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Abstract
The five systems of Earth: geosphere, biosphere, cryosphere, hydrosphere,
and atmosphere interact to produce the earthly known environment. Global
forests play fundamental biophysical, biogeochemical, hydrological, economic
and cultural roles in the Earth systems. But the most important fact is that all
forests have a central role in the local and global carbon and water cycles with
feedbacks into the climate system. World‘s forests cover 31% of the global
land area. The Global Forest Resources Assessment (2020) revealed that
forests covered a total of 4.06 billion hectares of Earth‘s land and estimated
that 50% of the forest area is relatively intact. Additionally, global forests
account for 75% of the gross primary production of the Earth's biosphere, and
contain 80% of the Earth's plant biomass. Forests on Earth are concentrated
in 10 countries that have the largest cover of forested areas. 50% of the
world‘s forests are found in only 5 countries (Russian Federation, Brazil,
Canada, USA and China) and a total 66% of forests are found in 10 countries.
Tropical forests are home to some of the richest and most diverse
ecosystems on the planet with over 50% of the world‘s species reside in
tropical forests.
All scientific studies showed that the restoration of global forests and
planting more trees can be one of the most effective strategies for climate
change mitigation and the preservation of biodiversity. But some scientists are
sceptical that future plans to triple the area of global forests to meet the goals
by absorbing excess CO2 are very ambitious. Keeping global warming below
1.5 °C (up to 2050) to avoid dangerous climate changes requires the removal
of vast amounts of CO2 from the atmosphere, as well as drastic cuts in
greenhouse gas emissions. In the last decade the United UN Environment
Programme (UNEP) started the Billion Tree Program which aims to improve
quality of life and limit environmental degradation through the multiple benefits
provided by planting large number of new trees on a massive scale. Some
scientists are skeptical for the large scale planting of trees at a period that
global warming is increasing.
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World’s forests: critical component in balancing global
warming and climate change
The global area that is covered by forests is 31% of the global land
area. Approximately 50% of the forest area is relatively intact, and more than
33% is primary forest, meaning naturally regenerated forests of native
species, with no visible indications of human activities and natural ecological
processes. The total forest area is 4.06 billion hectares (40 million square
kilometers, 1 hectare = 0.01 square kilometers, km2). Global forests account
for 75% of the gross primary production of the Earth's biosphere and contain
80% of the Earth's plant biomass. Net primary production is estimated at
21.9 gigatonnes (1 Gt = 109, or one billion 1,000,000,000 tonnes) carbon per
year for tropical forests, 8.1 for temperate forests, and 2.6 for boreal forests.1

Figure 1. More than 50% of the world‘s forests are found in only five
countries (Russian Federation, Brazil, Canada, USA and China) and twothirds (66%) of forests are found in ten countries (Australia, Argentina, India,
Indonesia and Congo D.R). Forests' role in climate change is two-fold. They
act as both a cause and a solution for greenhouse gas emissions (GHG).
Approximately 2.6 billion tonnes of carbon dioxide, or 1/3 of the CO2 released
from burning fossil fuels, is absorbed by forests every year.

Global forests play a critical role in balancing global warming and
climate change. But in the last decades, anthropogenic activities lead to
massive deforestation and forest degradation at alarming rates, which
contributes significantly to the ongoing loss of biodiversity. Since 1990, it is
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estimated that 420 million hectares of forest have been lost through
conversion to other land uses. 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 primary forest area worldwide has
decreased by over 80 million hectares since 1990. Agricultural expansion
continues to be the main driver of deforestation and forest degradation and
loss of forest biodiversity. Large-scale commercial agriculture (cattle ranching
and cultivation of soya bean and oil palm) accounted for 4% of tropical
deforestation between 2000-2010, and local subsistence agriculture for
another 33%. The loss of trees can cause climate change, desertification, soil
erosion, flooding, increased GHGs in the atmosphere and problems for
indigenous forest people. Forest disturbance have impacted the Amazon in
the 20th and 21st centuries, causing changes to the global terrestrial carbon
flux, changing weather patterns, and loss of biodiversity. 2,3

Figure 2. Brazil, the Amazon rainforest (Amazon jungle or Amazonia), is
a most broadleaf tropical rainforest in the Amazon biome that covers most of
the Amazon basin of South America. This basin encompasses 7,000,000 km2,
of which 5,500,000 km2 are covered by the rainforest. This region includes
territory belonging to 9 nations and 3,344 indigenous territories.

All scientific studies showed that the restoration of global forests and
planting of more trees is one of the most effective strategies for climate
change mitigation. A recent study mapped the global potential of tree
coverage to is showing that 4.4 billion hectares of canopy cover could exist
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under the current Earth‘s climate. In this study they excluded existing trees,
agriculture and urban areas, and found that there is room for an extra 0.9
billion hectares vegetation cover. This cover could store 205 Gigatonnes of
carbon (Gt) in areas that can support naturally woodlands and forests.
Increasing forest cover restoration is supported as a most effective solution to
carbon retaining (CO2 from the atmosphere). In the future decades it is
expected that the majority of forest losses will occur in the tropical forests. 4

Global distribution of largest forests on Earth

There are 10 countries that have the largest cover of forested areas.
50% of the world‘s forests are found in only 5 countries (Russian Federation,
Brazil, Canada, USA and China) and 66% of forests are found in 10 countries.
1.

Russia. The first country with the largest forest covered area is the
officially named Russian Federation. This is part of the old Soviet Union
(1922-1991) that covered an area of over 22,402,200 square kilometers
before its dissolution in 1991. Even after dissolution Russia as a
successor country, retained the title of the largest area-country with 17
million square kilometers (which is 1/8 of Earth‘s inhabited area).
Russia has a forest area of 7,762,602 km2 which are 45% of the
country‘s total land area. Russia‘s forest area is the size of Australia.

2.

Brazil is the second country with the largest forested area of 4,776,980
km2 which are 56% of the total land area of Brazil. Brazil in terms of
size is the fifth largest country in the world, but more than half of it‘s size
is forested area. The Brazilian forest is in large part the tropical forest the
Amazon (jungle of Amazonia). The Amazon forest area encompass the
single largest tropical rainforest in the world with 10% of the world's
known biodiversity, including endemic and endangered flora and fauna,
and its river accounts for 15-16% of the world's total river discharge into
the oceans. The Amazon River Basin includes Brazil, Bolivia, Peru,
Ecuador, Colombia, Venezuela, Guyana, Suriname, French Guiana.

4

Figure 3. Brazil‘s Amazon forest is a typical tropical rainforest, larger than the
total land of India. Tropical rainforests occur in areas of tropical climate in
which there is no dry season – all months have an average precipitation of at
least 60 mm – and may also be referred to as lowland equatorial evergreen
rainforest (jungle of Amazonia).

3.

Canada is the country with the second largest land area. Canada is the
3rd country with forest area of 3,101,340 km2 which are 31% of
Canada‘s total land. Canada‘s forest area is just about the size of India.

4.

United States of America. The USA occupies a total area of about
9.834 million km². Forest cover in US is. 3,030,890 km2 of forest
area which make for 30.8% of the US land.

5.

China has a land area of 9.5 million km 2. Forest in China cover
1,821,000 km2 which are only 18.2% of the land area of China. China
has the smallest percentage of forests on it‘s land from all the countries
in this top 10 list.

6.

Australia has a land size of 7.7 million Km2. Australian forests are
covering – 1,470,832 km2 which is 19 % of the total land area.

7.

Congo (D.R) [Democratic Republic of the Congo also known as CongoKinshasa or French: RD Congo)]. It has 3.45 million Km2 land area, and
forested area 1,219,326 km2 which are 52% of the country‘s land.

8.

Argentina, Latin America – 945,336 km2
Argentina is forested area.
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or 34% of the land of

9.

Indonesia forested area is 884,950 km2 or 46.4% of Indonesia‘ total land
area. The permanent Indonesia forest lands consist of 30.7 million
hectares

of

protection forests,

18.8

million

hectares

of

conservation forests (national parks, nature reserves, etc.) and 64.3
million hectares of production forests.
10.

India

has a land

area

of

3.28 million

km2.

Forested

area

778,424 km2 which is approx. 23.6% of total land area. India‘s
population uses forests for wood and fuel and has a thriving non-wood
forest products industry (latex, gums, resins, essential oils, flavours,
fragrances and aromatic chemicals, incense sticks, handicrafts).

Figure 4. Forests account for a little over one-third (38%) of habitable land
area. This is around one-quarter (26%) of total (both habitable and
uninhabitable) land area. This marks a significant change from the past:
global forest area has reduced significantly due to the expansion of
agriculture. Today half of global habitable land is used for farming. The area
used for livestock farming in particular is equal in area to the world‘s forests.
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It is known that 71% of Earth‘s surface is covered by water. 10% of the
world‘s surface is covered by glaciers, and a further 19% is barren land –
deserts, dry salt flats, beaches, sand dunes, and exposed rocks. This leaves
what we call ‗habitable land‘. Data primarily derived from the United Nations
Statistics Division has been used to rank the world‘s countries by their share
of Earth‘s surface. The largest countries which are Russia, Canada and China
occupy roughly 7.2% of Earth‘s surface combined.
[Statista, statistics 10 countries with
the most forest area
https://www.statista.com/statistics/238893/ten-countries-with-most-forestarea/]. [Ritchie H. Forest area, Global forests, Our World Data,
https://ourworldindata.org/forest-area].

Forests, carbon cycle, biodiversity, ecosystems
Global

forests

play

fundamental

biophysical,

biogeochemical,

hydrological, economic and cultural roles in the Earth system. The most
important is that all forests have a central role in the local and global carbon
and water cycles (hydrological) with feedbacks into the climate system.
Scientific studies and decades of statistical data showed that increase in
forest cover is most often associated with a carbon sink from the atmosphere
to forest biomass and soils.5 The impact of global forests on Earth extends to
the critical role of the global hydrological cycle (the increased interception of
water, deeper rooting and thus more extended sustenance of transpiration
than shallow-rooted vegetation and grasslands).6,7
Forests play a crucial role in regulating Earth‘s climate, as carbon,
water and nutrient fluxes are modified by physiological processes of
vegetation and soil. Additionally, forests also provide renewable raw material,
food, herbs, biomedicines, and important recreational possibilities. Forest
management such as land preservation and reduced harvest can contribute to
climate change mitigation and the preservation of biodiversity. Globally,
improvements to land management could provide an estimated 37% of the
mitigation needed to stabilize warming below 2°C by 2039. Land management
can also mitigate the negative effects that climate-induced ecosystem
transformations have on biodiversity and watersheds.8,9,10
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Figure 5. Forests, especially older forests, are very effective as carbon sinks,
absorbing vast amounts of carbon (CO2) out of the atmosphere and storing it
at a large scale. Globally, forests alone offset, approximately, 25% of annual
CO2 emissions produced from the global economy (industry, transport, urban
heating, waste management, etc). In addition, forests play a crucial role in
offsetting climate change, and keeping low carbon concentrations at a level to
(in accordance with the aims of Paris Agreement‘s goals). But, even if we were
to stop emitting greenhouse gases (GHG) today, we are committed to warming
from previous emissions for hundreds of years. In fact, 30% of anthropogenic
CO2 will remain in the atmosphere 900 years from now.
[https://medium.com/the-climate-series/keep-forests-as-forests-theimportance-of-forests-as-carbon-sinks-63b7d2bde3bb ].
There is scientific evidence that changes in climate are inducing
ecosystem transformations through tree mortality. Mathematical models
indicate a strong potential for continued ecological transformation, and
paleological analyses indicate that, if we continue on our current emission
trajectory, drastic changes in global ecosystem structure and function are
likely by the end of this century.10
Scientists predict that future climate change will likely alter the
frequency and intensity of forest disturbances, including wildfires, storms,
insect outbreaks, and the occurrence of invasive species. The productivity
and distribution of forests could be affected by changes in temperature,
precipitation and the amount of carbon dioxide (CO2) in the air.
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The Billion Tree Campaign for climate change
In December 2011, the United Nations Environment Programme
(UNEP) handed over management of the Billion Tree Program to the Plant
for the Planet Foundation, a non-profit organization based in Germany and
run by youth.

Inspired by the work of the late 2004 Nobel Peace Prize

Laureate Wangari Maathai and the Green Belt Movement she established
in Kenya. The Billion Tree Campaign aims to improve quality of life and limit
environmental degradation through the multiple benefits provided by trees.

Figure 6. More than 12 billion trees have been planted by people from all
walks of life - schoolchildren to presidents. The world currently has 3 trillion
trees and can host a trillion more. Trees are one of the most powerful tools
against the climate crisis.
These

benefits

include

tackling

climate

change

through

the

sequestration of carbon, contributing to local economies through products
such as timber and providing ecosystem services such as soil regulation,
erosion control and cultural values. Forests also regulate water cycles and
provide habitats for biodiversity, with a wide variety of genetic resources.11
Planting more trees and investing in forests is among the key
strategies put forward in UNEP‘s Green Economy Report, which outlines
pathways towards low-carbon, resource efficient sustainable development.
The report shows, that halting tropical deforestation and planting new forests
could represent the mitigation potential equivalent of doubling current nuclear
capacity or constructing two million new wind turbines.
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China is the leading participating country in the Billion Tree Campaign,
having planted a total of 2.8 billion trees under the campaign since 2004. India
is in second place with 2.1 billion trees, followed by Ethiopia, Mexico and
Turkey. Other campaign‘s founding partners include the Green Belt
Movement, the World Agroforestry Centre, the United Nations FAO, etc, the
Billion Tree Campaign counts leading NGOs, international corporations, UN
agencies – and thousands of individuals – among its network of supporters.12
New initiatives on tree planting started recently. The One Trillion
Trees Initiative was launched in 2020 at the World Economic Forum as a
platform for governments, businesses, and civil society to provide support to
the UN Decade on Ecosystem Restoration (2021–2030). It aims to grow,
restore and conserve 1 trillion trees around the world over 10 years by 2030 in
a bid to restore biodiversity and fight climate change. The Trillion Trees
initiative is a joint venture of three nonprofit organizations – BirdLife
International (BLI), World Wildlife Fund (WWF), and Wildlife Conservation
Society (WCS) – aims to restore one trillion trees by 2050. The Trillion Tree
Campaign, started by the Plant-for-the-Planet Foundation. Bonn Challenge,
aiming to bring 150 million hectares of degraded and deforested landscapes
into restoration by 2020 and 350 million hectares by 2030.

Launched by the Government of Germany and IUCN in 2011, the
Challenge surpassed the 150-million-hectare milestone for pledges in 2017.
AFR100 - African Forest Landscape Restoration Initiative, country-led effort to
bring 100 million hectares of land in Africa into restoration by 2030, which
contributes to the Bonn Challenge and finally, the Global Partnership on
Forest and Landscape Restoration.
[ Food and Agriculture Organization (FAO). O Trillion Trees Initiative, 2021,
http://www.fao.org/forestry/energy/catalogue/search/detail/en/c/1370356/ ].
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Healthy forests and global role in water cycle
All scientific studies and investigations showed that healthy forests
influence to a large extend the global water cycle: Trees pull water from the
ground and release it into the atmosphere as vapour through pores in their
leaves in a process called transpiration, which can drive temperatures and
rainfall across the globe. Forests are also dynamic ecosystems, with both
natural events, such as pest infestations and droughts, and anthropogenic
activities like logging potentially causing dramatic changes in forest structure.
Despite the important roles forests play, the relationship between forest
structure and the global water cycle is not well understood.
Healthy forests are critical to providing clean water, impacting on the
quantity, quality and filtration costs associated with a city's water. The world‘s
major watersheds (watershed is an area of land that drains all the streams
and rainfall to a common outlet) lost 6% of their tree cover on average from
2000-2014. Today, about 31% of the world‘s watershed area is covered by
forests. Deforestation in these watersheds, often caused by commodity and
agricultural production, can contaminate water, fuel floods and drought, and
lead to higher water treatment costs.13
One of the most important environmental problems is soil Erosion—
when rainfall, runoff or wind detach soil particles. Additionally, soil erosion
affects both water quality and quantity. Healthy forests act as a filter to keep
pollution out of water. Strong roots anchor soil against erosion and material on
the forest floor helps absorb nutrients and sediment. But when forests are
disturbed and degraded, sediment flows into streams and pollutes water.
Forests help control the water cycle by regulating precipitation,
evaporation and flows. Layers of forest canopy, branches and roots can store
and release water vapor, which controls rainfall. Forests can also help reduce
the impacts of flood from storms by blocking and slowing down the flow of
runoff. Deforestation weakens this process, leading to irregular rainfall
patterns including drought and flooding. Urban areas and big cities often rely
on expensive water filtration infrastructure to ensure clean water. This cost
often increases when erosion deteriorates water quality. Relying on natural
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infrastructure like forests, as a complement to traditional built infrastructure,
is proven to reduce water management costs and provides both economic
and cultural benefits like recreational green spaces.13
Recent research has highlighted the threat posed by deforestation to
the Nile River, the world‘s longest river, and the 300 million people who
depend on it. Most of the Nile‘s flow begins in the Ethiopian highlands, a small
rain-drenched part of the river‘s catchment. But recent research suggests that
much of the rainfall in the Ethiopian highlands comes courtesy of moisture
recycled by the forests of West Africa and, especially, the jungles of the
Congo basin in the continent‘s heart. These rainforests ―may provide as much
as 30-40% of the total annual rainfall in the Ethiopian highlands‘. [David
Ellison of the Swedish University of Agricultural Sciences in Uppsala]. Forests
moderate local climate by keeping their local environments cool. They do this
partly by shading the land, but also by releasing moisture from their leaves.
This process, called transpiration, requires energy, which is extracted from the
surrounding air, thus cooling it. A single tree can transpire hundreds of liters of
water in a day. Each hundred liters has a cooling effect equivalent to two
domestic air conditioners for a day.14

Healthy forests and their role in ecosystem services
Sustainable forest management acknowledges the importance of
forests in the broader landscape and in the maintenance for water-related
ecosystem services. Scientists recognize the important role of forest–water
interactions and the role of tree forests in maintaining resilient landscapes and
providing high-quality water resources, in different climatic zones and forest
ecosystems at different landscape scales.
Services from forests, such as cultural, are more difficult to define. For
example, forests can offer recreation activities, mental and physical health
(people who use forests for running, trekking, and various types of exercise),
tourism, aesthetic appreciation of nature (variety of plants, animals,
ecosystems), traditional knowledge (herbal plants, traditional crafts), creative
sense, natural heritage, etc. A regulating service is the benefit provided by
ecosystem

processes

that

moderate
12

natural

phenomena,

including

pollination, decomposition of biological materials, water purification, erosion
and flood control, carbon storage and climate regulation.15

Figure 7. The Millennium Ecosystem Assessment defined four categories of
ecosystem services that contribute to human well-being, each underpinned by
biodiversity. Provisioning services; Regulating services; Supporting services,
and Cultural services.
Ecosystem services provided my natural forests are:
a. Provisional services , food, fruit, fish, livestock, drinking water, timber,
plants into clothes, fibers, herbs, medicinal compounds, etc.
b. Regulating services, clean air and filtering water, decomposition of waste
by bacteria, bees pollinate flowers, roots keep soil together-prevent erosion,
carbon storage, climate regulation, etc.
c. Cultural services, non-material benefits that contribute to cultural, artistic
and social human development, and
d. Supporting services, like photosynthesis, nutrient cycling, regeneration of
soils, helping water cycle, processes that allow the Earth to sustain basic life
forms.
Water is tightly linked to forests and wetland ecosystems through the
hydrological cycle. Forests and wetlands regulate water availability and serve
as natural water purification systems. Forests help route water in a watershed
by stabilising soils, which allows water to enter them, and also regulate soil
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erosion.

This

maintains

catchments,

preventing

desertification

and

salinization. Forests also emit vast amounts of water vapour into the
atmosphere thereby regulating local climate and rainfall.

In turn, forests

depend on groundwater and soil moisture for their survival and rely on
wetlands to replenish this. There are also crucial economic benefits from the
linkages between water, forests and wetlands. For example, forested
protected areas provide a significant portion of the drinking-water supply to at
least one third of the world‘s largest cities. Forested wetlands, like mangroves,
protect human communities from natural catastrophes such as tsunamis, and
river floodplains play a key role in protecting downstream communities from
floods.
Lately, scientists understand the role forests play in recycling and
transporting valuable water resources toward continental interiors. Studies
showed that significant forest and vegetation cover loss, downwind
continental interiors are likely to suffer the consequences of declining rainfall
and water availability and the threat of drought and wildfires. Forest canopies
are more effective in intercepting rain, and tempering, together with their
intensive rooting, the rain‘s erosive forces and also provide more shaded and
humid microclimate.16,17

The economics of nature’s ecosystems and biodiversity
The Economics of Ecosystems and Biodiversity (TEEB) is a global
initiative focused on ―making nature‘s values visible‖. The TEEB study was
launched by Germany and the European Commission in response to a
proposal by the G8+5 Environment Ministers in Potsdam, Germany in 2007.
TEEB aimed to develop a global study on the economics of biodiversity loss.
Its principal objective to mainstream the values of biodiversity and ecosystem
services into decision-making at all levels [http://teebweb.org/].
In March 2007, G8+5 environment ministers [U.S. UK, Germany,
France, Italy, Canada, Japan, European Union, and 5 countries

Brazil,

China, India, Mexico and South Africa] called for a global initiative to study the
economics of biodiversity loss. Sigmar Gabriel, then Minister for the
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Environment in Germany and Stavros Dimas, then Commissioner for the
Environment, agreed to take the lead and launch the TEEB initiative. The
TEEB is a global initiative in its third phase. The European Commission is
financing a UNEP project to help five developing countries apply the TEEB
findings. By reflecting the value of ecosystems and biodiversity in
policymaking, they can achieve their development goals whilst sustainably
managing their natural resources. Read the Guidance Manual or find out
more on the TEEB website.

The TEEB for example, estimates that water-related services of
tropical forests account for more than US$7000 per hectare each year, i.e.
up to 45% of their total value. This exceeds the value of timber, tourism and
carbon storage combined. The TEEB study concludes that, ―There is a
compelling cost-benefit case for public investment in ecological infrastructure
(especially restoring and conserving forests, mangroves, river basins,
wetlands,

etc.)…‖

[European

Commission,

Environment,

Biodiversity

https://ec.europa.eu/environment/nature/biodiversity/economics/teeb_en.htm].
Various organizations have contributed to Phase I of TEEB with
resources, studies, or expertise and contributions have also been received
from individual experts. A list of the main studies contracted by the European
Commission and the German Ministry for the Environment and provided by
partners is given below:
European Commission contracts:
Cost of policy inaction (COPI): The case of not meeting the 2010 biodiversity
target.
The Economics of Ecosystems and Biodiversity: Phase I (scoping). Economic
analysis and synthesis.
Review on the Economics of Biodiversity Loss: Scoping the science.
and Review of the costs of conservation and priorities for action.
BMU (Bundesministerium für Umwelt, Federal Ministry for the
Environment, Germany) contracts coordinated by European Environment
Agency (EEA):
Ecosystem Accounting for the Cost of Biodiversity Losses: Framework and
Case Study for Coastal Mediterranean Wetlands.
15

Study on the economics of conservation of forest biodiversity (IUCN).
UK DEFRA (Department of Environment Food and Rural Affairs, UK)
material:
An introductory guide to valuing ecosystem services.
UK Biodiversity Action Plan: Preparing Costings for Species and Habitat
Action Plans.
Flood and Coastal Erosion Risk Management: Economic Valuation of
Environmental Effects.
Valuing our Natural Environment.
FR MEDAD study (France): Ministry of Ecology [Ministère d‘Ecologie et du
Développment et de l‘Aménagement Durable ].

Global tropical forests are large carbon sinks storing vast
amounts of CO2 per unit area
Global forests have helped sustain humans for millennia by providing a
number of important functions and providing materials (drinking water, food,
wood for houses, timber materials for crafts, furniture, services, etc. Global
forests fulfill numerous important environmental functions, and do so
particularly well if they have a diversity of trees.
Intact global tropical forests are well-known as a crucial global carbon
sink (CO2), slowing global warming and climate change by removing carbon
from the atmosphere, a process known as carbon sequestration. Climate
models typically predict that this tropical forest carbon sink will continue for
decades.

But a recent study Nature, 2020) by almost 100 institutions

provided the first large-scale evidence that carbon uptake by the world's
tropical forests has already started a worrying downward trend.18,19
The most important function for centuries was that forest ecosystems
are critical to mitigating greenhouse gas (GHGs) emissions through carbon
sequestration. At the same time, climate changes and rising temperatures
have affected forest ecosystem functioning in both negative and positive
ways, and has led to shifts in species/functional diversity and losses in plant
species diversity which may impair the positive effects of diversity on
ecosystem functioning. The scientific literature examined how climate change
has affected forest ecosystem functioning and plant diversity. Based on the
biodiversity effects on ecosystem functioning (B→EF), we specifically address
16

the potential for biodiversity to mitigate climate change impacts on forest
ecosystem functioning. Forest biological diversity is also directly and indirectly
impacted by changing climatic conditions. These changes question the
degree to which forests will be able to continue sequestering greenhouse
gases in the future. Millennium Ecosystem Assessment estimated that the
amount of carbon stored in the world‘s forests is between 335-365 billion tons.
However land use changes (largely resulting from deforestation) are hindering
the carbon sequestration abilities of forests.20,21

Figure 8. Forests, by acting as a sink for greenhouse gases (GHGs), help
mitigate the effects of climate change. Forest biological diversity is also
directly and indirectly impacted by changing climatic conditions. The effects
on biodiversity can be both positive and negative, and depend on the region
and the aspect of biodiversity.

As the terrestrial human footprint continues to expand, the amount of
native forest that is free from significant damaging human activities is in
precipitous decline. There is emerging evidence that the remaining intact
forest supports an exceptional confluence of globally significant environmental
values relative to degraded forests, including imperiled biodiversity, carbon
sequestration and storage, water provision, indigenous culture and the
maintenance of human health. Here we argue that maintaining and, where
possible, restoring the integrity of dwindling intact forests is an urgent priority
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for current global efforts to halt the ongoing biodiversity crisis, slow rapid
climate change and achieve sustainability goals. Retaining the integrity of
intact forest ecosystems should be a central component of proactive global
and national environmental strategies, alongside current efforts aimed at
halting deforestation and promoting reforestation.22,23
Tropical forests are home to some of the richest and most diverse
ecosystems on the planet. Over half of the world‘s species reside in tropical
forests. Endemic species are those which only naturally occur in a single
country. Whether we look at the distribution of endemic mammal species, bird
species, or amphibian species, the map is the same: subtropical countries are
packed with unique wildlife. Habitat loss is the leading driver of global
biodiversity loss. When people cut down rainforests they are destroying the
habitats of many unique species, and reshaping these ecosystems
permanently. Tropical forests are also large carbon sinks, and can store vast
amounts of CO2 per unit area.24,25,26
Recent studies showed that tropical forests have had a critical role in
the changing atmospheric CO2 concentrations since the industrial age 250
years ago. Tropical forests have acted both as a very important source of
emissions, as a result of logging and burning, but also as a carbon sink with
their absorption capacity for the extra carbon added to the atmosphere. In the
period 1960-2015, anthropogenic emissions totalled 408 Pg carbon (Pg C,
1 Pg = 1 petagram = 1 billion tonnes = 1015 grams of carbon).), of which 80%
arose from burning fossil fuels and the production of cement, and 20% from
changes in (largely tropical) land use. However, the atmospheric CO2 stock
grew by ‗only‘ 180 Pg C over that period, meaning that 55% of these
emissions were taken in by the Earth system, reducing the magnitude of the
induced climate change. Although there are uncertainties about their relative
carbon sink contributions of global forests, it is estimated that between a 25%
and 33% is normally attributed to the enhanced growth of trees in tropical
forests. Understanding the size and the causes of this carbon sink is crucial
for predicting its evolution over the coming century.27
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Global environmental impact of deforestation
Deforestation causes many environmental issues on both a local and
global scale. Farming, grazing of livestock, mining, and drilling combined
account for more than half of all deforestation. Forestry practices, wildfires
and, in small part, urbanization account for the rest. In Malaysia and
Indonesia, forests are cut down to make way for producing palm oil, which
can be found in everything from shampoo to saltines. In the Amazon, cattle
ranching and farms—particularly soy plantations—are key culprits. Logging
operations, which provide the world‘s wood and paper products, also fell
countless trees each year. Loggers, some of them acting illegally, also build
roads to access more and more remote forests—which leads to further
deforestation. Forests are also cut as a result of growing urban sprawl as
land is developed for homes. Not all deforestation is intentional. Some is
caused by a combination of human and natural factors like wildfires and
overgrazing, which may prevent the growth of young trees. 28
Global deforestation is caused by agriculture (number one cause with
~80% of global deforestation), second cause is new constructions (various
human infrastructures) with 15% of deforestation, the third cause is
urbanization (~5%) and is expected to increase further when 68% of the
world‘s population

will live in big cities by

2050. At the same time,

deforestation weakens and degrades the soil. Forested soils are usually not
only richer on organic matter, but also more resistant to erosion, bad weather,
and extreme weather events. This happens mainly because roots help fix
trees in the ground and the sun-blocking tree cover helps the soil to slowly dry
out. As a result, deforestation will probably mean the soil will become
increasingly fragile, leaving the area more vulnerable to natural disasters such
as landslides and floods.29, 30
Deforestation also has a very strong contribution to climate change.
Because trees absorb and store CO2 throughout their lives. Studies estimate
that tropical forests hold more than 210 gigatons (Gt) of carbon. And what‘s
worrying is that the destruction of these trees has two big negative sideeffects. Fewer trees on a global scale means reducing the planet‘s overall
ability to capture and store CO2.

These effects negatively contribute to
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the greenhouse effect and to climate change. In fact, food production and
agriculture account for 24% of greenhouse gas emissions, deforestation is
estimated to be responsible for 10-15% of all anthropogenic CO2
emissions.31,32,33

Figure 9. 2018 photo released by the Brazilian Environmental and Renewable
Natural Resources Institute (IBAMA) shows an illegally deforested area in
Amazon. Between 1990 and 2016, the World lost 502,000 square miles (1.3
million square kilometers) of forest, according to the World Bank—an area
larger than South Africa. About 17% of the Amazonian rainforest has
been destroyed over the past 50 years.

Questions on forest-restoration schemes. Increased carbon
sequestration potential for global climate commitments
According to some scientists, future plans to triple the area of global
forest trees, in order to meet the goals by absorbing excess CO2 are very
ambitious. Keeping global warming below 1.5 °C (up to 2050) to avoid
dangerous climate changes requires the removal of vast amounts of CO2 from
the atmosphere, as well as drastic cuts in greenhouse gas emissions.34
Existing global forests and the future additional planted trees must play
a crucial role. Locking up carbon in ecosystems is proven, safe and often
affordable. Additionally, increasing tree cover of the Earth‘s lands has also
other benefits, from protecting natural biodiversity, managing the cycle of
water, reversing climate change and at the same time creating jobs in
agriculture, forestry and other services.35
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China has planted billions of trees over the past 40 years as part of its
fight against expanding deserts, mostly in its north part of the country. China
aimed to plant trees over an area up to 4 times the size of the United
Kingdom. China has created millions of hectares of new forest cover, much of
it in areas with marginal agricultural potential. The effort has offset 20% of
China‘s annual fossil fuel emissions, and since 2012 that percentage has
increased to 33%. But there are some pitfalls to mass tree planting. Chinese
scientists worry that the planting could worsen water scarcity. Many of the
trees are not native to the regions where they have been planted (use a lot of
water — despite being placed in areas that are experiencing less rainfall due
to global warming). Scientists propose that planting programmes can work
best when local Chinese authorities

engage with researchers and

communities to find ways to seed less-thirsty plants that create economic
value. These include herbs used in traditional Chinese medicine, some of
which can grow symbiotically with shrubs, and which farmers can harvest and
sell in markets.36
Global forest schemes got a big boost from the 2015 Paris climate
accord, which for the first time counted all countries‘ efforts to offset their
carbon emissions from fossil-fuel use and other sources by planting or
protecting forests form forest fires. The European Union is moving towards
allowing countries to include forest planting in their plans to fight climate
change. Some countries in the EU have pledged budgets of billions to plant
trees for natural and tropical forest. Many scientists applaud the push for
expanding forests, but some urge caution. They argue that forests have many
more-complex

and

uncertain

climate

impacts

than

policymakers,

environmentalists and even some scientists acknowledge. Although trees cool
the globe by taking up carbon through photosynthesis, they also emit a
complex mixture of chemicals (methane, nitrogen oxides, volatile organic
compounds, etc), some of which warm the planet. The dark leaves of trees
can also raise temperatures by absorbing sunlight. Several analyses in the
past few years suggest that these warming effects from forests could partially
or fully offset their cooling ability.37
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Figure 10. There is an 8,000 km wall of trees being built in Africa - making it
the largest living structure on the planet once it's finished. The wall aims to
spread across the width of Africa and through more than 20 countries
including Senegal, Nigeria and Ethiopia.

Planting global forests and climate change
Nearly 59 million hectares of forests (area larger than mainland
France) has been planted in the last 20 years since 2000, according to new
analysis from Trillion Trees. This area of forest has the potential to store the
equivalent of 5.9 Gt of CO2 (which is more than the annual emissions of CO2
of the United States). The million trees study was designed to help inform
forest restoration plans worldwide, giving a picture of the areas where
focusing restoration efforts could be most beneficial. It was part of a two-year
research project, which involved examining more than 30 years‘ worth of
satellite imaging data and surveying experts with on-the-ground knowledge of
more than 100 sites in 29 different countries. Massive reforestation efforts
took

place

in

the

Atlantic

Forest

in

Brazil

[https://www.birdlife.org/worldwide/news/new-study-forests-size-france-haveregrown-last-20-years ] as one of the success stories for regeneration, where
an estimated 4.2 million hectares has regrown since 2000, through a
combination of planned projects to restore the forest, more responsible
industry practices and other factors including migration trend towards cities. 38
The Trillion Trees map of Regeneration Hotspots revealed recently an
estimated 59 million hectares of natural forest have grown back since 2000.39
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The Intergovernmental Panel for Climate Change (IPCC) of the UN
suggested in their reports that boosting the total area of the world‘s forests,
woodlands and woody savannahs could store around 25% of the atmospheric
carbon necessary to limit global warming to 1.5 °C above pre-industrial levels.
In the near term, this means adding up to 24 million hectares (Mha) of forest
every year from now until 2030.
Despite the massive undertaking to plant nearly one trillion trees in the
future decades, scientists are skeptical and they have crucial questions about
the effectiveness of these schemes. There is a question mark how planting
large numbers of new trees will work in the future and the amount of CO 2 they
will manage to extract and retain from the atmosphere because of the rising
temperatures and climate change. Scientists started working on the plan and
with their statistical data show that, under current plans, this global effort will
not be enough to reverse global warming. A closer look at countries‘ reports
reveals that almost 50% of the pledged area for new trees is set to become
plantations of commercial trees. Although these can support local economies,
plantations are much poorer at storing carbon than are natural forests, which
develop with little or no disturbance from humans. The regular harvesting and
clearing of plantations releases stored CO2 back into the atmosphere every
10–20 years. By contrast, natural forests continue to sequester carbon for
many decades. The reversion of deforestation is a prerequisite to stem global
warming. Additionally, restoration programmes worldwide should return all
degraded lands to natural forests, followed by extensive protection and
avoidance of forest fires. Scientists agree that more carbon must be stored on
land, while recognizing competing pressures to deliver food, fuel, fodder and
forest materials for fibers (cellulosic elements that are extracted from trees
and used to make various materials including paper). All studies indicate that
tree planting has the potential to decrease CO2 and influence global warming.
According to scientific data from the USA, tree planting on a massive scale
has the potential to increase carbon sequestration capacity of forests, as long
regeneration takes place with coordinated actions, the right natural type of
trees that have leaves with high absorption carbon capacity and provide cover
of cooling soil, thus providing lower warming.39,40
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Experience and data of the last 20 years give scientists enough
information to propose that the restoration community, forestry experts and
policymakers to prioritize the regeneration of natural forests over other types
of tree planting by allowing disturbed lands to recover to their previous highcarbon state. To combat climate change, the most effective place to plant
trees is in the tropics and subtropics (near the Equator). These forests are the
most effective. Because trees in the tropics grow and take up carbon quickly,
the land is relatively cheap and land cooling is more effective. Well-managed
natural forests can also help to alleviate poverty in low-income regions, as
well as conserve biodiversity. The forest sector can make a major contribution
to the mitigation of global climate change, but realizing this potential requires
coordinated actions across crop, livestock and forestry production systems.
Forests are also sources of greenhouse gas emissions, mainly CO2. These
emissions, which are associated with deforestation and forest degradation,
account for an estimated 17% of global greenhouse gas emissions. Climate
change and increased climate variability have direct and indirect effects on
forests and forest-dependent people. For example, there is a disturbing
synergy between forest degradation caused by poor logging practices, forest
fragmentation and increasingly severe droughts, which has made many
Amazonian and Southeast Asian forests more prone to fire. 41
Details from the planting trees and restoration of natural forests in
many areas of the Earth have published covering around 2/3 of the total
pledged area for planting forests. All countries are following three main
approaches. First, degraded (soil erosion) and abandoned agricultural land
will be left to return to natural forest on its own. Second, marginal agricultural
lands are to be converted into plantations of valuable trees, such
as Eucalyptus for paper or Hevea braziliensis for rubber. Third is agroforestry,
which involves growing crops and useful trees together. Natural regeneration
is the cheapest and technically easiest option. Just over 34% of the total area
allocated for tree planting is to be managed in this way. Protecting land from
fire and other human disturbances allows trees to return and forests to
flourish, building carbon stocks rapidly to reach the level of a mature forest in
roughly 70 years. Recovery times can be accelerated by planting native
species. However, plantations are the most popular restoration plan: 45% of
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all commitments involve planting vast monocultures of trees as profitable
enterprises. The majority are planned in large countries (Brazil, China,
Indonesia, Nigeria, and the D.R. of the Congo).41,42

Figure 11. Japanese scientists used phased-array type L-band SAR
(PALSAR) high-resolution multi-polarization low-noise sensors aboard the
Advanced Land Observing Satellite (ALOS) to generate maps of changing
global forest cover for 2007-2010. Application of region-specific backscatter
thresholds produce a global map of forest and non-forest cover, that
generated maps of forest losses and gains. Results showed that the natural
forest cover in Sumatra, for example, is decreasing. Global mosaics show
phased-array type L-band synthetic aperture radar-2 color composites in (top)
horizontal transmission/ reception (HH), horizontal transmission/vertical
reception (HV), and HH/HV modes in red, green and blue, respectively, and
(bottom) the corresponding map of forest areas (green)/non-forest areas
(yellow). [
https://www.researchgate.net/publication/279213487_
Highresolution_satellite_radar_for_mapping_changes_in_global_
forest_cover/figures?lo=1 ].

Forest wildfires pollute drinking water sources in forest
watersheds
Wildfires often cause dramatic changes in forest vegetation structure
and soil conditions, and alter the watershed processes that control
streamflow, soil erosion, nutrient export, and downstream water quality.
Forests in most continental areas of the Earths play important role in
providing drinking water for millions of people. Forests are in most cases an
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optimal

land

cover

for catchments supplying drinking

water.

Forest

watersheds supply a high proportion of water for domestic, agricultural,
industrial and ecological needs. Forests are sources of drinking water to
communities around the world and in many cases are managed specifically
for this purpose. Scientists estimated that by 2025, 1.8 billion people will be
living in regions with absolute water scarcity and 2/3 of the world's population
may experience water-stress conditions in the future. Forests capture and
store water and can play an important role in providing drinking water for
millions of people in mega-cities.[FAO, 2011. Forests are key for high quality
water supply, http://www.fao.org/news/story/en/item/53391/icode/].

Figure 12. Forested watersheds improve water quality and enhance water
storage, naturally regulate streamflows, reduce flood damages and
stormwater runoff, replenish groundwater and provide a myriad of other
environmental and conservation benefits.

It has been reported that for the world‘s 105 largest cities (top 25 from
the Americas, Africa, Asia, Europe and five from Australia) approximately 33
cities, obtained a significant proportion of their drinking water from protected
forest areas, with a further 5 cities obtaining water from distant catchment
areas which also contained protected forest.43
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Furthermore, forest areas are estimated to contribute 2/3 of the
freshwater supply in the United States (Committee on Hydrologic Impacts of
Forest Management, 2008). Although a number of these forested water
supply catchments may be less fire-prone, other catchment areas are
particularly susceptible to wildfire events, such as in south-eastern Australia
and the western parts of the United States. For example, in south-eastern
Australia wildfires have burned forested reservoir catchments which supply
potable water to Sydney, Canberra, Adelaide and Melbourne.44,45
Healthy forests with good tree cover play a crucial role in water quality,
protection from floods and soil protection from surface erosion. Water quality
To improve or maintain good water quality in a forest area it is important to
minimize soil erosion and to reduce sedimentation in water bodies by filtering
water pollutants in the forest litter and undergrowth. Good tree cover, with
healthy undergrowth, is the most effective land cover for minimizing water
sediments. Because most forestry activities do not involve fertilizers or
pesticides, forests are vital for the supply of safe drinking and irrigation water.
Where forest extraction is carried out, sediment production and chemical
pollution should be minimized by good forest practices. Forest soils act as
sponges and retain water longer than soils under other land uses. Tree and
forest removal therefore increases water discharge and the risk of flooding in
rainy seasons and the risk of drought in dry seasons. Reforestation and
afforestation have the opposite effect on water quantity. At larger scales and
for longer, heavier rainfall events the effects of local forest cover change are
not as important for flood protection. These effects are most prominent at the
micro level and for short-duration and low-impact rainfall events and need to
be considered in the planning of forest management activities. Also, forests
are effective in minimizing soil surface erosion for a range of reasons; for
example, their canopies, undergrowth, leaf litter and other forest debris
reduce the impact of rain drops on bare soils, their porous soils help infiltration
thus reducing surface water flows and their root systems help hold soil
particles together. Forests can also help stabilize slopes and protect them
from shallow landslips. 46
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Conclusions
The scientific community essentially agrees on the phenomenon of
global warming and the main cause of climate change as an anthropogenic
effect with increases in greenhouse gases (GHG) concentrations in the
Earth's atmosphere. Carbon dioxide (CO2) is the principal greenhouse gas
originating primarily from the burning of fossil fuels and deforestation in
tropical forest regions. Although these gas emissions are reabsorbed by
global forests and oceanic ecosystems, the net atmospheric concentration
increase of CO2 that began more than two centuries ago (Industrial
Revolution), continues to grow, and is sufficient to explain global warming.
Global forests (covering 31% of the terrestrial land) are considered important
carbon sinks. When it comes to fighting global warming, forest trees (in
particular tropical) have emerged as one of the most popular weapons. In
order to achieve a rapid progress to control carbon emissions, many countries
have advanced schemes to plant large numbers (billions) of trees to absorb
CO2. But emerging research suggests that trees might not always help
reducing global warming as much as some hope. Forest schemes got a big
boost from the 2015 Paris Climate Accord, which counted all countries‘ efforts
to offset their carbon emissions by planting large numbers of forest trees.
China is the world's biggest source of human-produced CO2 (28% of global
emissions), .and aims to plant billions of forest trees in the future. The
European Union is moving towards allowing countries to include forest
planting in their plans to fight climate change and some countries have
pledged billions for tropical forest programmes. A study in the USA, revealed
that reforestation efforts to help tackle climate change, need tree nurseries
across the U.S. to increase their production to at least three billion seedlings
per year, more than double the current levels. Many scientists applaud the
campaign for expanding forests, but some urge caution. More trees will
definitely help slow climate change, but they won't reverse it on their own.
Planting billions of trees across the world is one of the biggest and cheapest
ways of taking CO2 out of the atmosphere to tackle the climate crisis.

28

References
1.
2.

3.

4.
5.
6.

7.

8.
9.

10.

11.

12.

13.

14.

15.

FAO, Food and Agriculture Organization, The State of the World’s
Forests, 2020, http://www.fao.org/state-of-forests/en/ .
Shimabukuro YE, Valdete EA, Anderson D, et al. Monitoring
deforestation and forest degradation using multi-temporal fraction
images derived from Landsat sensor data in the Brazilian Amazon. Int J
Remote Sensing 40(14):5475-5496, 2019.
Bullock EL, Woodcock CE, Souza C, Olofsson P. Satellite-based
estimates reveal widespread forest degradation in the Amazon. Global
Change Biol 26(5):2956-2969, 2020. https://doi.org/10.1111/gcb.15029.
Bastin J-F, Garcia C, Mollicone D, et al. The global tree restoration
potential. Science 365(6448): 76-79, 2019.
Guo LB, Gifoord RM. Soil carbon stocks and land use change: A meta
analysis. Global Change Biology 8(4):345-360, 2002.
Reichstein M, Carvalhais N. Aspects of forest biomass in the Earth
System: Its role and major unknowns. Surveys in Geophysics 40:693–
707, 2019.
Ellison D, Morris CE, Locatelli B, Sheil D, Cohen J, Murdiyarso D,
Gutierrez V, Van Noordwijk M, C et al.. Trees, forests and water: cool
insights for a hot world. Global Environ Change 43:51–61, 2017.
Griscom B W, et al. Natural climate solutions. Proceedings National
Academy of Sciences USA 114:11645–11650, 2017.
Law BE, Hudiburg TW, Berner LT, et al. Land use strategies to mitigate
climate change in carbon dense temperate forests. Proceedings National
Academy of Sciences USA 115:3663–3668, 2018.
Buotte PC, Law BE, Ripple WJ, Berner LT. Carbon sequestration and
biodiversity co-benefits of preserving forests in the western United
States.
Ecological
Applications
30(2):e02039,
2019.
https://doi.org/10.1002/eap.2039.
Nolan RH, Drew DM, O'Grady AP, et al. Safeguarding reforestation
efforts against changes in climate and disturbance regimes. Forest
Ecology Management 424:458–467, 2018.
Plant for the Planet. [https://blog.plant-for-the-planet.org/2011/unepbillion-tree-campaign-hands-over-to-the-young-people-of-the-plant-forthe-planet-foundation/ ].
Lyons K, Gartner T. World Resources Institute (WRI), New York, Ways
that clean water depends on healthy forests, 21.3.2017,
https://www.wri.org/insights/3-surprising-ways-water-depends-healthyforests ].
Pearce F. Rivers in the Sky: How Deforestation Is Affecting Global Water
Cycles. YaleEnvironment 360. Scientific evidence indicates that the
destruction of tropical forests is disrupting the movement of water in the
atmosphere, causing major shifts in precipitation that could lead to
drought in key agricultural areas in China, India, and the U.S. Midwest,
24.7.2018. [https://e360.yale.edu/ features/how-deforestation-affectingglobal-water-cycles-climate-change ].
National Wildlife Federation, USA, 2020 https://www.nwf.org/EducationalResources/Wildlife-Guide/Understanding-Conservation/EcosystemServices ],
29

16. Ellison MC, Claassen M, Van Noordwijk, et al. Governance
Options for Addressing Changing Forest-Water Relations.
Chapter 7. In: Creed IF, Van Noordwijk M (Eds.) Forest and
Water on a Changing Planet: Vulnerability, Adaptation and
Governance Opportunities., IUFRO, International Union of Forest
Research Organization, World Series No. 38, Vienna, 2018.
17. Zellweger F, De Frenne P, Lenoir J, et al. Forest microclimate
dynamics drive plant responses to warming. Science 368(6492),
772-775, 2020.
18. Hubau W, Lewis SL, Phillips OL, et al. Asynchronous carbon sink
saturation in African and Amazonian tropical forests. Nature 579 (7797):
8-83, 2020, DOI: 10.1038/s41586-020-2035-0
19. University of Leeds. "Tropical forests' carbon sink is already rapidly
weakening." ScienceDaily. 4 March 2020. www.sciencedaily.com/
releases/2020/03/200304141623.htm> ].
20. Ratcliffe S, Wirth C, Jucker T, et al. Biodiversity and ecosystem
functioning relations in European forests depend on environmental
context. Ecology Letters 20(11):1414-1426, 2017.
21. Hisano M, Searle EB, Chen HYH. Biodiversity as a solution to mitigate
climate change impacts on the functioning of forest ecosystems.
Biological Reviews 93(1):439-456, 2017.
22. Watson JEM, Evans T, Lindenmayer D. The exceptional value of intact
forest ecosystems. Nature Ecology & Evolution 2:599-610, 2018.
23. MacDicken, K. et al. Global Forest Resources Assessment 2015: How
are the World’s Forests Changing? 2nd edition, FAO, Rome, 2016.
24. Scheffers BR, Joppa L N, Pimm S, Laurance WF. What we know and
don‘t know about Earth‘s missing biodiversity. Trends in Ecology &
Evolution, 27(9), 501-510, 2012.
25. Maxwell SL, Fuller RA., Brooks TM, Watson, J. E. Biodiversity: The
ravages of guns, nets and bulldozers. Nature, 536(7615), 143, 2016.
26. Lewis SL. Tropical forests and the changing earth system. Philosophical
Transactions of the Royal Society B: Biological Sciences, 361(1465),
195-210, 2006.
27. Mitchard ETA. The tropical forest carbon cycle and climate change.
Nature 559:527-534, 2018.
28. Youmatter. 2020, What is deforestation.
Definition, Causes,
Consequences, Solution,
[https://youmatter.world/en/definition/
definitions-what-is-definition-deforestation-causes-effects/ ].
29. Habor K, Hewson J, Tien H, et al. Tropical protected areas under
increasing threats from climate change and deforestation. Land 7(3):90-,
2018.
30. Silva CHL, Pessoa ACM, Carvalho NS, et al. The Brazilian Amazon
deforestation rate in 2020 is the greatest of the decade. Nature Ecology
Evolution 5:144-145, 2021.
31. Khanna J, Medvigy D, Fueglistaler S, Walko R. Regional dry-season
climate changes due to three decades of Amazonian deforestation.
Nature Climate Change 7:200-204, 2017.
32. Lawrence D, Vandecar K. Effects of tropical deforestation on climate and
agriculture. Nature Clim. Change 5, 27–36, 2014.

30

33. Staal A, Flores BM, D‘ Aguiar AP, et al. Feedback between drought and
deforestation in the Amazon. Environmental Research Letters 15(4):
2020.
34. Lewis SL, Wheeler CE, Mitchard ET, Koch A. Restoring natural forests is
the best way to remove atmospheric carbon. Nature 568, 25-28, 2019.
doi: https://doi.org/10.1038/d41586-019-01026-8 .
35. NASA Global Climate Change. Vital Signs of the Planet. Nov. 2019.
Examining viability of planting trees to help mitigate climate change.
https://climate.nasa.gov/news/2927/examining-the-viability-of-plantingtrees-to-help-mitigate-climate-change/ ]. From, Bastin J-F, Finegold Y,
Garcia C, et al. The global tree restoration potential. Science
365(6448):76-79, 2019, DOI : 10.1126/science.aaxo848.
36. Zastrow M. China‘s tree-planting drive could falter in a warming world.
Nature 573:474-475, 23/9/2019.
37. Popkin G. How much can forests fight climate change? Nature 565:280282, 2019.
38. WWF. Forests the Size of France Have Regrown in the Last 20 Years,
New Research Shows, 11.5.2021. https://www.worldwildlife.org/pressreleases/forests-the-size-of-france-have-regrown-in-the-last-20-yearsnew-research-shows ].
39. Force of Nature, Mapping Forest Regeneration Hotspots
https://storymaps.arcgis.com/stories/87fa5cbe59f2460e9702a590314cdc
0e].
40. Domke GM, Oswalt SN, Walters BF, Morin RS. Tree planting has the
potential to increase carbon sequestration capacity of forests in the
United States. Proceedings National Acad Science USA 117(4):2464924651, 2020. DOI; https://doi.org/10.1073/pnas.2010840117].
41. Lewis SL, Wheeler CE, et al. Restoring natural forests is the best way to
remove atmospheric carbon. Nature 568, 25-28, 2019 (2.4.2019), .
doi: https://doi.org/ 10.1038/d41586-019-01026-8
42. FAO, Forests and climate change, 2020 http://www.fao.org/climatesmart-agriculture-sourcebook/production-resources/module-b3forestry/chapter-b3-1/en/ ].
43. Dudley N, Stolton S. Running Pure: The Importance of Forest Protected
Areas to Drinking Water. Research Report for the World Bank and WWF
Alliance for Forest Conservation and Sustainable Use. ISBN 2-88085262-5, 2003.
44. U.S. GS (Geological Survey) Water quality after wildfires,
https://www.usgs.gov/mission-areas/water-resources/science/waterquality-after-wildfire?qt-science_center_objects=0#qtscience_center_objects ].
45. Smith HG, Smith HG, Lane NJ, et al. Wildfire effects on water quality in
forest catchments: A review with implications for water supply. Review. J
Hydrology 396(1-2): 170-192, 2011.
46. FAO, Forest and water, http://www.fao.org/sustainable-forestmanagement/toolbox/modules/forest-and-water/basicknowledge/en/?type=111 ]

31

