 percent between 1970 and 2014, an annual
rate of decline of 1.7 percent. This highlights the
increased risk of these species becoming
vulnerable to extinction.

On a positive note, the Nagoya Protocol on
Access to Genetic Resources and the Fair and
Equitable Sharing of Benefits Arising from
their Utilization has been ratified by 122
contracting Parties (an increase of 74 percent
from 2016) and 146 Parties have ratified the
International Treaty on Plant Genetic Resources
for Food and Agriculture.

All people depend upon forests and their
biodiversity, some more than others. Forests
provide more than 86 million green jobs and
support the livelihoods of many more people.
An estimated 880 million people worldwide
spend part of their time collecting fuelwood or
producing charcoal, many of them women.
Human populations tend to be low in areas of
low-income countries with high forest cover and
high forest biodiversity, but poverty rates in
these areas tend to be high. Some 252 million
people living in forests and savannahs have

incomes of less than USD 1.25 per day. »
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» Feeding humanity and conserving and

sustainably using ecosystems are
complementary and closely interdependent
goals. Forests supply water, mitigate climate
change and provide habitats for many
pollinators, which are essential for sustainable
food production. It is estimated that 75 percent
of the world’s leading food crops, representing
35 percent of global food production, benefit
from animal pollination for fruit, vegetable or
seed production.

Worldwide, around 1 billion people depend to
some extent on wild foods such as wild meat,
edible insects, edible plant products,
mushrooms and fish, which often contain high
levels of key micronutrients. The value of forest
foods as a nutritional resource is not limited to
low- and middle-income countries; more than
100 million people in the European Union (EU)
regularly consume wild food. Some 2.4 billion
people — in both urban and rural settings — use
wood-based energy for cooking.

Human health and well-being are closely
associated with forests. More than 28 000
plant species are currently recorded as being
of medicinal use and many of them are found
in forest ecosystems. Visits to forest
environments can have positive impacts on
human physical and mental health and many
people have a deep spiritual relationship to
forests. Yet, forests also pose health risks.
Forest-associated diseases include malaria,
Chagas disease (also known as American
trypanosomiasis), African trypanosomiasis
(sleeping sickness), leishmaniasis, Lyme
disease, HIV and Ebola. The majority of new
infectious diseases affecting humans,
including the SARS-CoV2 virus that caused the
current COVID-19 pandemic, are zoonotic and
their emergence may be linked to habitat loss
due to forest area change and the expansion of
human populations into forest areas, which
both increase human exposure to wildlife.
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Solutions that balance conservation and

sustainable use of forest biodiversity are
critical - and possible. Not all human
impacts on biodiversity are negative, as
shown by the many concrete examples in this
publication of recent successful initiatives to
manage, conserve, restore and sustainably
use forest biodiversity.

Actions to combat deforestation and illegal
logging have gathered pace over the past
decade — as have international agreements
and results-based payments. So far, seven
countries have reported reduced deforestation
to the United Nations Framework Convention
on Climate Change (UNFCCC) and countries
are now accessing payments based on reducing
emissions from deforestation and forest
degradation from the Green Climate Fund and
similar financing mechanisms. Efforts to
address illegal logging are spearheaded by
trade regulations in consumer countries that
require importers to demonstrate that timber
has been harvested legally. Many tropical
timber-producing countries are making
corresponding efforts to strengthen legal
compliance and verification. Fifteen of them
are developing national systems to assure
legality of timber operations under the EU
Forest Law Enforcement, Governance and
Trade mechanism. As part of this mechanism,
countries are required to also implement
measures to prevent illegal hunting.

Aichi Biodiversity Target 11 (to protect at
least 17 percent of terrestrial area by 2020)
has been exceeded for forest ecosystems as a
whole. However, protected areas alone are
not sufficient to conserve biodiversity.
Globally, 18 percent of the world’s forest area,
or more than 700 million hectares, fall within
legally established protected areas such as
national parks, conservation areas and game
reserves (IUCN categories I-IV). However,
these areas are not yet fully representative of
the diversity of forest ecosystems. A special
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study conducted for SOFO 2020 on trends in
protected forest area by global ecological zones
(GEZs) between 1992 and 2015 found that more
than 30 percent of tropical rainforests,
subtropical dry forests and temperate oceanic
forests were within legally protected areas
(IUCN categories I-VI) in 2015. The study also
found that subtropical humid forest, temperate
steppe and boreal coniferous forest should be
given priority in future decisions to establish
new protected areas since less than 10 percent
of these forests are currently protected. Areas
with high values for both biodiversity
significance and intactness, for example the
northern Andes and Central America,
southeastern Brazil, parts of the Congo Basin,
southern Japan, the Himalayas and various
parts of Southeast Asia and New Guinea,
should likewise be given high priority.

Limited progress has been made to date on
classifying specific forest areas as other
effective area-based conservation measures, but
guidance on this category is being developed
and has significant potential for forests.

Aichi Biodiversity Target 7 (by 2020, areas
under agriculture, aquaculture and forestry
are managed sustainably, ensuring
conservation) has not been met for forests,
but the management of the world’s forests is
improving.The area of forest under long-term
management plans has increased significantly
in the past 30 years to an estimated 2.05 billion
hectares in 2020, equivalent to 54 percent of
the global forest area.

Current negative trends in biodiversity and
ecosystems will undermine progress towards
the Sustainable Development Goals (SDGs).
The world’s biodiversity underpins life on
Earth, but despite some positive trends, the loss
of biodiversity continues at a rapid rate.
Transformational change is needed in the way
we manage our forests and their biodiversity,
produce and consume our food and interact
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with nature. It is imperative that we decouple
environmental degradation and unsustainable
resource use from economic growth and
associated production and consumption
patterns and that land-use decisions take the
true value of forests into account.

Ensuring positive outcomes for both
biodiversity and people requires a careful
balance between conservation goals and
demands for resources that support
livelihoods. There is an urgent need to ensure
that biodiversity conservation be mainstreamed
into forest management practices in all forest
types. To do so, a realistic balance must be
struck between conservation goals and local
needs and demands for resources that support
livelihoods, food security and human
well-being. This requires effective governance;
policy alignment between sectors and
administrative levels; land-tenure security;
respect for the rights and knowledge of local
communities and indigenous peoples; and
enhanced capacity for monitoring of
biodiversity outcomes. It also requires
innovative financing modalities.

We need to transform our food systems to
halt deforestation and the loss of
biodiversity. The biggest transformational
change is needed in the way in which we
produce and consume food. We must move
away from the current situation where the
demand for food is resulting in inappropriate
agricultural practices that drive large-scale
conversion of forests to agricultural production
and the loss of forest-related biodiversity.
Adopting agroforestry and sustainable
production practices, restoring the
productivity of degraded agricultural lands,
embracing healthier diets from sustainable
food systems and reducing food loss and waste
are all actions that urgently need to be scaled
up. Agribusinesses must meet their
commitments to deforestation-free commodity
chains, and companies that have not made



zero-deforestation commitments should do so.
Commodity investors should adopt business
models that are environmentally and socially
responsible. These actions will, in many cases,
require a revision of current policies — in
particular fiscal policies — and regulatory
frameworks.

Large-scale forest restoration is needed to
meet the SDGs and to prevent, halt and
reverse the loss of biodiversity. While

61 countries have, together, pledged to restore
170 million hectares of degraded forest lands
under the Bonn Challenge, progress to date is
slow. Forest restoration, when implemented
appropriately, helps restore habitats and
ecosystems, create jobs and income and is an
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effective nature-based solution to climate
change. The United Nations Decade on
Ecosystem Restoration 2021-2030, announced
in March 2019, aims to accelerate ecosystem
restoration action worldwide.

Forests are increasingly recognized for their
role as a nature-based solution to many
sustainable development challenges, as
manifest in strengthened political will and a
series of commitments to reduce rates of
deforestation and to restore degraded forest
ecosystems. We must build on this momentum
to catalyse bold actions to prevent, halt and
reverse the loss of forests and their
biodiversity, for the benefit of current and
future generations. m
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As the United Nations Decade on Biodiversity
2011-2020 comes to a close and countries
prepare to adopt a post-2020 global biodiversity
framework, this edition of The State of the
World’s Forests (SOFO) takes the opportunity

to examine the contributions of forests, and of
the people who use and manage them, to the
conservation and sustainable use of biodiversity
(Box 1). By focusing specifically on forests and
their biodiversity, it is intended to complement
The State of the World’s Biodiversity for Food

and Agriculture, released by FAO in February
2019 (FAO, 2019a) (Box 2), the Global Assessment
Report on Biodiversity and Ecosystem Services of
the IPBES, the draft of which was released in
2019, and the forthcoming Global Biodiversity
Outlook 5 of the CBD.

Forests harbour most of Earth’s terrestrial
biodiversity (MEA, 2005) and provide habitats
for 80 percent of amphibian species, 75 percent
of bird species and 68 percent of mammal
species (Vié, Hilton-Taylor and Stuart, 2009).
The GlobalTreeSearch database (BGCI, 2019)
records more than 60 000 species of trees, more
than 20 000 of which have been included in

the IUCN Red List and over 8 000 of which are
assessed as globally threatened (IUCN, 2019a).
About 60 percent of vascular plants are found in
tropical forests (see Chapter 3). Along tropical
coasts, mangroves provide breeding grounds
and nurseries for numerous species of fish

and shellfish and help trap sediments that
might otherwise adversely affect seagrass

beds and coral reefs, habitats for many more
marine species.

In both low- and high-income countries in

all climatic zones, communities that live
within forests rely the most directly on forest
biodiversity for their lives and livelihoods.
However, nearly all people today have at least
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some contact with forests and/or the products
of their biodiversity and we all benefit from
the functions provided by components of

this biodiversity in the carbon, water and
nutrient cycles and through the links with
food production.

The deep relationship between people and forests
and their associated biological diversity has a
long history, reflecting the roots of the human
species in forests and savannahs (Roberts,

2019). Fossil records date human use of plants

to at least the Middle Palaeolithic, some 60 000
years ago (Solecki, 1975). For millennia, the
myriad species of flora and fauna of forests have
provided vital sources of raw materials for food
and feed, construction, clothing, handicrafts,
medicines and other daily livelihood needs
(Camara-Leret and Denney, 2019). Scholars going
back at least to Charles Darwin have recognized
the influences of the ecological characteristics

of forested regions and their biodiversity on the
nature of human societies, human distribution
across landscapes and the history of civilizations.
Harvesting of and trade in many forest plants
have supported and in some cases driven the
spread of human societies around the globe: for
instance, trade in the wood and highly valued red
dye of Paubrasilia echinata on the eastern coast

of South America, and nutmeg from Myristica
fragrans in Indonesia had major influences on
European colonial activity from the fifteenth
century on.

Archaeological and ethnobotanical evidence
suggests that human activities have influenced
forest ecosystems and their biodiversity since
ancient times (Roosevelt et al., 1996; Peters,

2000) (Box 3). This is true even in some of the

most remote forests, such as in the heart of the
Amazon, where the diversity and distribution

of some species reflect a long history of plant »



BOX 1
WHAT IS FOREST BIOLOGICAL DIVERSITY?

Forest biological diversity is a broad term that refers to
all life forms found within forested areas and the
ecological roles they perform. As such, forest biological
diversity encompasses not just trees, but the multitude
of plants, animals and microorganisms that inhabit
forest areas and their associated genetic diversity.

Forest biological diversity can be considered at
different levels, including ecosystem, landscape,
species, population and genetic. Complex interactions
can occur within and between these levels. In
biologically diverse forests, this complexity allows
organisms to adapt fo continually changing
environmental conditions and to maintain ecosystem
functions.

SOURCE: (BD n.d.b.

BOX 2

THE STATE OF THE WORLD’S FORESTS 2020

In the annex to Decision II/9 (CBD, n.d.a), the
Conference of the Parties to the CBD recognized that:

“Forest biological diversity results from evolutionary
processes over thousands and even millions of years
which, in themselves, are driven by ecological forces
such as climate, fire, competition and disturbance.
Furthermore, the diversity of forest ecosystems (in both
physical and biological features) results in high levels
of adaptation, a feature of forest ecosystems which is
an integral component of their biological diversity.
Within specific forest ecosystems, the maintenance of
ecological processes is dependent upon the
maintenance of their biological diversity.”

THE FIRST GLOBAL ASSESSMENT OF BIODIVERSITY FOR FOOD AND AGRICULTURE

The State of the World’s Biodiversity for Food and
Agriculture (FAO, 2019a), provides a global
assessment of the state of all components of
biodiversity of relevance to food and agriculture

(crop and livestock production, forestry, fisheries and
aquaculture). It complements the global assessments of
the genetic resources of forest, plants (crops), animals
(livestock) and aquatic species (farmed species and
their wild relatives within national jurisdiction)

(FAO, 1997; 2007; 2010a; 2014a; 2015a; 2019b)
prepared under the guidance of the Commission on
Genetic Resources for Food and Agriculture. It does so
by focusing particularly on categories of biodiversity
not addressed in detail in these reports, including
invertebrates, microorganisms and other species that
provide supporting and regulating ecosystem services
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in and around production systems and wild species
that are sources of wild foods. It also focuses on
interactions between different components of
biodiversity.

The publication draws on 91 country reports,
reports from 27 international organizations and
several specially commissioned thematic studies, as
well as on the wider global literature. It provides an
overview of the various contributions that biodiversity
makes to food and agriculture and of the status and
trends of relevant components of biodiversity and the
drivers of change affecting them. It also discusses the
status of implementation of practices and strategies for
sustainable use and conservation of biodiversity for
food and agriculture and of related policy, legal and
institutional frameworks.
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BOX 3
THE RISE, FALL AND RISE AGAIN OF THE SELVA MAYA

The Selva Maya is a vast area of lowland tropical
forest at the juncture of Belize, Guatemala and
Mexico. It extends over some 4.2 million hectares and
is a highly biologically diverse region. In addition

to its biological characteristics, the region is also
archaeologically and culturally rich. It is the cradle
for one of the world’s great ancient civilizations - the
Mayans — which built major centres such as Tikal,

El Mirador, Chichén ltz&4 and Ek Balam between
2000 BCE and 900 CE. At its height during the

Late Classic Period (650 to 800 CE), the region’s
population was likely between 7 million and 11 million
people (Canuto et al., 2018).

Despite its biological and cultural richness, today
these forests face serious threats. Estimates indicate that
in the past 25 years, approximately 38 percent of the
forests have been lost in the Guatemalan portion of the
Selva Maya alone, with a decline in forest cover from
2.62 million hectares to 1.63 million hectares between
1991 and 2016 (INAB, 2019). This was mainly due to
rapid population growth, expansion of agriculture
(crop and livestock), illegal logging and forest fires
(Blackman, 2015). This forest loss has serious
environmental and economic consequences, including
the loss of livelihoods of forest-dependent communities
and peoples, water scarcity, destruction of habitats for
endangered species and increased greenhouse gas
emissions, which contribute to climate change.

However, the Selva Maya has experienced periods
of forest loss in the past from which it has recovered.
Scientific evidence suggests that the decline of the

domestication (Kareiva et al., 2007; Dourojeanni,
2017; Levis et al., 2017). The distribution of
valuable timber species across the tropics, such
as mahogany (Swietenia spp.), is in part due

to ecological impacts associated with ancient
communities that disappeared centuries ago
(Vlam et al., 2017). The same is true for fruit trees
and other sources of forest foods.

Forest biodiversity continues to face challenges
today, through overexploitation but above all
through agricultural expansion — the main
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Mayan civilization during the Terminal Classic Period
(830-950 CE) was related to the climate becoming
drier. This change was likely accelerated by expansion
of agriculture, which contributed to a decline in forest
cover, which in turn reduced the availability of water
(Cook, et al., 2012; Evans, et al., 2018). Although the
resulting environmental change was not solely
responsible for the decline of the Mayan civilization, it
seems to have been a significant factor (Turner and
Sabloff, 2012). In this regard, what happened over a
millennium ago has striking parallels with what is
happening today.

This lesson from ancient history should inform
approaches and policies for natural resource
management today. It is important to get the balance
right between the conservation of forests and their
biodiversity and the use of resources to improve the
livelihoods of local communities and indigenous
populations that depend on forests today. That this
balance is possible is showcased in the same region by
the community forest concessions in the Maya
Biosphere Reserve in Guatemala (see Cuse Study 3 on
p. 118). The performance of community concessions
granted in the reserve provides solid evidence that,
given the necessary enabling conditions — such as an
appropriate regulatory framework, strong community
organizations, technical assistance, market access,
institutional support and other incentives — it is possible
to improve well-being and generate development while
protecting natural resources and maintaining forest
cover and biodiversity.

driver of deforestation and forest fragmentation
and the associated loss of forest biodiversity.
Ironically, the resilience of human food systems
and their capacity to adapt to future change
depends on that very biodiversity, including
dryland-adapted shrub and tree species that
help combat desertification, forest-dwelling

bee species that pollinate crops, trees with
extensive root systems in mountain ecosystems
that prevent soil erosion and sedimentation, and
mangrove species that provide resilience against
flooding in coastal areas, to name just a few »



BOX 4
INTERNATIONAL INSTRUMENTS FOR CONSERVATION AND USE OF FOREST-RELATED
BIODIVERSITY, AND RELATED TARGETS AND GOALS

The objectives of the CBD, which was adopted in
1992 (UN, 1992aq), are the conservation of
biodiversity (including forest biodiversity), the
sustainable use of its components, and the fair and
equitable sharing of the benefits arising out of the
utilization of genetic resources. The Strategic Plan for
Biodiversity 2011-2020 (CBD, 2010a) includes 20
time-bound, measurable targets to be met by 2020:
the Aichi Biodiversity Targets. Several of these targets
relate to forest ecosystems. New targets are expected
to be agreed at the fifteenth Conference of the Parties
to the Convention in October 2020. The Nagoya
Protocol on the Access to Genetic Resources and the
Fair and Equitable Sharing of Benefits Arising from
their Utilization (CBD, 2011), a supplementary
agreement to the CBD adopted in 2010, is also of
considerable relevance for forests and forest-
dependent people.

Forests have a key role in reducing greenhouse gas
emissions and mitigating climate change under the
UNFCCC (UN, 1992b). Article 5 of the Paris
Agreement (UN, 2015), signed in 2016, lays out a
framework for the conservation of carbon sinks,
including forests, through schemes such as results-based
payments and Reducing Emissions from Deforestation
and forest Degradation and the role of conservation,
sustainable management of forests and enhancement of
forest carbon stocks in developing countries (REDD+).
UNFCCC (2011) specifies that actions to enhance
forest carbon stocks should be “consistent with the
conservation of natural forests and biological diversity”
and “used fo incentivize the protection and
conservation of natural forests and their ecosystem
services, and to enhance other social and
environmental benefits.” Actions to reduce emissions
derived from deforestation and forest degradation and
increase forest area to sequester carbon feature in
many countries’ pledges to the UNFCCC as part of
their Nationally Determined Contributions (NDCs).

The United Nations Convention to Combat
Desertification (UNCCD) was adopted in 1992 (UN,
1992c¢). Its Strategic Framework 2018-2030 (UNCCD,
2018) provides a framework for all relevant
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stakeholders to achieve land degradation neutrality.
Although forest biodiversity is not explicitly mentioned
within this framework, enhanced synergies with the
CBD and UNFCCC are a priority, as reflected in
Expected Impact 4.1, “Sustainable land management
and the combating of desertification/land degradation
contribute to the conservation and sustainable use of
biodiversity and addressing climate change.”
Landscape restoration, including reforestation, is
clearly one of the means of achieving this.

The United Nations 2030 Agenda for Sustainable
Development and the SDGs adopted in 2015 (United
Nations General Assembly, 2015a) provide a
framework for mobilizing efforts towards ending
poverty, fighting inequality and tackling climate change
for the period 2015-2030. SDG 15, “Life on land”, is
of direct relevance to the conservation and sustainable
management of forests and their biodiversity.

The Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES),
which was signed in 1973 (CITES, 1983), lists many
tree and forest-dependent species in its appendices,
exerting different levels of control on their international
trade. The 183 Parties to the Convention are required
to ensure that international trade in listed species is not
detrimental to the species in the wild and that trade is
legal, sustainable and traceable.

The International Tropical Timber Agreement, 2006
(UNCTAD, 2006), which entered into force in
December 2011, is an agreement to ensure that
exported tropical timber and timber products from
non-CITES-listed species are from sustainable sources.

The Convention on Wetlands of International
Importance especially as Waterfowl Habitat (Ramsar
Convention) (UNESCO, 1971) includes designations
for forest ecosystems such as mangroves and peatland
forests. The Convention also supports restoration
initiatives, and in 2002 it adopted principles and
guidelines for wetland restoration.

The first United Nations Strategic Plan for Forests
2017-2030 (UN, 2017a) was developed under the
auspices of the United Nations Forum on Forests and
adopted by the United Nations General Assembly in
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BOX 4
(CONTINUED)

2017. The Strategic Plan includes six global forest
goals and 26 associated targets to be voluntarily and
universally achieved by 2030.

The New York Declaration on Forests (UN, 2017b)
calls for action to halt global forest loss and comprises
ten goals related to the protection and restoration of
forest. First endorsed during the United Nations
Climate Summit in 2014, it now has over 200
endorsers including national governments, companies,
indigenous and local groups and non-governmental
organizations (NGOs) (UN, 2017b).

The Global Plan of Action for the Conservation,
Sustainable Use and Development of Forest Genetic
Resources, agreed by the Commission on Genetic
Resources for Food and Agriculture in 2013 (FAO,
2014b), identifies 27 strategic priorities for action.

examples. Forests have an essential role in the

maintenance of biodiversity as a gene pool for

food and medicinal crops. With climate change
exacerbating the risks to food systems, the role
of forests in capturing and storing carbon and

mitigating climate change is paramount.

However, not all human impacts on biodiversity
are negative, as shown by the many concrete
examples in this publication of recent successful
initiatives to manage, conserve, restore and
sustainably use forest biodiversity.

This volume of SOFO does not aim to be a
comprehensive treatise on the subject of forest
biodiversity, but rather to provide an update on
its current state and a summary of its importance
for humanity. It assesses progress to date in
meeting global targets and goals (Box4) and
illustrates the effectiveness of policies, actions
and approaches, in terms of both conservation
and sustainable development outcomes, through
a series of case studies aimed at identifying
innovative practices, success factors and
win-win solutions.

l 61l

The International Plant Protection Convention
(FAO, 2011) is an international treaty that aims to
secure coordinated, effective action to prevent and to
control the introduction and spread of pests of plants
and plant products — key to forest health. Adoption of
its 2020-2030 Strategic Framework coincides with
the International Year of Plant Health 2020.

The Convention on the Conservation of Migratory
Species of Wild Animals (UNEP, 1979) provides a
global platform for the conservation and sustainable
use of migratory animals and their habitats, bringing
together the States through which migratory animals
pass and laying the legal foundation for
internationally coordinated conservation measures
throughout a migratory range.

The two chapters that follow address the
biophysical status of forest biodiversity —

the ecosystems (Chapter 2) and the species
and genetic diversity (Chapter 3). Chapter 4
looks at the importance of forests and their
biodiversity for people, for their livelihoods
and well-being. The relationship between
poverty and forest biodiversity is explored, as
is the socio-economic role of forest resources
in supporting livelihoods, food security and
nutrition and human health. Chapters 5 and

6 address actions to ensure the continued
contribution of forests to the health and
well-being of the planet and all its occupants.
Chapter 5 looks at means of reversing forest
losses. It first reviews the underlying causes and
drivers of deforestation and forest degradation,
and then describes some successful forest
restoration efforts. Chapter 6 focuses on
conservation and sustainable use of forest
resources and biodiversity. It looks at the

role of protected areas and other effective
area-based conservation measures; it also
examines other management systems that
permit and encourage sustainable forest use in
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support of the livelihoods and well-being of the
people of forest areas. Chapter 7 emphasizes
the importance of bringing together these
actions in an integrated and innovative way.

It acknowledges that trade-offs are sometimes
inevitable in managing forests for both

| 71

conservation and socio-economic development
and the difficulties of monitoring the results
and taking necessary follow-up action.
Despite these challenges, it demonstrates that
synergies are possible, summarizing a number
of interventions that have achieved them. m
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Key messages

Forests cover 31 percent of the global

land area. Approximately half the
forest area is relatively intact, and more
than one-third is primary forest.

The net loss of forest area has

decreased subsfantially since 1990,
but deforestation and forest degradation
continue to fake place at alarming rates
resulting in significant loss of biodiversity.

The world is not on track to meet the
farget of the United Nations Strategic
Plan for Forests fo increase forest area by

3 percent worldwide by 2030.
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This chapter presents new data on the state

of forest ecosystems. These are drawn from
FAQO’s Global Forest Resources Assessment 2020
(FRA 2020) and two new analyses prepared

for SOFO 2020 by the Joint Research Centre
(JRC) and by the United Nations Environment
Programme World Conservation Monitoring
Centre (UNEP-WCMC) using satellite imagery.
It focuses on the global level and broad biomes
(global ecological zones). More detailed
information at the regional and national levels is
available in FAO (2020). m

1 STATUS AND TRENDS
IN FOREST AREA

Forest ecosystems are a critical component of
the world’s biodiversity as many forest are more
biodiverse than other ecosystems. The area
covered by forests is thus one of the indicators of
Sustainable Development Goal 15 “Life on land”.

According to FRA 2020, forests currently cover
30.8 percent of the global land area (FAO, 2020).
The total forest area is 4.06 billion hectares,

or approximately 0.5 ha per person, but forests
are not equally distributed around the globe.
More than half of the world’s forests are found
in only five countries (the Russian Federation,
Brazil, Canada, the United States of America and
China) and two-thirds (66 percent) of forests are
found in ten countries (Figure 1).

Forest area as a proportion of total land area,
which serves as SDG Indicator 15.1.1 (Box 5),
decreased from 32.5 percent to 30.8 percent
in the three decades between 1990 and 2020.
This represents a net loss of 178 million
hectares of forest, an area about the size of
Libya. However, the average rate of net forest
loss declined by roughly 40 percent between
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1990-2000 and 2010-2020 (from 7.84 million
hectares per year to 4.74 million hectares per
year), the result of reduced forest area loss in
some countries and forest gains in others (Table T)
(FAO, 2020). Forest loss is primarily caused by
agricultural expansion, while an increase in
forest area may occur through natural expansion
of forests, e.g. on abandoned agricultural land,
or through reforestation (including through
assisted natural regeneration) or afforestation.

FIGURE 1
GLOBAL DISTRIBUTION OF FORESTS
SHOWING THE TEN COUNTRIES WITH THE

LARGEST FOREST AREA, 2020 (MILLION
HECTARES AND % OF WORLD'S FORESTS)

é

72
@ /7
92 (3%)
(3%)
I Russian Federation
Brazil M China M Indonesia
M Canada M Australia [ Peru
I United States Democratic Republic [ India
of America of the Congo B Rest of the world

SOURCE: FAO, 2020.
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BOX 5
KEY GOALS, TARGETS AND INDICATORS RELEVANT TO FOREST AREA

> Sustainable Development Goal 15.1: By 2020, » United Nations Strategic Plan for Forests Goal 1:
ensure the conservation, restoration and Reverse the loss of forest cover worldwide
sustainable use of terrestrial and inland through sustainable forest management,
freshwater ecosystems and their services, including protection, restoration, afforestation
in particular forests, wetlands, mountains and reforestation, and increase efforts to prevent
and drylands, in line with obligations under forest degradation and contribute to the global
international agreements. effort of addressing climate change.

— SDG 15.1.1 Forest area as a proportion of — Target 1.1 Forest area is increased by
total land area. 3 percent worldwide (by 2030).

> Aichi Biodiversity Target 5: By 2020, the rate of > New York Declaration on Forests Goal 1: At least
loss of all natural habitats, including forests, is halve the rate of loss of natural forests globally
at least halved and where feasible brought close by 2020 and strive to end natural forest loss by
to zero, and degradation and fragmentation is 2030.

significantly reduced.

TABLE 1
ANNUAL RATE OF FOREST AREA CHANGE
Period (m mieo‘nctg73:q r) et (“:’/!:7 ;egqer)mte
1990-2000 -7.84 -0.19
2000-2010 -5.17 -0.13
2010-2020 -4.74 -0.12

SOURCE: FAO, 2020.

These natural and human-induced changes have ¢ and Europe. Both Europe and Asia reported a
different impacts on forest biodiversity. ©  net forest gain for each ten-year period since
© 1990, although both regions show a substantial
Africa had the highest net loss of forest area ¢ reduction in the rate of gain since 2010.
in 2010-2020, with a loss of 3.94 million
hectares per year, followed by South America :
with 2.60 million hectares per year (Figure 2). Oiher kmd W“h free cover
Since 1990, Africa has reported an increase in :  As part of the reporting to FRA 2020, countries
the rate of net loss, while South America’s losses : were asked to report on “Other land with tree
have decreased substantially, more than halving cover”, defined as “Other land [i.e. land not
since 2010 relative to the previous decade. classified as forest, other wooded land or inland
¢ water] spanning more than 0.5 ha with a canopy
Asia showed the highest net gain in forest area ¢ cover of more than 10 percent comprising

in the period 2010-2020, followed by Oceania i trees able to reach a height of 5 m at maturity”

[ 1711
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FIGURE 2
NET FOREST AREA CHANGE BY REGION, 19902020 (MILLION HECTARES PER YEAR)

MILLION HA/YEAR

1990-2000 W 2000-2010 I 2010-2020
| I.
0 -.- )
ASIA OCEANIA EUROPE NORTH AND SOUTH AMERICA AFRICA
CENTRAL AMERICA

SOURCE: FAO, 2020.

(see Box 6). “Other land with tree cover” was split
into five categories (Jable 2). Fewer than half the
countries were able to report on this parameter,
and even fewer to provide trends over time.
However, the reported figures indicate that the
world has at least 162 million hectares of land
with tree cover that is not classified as forest, and
possibly as much as 300 million hectares, judging
from the gap in data. The only category that

did not show an increase over time was trees in
urban settings.

Annual trends in overall tree cover

A UNEP-WCMC analysis of annual land-cover
data at around 300 m resolution from 1992 to
2015 from the European Space Agency (Bontemps
et al., 2013) indicates that global tree cover
(including palms and agricultural tree crops)
amounted to around 4.42 billion hectares in

1992 but had fallen to 4.37 billion hectares by
2015, a decrease of approximately 50 million
hectares; however, the area under tree cover
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varied significantly from year to year (Figure 3).
The rate and scale of net change in tree cover
are also highly variable between countries and
between forest types. While the global area with
tree cover in this study corresponds well to the
combined forest area and area of other land with
tree cover reported to FRA 2020, the average

net loss is considerably lower, in part owing

to an expansion of other land with tree cover
during this period and in part owing to different
assessment methods.

Rate of deforestation

For FRA 2020, countries were asked for the first
time not only to report on the total forest area
at different points in time, data which are used
to report net change in forest area, but also to
provide information on the rate of deforestation,
i.e. the forest losses due to conversion to

other land uses or the permanent reduction of
canopy cover below the minimum 10 percent
threshold that defines forest. Since 1990, an



BOX 6
FOREST VERSUS TREE COVER: WHAT IS THE DIFFERENCE?

Global data on forest area reported by in this
edition of SOFO differ from those reported by other
initiatives mainly because of differences in the
methods employed to derive the information and

in the definitions of forest. FAO defines forest as a
combination of tree cover and land use, while some
others define forest only in terms of tree cover (i.e.
include both forests and “Other land with tree cover”
according to FRA 2020 definitions). Data sets based
solely on medium- to low-resolution remote-sensing
sources cannot differentiate between tree cover in
agricultural production systems (e.g. orchards, oil
palm plantations, coffee plantations) and tree cover
on land that is not predominantly under agricultural
or urban land use. This means that these data sets
generally report a total area of tree cover that is
larger than the total forest area. In addition, areas of
forest where the tree cover that has been temporarily
removed as part of a forest management scheme or
temporarily lost through natural disturbances are still
considered forest according to the FAO definition,
while a remote-sensing analysis of tree cover will
interpret these areas as forest loss. Conversely, an
increase in agricultural tree crops will be interpreted

TABLE 2
OTHER LAND WITH TREE COVER, 2020

No. of countries and
territories reporting

Category

THE STATE OF THE WORLD’S FORESTS 2020

as an increase in forest area if based only on remote
sensing. Moreover, young trees cannot easily be
detected by satellites. Reporting years also differ,

but even when this is accounted for, the annual net
change in the area covered by trees based solely on
remote-sensing data can differ substantially from the
net change in forest area, given that the latter is based
on auxiliary data, including data on land use.

Thus, while the FRA 2020 results reported above
show a steady decrease in the rates of net loss of forest
area globally, the New York Declaration on Forests
(NYDF, 2019) reports an increase in the global rate of
tree cover loss since 2000 measured as gross loss [i.e.
excluding any gains in tree cover over the same
period) of all types of trees, and Song et al. (2018),
looking at the difference in area between two points in
time and hence reporting on net changes, assert that
global tree cover increased between 1982 and 2016.
Conversely, a study conducted by UNEP-WCMC for
this edition of SOFO (see Figure 3) indicates that total tree
cover declined between 1992 and 2015.

An attempt has been made in this volume to clearly
distinguish between results referring to forests and
those referring to tree cover.

Area of other land
with tree cover
(million ha)

% of global forest area
represented by reporting
countries

Trees in urban settings 52 40 20 279
Tree orchards 76 55 27 788
Palms 94 51 11767
Agroforestry 71 46 45 432
Other 42 26 57 144

SOURCE: FAO, 2020.

estimated 420 million hectares of forest has
been lost through deforestation, but the rate
of deforestation has decreased substantially
since 1990-2000. During 2015-2020, the rate
of deforestation was estimated at 10 million

[ 13 |

hectares per year, down from 16 million hectares
per year in the 1990s. Figure 4 illustrates the trends
in the average annual rates of deforestation and
forest expansion which, combined, equal the net
change in forest area. W
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FIGURE 3
TRENDS IN GLOBAL TREE COVER, 1992—2015 (BILLION HECTARES)
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SOURCE: Study prepared by UNEP-WCMC for this publication.

FIGURE 4
GLOBAL FOREST EXPANSION AND DEFQRESTATION, 1990—2020 (MILLION HECTARES PER YEAR)

Forest expansion I Deforestation
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SOURCE: FAO, 2020.
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PERCENTAGE OF NATURALLY REGENERATING AND PLANTED FOREST BY REGION, 2020
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SOURCE: FAO, 2020.

= FOREST
CHARACTERISTICS

Naturally regenerating and planted forests

For the purposes of FRA 2020, forests are
categorized into naturally regenerating forests
(further disaggregated into primary forests

and other naturally regenerating forests) and
planted forests (further disaggregated into forest
plantations and other planted forests). At the
global level, naturally regenerating forests
account for 93 percent of the world’s forest area.
The remaining 7 percent is composed of planted
forests (Figure 5).

Primary forests. FAO defines primary forests as
naturally regenerated forests of native tree
species, where there are no clearly visible
indications of human activities and the ecological
processes are not significantly disturbed.

They are sometimes referred to as old-growth
forests. These forests are of irreplaceable value

40%
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Il Noturally regenerating Planted

50% 60% 70% 80% 90% 100%

for their biodiversity, carbon storage and other
ecosystem services, including cultural and
heritage values. Large extents of such forests
now occur only in tropical and boreal regions.

A coordinated response to their protection should
be a fundamental priority under the CBD’s
post-2020 global biodiversity framework, and this
needs to be underpinned by a sound knowledge
base on their current status and condition.

Forested ecosystems harbour most of global
terrestrial biodiversity, and primary forests in
particular are home to species that are unique
to these ecosystems. In the Amazon, a study of
the species richness and community similarity
of primary forests, secondary forests (here used
to describe forests established through natural
expansion and around 14 to 16 years of age) and
plantations found that 25 percent of the species
studied were unique to primary forests and
almost 60 percent of tree and liana genera were
only present in primary forests (Barlow et al.,
2007). In more fragmented landscapes, primary
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BOX 7
TWO EXAMPLES OF ANIMAL SPECIES THAT DEPEND ON PRIMARY FOREST FOR THEIR SURVIVAL

Golden-headed lion tamarins (Leontopithecus
chrysomelas) live only in the Atlantic rainforest of
Bahia state, Brazil. Because the primary forest in this
region is very fragmented after decades of
deforestation, this tamarin is in an endangered state
according to the IUCN Red List (IUCN, 2019a), with a
total wild population size estimated between 6 000
and 15 000 individuals. This species can use forest
regrowth and rubber plantations that retain some old
trees; however, it requires old-growth primary forest
fragments for roosting and thus for its survival (World
Land Trust, n.d.).

forest patches have a key role in ensuring the
survival of species in the long term, even if
species can persist in the short term in younger
forests and plantations (Watson et al., 2018)
(Box 7).

According to FRA 2020, approximately one-third
(34 percent) of the world’s forests are primary
forests (FAO, 2020). More than half of these

(61 percent) are found in only three countries:
Brazil, Canada and the Russian Federation.

Primary forests continue to decline globally.
Since 1990, primary forest worldwide has
decreased by 81 million hectares, but the rate

of loss more than halved over the last decade.
However, the status and trends are based

on incomplete data, as the measurement,
monitoring and reporting of primary forests
present significant challenges (see Box 8).

Only 137 countries reported full time series data
for 1990-2020, and these together accounted for
just over half (57 percent) of the global forest
area. Further work is clearly needed to improve
global and national estimates.

Drivers of deforestation in primary forests

are context specific but include unsustainable
industrial timber extraction, agricultural
expansion and fires which are often associated
with infrastructure and logging-site development

The northern spotted owl (Strix occidentalis
caurina) is an iconic primary forest species of western
North America. lts forest habitat is characterized by
dense canopies and abundant logs, standing snags
and live trees with broken tops. Although these owls
are found to nest, roost and feed in other habitat
types, particularly in the southern part of its range,
they mostly rely on older (150- to 200-year-old),
multilayered forest stands, with open spaces to allow
flight below the canopy (Oregon Fish and Wildlife
Office, n.d.).

(Potapov et al., 2017). See more on drivers of
deforestation in Chapter 5.

Planted forests. The area of planted forests has
increased by 123 million hectares since 1990 and
now covers 294 million hectares, but the rate of
increase has slowed since 2010. Approximately
45 percent of the planted forests (or 3 percent

of all forests) are plantation forests, i.e.
intensively managed forests, mainly composed
of one or two tree species, native or exotic, of
equal age, planted with regular spacing and
mainly established for productive purposes.

The other 55 percent of planted forests, “Other
planted forests”, are forests that can resemble
natural forest at stand maturity and include
forests established for ecosystem restoration and
protection of soil and water. South America has
the largest proportion of planted forests that are
plantation forests (99 percent of the planted forest
area, or 2 percent of the total forest area); Europe
has the smallest share (6 percent of planted
forests, or 0.4 percent of the total forest area).

Globally, 44 percent of plantation forests
comprise introduced species, with large regional
variations (Figure 6). In South America, 97 percent
of the plantation forests are made up of
introduced species, compared with only 4 percent
in North and Central America.



BOX 8
CHALLENGES OF MONITORING AND REPORTING ON PRIMARY FORESTS

FAO (2018a) defines primary forests as “Naturally
regenerated forest of native tree species, where there
are no clearly visible indications of human activities
and the ecological processes are not significantly
disturbed.” The CBD (2006) uses a similar definition:
“A forest that has never been logged and has
developed following natural disturbances and under
natural processes, regardless of its age... Also
included as primary are forests that are used
inconsequentially by indigenous and local communities
living traditional lifestyles relevant for the conservation
and sustainable use of biological diversity.” Both these
definitions capture the qualitative characteristics of
primary forest but they do not provide a measurable
indicator that countries can use to identify them and
monitor their change.

Because of the lack of an operational definition
and consistent, easy-to-map indicators, some
inconsistencies and bias are inherent in current
country-level reporting for FRA 2020 (Bernier et al.,
2017). Most countries use proxies based on land use
and/or land cover to extrapolate data on primary
forest and these proxies vary. Ten countries account
for 91 percent of the primary forest area reported to
FRA 2020 but they used a variety of proxies and
measurements, such as forests in protected areas;
forest without ocular evidence of disturbance;
geographic information system analysis based on
forest maps, absence of transportation network, urban
areas and detectable disturbances; and visual
interpretation of photo plots. The increase in primary
forest area that some countries have reported over the
years, particularly in temperate and boreal countries,
is often due to the use of new definitions or
application of new methodologies (FAO, 2020).

“Intact forest landscape” is currently the metric
most commonly used to identify primary forests.
Potapov et al. (2017) define an intact forest
landscape as “a seamless mosaic of forests and
associated natural treeless ecosystems that exhibit
no remotely detected signs of human activity or
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habitat fragmentation and are large enough to
maintain all native biological diversity, including
viable populations of wide-ranging species.”
Operationally, they identify such landscapes based
on the size and configuration of the forest patches
(minimum 500 km?, with a minimal width of 10 km
and corridors at least 2 km wide), absence of any
alteration or management due to agriculture,
logging or mining and a 1-km buffer from any
infrastructure such as roads and power lines,
although these criteria may not be appropriate
across all forest biomes (see also discussion on
Forest intactness and fragmentation on p. 25).

If remote sensing alone is used to detect intact
forest landscapes, there is a risk of missing types of
disturbance (e.g. selective logging) that are
characteristic of forests that are not classified as
primary (Bernier ef al., 2017). Emerging approaches
and technologies to monitor primary forests that
combine remote sensing, participatory mapping and
other approaches can help to measure both human
modification and spatial integrity, two essential and
quantifiable characteristics for identifying primary
forests. The size of forest patches, spatially weighted
forest density and connectivity are some of the indices
that can be easily measured to quantify forests’
spatial integrity (Kapos, Lysenko and Lesslie, 2002)
(see Forest intactness and fragmentation, p. 25). In
addition to these indices, specific human activities
that are drivers of change, such as development of
settlements and infrastructure, could be included in a
multidimensional index. As these drivers are often
context specific, it may be better to develop regional
metrics that consider context-specific issues but that
are consistent and comparable globally, rather than a
single metric or globally defined indices (Bernier
etal., 2017).

FAO, together with partners including CBD,
UNEP-WCMC and some countries with large areas of
primary forest, has initiated work to improve reporting
on primary forest area and its changes.
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FIGURE 6

PERCENTAGE OF PLANTATION FORESTS COMPRISING NATIVE AND INTRODUCED SPECIES,

BY REGION, 2020
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SOURCE: FAO, 2020.

Forests by climatic domain and ecological zone
Worldwide, there are five major climatic domains:
boreal, polar, temperate, subtropical and tropical;
the largest part of the forest (45 percent) is found
in the tropics, followed by the boreal, temperate
and subtropical domains (Figure 7). These domains
are further divided into terrestrial global
ecological zones, 20 of which contain some forest
cover (Figure 8). The UNEP-WCMC analysis on
changes in tree cover conducted for SOFO 2020
(see p. vii) found that ten global ecological zones
experienced a net reduction in tree cover between
1992 and 2015 and ten experienced net growth.
The largest negative change in tree cover was
seen in the tropical rainforest, which covers much
of Central Africa, the Amazon Basin, Indonesia
and Papua New Guinea, while the largest
positive change was found in the boreal tundra
woodland, which is found in Canada and the
Russian Federation.

Forests can be found from arid zones (Box 9) to
wetlands (Box 10) and tidal areas (Box 11). m
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FIGURE 7
GLOBAL FOREST AREA BY CLIMATIC DOMAIN,

2020
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SOURCE: Prepared by FAO based on FAO global ecological zone map (FAO,
2012a) and global Copernicus Land Cover map for 2015 (Buchhorn et al., 2019).



FIGURE 8
FOREST BY GLOBAL ECOLOGICAL ZONE
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B Tropical rainforest
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- Tropical mountain system
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NOTE: The map depicts the distribution of forest with tree cover of at least 30 percent in 2015 according to the Copernicus moderate-resolution (100 m) land-cover map.

Agricultural tree crop plantations are excluded from this map to the extent possible.

SOURCE: Prepared by FAO based on FAO global ecological zone map (FAO, 2012a) and global Copernicus Land Cover map for 2015 (Buchhorn et al., 2019).

= FOREST DEGRADATION

While there is no agreed definition of forest
degradation, in a more general sense forest
degradation entails a reduction or loss of

the biological or economic productivity and
complexity of forest ecosystems resulting in
the long-term reduction of the overall supply
of benefits from forest, which includes wood,
biodiversity and other products or services.
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To facilitate future reporting on relevant goals and
targets related to forest degradation (Box12), FAO
asked countries reporting for FRA 2020 whether
they were monitoring forest degradation and, if so,
what methods they used. A total of 58 countries
responded (together accounting for 38 percent

of the global forest area) indicating that they

were attempting to monitor the extent of forest
degradation. However, many of those countries

assessed only one or a few specific elements. »
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BOX 9
DRYLAND FORESTS — A FIRST GLOBAL ASSESSMENT

While humid tropical forests contain the most biological
diversity, drylands are biodiverse and productive
landscapes with considerable economic, social and
environmental value. Drylands account for more than
two-thirds of the land area of 7 of the now 36
biodiversity hotspots (Myers et al., 2000; CEPF, 2020)
and are found in 24 of the 134 terrestrial ecoregions
(Olson et al., 2015) identified as priority conservation
targets. Drylands are also inhabited by more than

2 billion people, 90 percent of whom live in
developing countries (MEA, 2005). Many of these
people rely on forests and woodland systems for their
basic needs. Despite the ecological and social
importance of drylands, very limited information has
been available about forest and tree cover in these
areas until now.

The first Global Drylands Assessment (FAO, 2019c)
was based on visual interpretation of freely available
satellite images for more than 200 000 sample plots in
the world’s drylands, as classified by UNEP-WCMC
(2007). More than 200 regional experts were involved
in the analysis.

The results revealed that the world’s drylands
contain 1.1 billion hectares of forest, corresponding to
27 percent of the world’s forest area and 18 percent of
the dryland area. Approximately 51 percent of these

FIGURE A
FOREST DISTRIBUTION IN DRYLANDS, 2015

forests are dense, having canopy cover of 70 to
100 percent. The area of dryland forest varies
significantly between regions (Figures A and B).

Many trees in drylands grow outside forests.
Almost 30 percent of cropland and 60 percent of
built-up land in arid and semi-arid zones has at least
some free cover, as have large areas of rangelands.
Western and Central Africa and Southern Asia have
the highest proportion of trees outside forests in
cropland, followed by Eastern Africa and Southern
Africa (Figure (); in these regions, trees are often
integral parts of traditional agroforestry or
agrosilvopastoral landscapes and food systems,
supporting agricultural production and resilience of
both ecosystems and local communities.

The assessment results serve as a basis for
identifying key emerging threats to dryland forests and
their populations and for prioritizing action and
targeting investment for restoration and sustainable
management of these often-vulnerable ecosystems —
key for the resilience of landscapes and community
livelihoods in a changing climate. Data used for the
assessment were collected in 2015 and could therefore
serve as a baseline for monitoring changes of forests,
trees and land use and contribute to the reporting on
progress towards SDG 15 targets and indicators.

B Forest

SOURCE: FAO, 2019c.

[ Other wooded land
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BOX 9
(CONTINUED)

FIGURE B
FOREST AS PROPORTION OF TOTAL DRYLAND AREA, BY REGION, 2015
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NOTE: Southeastern Asia was not included in the assessment report because of its very small area of drylands (only 377 plots or 13 million hectares) and statistically insignificant
area of dryland forest.
SOURCE: FAO, 2019c.

FIGURE C
TREE-COVER DISTRIBUTION IN CROPLANDS IN DRYLANDS, 2015
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BOX 10

WETLAND FORESTS: THE EXAMPLE OF THE CUVETTE CENTRALE

The Cuvette Centrale peatland in the Congo Basin is
believed to be the largest continuous tropical peatland
complex in the world, covering an area of around
14.5 million hectares, typically in hardwood swamp
forest and palm-dominated swamp forest (Dargie et
al., 2017). The area holds large areas of intact
biodiverse rainforest and contains the highest densities
of western lowland gorillas (Gorilla gorilla gorilla) in
the world, as well as bonobos (Pan paniscus),
chimpanzees (Pan troglodytes) and forest elephants
(Loxodonta cyclotis). The dwarf crocodile
(Osteolaemus tetraspis) lays its eggs in the peat.

This large freshwater ecosystem plays a crucial role in
regulating water flows as well as providing food for a
large human population downstream in the Democratic
Republic of Congo and the Republic of Congo. In
addition to its high level of biodiversity, the Cuvette
Centrale peatland contains at least 30 gigatonnes of
carbon — equivalent to two years of global carbon

BOX 11

TIDAL AREAS: MANGROVE FORESTS

emissions (Dargie et al., 2017), and these large
carbon stores enhance its combined biodiversity and
ecosystem-service value.

Dwarf crocodile.

Mangroves are salt-tolerant shrubs and trees that grow
along coastlines in the tropics and subtropics, where
they fulfil important environmental and socio-economic
functions. These include the provision of a large
variety of wood and non-wood products, coastal and
coral-reef protection and provision of habitat for
terrestrial and aquatic species.

As reported to FRA 2020, 113 countries have
areas of mangrove forest, totalling an estimated 14.79
million hectares. The largest area was reported in Asia
(5.55 million hectares), followed by Africa (3.24
million hectares), North and Central America (2.57

SOURCE: FAO, 2020.
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million hectares) and South America (2.13 million
hectares). Oceania reported the smallest area of
mangroves (1.30 million hectares).

More than 40 percent of the total area of
mangroves was reported to be in just four countries:
Indonesia (19 percent of the total), Brazil (9 percent),
Nigeria (7 percent) and Mexico (é percent). Since
1990, the area of mangroves has decreased by 1.04
million hectares, but the rate of change more than
halved over the reporting period, 1990-2020 from
47 000 hectares per year in the period 1990-2000 to
21 000 hectares per year over the last ten years.

©Francesco Veronesi
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BOX 12
KEY GOALS, TARGETS AND INDICATORS RELEVANT TO DECREASING FOREST DEGRADATION

» Sustainable Development Goal 15.3: By 2030,
combat desertification, restore degraded land and
soil, including land affected by desertification,
drought and floods, and strive to achieve a land
degradation-neutral world.

— SDG 15.3.1 Proportion of land that is degraded
over total land area.

> Aichi Biodiversity Target 5: By 2020, the rate of
loss of all natural habitats, including forests, is
at least halved and where feasible brought close

For the purposes of this report, the status and
trends related to forest ecosystem health and
forest fragmentation are examined as proxies of
forest degradation.

Forest ecosystem health

Forests are subject to a number of natural
disturbances (e.g. wildfires, pests, diseases, adverse
weather events) that can adversely affect their health
and vitality by causing tree mortality or reducing
their ability to provide the full range of goods and
services. The effects at national and local levels and/
or for specific forest species can be devastating.

Forest fires. In some ecosystems, natural fires

are essential to maintain ecosystem dynamics,
biodiversity and productivity. Fire is also

an important and widely used tool to meet
land-management goals. Most fires are caused

by people, and sometimes they get out of control.
Every year, deliberately set fires and wildfires
burn millions of hectares of forests and other
types of vegetation. A global analysis of forest
area affected by fire between 2003 and 2012
identified approximately 67 million hectares
burned annually (van Lierop et al., 2015). In 2015,
around 98 million hectares of forest were affected
by fires (FAO, 2020). These fires occurred

mainly in the tropics, where they affected about
4 percent of the forest area. More than two-thirds
of the total forest area burned was located in
South America and Africa.

THE STATE OF THE WORLD’S FORESTS 2020

to zero, and degradation and fragmentation is
significantly reduced.

> United Nations Strategic Plan for Forests Goal 1:
Reverse the loss of forest cover worldwide
through sustainable forest management, including
protection, restoration, afforestation and
reforestation, and increase efforts to prevent forest
degradation and contribute to the global effort of
addressing climate change.

About 90 percent of fires are readily contained
and account for 10 percent or less of the total
area burned. The remaining 10 percent of fires
account for the other 90 percent of the burned
area. These dramatic and high-profile wildfire
events, such as those in Australia, Brazil,
Greece, the Russian Federation and the United
States of America (California) in 2018 and 2019,
cause great losses of human and animal lives,
property and infrastructure as well as immense
environmental and economic damage, both in
terms of resources destroyed and the costs of
suppression. Firefighters can do little to stop such
fires until weather or fuel conditions change.

In the future, climate change is expected to
bring longer fire seasons and more-severe fires
over much of the globe, including some areas
where fire has not previously been a common
problem. Forest fires cannot be avoided but their
occurrence and impacts can be significantly
reduced by applying integrated fire management
and fire-smart forest management and by taking
sociocultural realities and ecological imperatives
into account in the landscapes where fire occurs
(FAO, 2000).

Other disturbances. Disturbances other than fire

affected 142 million hectares between 2003 and
2012. These included disturbances by insect

pests, mainly in temperate North America; severe
weather, mainly in Asia; and diseases, mainly

in Asia and Europe (van Lierop et al., 2015). »
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BOX 13
GROWING RISKS FROM INVASIVE PESTS AND PATHOGENS ASSOCIATED WITH GLOBAL CHANGES

Increasing international trade and human mobility,
exacerbated by impacts of climate change, have
increased the introduction of plant and animal species
into new areas where they have become invasive.
Examples include the box tree moth (Cydalima
perspectalis), which has caused dieback of endemic
boxwood (Buxus colchica) forests in the Islamic
Republic of Iran and the Caucasus region, and ash
dieback in the United Kingdom of Great Britain and
Northern Ireland, caused by the fungus
Hymenoscyphus fraxineus, which is of eastern Asian
origin. Climate change and annual climate
fluctuations, often combined with poor forest
management practices (such as the alteration of forest
structure and diversity), have a strong influence on
both native and introduced pests and pathogens,
especially on their biology (e.g. faster development)
and behaviour (e.g. host preference). Higher
temperatures, severe and extreme weather events and
drought stress result in reduced vigour of trees, making

In 2015, around 40 million hectares of forests
were affected by such disturbances, mainly in the
temperate and boreal zones (FAO, 2020).

Invasive species (non-native insect pests,
pathogens, vertebrates and plants) and outbreaks
of native insect pests and diseases pose an
increasing threat to the health, sustainability
and productivity of natural and planted forests
globally (Box 13). Outbreaks of forest insect

pests alone damage about 35 million hectares
of forests annually (FAO, 2010b). Invasive plant
and animal species are now considered one of
the most important causes of biodiversity loss,
especially in many island countries (CBD, 2009).
However, except in some developed countries,
very few quantifiable data are available on the
total impact of invasive species.

| 25 |
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them more vulnerable to outbreaks of native and
introduced pests and diseases. For example, the
dieback of millions of hectares of pine forests caused
by outbreaks of native bark beetles in Central
America, Europe and North America is associated
with climate changes, impacts of extreme weather
events and, in some cases, inadequate forest
management practices (Billings ef al., 2004; Bentz
et al., 2010; Hlasny et al., 2019).

Making forests and forest ecosystems more
resilient to pests, diseases and invasive species
requires coordination of national, regional and global
activities for prevention, early detection, early action,
implementation of phytosanitary measures and
effective public awareness. It also requires sustainable
forest management practices that both reduce the
vulnerability of forests to the impacts of climate
change and take biodiversity conservation and
sustainable use into consideration.

Forest intactness and fragmentation

In the past century, forest fragmentation — the
division of continuous habitat into smaller and
more isolated fragments — has profoundly altered
the characteristics and connectivity of forests
and caused severe biodiversity losses (Haddad et
al., 2015). Understanding the extent, causes and
consequences of forest fragmentation is critical
to conserving forest biodiversity and ecosystem
functioning (see Box 14).

A recent spatial analysis carried out by the JRC for
this report used satellite remote sensing to identify
forests that are the most intact and connected

and those where fragmentation is most severe.

The analysis was carried out at the global level as
well as for each of the 15 GEZs representing more
than 1 percent of the world’s forest area.

Two fragmentation indices were applied to the
global Copernicus Land Cover map for 2015
(Buchhorn et al., 2019), overlaid with FAO’s

GEZ map (see Figure 7). An attempt was made to ~ »
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BOX 14
CAUSES AND IMPACTS OF FOREST FRAGMENTATION

The fragmentation of forest entails the alteration
of habitat configuration, loss of forest area and
connectivity, increased isolation of forest patches
and greater exposure to human land uses along
forest fragment edges (see Figuie A). Perforations, or
the introduction of holes into intact forest patches,
is one of the chief components of fragmentation.
Perforations are often accompanied by the
introduction of roads, resulting in a strong
decrease of undisturbed core forest habitat area.
Forest fragmentation initiates long-term changes to
the structure and functions of the remaining forest
fragments, with impacts on habitats and forest
ecosystem services (Lindenmayer and Fischer,
2006; Hermosilla et al., 2019).

Forest fragmentation may be induced by natural
environmental changes and disturbances (climate,
geological processes, natural disasters, wildfire,
pests and diseases) which can cause the
segmentation of a forest into smaller patches, or by
anthropogenic factors such as forest exploitation
(unmanaged logging or fuelwood harvesting) or
land-use conversion resulting from agricultural
expansion, conversion into tree plantations,
conversion into pastures for livestock, new settlements
caused by human migration, urbanization and
infrastructure development. Forest fragmentation
often occurs in the first phase of land conversion from
forest to other land uses.

FIGURE A

The fragmentation process transforms the
composition, configuration and functions of the
landscape. It typically implies habitat destruction or
isolation, and many studies demonstrate that long-term
fragmentation of habitats, and in particular forested
habitats, strongly affects biodiversity and ecosystem
processes (Skole and Tucker, 1993; Pereira et al.,
2010), although the responses may vary substantially
between species and forest types. Fragmentation has
impacts on almost all ecological processes, from gene
to ecosystem level, and affects plant and animal
population composition and dynamics. It may also
increase the interaction between livestock and wildlife
and hence increase the risk for disease transmission.
While the number of generic, multihabitat, edge or
invasive species may increase (Laurance et al., 2006)
(see also Box 18 on Forest-dwelling pollinators in
Chapter 3), forest fragmentation mostly reduces
species richness (Turner, 1996; Zhu et al., 2004). It
decreases nutrient retention, affects trophic dynamics
and, in more isolated fragments, alters movement of
animals. Reduction of forest patch size and increase in
patch isolation have been shown to decrease the
abundance of birds, mammals, insects and plants by
20 to 75 percent, impacting ecological functions such
as seed dispersal and hence forest structure while also
contributing to a reduction in ecosystem services such
as carbon sequestration, erosion control, pollination
and nutrient cycling (Haddad et al., 2015).

EFFECTS OF FOREST FRAGMENTATION ON REMAINING FOREST FRAGMENTS

Reduced area

SOURCE: Derived from Haddad ef al,, 2015.
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FIGURE 9
PROPORTION OF FOREST AREA BY PATCH SIZE CLASS AND GLOBAL ECOLOGICAL ZONE, 2015
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SOURCE: Study prepared by JRC and the United States Forest Service for this publication.

FIGURE 10

AVERAGE FOREST PATCH SIZE BY GLOBAL ECOLOGICAL ZONE, 2015 (HECTARES)
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FIGURE 11
FOREST AREA DENSITY INDEX, 2015
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NOTE: Map derived from the Copernicus Land Cover map 2015. The forest area density index measures the proportion of forest area in a 10 x 10-km window.
SOURCE: Study prepared by JRC and the United States Forest Service for this publication.

exclude oil palm plantations and agricultural : found in patches larger than 1 million hectares;
tree crops from the analysis. The first index, : this size class accounted for more than 25 percent
called accounting, evaluates the size and ¢ of the forest area for all forest types (Figure 9).
distribution of forest patches i.e. distinct areas However, there are only 149 such forest patches,
of forests separated from other forest areas by i which means that the majority of the world’s
at least 100 m (Vogt, 2019a) (Figures 9 and 10). : forest area is concentrated in very few locations.
The second index, forest area density, measures The rest of the world’s forests are scattered and
the proportion of forest pixels within a fixed local : comparatively small.
neighbourhood (Vogt, 2019b) (Figures 11 to 13).
A high value for forest area density indicates high : Some 34.7 million patches (99.8 percent of
forest connectivity, compact forest areas and low  : the total number of patches) are smaller
forest fragmentation, while a low value indicates : than 1 000 hectares. Together, they account
forest patches that are isolated, perforated and : for 7 percent of the global forest area.
generally highly fragmented. ¢ The average size of all forest patches is a

: mere 132 hectares, but the average patch size
The study found 34.8 million patches of forest : varies significantly between ecological zones
in the world, ranging in size from 1 ha hectare : (Figure'10). The largest average patch sizes are
(one pixel on the map) to 680 million hectares. © found in the boreal coniferous forest and
Roughly 80 percent of the world’s forest area is i tropical rainforest zones. »
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FIGURE 12
PROPORTION OF FOREST AREA BY FOREST AREA DENSITY CLASS AND GLOBAL ECOLOGICAL ZONE, 2015
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SOURCE: Study prepared by JRC and the United States Forest Service for this publication.

FIGURE 13

AVERAGE FOREST AREA DENSITY BY GLOBAL ECOLOGICAL ZONE, 2015 (%)
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SOURCE: Study prepared by JRC and the United States Forest Service for this publication.
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FIGURE 14
MOST-INTACT FORESTS BY GLOBAL ECOLOGICAL ZONE, 2015
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NOTE: The map shows forests with forest area density index in the intact and interior classes.

SOURCE: Study prepared by JRC and the United States Forest Service for this publication.

Almost half of the global forest area (49 percent)
falls in the two highest forest area density classes
(intact and interior) and thus has a high level of
integrity (Figures 12 and 14). At the other end of the
density spectrum, 9 percent of the world’s forests
are in the rare and patchy classes, with little or
no connectivity, and can be considered severely
fragmented (Figures 12 and [5).

Where are forests the most intact? Tropical rainforest and
boreal coniferous forest — the ecological zones

I Boreal coniferous forest
[ Boreal tundra woodland
- Boreal mountain system

I rolor

- Temperate oceanic forest
I Temperate confinental forest
- Temperate mountain system
[ | Temperate steppe

Temperate desert

with the most forest — are the least fragmented
and most-intact forest ecosystems. More than
90 percent of the forest area in these zones is in
patches larger than 1 million hectares and the
forest patches in these zones are much larger
than the global average (Figures 9 and 10). Less than
2 percent of the for