Global Environmental Survey of
Earth’s History

Illustrated seminar material for
the Regional and Environmental
Economics master’s students at
John von Neumann University.
Edited by Prof. Dr. Istvan Tdzsa
supported by Al Gemini in 2026.

Lecture Notes for Slide 1: Introduction and Core Rationale

Welcome,
Ladies and Gentlemen, Distinguished Students
to this special seminar module titled
'Global Environmental Survey of Earth’s History.'

As master’s students of Regional and Environmental Economics, you might reasonably ask a
fundamental question: Why should economists spend precious seminar hours studying deep
geological time, ancient atmospheric compositions, or the continental layouts of millions of
years ago? We are economists, not geologists.

The answer lies at the very heart of economic sustainability and modern resource geography.
Economic development does not occur in a vacuum,; it is strictly bounded and shaped by the
physical limits, planetary boundaries, and historical legacies of the Earth. Every single
economic asset we trade today — from the coal fields that powered the Industrial Revolution to
the hydrocarbons fuelling modern supply chains, and the rare earth elements essential for the
green transition—is the direct result of a highly specific, localized environmental condition that
occurred millions of years ago.

By taking this macro-scale environmental journey from the fiery dawn of the Hadean Eon to
the post-glacial stability of the Holocene, you will gain a simplified, yet highly scientific,
understanding of planetary dynamics. This overview is designed to help you internalize how
global climate forcing operates over immense timescales.

As future regional leaders and environmental economists, understanding these deep-time
baselines will allow you to look past short-term market fluctuations and comprehend the true,
long-term interconnectedness of the lithosphere, the atmosphere, and the global economy. Let
us begin our journey by first recalibrating our human understanding of time itself.
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Lecture Notes for Slide 2: The Scale of Time and Big Numbers

Now that we understand why environmental history matters to an economist, we must
immediately confront our first cognitive barrier: the human brain is neurobiologically
unequipped to intuitively grasp huge numbers. In macroeconomics and regional development,
we use terms like 'millions,' 'billions,' or even 'trillions' on a daily basis when discussing GDP,
national debts, or global energy consumption. But do we comprehend the scale of these figures?

To put this into perspective before we look at the 4.6 billion years of our planet, let us engage
in a simple, mathematically precise thought experiment. Imagine a highly lucrative job offer
tailored for ambitious students: you are hired to simply count US dollars. You will be paid
exactly one dollar per second for every dollar you count, and your contract is successfully
fulfilled when you reach precisely one billion dollars.

Most people, using their everyday intuition, assume this task would take a few weeks or perhaps
a couple of months. Let us look at the actual mathematical reality. If you were to count non-
stop, 24 hours a day, without a single second of sleep, a break for a meal, or even a pause to
take a breath, it would take you roughly 31.7 years — practically 32 years — of continuous,
uninterrupted counting to reach that one billion.

But let us make this scenario realistic and compliant with modern human biology and labour
regulations. Let us assume you work a standard, disciplined 8-hour shift every single day. In
this case, the time required triples: it will take you exactly 95 years of daily labour.
Consequently, if you enter the workforce as a young adult at age 18, you will finally count that
last one-billionth dollar at the grand old age of 113. If you are exceptionally lucky and survive
the process, you will have only a few days left to enjoy your hard-earned billionaire status.

We use this striking financial analogy to prepare you for the scale of today's lecture. If counting
to just one billion spans generations, then Earth's 4.6-billion-year history is an unimaginably
vast evolutionary arena. On this monumental timeline, the entire existence of human civilization
is nothing more than a split second before midnight. Let us now turn the first page of this planet's
biography and look at the Hadean Eon.
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Lecture Notes for Slide 3: The Dawn of Deep Time

As you can see visually displayed here, the answer to our mathematical riddle is as shocking as
it is instructive: you would be exactly 113 years old when you finally completed the task. This
illustrates how poorly equipped our everyday human perception is for handling data on a scale
that dictates planet-wide evolution.

This brings us directly to the physical birth of our environment. The planet we inhabit was born
in the nascent Solar System exactly 4.6 billion years ago, coalescing from a massive cloud of
cosmic dust and gas. If we compress this immense 4.6-billion-year timeline into a standard 12-
hour clock — where the formation of the planet happens at exactly 12:00 o'clock — an incredible
realization emerges regarding our own species.

On this cosmic scale, the entire history of humanity does not occupy hours, or even minutes.
Homo sapiens only appears in the very final fraction of a second before the clock strikes
midnight.

For the vast majority of its existence, the Earth operated as a dynamic, changing system
completely independent of human activity. Yet, the environmental conditions established
during those lonely billions of years are exactly what laid the groundwork for the modern global
economy, our regional climates, and our natural resources. To understand how this stadium was
built, we must now look at the first official eon of Earth's history, a period of literal fire and
toxic transformation.
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Lecture Notes for Slide 4: The Analytical Framework

Before we launch into our historical survey, let us establish the systematic framework we will
use to analyse every single geological era. To maintain analytical rigor — which is standard in
economic and regional modelling — we will look at each eon, period, and epoch through a
strictly standardized matrix of eight parameters.

First, we establish the chronological baseline: the formal Geologic time unit and its precise
Time scale measured in millions of years ago, or Mega-annum (Ma).

Second, we analyse the spatial dimension: we look at a Paleogeographic map to see how the
continental layout looked under a standard world projection, paired with a reconstructed
Characteristic landscape to visualize that ancient environment.

Third, we quantify the physical parameters: we check the exact Atmospheric composition
expressed in clear percentages — which dictates the planetary greenhouse forcing — and the
resulting Global mean temperature contrasted against our modern 15° C baseline.

Finally, we look at the biological actors: we identify the Dominant Flora and Dominant
Fauna, limiting our scope to a maximum of two representative species or groups per era.

By applying this uniform information structure to every slide, you will easily be able to compare
different eras. You will see how a shift in continental positions directly alters ocean currents,
how volcanic activity spikes carbon dioxide levels, and how these environmental shifts
ultimately dictate the rise and fall of global ecosystems. Let us now apply this model to our first
official era: the Hadean Eon.
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Lecture Notes for Slide S: The Hadean Eon — The Planetary Inferno

We now step onto the very first stage of Earth's history: the Hadean Eon, which began 4.6
billion years ago and lasted for an incredible 600 million years. As we noted earlier, the name
comes directly from Hades, the ancient Greek underworld. This is the only era in our entire
syllabus that occupies just a single slide, for a very logical reason: there is no environment or
life here for us to analyse. It was a completely lifeless, hostile world.

If you look at the geographic and structural parameters on the slide, you can see that the planet
had a completely molten surface of glowing magma. There were no stable continents, no solid
ground to stand on, and the young Earth was under a constant, heavy cosmic bombardment by
meteors and asteroids. The global mean temperature was extreme, starting at well over 200 °C
and slowly cooling down to around 100 °C under immense atmospheric pressure.

As environmental economists, I want you to pay close attention to the pie chart representing
the atmospheric composition. This is a classic example of an extreme, unregulated runaway
greenhouse effect. The atmosphere was a heavy, suffocating blanket dominated by 80%
carbon dioxide (CO2), with roughly 15% nitrogen, and the remaining 5% consisting of pure
water vapour and minor volcanic gases. There was absolutely zero oxygen.

This diagram is strictly for dimensional orientation—you do not need to memorize these exact
percentages for the exam. The key takeaway here is to understand the baseline: the Earth spent
its first 600 million years as a toxic, boiling planetary inferno. Yet, this chaotic phase was
necessary to set the physical and chemical foundations of our globe. Let us now look at the next
era, spanning two slides, where the crust finally cools and the very first primitive actors appear
on the stage: the Archean Eon."
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Lecture Notes for Slide 6: The Archean Eon — Shaping the Physical Foundation

We now move into the Archean Eon, a massive stretch of deep time spanning from 4000 to
2500 million years ago. This eon represents the transition from a molten fireball to a planet with
a stable physical geography.

As regional and environmental economists, this era is fundamentally important to you because
this is when the structural bedrock of our modern global economy was forged. As the Earth's
crust finally began to cool, the very first stable microcontinents — known as cratons — began to
solidify. These ancient cratons exist today as the core of our modern continents, and they
contain the world's richest, most concentrated deposits of gold, platinum, and diamonds.

Simultaneously, torrential rains formed vast, iron-rich oceans. These oceans were not blue, but
a deep green due to the massive amounts of dissolved ferrous iron. This iron would later
precipitate to form the world's largest iron ore deposits, known as Banded Iron Formations,
which practically fuel the modern global steel industry today.

If you look at the atmospheric composition on the pie chart, you will see a fascinating shift.
Carbon dioxide levels dropped significantly compared to the Hadean Eon, while Nitrogen (N2)
became the dominant gas. However, a new player emerged: Methane (CH4). Even though the
global mean temperature stabilized between 30 and 55 °C, the sun at this time was actually 30%
fainter than it is today.

In science, this is called the Faint Young Sun Paradox: why wasn't the Earth frozen solid? The
answer is this precise mix of nitrogen, methane, and carbon dioxide, which acted as a powerful
greenhouse thermal blanket. The sky was not blue, but a hazy orange. It was a stable but highly
exotic environment. On our next slide, we will look at how the first living organisms appeared
on this methane-shrouded stage.
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Lecture Notes for Slide 7: The Dawn of Life and Early Tectonics

On this second slide of the Archean Eon, we look at the biological actors and the spatial layout
of this ancient world. This single era lasted for 1500 million years — an immense span of time
that is nearly three times longer than the entire history of complex animal life on Earth.

If you examine the paleogeographic map in the centre, you will immediately notice how
fragmented the world was. There were no large, recognizable landmasses like Eurasia or the
Americas. Instead, the crust consisted of isolated, tiny islands of rock scattered across a vast,
green, global ocean.

Despite the lack of oxygen, intense radiation, and constant volcanic eruptions, life emerged and
dominated the planet for a billion and a half years. As listed on the slide, we focus on two
primary microscopic pioneers that entirely dictated the chemistry of the early environment.

On the left, we see Cyanobacteria, which formed extensive microbial mats or stromatolites
in shallow coastal waters. These organisms were the world's first solar-powered factories.
Through primitive photosynthesis, they slowly began consuming carbon dioxide and releasing
a minor, invisible byproduct: oxygen.

On the right, we find Methanogenic Archaea, which are methane-producing microbes.
These specialized single-celled organisms thrived in the oxygen-free oceans, consuming
hydrogen and carbon dioxide, and pumping massive amounts of methane into the sky. As we
discussed on the previous slide, it was their metabolic waste product — methane — that kept the
planet warm under a faint young sun.

The takeaway for environmental economists is profound: this slide proves that from the very
beginning, the global atmosphere was not a static geological given, but a dynamic product of
biological activity. In our next eon, the Proterozoic, these two microscopic forces will clash,
triggering the greatest climate collapse in Earth's history. Let us move on to the Proterozoic
Eon.
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Lecture Notes for Slide 8: The Proterozoic Eon — The "Snowball Earth" Paradox

We now enter the Proterozoic Eon, an immense geological chapter stretching from 2500 to
539 million years ago. As future environmental economists, I want you to internalize this slide
as a textbook lesson in systemic, planetary-scale market failure — except here, the actors were
biological, not human.

This era is famous for the phenomenon known as 'Snowball Earth', a catastrophic state where
the entire planet froze over from the poles to the equator, with global temperatures plummeting
to a bone-chilling - 50 °C. However, let us clarify a vital chronological baseline for those
studying these notes independently: the Proterozoic Eon itself lasted for nearly two billion years,
but the planet was nof frozen the entire time. The extreme 'Snowball' episodes occurred as brief,
intense crises lasting only a few million years each, after which the planet recovered to a global
mean temperature of + 12 °C.

Crucially, you must understand that this global freeze was not caused by astrophysical factors.
It was not triggered by a dying sun or a shift in Earth’s orbital mechanics. The catalyst was
purely biological.

The cyanobacteria we introduced on the previous slide were too successful. Through the Great
Oxidation Event, they pumped massive amounts of Oxygen into the atmosphere. This sudden
spike in oxygen reacted destructively with the atmospheric methane — the planet's ultra-strong
thermal blanket — breaking it down into carbon dioxide and water. By wiping out the methane,
the biosphere accidentally turned off the Earth's primary heating system.

As the ice sheets advanced from the poles down to the equator, they triggered a devastating
albedo feedback loop: the white ice reflected 90% of the sun's remaining heat back into space,
causing even more freezing.

If you look at our dual pie-chart system, you can see the result. The main atmosphere became
dominated by Nitrogen and Oxygen, while the 'Other Gases' micro-universe — represented by
the 1% sub-chart — shows Carbon dioxide dropping to a mere 5% within that sliver. This
biological drawdown of greenhouse gases nearly killed the entire planet. On our next slide, we
will examine the spatial configuration of this frozen world and look at the resilient organisms
that somehow survived this global deep-freeze.
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Lecture Notes for Slide 9: Biological Resilience and Supercontinents

On this second slide of the Proterozoic Eon, we witness the spatial layout and the revolutionary
biological recovery of a world that survived the planetary deep-freeze. This single eon spanned
an astronomical 2000 million years — nearly half of the entire history of Earth.

If you look at the paleogeographic map, you will see a massive geographical transformation.
The tiny, fragmented islands of the Archean had collided and merged to form dynamic
supercontinents, most notably Rodinia and later Pannotia. These landmasses were clustered
primarily around the equator and the Southern Hemisphere, surrounded by the immense
Panthalassic Ocean. Because there were no plants on land yet, these supercontinents were
barren, rocky deserts.

However, the real revolution was happening along the flooded continental shelves. How did
life survive the 'Snowball' crisis? As you can see illustrated on the slide, the ancient, highly
resilient Stromatolites (Photosynthetic mats) weathered the storm in hot volcanic springs and
glacial cracks, continuing to oxygenate the water.

Simultaneously, a massive evolutionary leap occurred: the emergence of complex cells. We
find Acritarchs (Early eukaryotic algae), which represents the transition to complex single-
celled life capable of advanced energy processing.

The climax of this 2-billion-year eon is shown on the left: the emergence of the Ediacaran
Biota. For the first time in Earth's history, life transitioned from microscopic cells to
multicellular organisms. The most famous representative is Dickinsonia (First soft-bodied
multicellular fauna). These bizarre, quilt-like creatures had no shells, no eyes, and no mouths;
they lived anchored to the seafloor, absorbing nutrients directly through their skin.

For environmental economists, this slide marks a monumental milestone: the Earth successfully
established a fully functioning, self-regulating ocean ecosystem. The lithosphere, atmosphere,
and biosphere became deeply interconnected. Now that the ecological stage is fully set, we are
ready to move into the Palaeozoic Era, beginning with the spectacular biological explosion of
the Cambrian Period.
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Lecture Notes for Slide 10: The Cambrian Period — The Economic Theatre Opens

We now enter the Cambrian Period, spanning from 539 to 485 million years ago. This marks
the official opening of the Palaeozoic Era. For environmental economists, this period is a critical
milestone: this is the moment when the modern global phosphorus and carbon cycles were
fundamentally established.

Geographically, the continents were highly fragmented. The massive supercontinent of
Gondwana was shifting in the south, while Laurentia and Siberia existed as isolated landmasses.
Due to intense tectonic activity, global sea levels rose to some of the highest marks in Earth's
history, creating vast, shallow, warm epicontinental seas across the equator. The global mean
temperature stabilized at a tropical 21 °C.

Look closely at the atmospheric charts. Oxygen levels hovered around 15%, but the primary
economic driver of this era was the massive amount of Carbon dioxide (COz), which was
roughly 15 to 20 times higher than pre-industrial levels (~4500 ppm). On our 2% sub-chart
of 'Other Gases', Carbon dioxide commands a massive 30% share of that micro-universe.

Why does this matter to a regional economist today? First, this ultra-high (CO;) greenhouse
environment fuelled the weathering of rocks, dumping trillions of tons of nutrients into the
shallow seas. Second, this nutrient overload triggered the deposition of massive phosphate
rock deposits (phosphorites) that we mine today in places like Morocco, China, and the United
States to produce the global agricultural fertilizers that sustain modern world food security.

Furthermore, the organic carbon buried in these specific Cambrian shallow ocean basins formed
the world’s most ancient oil shale and petroleum source rocks, particularly in East Siberia
and parts of North Africa. The high-greenhouse stadium was built; on the next slide, we will
examine the biological actors that exploded onto this lucrative stage.
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Lecture Notes for Slide 11: The Cambrian Explosion — Marine Ecosystems and Biomass

On this second slide of the Cambrian Period, we analyse the biological actors that populated
the planet during this S4-million-year epoch. For environmental economists, this is the birth of
complex biological supply chains — the first time in history that energy and nutrients cascaded
through a multi-tiered food web.

If you look at the paleogeographic map at 514 Ma, the lapetus Ocean and the Panthalassic
Ocean dominated the globe. The continents were barren, but the warm, shallow seas were a
boiling cauldron of biological innovation, known as the 'Cambrian Explosion.'

At the base of this economic engine of nature were the primary producers. As listed,
Cyanobacteria (Photosynthetic bacteria) and Marine Phytoplankton (Microalgae)
captured the abundant sunlight and the immense 4500 ppm atmospheric carbon dioxide. This
massive primary production created an unprecedented surplus of organic biomass.

This massive energy surplus allowed for the evolution of the world's first complex, armoured
consumers. The most successful group were the Trilobites (Paradoxides - Armoured
arthropods). These creatures developed the first advanced compound eyes and hard, calcified
exoskeletons. Because they scavenged the ocean floors by the billions, their fossilized shells
became a major component of ancient marine limestones used today in the global construction
and cement industries.

At the very top of this food chain swam Anomalocaris (Apex predator). Reaching up to a
meter in length, this giant, free-swimming arthropod was the world's first true biological super-
predator.

For your upcoming seminar assignment, if you choose the 'Time-Traveling Geographer' option,
this slide is your biological checklist: if you landed in the Cambrian oceans, you would find an
ecosystem rich in organic nutrients but completely lethal due to massive apex predators and a
severe lack of atmospheric oxygen. Let us now move to the next period, where this marine
theatre expands even further: the Ordovician.
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Lecture Notes for Slide 12: The Ordovician Period
— The First Planetary Cooling and Extinction

We now move into the Ordovician Period, spanning from 485 to 444 million years ago. For
environmental economists, this period is a masterclass in how rapid tectonic shifts can
destabilize a high-greenhouse global economy, triggering the first of the 'Big Five' mass
extinctions in Earth's history.

Geographically, the vast supercontinent of Gondwana made a monumental shift toward the
South Pole. Meanwhile, the Northern Hemisphere remained dominated by vast, shallow
epicontinental seas. Initially, the climate was tropical, with global mean temperatures around
22 °C.

However, look closely at the atmospheric charts. Oxygen levels dropped slightly to 14%, and
Carbon dioxide, while still high (~4000 ppm), began to plummet sharply toward the end of the
period. On our 1.4% sub-chart of 'Other Gases', Carbon dioxide still commands a substantial
28.57% share of that micro-universe, but its decline was fatal.

Why does this matter to an environmental economist? First, the massive expansion of early
non-vascular land plants and intense volcanic weathering accelerated the drawdown of CO-
from the sky, locking it into the lithosphere. This sudden removal of greenhouse gases caused
a catastrophic climate collapse. Second, as Gondwana settled over the South Pole, this cooling
trend triggered a massive glaciation event. Huge ice sheets covered the southern continent,
dropping global temperatures drastically to 12 °C.

This sudden freeze locked up the world's water, causing global sea levels to drop by over 100
meters. The shallow, warm epicontinental seas — which held nearly all of the planet’s biological
wealth — literally evaporated.

The economic takeaway is clear: the Ordovician shows us how a sudden contraction of
environmental space (habitats) due to rapid climate change can instantly bankrupt global
biological diversity, wiping out 85% of marine species. On the next slide, we will examine the
unique organisms that built and suffered through this expanding marine theatre.
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Lecture Notes for Slide 13: The Ordovician Biosphere
— Carbon Pumps and Apex Predators

On this second slide of the Ordovician Period, we examine the biological actors driving the
planet's ecosystems during this 41-million-year timeframe. For regional and environmental
economists, this era represents the massive intensification of the biological carbon pump, which
fundamentally altered global geology.

Looking at the paleogeographic map at 458 Ma, the Paleo-Tethys Ocean and the lapetus Ocean
were hotbeds of biomass production. For the first time, life attempted to colonize the dry land.
As listed on the left, Green Algae (Chlorophyta) expanded, giving rise to Early Non-vascular
Land Plants (Liverwort-like spores). These primitive mosses grew on damp coastal rocks.
Because they lacked deep roots, they could not venture inland, but their metabolic activity
accelerated the chemical weathering of rocks, pulling massive amounts of CO2 out of the
atmosphere and storing it in early soils.

In the vast oceans, primary production reached a spectacular peak. Millions of Graptolites
(Planktonic colonial organisms) floated in the upper water column. When these colonial
organisms died, they sank to the anoxic sea floors by the trillions. Their organic remains formed
the thick, organic-rich black shales (such as the famous Kukersite deposits in the Baltic region),
which today serve as vital source rocks for oil and gas exploration.

At the top of this marine economy ruled the Orthocones (Cameroceras - Giant shelled
cephalopods). Reaching lengths of up to 6 meters, these straight-shelled ancestors of modern
squids were the absolute apex predators of the Ordovician seas.

For the 'Time-Traveling Geographer' assignment, this slide provides crucial data: if you landed
in the Middle Ordovician, the atmosphere would suffocatingly lack oxygen, the barren
continents would offer nothing but slippery mosses, and the shallow waters would be patrolled
by giant, heavily armoured cephalopods. Let us now move to the Silurian Period, where life
finally develops vascular plumbing to conquer the dry continents.
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Lecture Notes for Slide 14: The Silurian Period
— Stabilization and Global Resource Bedrocks

We now step into the Silurian Period, spanning from 444 to 419 million years ago. For
environmental economists, this period is a vital milestone of planetary stabilization. Following
the severe Ordovician ice age, the global climate experienced a remarkable recovery, stabilizing
at a warm, equitable 17 °C.

Geographically, this era is dominated by massive tectonic collisions. Laurentia and Baltica
crashed together to form a new northern supercontinent known as Euramerica, often called the
Old Red Sandstone continent due to its extensive iron-rich desert sediments. Meanwhile,
Gondwana remained a massive landmass dominating the Southern Hemisphere. Because sea
levels recovered and flooded the low-lying continental margins, massive, warm shallow seas
spread across the globe.

Look closely at the atmospheric charts. Oxygen stabilized at 14%, and Carbon dioxide levelled
off at approximately 3000 ppm. On our 1.3% sub-chart of 'Other Gases', Carbon dioxide
commands a 23.08% share of that micro-universe.

Why does this specific configuration matter to a regional economist today? First, these vast,
warm, shallow Silurian epicontinental seas became the absolute hotbeds for coral reefs and salt
basins. Due to intense evaporation in closed marine gulfs, the Silurian period forged the world’s
largest rock salt (halite) and gypsum deposits, heavily mined today across North America
(like the Michigan and Salina basins) and Europe for the chemical, food, and construction
industries.

Second, the organic accumulation in these restricted marine basins formed the major shale gas
and oil source rocks that drive the modern energy geometry of North Africa and parts of the
Middle East. The climate was stable, the stage was set, and on the next slide, we will see how
the biological actors finally broke the continental barrier.
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Lecture Notes for Slide 15: The Silurian Biosphere
— The Conquest of Land and Marine Dynamics

On this second slide of the Silurian Period, we examine the biological actors that defined this
25-million-year epoch. For environmental economists, this is a monumental turning point: the
official transition of global biomass production from a purely marine system to the colonization
of the continents.

Looking at the paleogeographic map at 425 Ma, the Rheic Ocean and the lapetus Ocean were
closing due to tectonic drift. Along these shifting coastlines, the first vascular plumbing systems
evolved. As listed on the left, Cooksonia (First vascular land plant) and Baragwanathia
(Early clubmoss / Primitive vascular plant) successfully colonized the shorelines. The
development of internal vascular tubes allowed these plants to transport water against gravity
and stand upright. This seemingly simple biological innovation completely transformed the
global water cycle, dramatically increasing continental evaporation and anchoring early soils.

In the expanding marine ecosystems, a parallel revolution took place. Vertebrate evolution
accelerated with Agnatha (Jawless armoured fish). These armoured, heavy fish lacked
movable jaws, but their bony shields protected them as they vacuumed nutrients from the ocean
floor.

The undisputed rulers and apex predators of the shallow Silurian seas, however, were the
Eurypterids (Sea Scorpions). Reaching sizes of up to 2.5 meters in some species, these
massive swimming arthropods possessed powerful pincers and specialized swimming paddles.

For the 'Time-Traveling Geographer' assignment, this slide gives your students crucial
parameters: a trip to the Late Silurian offers stable 17 °C temperatures, the first green shorelines
with upright plants, but an atmosphere still dangerously low in oxygen, and coastlines heavily
patrolled by predatory sea scorpions. Let us now move to the Devonian Period, where life
develops deep roots and complex jaws to fully master the planet.
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Lecture Notes for Slide 16: The Devonian Period
— The Greening of Continents and Hydrocarbon Foundations

We now enter the Devonian Period, spanning from 419 to 359 million years ago, a critical era
known traditionally as the 'Age of Fish.' For environmental and regional economists, however,
this period is more accurately defined as the 'Age of Global Greening,' a phase that
fundamentally restructured the planet's carbon cycle.

Geographically, the northern landmass of Euramerica and the massive southern supercontinent
of Gondwana were drawing closer together. A crucial environmental development occurred
on the continents: continental interiors developed extensive, massive river systems and deltaic
plains. The global climate was warm and tropical, stabilizing at an equitable mean temperature
of 20 °C.

Look closely at the atmospheric composition. Due to the rapid spread of early land vegetation,
Oxygen levels rose to 15%. This biological explosion acted as a massive vacuum, drawing
atmospheric Carbon dioxide down from 4000 ppm to roughly 1500 ppm by the end of the period.
On our 1.1% sub-chart of 'Other Gases,' Carbon dioxide commands a 13.64% share of that
micro-universe.

Why does this environmental shift heavily dictate the modern global economy? First, the rapid
greening of the continents accelerated deep soil formation (pedogenesis). This intensified
chemical weathering, washing massive amounts of organic nutrients into marine basins.

Second, this nutrient surge triggered massive algal blooms in restricted, stagnant ocean gulfs.
The burial of this immense marine biomass under anoxic conditions forged the world's most
prolific Devonian oil and gas source rocks. These deposits are precisely what fuels the modern
energy economies of the Urals-Volga region in Russia, the Williston Basin in North
America, and the massive shale formations of western Canada today. The stage was green, the
oceans were rich, and on the next slide, we will meet the biological pioneers that conquered
both realms.
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Lecture Notes for Slide 17: The Devonian Biosphere
— Deep Roots and the Evolution of Jaws

On this second slide of the Devonian Period, we explore the biological forces that defined this
60-million-year epoch. For environmental economists, this era represents a massive structural
upgrade in global biomass production and evolutionary engineering.

Looking at the paleogeographic map at 390 Ma, Euramerica and Gondwana were creating vast
coastal deltas. In these wet environments, plants underwent a radical evolutionary leap. As
listed on the left, Rhynia (Early leafless land plant) represented the primitive baseline, but it
was quickly overshadowed by Archaeopteris (First progymnosperm trees). This was the
world's first modern tree. By developing true leaves and deep, powerful root systems,
Archaeopteris did two things: it anchored the soil, preventing continental erosion, and it created
the world’s first true forest ecosystems, locking up carbon on an unprecedented scale.

Simultaneously, the oceans transformed. This era is defined by the rise of jawed vertebrates. At
the top of the marine food web ruled the Placoderms (Dunkleosteus - Armoured apex
predator fish). Reaching up to 6—8 meters in length and weighing over a ton, this terrifying
monster lacked true teeth; instead, it used two pairs of sharp, bony plates acting like giant meat
cleavers to crush any armoured prey.

The most historic evolutionary bridge, however, is shown on the right: Tiktaalik (Tetrapod
ancestor transitioning to land). This unique creature possessed gills and scales like a fish, but
also a flexible neck and a robust bone structure in its fins that allowed it to lift its body and
crawl through shallow mudflats.

For the 'Time-Traveling Geographer' assignment, this slide is your biological survival guide: if
you chose the Devonian, you would experience a warm 20 °C climate and see the first massive
forests, but you would face a dangerously low oxygen environment on land and highly lethal,
heavily armored apex predators in the coastal waters. Let us now move to the Carboniferous
Period, where these forests grow into a hyper-oxygenated global engine.
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Lecture Notes for Slide 18: The Carboniferous Period
— The Planetary Engine of Modern Industry

We now step onto the stage of the Carboniferous Period, spanning from 359 to 299 million
years ago. For environmental and regional economists, this is arguably the most influential era
in all of Earth's history. This period is the literal birthplace of the modern industrial world and
global capitalism.

Geographically, the northern landmass of Euramerica and the southern supercontinent of
Gondwana began their massive collision, a process that would eventually create Pangea. Along
the equator, vast, low-lying coastal plains developed. Due to the high humidity, these zones
became covered by extensive equatorial coal swamps. Paradoxically, while the equator was
tropical, massive glaciations covered southern Gondwana, pulling the global mean temperature
down to a cool 12 — 14 °C, very similar to our modern baseline.

Look closely at the atmospheric charts. This is the Oxygen Peak of planet Earth. Driven by the
unhindered photosynthesis of global jungle belts, atmospheric Oxygen (O2) skyrocketed to an
incredible 35%. Consequently, Carbon dioxide was vacuumed out of the sky, dropping to a
historic low of ~3000 ppm (0.03%). On our 1% sub-chart of 'Other Gases," Carbon dioxide
commands a tiny 3% share.

Why is this era the foundation of modern economic geography? The massive trees of these
swamps lacked modern deep-tissue decomposers (like advanced fungi and bacteria). When they
died, they did not rot; instead, they sank into the anoxic swamp waters and became buried under
miles of sediment.

Over millions of years, this un-decomposed organic matter was compressed into the massive
hard coal seams (anthracite and bituminous coal) that we mine today. This is the exact coal
that fuelled the British Industrial Revolution, and it remains the geopolitical backbone of the
heavy industries in the Appalachian region of the US, the Ruhr Valley in Germany, and the
massive industrial hubs of Silesia and China today. The economic engine of the modern world
was buried here. On the next slide, we will examine the exotic, hyper-oxygenated fauna that
ruled these giant swamps.
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Lecture Notes for Slide 19: The Carboniferous Biosphere
— Giant Arthropods and Global Biomass

On this second slide of the Carboniferous Period, we examine the highly unique biological
actors that dominated the planet during this 50-million-year epoch. For regional and
environmental economists, this era represents the absolute historical peak of terrestrial organic
carbon sequestration.

Looking at the paleogeographic map at 306 Ma, the supercontinent of Pangea was nearly
complete, locking the vast, humid equatorial basins into a massive, global coal-forming belt.
As listed on the left, this environment was dominated by giant, non-flowering lycophytes. We
find Lepidodendron (Scale trees) and Calamites (Giant horsetails), which grew up to 30-50
meters in height. Unlike modern trees, these primitive forest giants were structurally closer to
giant weeds. Their bark-heavy wood, combined with the lack of specialized fungi capable of
breaking down lignin, created the unprecedented, non-decomposed biomass buildup that forged
today’s global coal reserves.

This dense, planet-wide jungle acting as a hyper-efficient oxygen pump triggered a spectacular
evolutionary anomaly in the animal kingdom. Because insects do not have lungs but breathe
passively through spiracles in their exoskeletons, the historic 35% atmospheric oxygen level
allowed them to grow to monstrous sizes.

On the right, we see the rulers of this hyper-oxygenated world. On the forest floor crawled
Arthropleura (Giant millipede), a massive, armoured relative of modern millipedes that
reached lengths of nearly 2.5 meters. In the humid skies flew Meganeura (Giant dragonfly),
a predatory insect with a spectacular wingspan of over 70 centimetres, making it the size of a
modern eagle.

For the 'Time-Traveling Geographer' assignment option, this slide is your absolute safety
briefing: a trip to the Late Carboniferous offers a cool, manageable 12—14 °C temperature, but
the atmosphere is so rich in oxygen that any spark would create catastrophic forest fires, and
the landscape is heavily populated by giant, terrifying predatory arthropods. Let us now move
to the Permian Period, where this humid engine completely dries up, creating a global desert.
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Lecture Notes for Slide 20: The Permian Period
— The Supercontinent Economy and the Great Dying

We now step onto the stage of the Permian Period, spanning from 299 to 252 million years
ago. This period marks the dramatic finale of the Palaecozoic Era. For environmental economists,
this is a monumental chapter: it demonstrates how the consolidation of global landmasses into
a single market — or rather, a single supercontinent — completely alters global climate forcing
and resource distribution.

Geographically, this era witnessed the formation of the ultimate supercontinent: Pangea, a
colossal landmass stretching from pole to pole, surrounded by the infinite global ocean known
as Panthalassa. This extreme geographical layout created severe continental climates. The lush,
humid swamps of the Carboniferous rapidly dried out, replaced by hyper-arid, sweeping deserts
in the vast interior of Pangea. Consequently, the global mean temperature experienced a wild
ride, shifting from a cool 16 °C up to a scorching 23 °C by the end of the period.

Look closely at the atmospheric charts. Oxygen levels dropped from their historic Karbon peak
back to a stable 20%. Meanwhile, intense volcanic outgassing — specifically from the
catastrophic Siberian Traps eruptions — pumped massive amounts of Carbon dioxide into the
sky, reaching ~2000 ppm. On our 1.2% sub-chart of 'Other Gases,' Carbon dioxide commands
a massive 16.66% share of that micro-universe.

Why is the Permian crucial for a regional economist today? First, the extreme aridity and
evaporation in Pangea's restricted maritime gulfs forged the world's richest potash and rock
salt (evaporite) deposits, highly vital today for global agriculture and the chemical industries
in Germany (Zechstein basin) and the US Permian Basin. Second, the severe greenhouse
forcing and ocean acidification at the end of the Permian triggered the 'Great Dying' — the most
catastrophic mass extinction in Earth's history, wiping out 96% of marine life. The Palaeozoic
stage collapsed; on the next slide, we will examine the unique biological actors that struggled
to survive on this arid, unforgiving land.
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Lecture Notes for Slide 21: The Permian Biosphere
— Arid Adaptation and Pre-Mammalian Ancestors

On this second slide of the Permian Period, we examine the biological actors that struggled to
survive during this 47-million-year epoch. For regional and environmental economists, this era
is a profound lesson in macro-evolutionary restructuring: when a global climate rapidly shifts
from humid to hyper-arid, the entire biological asset base must adapt or face bankruptcy.

Looking at the paleogeographic map at 255 Ma, the massive supercontinent of Pangea acted as
a giant barrier to ocean currents, forcing the continental interiors to become hot, dry deserts. In
response to this water scarcity, the global flora underwent a massive transition. As listed on the
left, the spore-bearing swamp giants of the Carboniferous went extinct, replaced by seed-
bearing pioneers. We find Glossopteris (Seed ferns) and Cordaites (Early conifers). By
developing robust seeds and needle-like leaves, these ancestral pine trees were able to conserve
moisture and green the vast, dry inland basins of Pangea.

In the animal kingdom, this arid environment fuelled the rise of advanced land vertebrates. On
the far right, we see Scutosaurus (Armoured parareptile / Giant herbivore). This heavily
armoured, cow-sized plant-eater possessed massive, tank-like legs to support its weight as it
migrated vast distances across the Pangean deserts in search of sparse vegetation.

Hunting these herbivores was Dimetrodon (Apex synapsid / Sail-backed carnivore). Often
mistaken for a dinosaur, Dimetrodon was actually a synapsid, a primitive ancestor of modern
mammals. The spectacular skin-covered sail on its back served as an elite biological thermostat,
allowing the creature to rapidly warm up its blood in the chilly desert mornings or dump heat
during the scorching afternoons.

For your 'Time-Traveling Geographer' assignment option, this slide concludes the Palacozoic
era: a trip to the Late Permian offers a brutal, scorching 23 °C desert environment, an
atmosphere with crashing oxygen levels, and a landscape ruled by heavily armoured reptiles
and giant, sail-backed mammalian ancestors. Let us now close the book on the Palaeozoic and
prepare to enter the Mesozoic Era — the Age of Dinosaurs — beginning with the Triassic Period.
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Lecture Notes for Slide 22: The Triassic Period — The Dawn of the Mesozoic Greenhouse

We now cross the monumental threshold into the Mesozoic Era, beginning with the Triassic
Period, which spanned from 252 to 201 million years ago. For environmental economists, this
period represents the painful 'macroeconomic restructuring' of global ecosystems following the
Permian mass extinction. The biological markets were wide open, and the evolutionary field
was clear for new dominant players.

Geographically, the supercontinent of Pangea remained largely intact, but the first deep
geological fractures began to appear. It began to show rifting—the structural cracking of
landmasses that would eventually open the Atlantic Ocean. The Tethys Ocean formed a
massive, warm eastern gulf cutting deep into the supercontinent. Because Pangea’s sheer size
blocked oceanic moisture from reaching the interior, the global climate was characterized by

vast, hot, arid interior deserts, with staggering global mean temperatures soaring between 22
and 23 °C.

If you examine our atmospheric charts, you can see that the Earth was locked in a hypoxic, low-
oxygen state. Oxygen levels sat at 15%, while intense volcanic rifting pumped massive amounts
of Carbon dioxide into the sky (~1000—1500 ppm). On our 1.1% sub-chart of 'Other Gases,'
Carbon dioxide commands a substantial 13.64% share of that micro-universe.

Why is the Triassic environment highly relevant to a regional economist today? First, the
extreme, seasonal monsoonal climates and the rifting of Pangea created vast, landlocked
lacustrine basins. The organic muds deposited in these ancient Triassic rift lakes became the
primary source rocks for major petroleum and natural gas basins today, most notably the
North Sea basins in Europe and the rich oil fields of the Newark Supergroup along the eastern
coast of North America.

Second, the massive evaporation in the dry Tethyan gulfs generated some of the world's most
extensive gypsum and anhydrite layers, heavily mined today for the global construction and
drywall industries. The Mesozoic greenhouse stage was set. On the next slide, we will meet the
resilient biological actors that rose from the ashes of the old world to conquer this hot, dry
continent.
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Lecture Notes for Slide 23: The Triassic Biosphere
— The Great Recovery and the Rise of Dinosaurs

On this second slide of the Triassic Period, we analyse the biological actors that repopulated
the planet during this 51-million-year timeframe. For environmental economists, this era is a
fascinating study in post-crisis recovery and ecological market expansion. Following the
Permian catastrophe, global ecosystems were heavily depleted, allowing opportunistic species
to occupy massive biological sectors.

Looking at the paleogeographic map at 237 Ma, the massive continental shelf of Pangea was
subjected to intense seasonal monsoons. In this hot, volatile climate, the flora transformed. As
listed on the left, Dicroidium (Seed ferns) dominated the higher latitudes of Gondwana, while
Cycads (Palm-like gymnosperms) expanded across the tropical belts. These robust, drought-
resistant woody plants successfully greened the harsh, arid Pangean interior, providing a brand-
new primary production baseline for terrestrial herbivores.

In the animal kingdom, this ecological vacuum led to radical evolutionary experiments. On the
far right, we see Lystrosaurus (Dicynodont survivor / Most abundant land tetrapod). This
burrowing, tusked, pig-sized mammalian ancestor was a phenomenal survival specialist.
Having survived the Permian extinction, it faced almost no competition in the Early Triassic,
expanding so rapidly that it temporarily made up an astonishing 95% of all land vertebrates on
Earth.

However, the future belonged to a newer startup group: the archosaurs. Hunting in these dry
landscapes was Coelophysis (Early theropod / Agile bipedal dinosaur). This slender, hollow-
boned, bipedal carnivore was incredibly fast and agile. It represents the foundational blueprint
of the theropod dinosaurs that would eventually grow into the giant apex predators of the
Jurassic.

For the 'Time-Traveling Geographer' assignment option, this slide outlines your Triassic
environment: a scorching 22-23 °C world with highly seasonal monsoons, an atmosphere still
dangerously low in oxygen, dominated by hardy seed ferns, millions of tusked burrowers, and
the first wave of small, fast, predatory dinosaurs. Let us now move to the Jurassic Period, where
Pangea fully breaks apart, turning this dry desert into a humid, giant tropical jungle.
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Lecture Notes for Slide 24: The Jurassic Period
— Continental Breakup and Global Source Rock Formation

We now move into the Jurassic Period, spanning from 201 to 145 million years ago, a golden
era of planetary biomass expansion. For environmental and regional economists, this period is
a spectacular demonstration of how tectonic fragmentation can fundamentally restructure
global climate zones and ocean currents, creating massive wealth baselines for the modern
energy sector.

Geographically, the mega-monopoly of Pangea officially fractured. The supercontinent split
into a northern landmass, Laurasia, and a southern block, Gondwana. This fragmentation
allowed the Central Atlantic Ocean to begin opening, forcing maritime moisture deep into
previously arid desert interiors. The global climate transformed into a warm, humid greenhouse
world with a global mean temperature of 16.5 °C. Due to the lack of polar ice caps, vast, lush
tropical forests expanded from the equator to the high latitudes.

If you examine our atmospheric charts, you can see that the planet successfully recovered from
its hypoxic state. Oxygen levels rose to a stable 21%, matching our modern baseline.
Meanwhile, intense volcanic activity along the widening ocean rifts maintained a high level of
atmospheric Carbon dioxide (~1000-2000 ppm). On our 1.1% sub-chart of 'Other Gases,'
Carbon dioxide commands a substantial 13.64% share of that micro-universe.

Why is the Jurassic environment a crucial foundation for today's global macroeconomics? The
opening of the Atlantic and the widening of the Tethys Ocean created warm, narrow, restricted
marine gulfs. Because global sea levels were high, these basins suffered from intense
stratification and anoxic bottom conditions.

The massive accumulation of marine plankton buried in these specific organic-rich Jurassic
muds forged the world’s most prolific hydrocarbon source rocks. This single environmental
window is precisely what generated the massive Middle East oil fields (such as the Hanifa and
Tuwaiq Mountain formations in Saudi Arabia), the rich North Sea oil basins (Kimmeridge
Clay), and the booming shale oil plays of Western Siberia today. The modern global energy
architecture was literally deposited here. On the next slide, we will look at the giant biological
actors that harvested this abundant, high-energy ecosystem.
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Lecture Notes for Slide 25: The Jurassic Biosphere
— Gigantism and Megawatt Ecosystems

On this second slide of the Jurassic Period, we examine the biological actors that dominated the
planet during this S6-million-year timeframe. For regional and environmental economists, this
era represents the ultimate maximization of terrestrial energy efficiency. Due to the warm,
humid greenhouse climate and high CO, levels, the planet functioned as a global biomass
hyper-producer.

Looking at the paleogeographic map at 195 Ma, the newly opening Central Atlantic Ocean
acted as a giant moisture pump, turning the continents into massive, contiguous tropical jungles.
As listed on the left, the flora achieved incredible structural success. We find Ginkgoites
(Ginkgo ancestors) and Conifers (Araucariaceae - Ancient evergreen gymnosperms).
These massive, towering trees formed the dense, high-canopy forests of the Mesozoic. Because
they lacked modern floral competitors, they completely dominated the global carbon
sequestration cycle.

This historic surplus of high-energy plant biomass triggered a spectacular evolutionary response
in the animal kingdom: gigantism. On the far right, we see Brachiosaurus (Sauropod - Giant
high-browsing herbivore). Weighing up to 40 tons, this colossal sauropod evolved a long,
crane-like neck specifically to harvest the high-canopy leaves of the Araucariaceae trees, acting
as a massive biological lawnmower that consumed hundreds of kilograms of biomass daily.

Hunting these massive herbivores was Allosaurus (Theropod - Powerful apex predator).
Reaching lengths of 9 metres, this agile, bipedal carnivore possessed a unique, articulation-
flexing skull and blade-like teeth, making it the supreme apex predator of the Jurassic
ecosystems.

For your 'Time-Traveling Geographer' assignment option, this slide defines your high-energy
playground: a warm, humid 16.5 °C tropical world, a stable atmosphere with modern oxygen
levels, dominated by massive evergreen conifers, and populated by the largest herbivorous and
carnivorous dinosaurs to ever walk the Earth. Let us now move to the Cretaceous Period, where
this greenhouse world reaches its absolute peak, and the first modern flowers completely rewrite
the global landscape.
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Lecture Notes for Slide 26: The Cretaceous Period
— Extreme Greenhouse and Modern Resource Geography

We now reach the grand finale of the Mesozoic Era: the Cretaceous Period, spanning from
145 to 66 million years ago. For environmental and regional economists, this is a phenomenal
textbook example of a super-greenhouse world driven by intense, global-scale plate tectonics.

Geographically, the continents drifted further apart, rapidly moving into modern-like isolation.
This intense seafloor spreading triggered massive submarine volcanism, which pushed global
sea levels to the highest marks in Earth's history. Vast, warm, shallow inland seaways flooded
the continental interiors (such as the Western Interior Seaway in North America). The global
climate reached an extreme greenhouse peak with a mean temperature of 18 °C, allowing lush,
subtropical forests to grow even near the poles.

If you examine the atmospheric charts, you can see that Oxygen levels rose to an impressive
25%, providing a highly energetic environment. Carbon dioxide remained extremely high
(~1000 ppm) due to intense volcanic outgassing. On our 1.1% sub-chart of 'Other Gases,'
Carbon dioxide commands a substantial 9.09% share of that micro-universe.

Why is the Cretaceous period arguably the absolute goldmine of modern economic geography?
First, the extreme plankton productivity in these warm, flooded inland seas generated over 50%
of the world’s known petroleum reserves. This specific environmental window is exactly what
formed the booming oil fields of the Gulf of Mexico, the massive Athabasca oil sands in
Canada, and the rich reserves of Venezuela today.

Second, the massive accumulation of microscopic calcium-rich plankton (coccolithophores) on
the shallow sea floors formed the legendary global chalk deposits (such as the White Cliffs of
Dover), heavily mined today for modern industrial calcium carbonate, paper coating, and
plastics. The super-greenhouse stage was set. After dinner, we will examine the biological
superstars that ruled and revolutionized this high-stakes ecosystem."
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Lecture Notes for Slide 27: The Cretaceous Biosphere
— The Floral Revolution and Evolution's Giants

On this second slide of the Cretaceous Period, we examine the biological actors that dominated
the planet during this 79-million-year epoch. For environmental and regional economists, this
era is fundamentally defined by a massive structural upgrade in terrestrial ecosystems: the
'Angiosperm Revolution,' which completely altered global nutrient cycles.

Looking at the paleogeographic map at 94 Ma, the isolating continents accelerated localized
evolutionary experiments. On the left, we witness the greatest botanical revolution since the
Silurian: the rise of flowering plants. We find Archaefructus (Early flowering angiosperm)
and Magnoliaceae (Magnolia ancestors - Primitive woody angiosperms). By developing
flowers and fruits, these plants utilized insects for pollination and animals for seed dispersal.
This rapid reproductive cycle allowed angiosperms to outcompete ancient conifers,
fundamentally transforming global soils and building the primary production baseline for
modern terrestrial agriculture.

This rich, angiosperm-fuelled biomass supported some of the most specialized herbivores in
history. On the right, we meet Triceratops (Massive ceratopsian / Three-horned herbivore).
Weighing up to 10 tons, Triceratops possessed a massive bony frill and three lethal horns to
defend itself against the supreme predator of the era.

Hunting these mega-herbivores was Tyrannosaurus rex (Apex dinosaur). Armed with a
bone-crushing bite force of over 6 tons and banana-sized teeth, 7-Rex was the absolute apex
predator of the Late Cretaceous, closing out the Age of Dinosaurs with unparalleled biological
efficiency.

For the 'Time-Traveling Geographer' assignment option, this slide concludes the Mesozoic Era:
a trip to the Late Cretaceous offers a tropical 18 °C world, an atmosphere highly rich in oxygen,
the first colourful forests with true flowers, but a landscape guarded by heavily armed horned
titans and the most terrifying apex predator to ever walk the Earth. Let us now cross the
boundary into the Cenozoic Era —the Age of Mammals — beginning with the Palacocene Epoch.



Post-dinosaur
recovery.
Atlantic
continues to
widen.

Rare ‘gase’
Carbon dioxide

Lecture Notes for Slide 28: The Palaeocene Epoch
— Post-Extinction Recovery and Cenozoic Baselines

We now cross the threshold into the Cenozoic Era—the Age of Mammals—beginning with the
Palaeocene Epoch, spanning from 66 to 56 million years ago. For environmental and regional
economists, this epoch is a fascinating study in 'market vacancy.' Following the catastrophic
asteroid impact that wiped out the dinosaurs, global ecological Niches were left completely
empty, sparking a rapid environmental and evolutionary restructuring.

Geographically, the map shows that the continents had nearly reached their modern positions,
though the Atlantic Ocean continued to widen steadily. The climate remained heavily
greenhouse-driven, stabilizing at a warm global mean temperature of 18 °C. Due to this high
thermal baseline, massive, dense tropical and subtropical swamp forests covered the globe,
stretching even into high-latitude regional zones.

If you examine our dual pie-chart system, you will see that the atmosphere remained highly
energetic. Oxygen stood at a stable 21%, while Carbon dioxide hovered around 500 ppm. On
our 1.05% sub-chart of 'Other Gases' — which we have standardized to a 100% internal view —
Argon commands a dominant 88.57%, while Carbon dioxide occupies 4.76% of this micro-
universe.

Why is the Palaeocene crucial for an environmental economist today? The intense proliferation
of these dense, post-extinction swamp forests captured immense amounts of carbon. In regional
basins where tectonic sinking occurred, the burial of these Palaecocene jungles forged some of
the world's most vital lignite and sub-bituminous coal deposits. These resources are precisely
what drove the 20®-century energy independent growth of the North American Great Plains
(such as the Fort Union Formation) and massive thermal coal basins in Colombia today. The
evolutionary matrix was reset, and the stage was green. On the next slide, we will meet the
primitive mammalian startups that rushed to colonize this new world.
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Lecture Notes for Slide 29: The Palaeocene Biosphere
— Biological Startups and Ecosystem Reset (Final Version)

On this second slide of the Palacocene Epoch, we explore the biological actors that colonized
the planet during this 10-million-year transition. For regional and environmental economists,
this era represents the ultimate template of asset-class replacement: the old monopoly (the
dinosaurs) was liquidated, allowing agile, small-scale biological startups to quickly capture the
global market.

Initially, because there were no large herbivores to graze the vegetation, dense, unhindered
forests exploded across the continents. As listed on the left, Angiosperms (Early deciduous
trees - Seasonal shedding flora) achieved massive dominance. As seen in the Palaeocene
Wetland (Dense swamp forest - Massive carbon sink) on the bottom left, these forests began
to include the ancestors of modern oaks, walnuts, and chestnuts. Their seasonal leaf-shedding
completely restructured the global soil biochemistry, accelerating nutrient cycling and creating
rich, fertile topsoils.

In the expanding oceans, a parallel restructuring occurred. With the giant Mesozoic marine
reptiles gone, the seas witnessed the massive expansion of Teleostei (Modern bony fishes -
Marine adaptive radiation), which quickly built the foundations of our modern marine food
webs and today's global fishing economy. On land, mammals underwent an unprecedented
evolutionary boom. As shown on the top right, Placental Mammals (Primitive mammals -
Rapid evolutionary startups) began to diversify into the ancestors of modern rodents,
primates, and hoofed herbivores.

Paradoxically, the immediate apex land predators of the Early Palacocene were not mammals,
but birds. On the bottom right, we see Gastornis (Giant flightless bird - Apex land predator).
Standing over two meters tall, with a massive, bone-crushing beak, this flightless avian giant
stepped directly into the vacant ecological slot left by the theropod dinosaurs.

For the 'Time-Traveling Geographer' assignment option, this slide defines your post-
apocalyptic baseline: a warm 18 °C greenhouse world, an atmosphere rich in oxygen but dense
with tropical moisture, a landscape covered in trackless deciduous jungles, populated by rapidly
evolving primitive mammals, and ruled by giant, terrifying predatory birds. Let us now move
to the Eocene Epoch, where the thermal engine of the planet hits its absolute maximum.
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Lecture Notes for Slide 30: The Eocene Epoch
— The Ultimate Greenhouse and Regional Resource Foundations

We now step onto the stage of the Eocene Epoch, which spanned from 56 to 33.9 million years
ago. For regional and environmental economists, this is a phenomenal textbook era: it marks
the absolute thermal maximum of the entire Cenozoic Era, driven by an intense planetary
greenhouse event known as the Paleocene-Eocene Thermal Maximum (PETM).

Geographically, the planet was undergoing a massive structural transformation. India was
moving rapidly northwards, colliding with Asia to initiate the uplift of the Himalayas.
Antarctica and Australia still remained connected, preventing the formation of cold southern
ocean currents. Because there were absolutely no polar ice caps, global sea levels reached
extreme heights, creating vast, flooded lowlands and warm swamp forests globally. The global
mean temperature peaked at a tropical 24 °C, allowing palm trees and mangroves to thrive even
inside the Arctic Circle.

Look closely at the atmospheric charts. Oxygen sat at a stable 21%, but Carbon dioxide peaked
heavily at around 800 ppm before beginning a very slow, long-term decline. On our 1% sub-
chart of 'Other Gases' — viewed internally at 100% — Argon commands 86.11%, while Carbon
dioxide occupies 7.41% of this micro-universe.

Why is the Eocene environment fundamentally critical to the economic geography of Central
Europe and Hungary today? The massive, continuous accumulation of biomass in these warm,
subtropical Eocene coastal swamps occurred in rapidly sinking tectonic basins. Because these
dense jungles were buried under layers of marine sediment before they could decay, they were
compressed over millions of years into rich brown coal (lignite) seams.

This specific environmental window is precisely what formed the massive Eocene coal basins
of Hungary, which historically powered the industrialization of the Transdanubian region,
including the mining centres of Tatabanya, Dorog, and Oroszliny. The high-greenhouse
stadium was built, and the energy assets of the future were locked in place. On the next slide,
we will examine the unique biological actors that populated this steaming, global jungle.
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Lecture Notes for Slide 31: The Eocene Biosphere
— Coal-Forming Forests and Marine Micro-Architects

On this second slide of the Eocene Epoch, we analyse the highly unique biological actors that
dominated the planet during this 22-million-year timeframe. For regional and environmental
economists, this era represents the absolute global peak of Cenozoic terrestrial and marine
biomass accumulation.

Looking at the paleogeographic map at 50.2 Ma, global sea levels were so high that a massive
seaway, the Turgai Strait, separated Europe from Asia, and the precursors of Europe existed as
a warm, subtropical archipelago. As listed on the left, this incredibly humid environment fuelled
the expansion of massive swamp forests. We find Metasequoia (Dawn redwood — massive
coal formers) and Nypa (Mangrove palms). Metasequoia grew rapidly in dense, monocultural
stands across global wetlands. Because these gigantic trees generated massive amounts of
organic litter that accumulated in oxygen-poor, waterlogged acidic basins, their wood became
the primary material that forged today’s extensive brown coal reserves across Central Europe.

Simultaneously, a parallel biological revolution occurred in the warm, shallow epicontinental
seas. As shown in the third image, millions of Nummulites (Giant single-celled foraminifera)
flourished on the ocean floors. Despite being single-celled organisms, they grew up to several
centimetres in size, building intricate, coin-shaped calcium-carbonate shells. When they died,
their shells accumulated by the trillions, forming the thick, industrial-grade Nummulitic
limestones that build the bedrock of the Hungarian Transdanubian Mountains (Gerecse,
Bakony) and were famously used to quarry the stone blocks for the Egyptian Pyramids.

On land, mammal evolution took a historic leap with Hyracotherium (Dawn horse). This tiny,
dog-sized ancestral horse possessed three to four toes adapted for scampering through the soft,
muddy floors of the dense Eocene jungles.

For your 'Time-Traveling Geographer' assignment option, this slide outlines your Eocene
environment: a steaming, hyper-tropical 24 °C jungle, a stable atmosphere with modern oxygen
levels, trackless Metasequoia swamps, oceans ruled by massive shelled single-celled organisms,
and forested paths populated by the miniature ancestors of modern horses. Let us now move to
the Oligocene Epoch, where this global greenhouse hits a catastrophic cooling wall.
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Lecture Notes for Slide 32: The Oligocene Epoch
— The Great Icehouse Transition and Ocean Circulation

We now enter the Oligocene Epoch, which spanned from 33.9 to 23 million years ago. For
regional and environmental economists, this is a crucially instructive era: it represents the
dramatic collapse of the global Eocene greenhouse engine and the birth of our modern, cold-
driven ocean circulation architecture.

Geographically, the planet experienced a monumental tectonic event. Antarctica separated
from South America, opening the Drake Passage. This seemingly small geographic isolation
allowed the freezing Southern Ocean waters to encircle the south pole continuously, creating
the powerful Antarctic Circumpolar Current. This current acted as a massive global thermal
barrier, completely cutting off Antarctica from equatorial warm waters. As a direct result, a
massive permanent ice sheet locked over the southern continent, triggering rapid, irreversible
global cooling. The global mean temperature plummeted drastically to a cool 12 °C.

Look closely at the atmospheric charts. Oxygen remained stable at 21%, but Carbon dioxide
levels experienced a sharp drop to roughly 400 ppm, as the newly expanding polar ice sheets
and cooler oceans absorbed carbon out of the sky. On our 1% sub-chart of 'Other Gases'—
viewed internally at 100%—Argon commands 89.42%, while Carbon dioxide drops to
3.85% of this micro-universe.

Why is the Oligocene environment highly relevant to an environmental economist today? This
massive drop in global temperatures and CO: levels completely altered regional biomass
distribution. The vast, humid, tropical coal-swamps of the Eocene collapsed globally. They
were replaced by cooler, seasonal forest ecosystems and early open woodlands. This structural
shift in planetary moisture levels laid the foundation for the expansion of major modern mid-
latitude soil systems, which are the literal bedrock of modern global grain and agricultural
production today. The planetary thermostat was permanently turned down. On the next slide,
we will examine the unique mammalian giants that evolved to master this newly expanding,
open landscape.
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Lecture Notes for Slide 33: The Oligocene Biosphere
— The Rise of Grasslands and Megafaunal Giants

On this second slide of the Oligocene Epoch, we examine the biological actors that adapted to
a cooling planet during this 11-million-year timeframe. For regional and environmental
economists, this era represents the structural reorganization of global ecosystems — the historic
transition from dense, closed tropical jungles to open, competitive terrains.

As global temperatures dropped to 12 °C, the planet's flora underwent a profound revolution.
As listed on the left, we witness the emergence of Early Poaceae (First true grasses) and the
expansion of Fagus (Beech forests). While beech forests replaced the tropical canopy in the
mid-latitudes, the rise of the Poaceae family was a global gamechanger. Grasses are incredibly
resilient; they grow from the base rather than the tip, allowing them to survive heavy grazing,
arid conditions, and seasonal fires. This evolutionary breakthrough initiated the formation of
the world's first open grasslands.

This floral restructuring divided the land into two distinct zones. On the bottom left, Oligocene
Refugia (Dense subtropical pockets - Disappearing greenhouse biomes) served as the final,
isolated sanctuaries for ancient, moisture-loving flora and fauna. Conversely, across the vast
interiors, as shown on the bottom right, the Indricotheriinae Habitat (Open woodland
savanna - Central Asian biomes) became the new evolutionary engine.

In these open woodland savannas, mammal evolution responded to the open space with extreme
size. On the far right, we find Paraceratherium (Indricotherium - largest land mammal).
Standing over 5 meters tall at the shoulder and weighing up to 15 tons, this hornless, long-
necked rhinoceros relative evolved to browse the high branches of open savannas, representing
the absolute peak of mammalian gigantism. Smaller niches were filled by highly adaptable
startups like Eomys (Early rodents), the ancestors of modern mice and squirrels.

For your 'Time-Traveling Geographer' assignment option, this slide provides your Oligocene
survival matrix: a cool 12 °C climate, an atmosphere rich in oxygen, a landscape opening up
into early grasslands and beech forests, populated by rapidly multiplying rodents, and
dominated by the largest land mammals to ever walk the Earth. Let us now move to the Miocene
Epoch, where these grasslands sweep the globe, and the modern geography of Europe begins
to freeze into place.
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Lecture Notes for Slide 34: The Miocene Epoch — Mountain Building and Central
European Mineral Wealth

We now enter the Miocene Epoch, a crucial chapter running from 23 to 5.33 million years ago.
For environmental and regional economists, this epoch is highly significant: it is the primary
geological engine that forged the structural topography, drainage networks, and mineral wealth
of Central Europe and Hungary.

Geographically, this era was dominated by the main phase of the Alpine-Himalayan orogeny.
As Africa and India continued to crash into Eurasia, they buckled the crust, uplifting the Alps,
the Carpathians, and the Himalayas. This violent tectonic squeeze isolated a massive northern
branch of the ancient ocean, creating the Para-Tethys Sea in Central Europe. Over millions
of years, the gradual shrinking of the Para-Tethys and the subduction of the Carpathian arc led
to the emergence of the Pannonian basin. The global climate stabilized at a comfortable,
modern-like mean temperature of 14 °C.

Look closely at the atmospheric charts. Oxygen sat at our modern 21%, while Carbon dioxide
continued its steady decline, levelling off near pre-industrial figures (~250-350 ppm). On our
1% sub-chart of 'Other Gases' — viewed internally at 100% — Argon commands 90.29%, while
Carbon dioxide drops to a minor 2.91% of this micro-universe.

Why is the Miocene epoch a absolute strategic goldmine for regional economics in Central
Europe today? First, the heavy volcanic activity along the rising Carpathian mountain arc
generated the massive non-ferrous metal, polymetallic ore, and gold deposits historically
mined across the region (such as the Ore Mountains of Slovakia and northern Hungary). Second,
as the Para-Tethys Sea dried out into isolated, hyper-saline lagoons, it generated the enormous
rock salt (halite) and gypsum beds that drive the modern salt extraction industries of Poland
(Wieliczka), Ukraine, and Romania (Praid) today. Third, the thick marine sediments deposited
in the sinking Pannonian basin formed the critical natural gas and crude oil reservoirs found
today in southern Hungary and Croatia. The local regional stage was set. On the next slide, we
will meet the iconic Miocene mammals that grazed these newly formed hills.
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Lecture Notes for Slide 35: The Miocene Biosphere
— The Global Savanna Revolution and Grassland Grazers

On this second slide of the Miocene Epoch, we explore the biological forces that completely
restructured the face of the continents during this 18-million-year timeframe. For regional and
environmental economists, this era represents the birth of the modern global agricultural zones
and the expansion of the high-efficiency open pasture lands.

As global temperatures settled at 14 °C and continental interiors dried further due to mountain
building, the planet's flora underwent its most dramatic transition since the Cretaceous. As listed
on the left, we witness the absolute expansion of Poaceae (Savannas), while closed forests
retreated to river valleys, dominated by hardy genera like Quercus (Oak genus). The explosion
of Poaceae was not just a botanical event; it was a global savanna revolution. Grasses expanded
to cover the interior of North America, Eurasia, and Africa, creating massive, high-yield grazing
biomes that today serve as the world's primary agricultural and grain-producing belts (such as
the American Midwest or the Eurasian Steppe).

In the animal kingdom, this expansion of tough, silica-rich grass pushed mammals to develop
an entirely new technological upgrade: high-crowned teeth (hypsodonty) to handle the heavy
abrasive wear of grazing.

On the right, we see the evolutionary winners of this grassland economy. The open plains were
populated by massive herds of Hipparion (Three-toed ancestral horse). These slender, three-
toed ancestors of the modern horse possessed specialized teeth and elongated legs designed for
high-speed evasion across the open, trackless savannas. Browsing along the forested river edges
was Deinotherium (Giant hoe-tusked proboscidean). This colossal elephant relative was
easily distinguished by its unique, downward-curving lower tusks, which it utilized like a
massive biological hoe to strip bark from oak trees or dig for nutritious roots.

For the 'Time-Traveling Geographer' assignment option, this slide provides your Miocene
checklist: a highly comfortable 14 °C temperate climate, an atmosphere fully rich in oxygen, a
modern-looking landscape opening into vast oak savannas, populated by early ancestral horses,
and patrolled by giant, hoe-tusked mammalian megafauna. Let us now move to the Pliocene
Epoch, where these grasslands begin to witness the very first steps of our own evolutionary
lineage.
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Lecture Notes for Slide 36: The Pliocene Epoch
— The Closing of Panama and the Modern Climate Blueprint

We now step onto the stage of the Pliocene Epoch, a relatively short but incredibly dynamic
geological chapter spanning from 5.33 to 2.58 million years ago. For environmental and
regional economists, this epoch is critically important: it represents the final structural
tightening of the global climate system into the exact blueprint we inhabit today.

Geographically, the map indicates that the continents had successfully reached their modern
positions. However, a monumental, world-changing tectonic event occurred in the Americas:
the Isthmus of Panama closed. This newly formed land bridge connected North and South
America, blocking the ancient tropical gateway between the Atlantic and Pacific Oceans.

This single geographic barrier completely re-routed global ocean circulation, forcing warm
equatorial waters northwards to create the modern Gulf Stream. The Gulf Stream pumped
moisture to the northern latitudes, initiating the formation of the Arctic ice cap and pushing the
global mean temperature down to a cool, crisp 13.5 °C.

Look closely at the atmospheric charts. Oxygen sat perfectly at 21%, while Carbon dioxide
continued its steady environmental decline (~350—400 ppm), mirroring early modern figures.
On our 1% sub-chart of 'Other Gases' — viewed internally at 100% — Argon commands 89.86%,
while Carbon dioxide occupies 3.38% of this micro-universe.

Why is the Pliocene epoch highly relevant to a regional economist today? The closing of
Panama triggered a massive ecological event known as the Great American Biotic Interchange,
where animal and plant assets migrated across the new land bridge, completely restructuring
the agricultural and economic biomass capacity of the Americas.

Simultaneously, the drying and cooling of East Africa — caused by these global current shifts —
began to fragment the dense African rainforests into open, grassy savannas. This specific
environmental forcing is exactly what forced early hominids out of the trees, setting the stage
for human evolution. The modern world was structurally locked. On the next slide, we will
meet the biological pioneers that took the very first steps across this open, modernizing
landscape.
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Lecture Notes for Slide 36: The Pliocene Biosphere
— Hominid Beginnings and Megafaunal Highways

On this second slide of the Pliocene Epoch, we examine the biological forces that defined this
2.7-million-year timeframe. For regional and environmental economists, this era represents the
crucial evolutionary transition toward the modern biosphere, driven heavily by the global
expansion of open habitats.

As global temperatures dropped to 13.5 °C, the landscape experienced deep fragmentation. As
listed on the left, Steppe vegetation expanded rapidly across the mid-latitudes, replacing old
forest networks with endless horizons of cold, dry grasslands. Concurrently, as seen in the
Pliocene Savanna (Open grassland - Diverse mammalian biome) on the bottom left, warm-
temperate plains became the centres of animal biomass production.

This floral transition divided the animal kingdom into specialized groups. Along the remaining
river valleys and woodlands, we find Anancus (Gomphothere proboscidean - Woodland
survivor), a highly specialized, long-tusked elephant relative. Out on the open, cold steppes, as
shown on the bottom right, massive herds of Zygolophodon (Mastodon genus - Megafaunal
grazer) migrated over vast distances, defining the mammoth-steppe networks of Eurasia and
North America.

The most historic evolutionary event, however, took place in the drying rift valleys of East
Africa, shown on the top right. The shrinking of the tropical rainforests forced a specific lineage
of primates to adapt to the ground. We witness the rise of Australopithecus (Early hominids).
By transitioning to obligate bipedalism — walking upright on two legs — our earliest ancestors
drastically reduced their solar heat exposure on the open savanna and — freed up their hands to
use primitive tools. This single anatomical adaptation is the direct origin of human economic
labour.

For the 'Time-Traveling Geographer' assignment option, this slide marks your final
evolutionary checkpoint: a comfortable 13.5 °C climate, an atmosphere identical to modern
oxygen levels, vast, sweeping steppes and savannas, populated by giant mastodons, and shared
with the very first upright-walking ancestors of humanity. Let us now leave the Tertiary Era
behind and enter the Quaternary Period, where the planet hits the icy wall of the Pleistocene
glaciations.
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Lecture Notes for Slide 38: The Pleistocene Epoch
— The Quaternary Icehouse and Orbital Forcing

We now cross the final major chronological threshold into the Quaternary Period, beginning
with the Pleistocene Epoch, which spanned from 2.58 million years ago to just 11,700 years
ago. For environmental economists, this epoch is a critical laboratory: it shows us a planet
operating under intense, natural cyclic instability, providing the ultimate baseline to understand
modern climate physics before human industrialization.

Geographically, the modern continental layout was fully established. However, the defining
environmental characteristic of this era was the presence of massive continental ice sheets that
repeatedly advanced and retreated across Europe and North America, burying areas like
present-day New York, London, and northern Hungary under miles of ice.

This era was mathematically characterized by repeated Glacial-Interglacial cycles, driven
by orbital variations known as Milankovitch cycles. These long-term changes in Earth’s
eccentricity, axial tilt, and precession periodically altered the distribution of solar energy,
forcing the global mean temperature to oscillate violently between a freezing 9 °C during glacial
peaks and a milder 14 °C during warm interglacial (like the Eemian).

Look closely at the atmospheric charts. Oxygen sat at our modern 21%. Carbon dioxide tracked
the glacial cycles perfectly, plummeting to a dangerous low of ~180 ppm during maximum
freezes and rising to ~280 ppm during warm spikes, averaging out around 230 ppm. On our 1%
sub-chart of 'Other Gases' — viewed internally at 100% — Argon commands 90.91%, while
Carbon dioxide drops to a minor 2.25% of this micro-universe.

Why is the Pleistocene epoch a crucial study for a regional economist today? First, the massive
sea-level drops (up to 120 metres) during glacial phases exposed vast land bridges, completely
altering early human migration routes and geography. Second, the grinding force of the
advancing glaciers pulverized the underlying bedrock, depositing millions of square kilometres
of nutrient-rich loess blankets across Central Europe (including the Hungarian plains) and the
American Midwest. This loess is precisely what forms the ultra-fertile chernozem and dark
soils that drive modern global agricultural grain wealth today. The cyclic icehouse stage was
set. On the next slide, we will examine the legendary megafauna and early human startups that
evolved to conquer this frozen world.
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Lecture Notes for Slide 39: The Pleistocene Biosphere
— The Mammoth Steppe and Hominid Competitors

On this second slide of the Pleistocene Epoch, we examine the highly unique biological actors
that conquered the northern hemisphere during this massive 2.5-million-year frozen era. For
regional and environmental economists, this is the birth of high-latitude human geography and
resource utilization under extreme environmental constraints.

Looking at the paleogeographic map at the Last Glacial Maximum (18,000 Ma), sea levels were
so low that a massive grassland highway, the Bering Land Bridge, connected Asia with North
America. As listed on the left, the flora adapted by forming a brand-new, hyper-efficient
ecosystem known as the '"Mammoth Steppe'. We find Artemisia (Steppe tundra) dominating
the open, windy plains, while trees retreated into protected pockets, specifically Pinus
sylvestris (Scots pine in refugia). This nutrient-rich tundra-grassland was highly unique:
despite the freezing temperatures, it supported an immense density of animal biomass.

On the right, we see the megafaunal engines that harvested this grassland wealth. The landscape
was dominated by Mammuthus primigenius (Woolly mammoth). These shaggy giants
possessed specialized curved tusks to shovel snow away from the nutrient-rich Artemisia
grasses, acting as massive biological bulldozers that kept the steppe open and prevented the
expansion of sterile forests.

Crucially, this frozen theatre witnessed an intense competitive race between human lineages.
On the far right, we meet Homo neanderthalensis (Neanderthal man - Extinct hominid
cousin). Far from being primitive cavemen, our Neanderthal cousins possessed large brains,
manufactured complex stone tools, wore tailored fur clothing, and were apex megafaunal
hunters perfectly adapted to the European glacial climate.

For your 'Time-Traveling Geographer' assignment option, this slide is your final deep-freeze
survival manual: a trip to the Late Pleistocene offers a freezing 9 °C glacial environment, a
crisp atmosphere rich in oxygen, endless horizons of windy steppe-tundra, shared with massive
woolly mammoths, and patrolled by intelligent, heavily-muscled Neanderthal human cousins.
Let us now move to our final epoch, where the ice retreats and human civilization completely
take over the planet: the Holocene.
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Lecture Notes for Slide 40: The Holocene and the Anthropocene
— The Age of Economic Acceleration

We now arrive at the final chronological chapter of our planetary journey: the Holocene Epoch,
which began exactly 11,700 years ago following the retreat of the last Pleistocene ice sheets.
For environmental economists, this short epoch is the absolute baseline of all human economic
history. It represents a brief, unique window of post-glacial stabilization that allowed our
species to transition from nomadic hunting to global economic dominance.

Geographically, the planet settled into its modern configuration. The global climate shifted
out of the ice age, warming steadily from 14.5 to 15 °C. This unusually stable, warm climate
profile allowed for the rise of human agriculture, urbanization, and the Anthropocene. For
the first 10,000 years, human activity operated within safe planetary boundaries, utilizing the
stable climate to build the foundations of regional trade and early empires.

However, look closely at our dual sub-chart system, which highlights the industrial breaking
point. If you look at the 'Early’ Holocene sub-chart (representing the pre-industrial era),
Carbon dioxide occupied a safe 2.8% of the trace-gas micro-universe (~280 ppm).

Now, look at the 'Modern' Holocene sub-chart, which captures our present-day situation. In a
split second of geological time — driven by the industrial revolution and the burning of fossil
fuels — atmospheric Carbon dioxide has skyrocketed to occupy a massive 4.2% share of that
same micro-universe (~420 ppm).

This unprecedented spike is why scientists now define our current era as the Anthropocene —
the age where human economic activity has become the dominant driver of global climate
forcing, overriding natural Milankovitch cycles.

The economic takeaway is profound: the Holocene proves that global economic growth was
only possible because the Earth provided a highly stable, predictable environmental
infrastructure. By pushing the CO. concentration from 2.8% to 4.2% within the trace-gas layer,
the global industrial economy is now actively modifying the planetary greenhouse engine. On
our final slides, we will examine the modern biological landscape and outline the innovative
seminar assignments that will challenge you to apply this deep-time knowledge to modern
resource modelling.
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Lecture Notes for Slide 41: The Holocene Biosphere
— The Macroeconomic Monopoly of Mankind (Final Version)

On this second slide of the Holocene Epoch, we examine the modern biological landscape
during this brief 11,700-year window. For regional and environmental economists, this slide
represents the ultimate configuration of global resource domination: the complete
monopolization of planetary biomass by a single species.

Looking at the paleogeographic map of the Modern World, the layout is fully identical to our
everyday atlas. However, look at how human economic needs have completely rewritten the
flora and fauna of the globe. As listed on the left, natural forests like Fagus sylvatica
(European beech) have been heavily fragmented to make way for global monocultural
agriculture. The undisputed botanical ruler of the Anthropocene is Triticum aestivum
(Common wheat - Anthropocene dominance). Together with corn and rice, these engineered
grasses now monopolize billions of hectares of land, entirely restructuring the global nitrogen,
phosphorus, and water cycles to feed the world's commercial supply chains.

A parallel, staggering distortion has occurred in the animal kingdom. As shown on the right,
wild megafauna has been fundamentally replaced by Domestic animals (Livestock
dominance - Replacing 96% of wild mammal biomass). Today, if we look at the total weight
of all land mammals on Earth, humans and our domesticated livestock (cattle, pigs, sheep)
command an unbelievable 96% of the total biomass. Wild mammals have been marginalized to
a mere 4%.

At the absolute apex of this global production network stands Homo sapiens (Global
macroeconomic monopoly / Ultimate ecological changer). In a fraction of a second in deep
geological time, our species transitioned from tool-using hominids to a global geophysical force
capable of mining the deep carbon reserves of the Carboniferous and modifying the atmospheric
chemistry of the Holocene.

For your upcoming seminar project, this slide concludes our analytical history: you are now
fully equipped with the deep-time parameters of our planet. Let us now move to the final slides
of our syllabus, where we outline the formal guidelines for your assignment options and
complete this macro-environmental survey.
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Lecture Notes for Slide 42: Macro-Scale Chronology
— The Asymmetry of Earth’s Habitability

Before we pivot to your seminar assignment guidelines, let us and review this critical synthesis
slide. As future regional leaders and environmental economists, you must look past human-
centric time scales and comprehend the deep structural asymmetry of our planet’s
environmental baseline.

There is a widespread public misconception that the Earth has always been a lush, stable 'blue
marble' perfectly tailored for biological life. This diagram shatters that illusion using hard
mathematical proportions. If you examine the geological time breakdown on the right, you will
notice that the Phanerozoic Eon — the entire era of complex plant and animal life, spanning
from the Cambrian explosion to this very room — represents a mere 12% fraction of Earth's
biography.

For the remaining 88% of its existence — spanning the Hadean, Archean, and Proterozoic Eons
— the Earth operated as a hyper-hostile, alien environment. For over two billion years, the planet
was a toxic, suffocating world dominated by greenhouse gases, high temperatures, or
catastrophic global freezes. It was structurally closer to modern Venus or Mars than the world
we know today.

As economists, you must internalize this profound lesson: environmental stability is an
exceptionally rare, highly fragile anomaly in planetary history. The comfortable Holocene
climate that allowed human agriculture and global supply chains to flourish is a microscopic
sliver on this chart.

Understanding this immense time debt helps us realize that natural resources are not static
givens; they are the premium products of a 4.6-billion-year macro-environmental factory that
spent most of its operation time just cooling down the stage. Let us now use this systemic
perspective to review the innovative project options for your final seminar evaluation.



Assignment Guidelines
OPTIONS

1. The Time-Traveling Geographer

Where you have to calculate and design the protective tools, masks and clothes to survive when
visiting as time travellers one of the ancient eons, periods or epoch on the geographical location
of today’s Budapest or your home-town.

2. The Paleoclimate Investor

Where depending on the environmental
conditions of a freely chosen global eon, period
or epoch, you - as a visitor from the future --
have to design an investment of global
ecological and environmental importance for a
colony of human time travellers.

3. The Anthropocene Courtroom

Where you are supposed to reason how the environments and related resource-creation of
Earth’s geological past influence today’s global geopolitical conflicts.

Lecture Notes for Slide 43: Assignment Guidelines and Anti-Al Defence Protocol

Now, ladies and gentlemen, we arrive at the formal evaluation framework for this master’s seminar course.
As advanced students of Regional and Environmental Economics, you are given the academic freedom to
choose your own intellectual path. You must select exactly one of the three innovative options displayed
on this slide.

Let us be completely transparent regarding the rules of engagement. | am fully aware that we live in the
era of advanced generative Artificial Intelligence. If you believe you can simply copy and paste these
prompts into an Al, generate a text, and submit it for a grade, you are mistaken. To ensure genuine
knowledge calibration and critical thinking, this course implements a strict, multi-tiered submission
policy.

Your assignment consists of two mandatory elements:

1. The Research Paper: You must submit a rigorous, deeply analysed paper with a maximum length
of 5 pages (excludingillustrations, paleo maps, and bibliography). Your paper must combine hard
atmospheric percentages and temperature baselines from our database with sound economic or
adaptive logic.

2. The Seminar Presentation: You must design and deliver a professional classroom presentation
consisting of a minimum of 5 structured slides.

Every student will be required to stand before this seminar group and orally present their project, followed
by a rigorous Q&A defence session. Even if you utilize Al assistants to structure your baseline text, the
presentation requirement forces you to master the material, defend your logic, and demonstrate genuine
rhetorical ownership of your data.

You have three pathways to choose from:

e Option 1: The Time-Traveling Geographer — Design a highly scientific protective gear and life-support
survival system tailored to the specific atmospheric and biological conditions of the chosen era,
anchored exactly on the geographical coordinates of modern-day Budapest or your hometown.

e Option 2: The Paleoclimate Investor — Model a long-term, ecologically vital macroeconomic or
infrastructural investment project for a colony of human time travellers, fully adapted to the
environmental constraints and resource networks of your chosen era.

e Option 3: The Anthropocene Courtroom - Construct a geopolitical and resource-economic legal
argument demonstrating how a specific geological event in Earth's past — such as Carboniferous or
Eocene coal formation — directly dictates today’s sovereign global resource conflicts.



Future World ~ + 50 Ma o Future World  + 150 Ma

] Zi) PACIFIC

After the
following 150
million years

After the
following 50
million years

Source of maps:
After the AR P
following 250

million years

Lecture Notes for Slide 44: Epilogue — The Future Earth and Academic Credits

As we conclude this macro-environmental survey, let us take one final, fascinating step beyond
the boundaries of our syllabus. We have spent this semester traveling billions of years into the
deep geological past. However, as regional economists and geographers, we must understand
that tectonic and climate forces do not stop with the Holocene or the Anthropocene. The
planetary machinery continues to run.

If you look at the projections displayed on this final slide, you can observe the future geometry
of our globe. In the following 50 million years, Africa will collide with Europe, completely
closing the Mediterranean Sea and uplifting a massive new mountain range. In 150 million
years, the Atlantic Ocean will begin to close, and by 250 million years into the future, the
continents will once again merge into a singular, colossal global landmass known as Pangea
Ultima. The planetary cycles will reset, completely transforming the economic and regional
geography of the distant future.

This entire global journey was made visually possible through two primary, world-renowned
academic and artistic baselines, which I require you to officially include and cite in your final
assignment bibliographies.

First, the highly rigorous, standardized paleogeographic maps and future continental
projections used throughout this entire lecture sequence are the direct property and result of
The PALEOMAP Project, developed by Professor Christopher R. Scotese. His lifelong
work remains the absolute gold standard in international paleogeography.

Second, the beautiful, nostalgic, yet highly scientific environmental landscape reconstructions
that provided the background for our eras were painted by the legendary Czech paleo-artist
Zdenék Burian. His unmatched ability to combine geological data with artistic genius is what
allowed us to realistically visualize these long-lost worlds.

Ladies and gentlemen, the physical stadium of our planet is dynamic, fragile, and bound by
deep-time cycles. Your task now is to select your project option, master the data, and prepare
your classroom presentation. Thank you for your attention throughout this class, and I look
forward to your upcoming seminar defences. Good luck!



