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QLESLIE Land and the Biosphere: Earth's Living Landscape

An exploration of the
intricate relationship
between Earth's solid
ground and the web of life it
sustains — from towering
mountain ecosystems to

microscopic soil organisms

Co-funded by that make it all possible.

the European Union
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QLESLIE Understanding the Biosphere

Before we can appreciate

how land shapes life, we

must first understand the

biosphere itself — the thin,
dynamic envelope of life
that wraps around our

planet like a living skin.

Co-funded by
the European Union
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QLESLIE What is the Biosphere?

The biosphere is Earth's global ecosystem — the
sum total of all living organisms and the
environments they inhabit. It is not confined to a
single realm but spans land, water, atmosphere,
and even the sediments beneath the ocean floor.

This living web connects every organism on the
planet. From towering redwood trees and
migrating whales to the bacteria thriving in deep-
sea hydrothermal vents, every life form plays a
role. Plants, animals, fungi, and microorganisms
— together with the humans who depend on
them — form an interconnected tapestry of life
that has been evolving for over 3.5 billion years.

Co-funded by
the European Union
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(;ESUE Earth's Four Major Systems Interconnected

Our planet operates through four deeply interconnected spheres, each exchanging energy and matter in continuous cycles that sustain the

conditions for life.

Biosphere
Hydrosphere
All living organisms — from microbes to

form across the planet. lakes, glaciers, and groundwater that
cycles through living systems.

Atmosphere Geosphere

Earth's solid land, rocks, minerals, and
soils — the physical foundation upon
which life builds.

The gaseous envelope providing oxygen,
carbon dioxide, and weather patterns
that regulate climate.

Co-funded by
the European Union
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(;ESUE Earth: A Planet Defined by Life

From space, the evidence of our
biosphere is unmistakable. The green of
forests, the blue of oceans, the white of
cloud systems, and the brown of arid
landmasses reveal a world shaped by the
interplay of living and nonliving systems.
No other known planet displays this

remarkable signature of life.

Co-funded by
the European Union
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(;ESUE Levels of Biological Organization in the Biosphere

Life on Earth is organized into a hierarchy of increasing complexity. Each level builds upon the one before it, creating ever-greater
interdependence and emergent properties that define the biosphere.

Molecular Organismal

Molecules — Organelles — Cells Tissues — Organs — Organ
form the basic building blocks of Systems — Organisms create
all living things functional living beings
Ecological Biosphere

Populations — Communities — The sum of all ecosystems on
Ecosystems build interconnected Earth — our planet's complete
webs of life living system

Co-funded by
the European Union
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The Land — The Geosphere and Its
and Its Role _

Beneath every ecosystem lies
the geosphere — the solid
foundation that determines
where and how life can

thrive. Let's explore the

ground beneath our feet.

Co-funded by
the European Union
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(;ESUE The Geosphere: Earth's Solid Foundation

The geosphere encompasses Earth's crust
and upper mantle — the solid rock,

| minerals, and soils that form the planet's

outermost shell. This foundation is far

from static; it is a dynamic system shaped

by tectonic forces, erosion, and volcanic

activity over billions of years.

From the towering peaks of the Himalayas
to the vast Sahara Desert and the fertile
Great Plains, the geosphere's diverse
landforms create a mosaic of habitats.
These landscapes provide the physical
substrate for ecosystems, supply
essential mineral resources, and
profoundly shape regional climate
patterns through elevation, aspect, and

Co-funded by
the European Union topography.
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QLESLIE Landforms and Climate Interaction

The shape of the land is one of the most powerful forces governing where different types of life can exist. Landforms and climate are locked in
a continuous dialogue.

Mountains & Precipitation Landmasses & Wind

Mountains force moist air upward, creating Large continental landmasses deflect and
rain on windward slopes and dry "rain channel wind patterns, creating monsoons,
shadow" deserts on the leeward side. This trade winds, and jet streams that distribute
single mechanism produces radically heat and moisture across the globe.

different tems just kilomet S : j
UUEEA SEOBSISS [JLSE LSS clRiels Soil & Vegetation

Soil composition — sandy, clay, loamy, or
volcanic — directly determines which plant
Co-funded by communities can establish, shaping entire

the European Union ecosystem types from grasslands to forests.
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Earth's structure — from its thin crust to its
molten core — drives the geological
processes that build mountains, create
fertile soils, and recycle minerals. The
crust, averaging just 30 km thick on
continents, is where all terrestrial life
resides. Below it, the mantle's slow
convection currents move tectonic plates,
reshaping the surface over millions of years
and creating the diverse landforms that

define our biomes.

Inside Our Planet
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Definition

An ecosystem is a community of living organisms
interacting with their nonliving environment as an
integrated, functional unit.

Energy flows in one direction — from sunlight
through producers to consumers — while nutrients
cycle continuously through both living and nonliving
components.

Co-funded by
the European Union

Biotic Components

Plants, animals, fungi,
bacteria, and all living
organisms that interact
within the system

Abiotic Components

Soil, water, air, sunlight,
temperature, and minerals
that create the physical
environment

Nutrient Cycles

Chemical elements cycle
between organisms and
the environment,
sustaining life indefinitely

What is an Ecosystem?
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Major Terrestrial Biomes

Earth's land surface is divided into distinct biomes — large-scale ecological communities characterized by their dominant vegetation and adapted to specific climate

conditions.

Tropical Rainforest

Warm and wet year-
round, these are Earth's
greatest biodiversity
hotspots, housing over
half the world's species
in just 6% of land area.

Tundra

Cold, windswept
expanses with
permafrost, short
growing seasons, and
resilient life forms
adapted to Earth's

| PR Sy SR Ry Ry |

Co-funded by
the European Union

Desert

Arid landscapes with =
extreme temperatures
where specialized
organisms have evolved
remarkable survival
strategies — from cacti
to kangaroo rats.

Temperate Forest

Seasonal forests with
deciduous and
evergreen trees,
experiencing four
distinct seasons that
drive dramatic annual
cycles of growth and
dormancy.

Grasslands

Dominated by grasses

with few trees, these

biomes support vast
populations of
herbivores and are
critical for global food
production.
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QLESLIE A World of Biomes

— This global view reveals the distribution

of Earth's major terrestrial biomes, each
defined by unique combinations of

- *  temperature, precipitation, and soil

h e type. Notice how biomes form bands

&) that roughly follow latitude — a direct
reflection of solar energy distribution
across the planet. From equatorial

rainforests to polar tundra, every biome

IS @ unique chapter in the story of life on

Co-funded by Ia n d )

the European Union
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QLESLIE The Biosphere in Action — Cycles and Energy Flow

Life on land is
sustained by the
ceaseless flow of
energy and the
recycling of essential
nutrients. These

Processes are the

biosphere's engine.

Co-funded by
the European Union




)

QLESLIE Photosynthesis: The Foundation of Life on Land

Photosynthesis is the single most important biological
process on Earth. Within the chloroplasts of leaf cells,
plants capture sunlight energy and transform it — along
with carbon dioxide from the air and water from the soil
— into energy-rich glucose sugars.

This remarkable chemical reaction doesn't just feed the
plant. It forms the foundation of virtually every
terrestrial food web. Herbivores eat plants, carnivores
eat herbivores, and decomposers break down dead
matter — all ultimately powered by the energy that
plants captured from sunlight.

0 As a byproduct, photosynthesis releases the
oxygen we breathe — making it essential for
nearly all complex life on Earth.

Co-funded by
the European Union
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(;ESUE Nutrient Cycles Critical to Land Ecosystems

While energy flows through ecosystems in a one-way stream, nutrients are recycled endlessly between living organisms and the nonliving
environment. Three cycles are especially critical for terrestrial life.

Carbon Cycle
Carbon moves through the atmosphere, biosphere, oceans, and soil. Plants absorb CO,

during photosynthesis; respiration and decomposition release it back. Fossil fuels store
ancient carbon, and their combustion has disrupted this delicate balance.

Nitrogen Cycle

Atmospheric nitrogen is "fixed" by specialized bacteria into forms plants can absorb. This
nitrogen flows through food webs and is eventually returned to the atmosphere by
denitrifying bacteria — a cycle essential for protein synthesis in all living things.

Phosphorus Cycle

Unlike carbon and nitrogen, phosphorus does not cycle through the atmosphere. It
moves slowly from rocks to soil to organisms and back. Essential for DNA, RNA, and ATP,
phosphorus is often the limiting nutrient in ecosystems.

Co-funded by
the European Union
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QLESLIE Human Impact and Climate Change

For millennia, humans have
shaped the land. But in
recent centuries, the scale
and pace of our impact has
begun to fundamentally

alter the biosphere itself.

Co-funded by
the European Union
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(;ESUE Land Use Changes and Their Effects

Human transformation of the land surface is one of the most significant forces reshaping the biosphere today. Three major drivers are

accelerating ecological disruption.

Deforestation Industrial Agriculture

Approximately 10 million hectares of Monoculture farming, heavy pesticide
forest are lost annually. This destroys use, and over-irrigation deplete sails,
habitat, releases stored carbon, disrupts contaminate water sources, and reduce
water cycles, and pushes countless the biodiversity that ecosystems need to
species toward extinction. remain resilient.

Urbanization

Cities now cover 3% of Earth's land but
consume 75% of resources. Urban sprawl
fragments habitats, seals soils under
concrete, and intensifies heat island

effects.

Co-funded by
the European Union
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(;ESUE Climate Change and the Biosphere

Rising global temperatures are reshaping the biosphere at
an unprecedented pace. Species are shifting their ranges
poleward and to higher elevations, but many cannot move
fast enough to survive.

Melting permafrost in Arctic regions threatens to release
vast stores of methane and carbon dioxide — greenhouse
gases that would further accelerate warmingin a
dangerous feedback loop.

Meanwhile, the frequency and intensity of droughts,
wildfires, and extreme weather events are increasing,
devastating ecosystems that took centuries to develop.
Coral bleaching, forest die-offs, and shifting agricultural
zones are already visible consequences of a warming
world.

Co-funded by
the European Union
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QLESLIE The Visible Scar of Deforestation

Satellite imagery reveals the stark
boundary between healthy forest
and cleared land — a visual
testament to the speed and scale of
human impact on the biosphere.
These images serve as both a record
of loss and a call to action, illustrating
what is at stake when ecosystems are

dismantled for short-term gain.

Co-funded by
the European Union
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(;ESUE Protecting and Restoring the Land and Biosphere

Despite the challenges,
there is reason for hope.
Around the world,
communities, scientists,
and governments are
working to protect and
restore the living systems

we depend on.

Co-funded by
the European Union
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(;ESUE Conservation and Sustainable Land Management

Safeguarding the biosphere requires a multi-pronged approach that balances human needs with ecological integrity.

e <

Protected Areas Sustainable Agriculture
National parks, wildlife reserves, Practices like crop rotation, cover
and marine protected areas now cropping, no-till farming, and
cover over 15% of Earth's land. integrated pest management
Expanding these networks and rebuild soil health, reduce chemical

ensuring effective managementis  runoff, and maintain productivity
critical for preserving biodiversity ~ without depleting the land for
hotspots and ecological corridors.  future generations.

Co-funded by
the European Union
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QLESLIE Innovative Solutions and Hope for the Future

The fight to protect the biosphere is being supercharged by
innovation and global cooperation.

Digital Earth Modeling

Advanced platforms now model land-atmosphere interactions in real
time, enabling more accurate climate forecasts and smarter land
management decisions.

Ecosystem Monitoring

Satellites, drones, and Al-powered sensors are revolutionizing
biodiversity tracking — detecting changes before they become
irreversible.

Global Cooperation

International agreements like the Paris Accord and the Kunming-
Montreal Global Biodiversity Framework unite nations in ambitious
targets for habitat preservation and emissions reduction.

e Co-funded by
S the European Union



)
QLESLIE Conclusion: Our Role in Earth's Living Landscape

The land and biosphere are not separate from us — they are
the systems that sustain every breath we take, every meal we
eat, and every drop of water we drink.

Interconnected Essential

Land and biosphere form Understanding and

vital, deeply interconnected protecting these systems is

systems that sustain all life not optional — it is essential

on Earth for our collective survival
Hopeful

Together, through science, innovation, and cooperation, we
can foster a resilient planet for generations to come

o Co-funded by
SO the European Union
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