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Unit (2): Module (1):
Reproduction of Organisms

Lesson Title Page
1-1 Inheritance 4
-2 Types of Reproduction =
1-3  Reproduction and Growth of Animals 36
1-4  Reproduction and Growth of Plants >1
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@ Module (1): Reproduction
ﬂ of Organisms

1,
-:fenr* _ g
h First Lesson: M
mwuﬂw Inheritance
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( NOLOGIA Master-File j

4 )\

The Code of
Inheritance

From Observable Traits
to Predictive Genetics

A Definitive Visual Guide to How
Biology Passes the Torch.

NOLOGIA™ 0566410429 :ill Lo Jualgill
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The Core Phenomenon:

Why Do Offspring Look Like Their Parents?

7

Heredity is the complex passing of traits from parents to offspring.

Your unique characteristics—like hair color or height—are called traits.
\

The physical expression of a trait (how
it appears) is called its phenotype.

4

Animal Observation

Shared coat
colors and
textures

NOLOGIA™

7~

Human Observation Matrix

Trait Type 1 Type 2

Earlobes

’ﬁ Unattached Attached
Thumbs ))

i—i Curved Straight 3
Interlacing
fingers % 4 Leftthumb Right thumb
‘(' over right over left
w . thumb thumb

>
0566410429 ;@i Lo Juolgill
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‘The Father of Genetics: Gregor Mendel's

 True- Breedlng Experlments

Context

Over 150 years ago, an Austrian monk named Gregor Mendel
performed controlled breeding experiments with pea plants,
earning him the title of the father of genetics (the study of
how traits are passed from parents to offspring).

AR
Wh|te X Whrte AII whlte rowers (true breedmg)

NOLOGIA™

\
Definition
True-Breeding: When a plant self-pollinates, it always
produces offspring with traits that perfectly match the
parent.
J
'd N
s ®
AW/
N, U N J
|

Purple (true breedmg) xWhlte (true breedmg)

0566410429 :93,11 ole Jualgill
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The Mystery of the Missing Trait

-
First-Generation (Gen 1) Cross: | ’ ’
True-breeding Purple crossed with True-breeding A - ,

White produced only purple flowers. ’ x /N . (E;tr)rr)i‘g) (E%Fr)ilg)

The white trait completely disappeared! | ¥

| True White
(These offspring are called hybrid plants—they Purple ﬂ ’ ,

come from parents with different forms of the Purple  Purple
same trait). | White trait vanishes | (hybrid)  (hybrid)

.

\
When Mendel cross-pollinated two of those ’ x ’ #

Gen 1 purple hybrids, the unexpected : True True
happened: the white flowers reappeared. : (hybrid) (hybrid) i

oo 8

Second-Generation (Gen 2) Cross:

White trait returns!

0566410429 :@iyll L Jualgill
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Dominant vs. Recessive: The Rules of Blocking

r

~
Mendel hypothesized that purple factors block white factors.
A Dominant Trait is a genetic factor that blocks another genetic factor (observed when 1 or 2 are
present). A Recessive Trait is blocked by a dominant factor (observed only when 2 are present).

o W,

Characteristic

Dominant Trait

Recessive Trait

Flower Color Q Purple: 705 ) White: 224 ~3:1
Seed Color Yellow: 6,022 Green: 2,001 ~3:1
Seed Shape O Round: 5,474 igy Wrinkled: 1,850 ~3:1
Pod Shape / Smooth: 882 Bumpy: 299 ~3:1
NOtOGIATM 0566410429 :ill ulcj..algﬁll
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Zooming In: The Architecture of a Cell
What actually controls traits?

What actually controls traits? Scientists discovered that Mendel's
mysterious “factors” are deeply embedded inside every cell.

(- N1 N -
P

1. Nucleus: The control 2. Chromosomes: 3. Genes: A specific 4. Alleles: The different
center inside each cell. Threadlike structures section on a chromosome specific forms of a gene
inside the nucleus containing genetic info for (e.g., a purple allele or a
containing genetic info. one trait (e.g., flower white allele).
They exist in pairs. color).

NOLOGIA™ 0566410429 :ill Lo Jualgill
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The Genetic Dictionary:
Phenotype vs. Genotype

~ Phenotype (The Physical) | |

The observable traits of an organism. What we can see.
(Example: Round seeds or Wrinkled seeds).

I

|

T

. -

OGil

i

Genotype (The Code)o[ [ [ [ [ [ ||

The two alleles that control the phenotype. What is hidden.
Scientists use symbols to represent alleles:

e Uppercase letters = Dominant alleles (e.g., ‘R’ for Round).

» Lowercase letters = Recessive alleles (e.g., ‘r' for Wrinkled). |
| i | 4 o

| | |
| N

‘hrj I S— 4
' HLRR]Jor[ Rx ][l

I 1 »956641&4&9:,&)11(,&#

Igill
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TheAIIeIe Oombmatlons T

| \ 4" )| ] . ‘ | [ ' - | | KA/ YR/ Y/

mmmmm Homozygous

When the two alleles of a gene are identical.
Homozygous Dominant: Two dominant alleles (RR).
Homozygous Recessive: Two recessive alleles (rr).

Heterozygous

When the two alleles of a gene are different.
One dominant, one recessive (Rr).
The dominant “R"” blocks the recessive "r",

{ — | %
Genotypes for Seed Shape
1 2 3 [
= Homozygous Dominant Heterozygous Homozygous Recessive E |
T HESS |
R Gl
' TP Tl = e | i
. kdind Pea [r] , Round Pea [r][r] l Wrinkled Pea j~
I\ibLOGIA"" T —— m ! T ]0566410429 @iyl Gle Jublgil
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The Power of Ratios:
The Math Behind the Biology

[ @
The Coin Flip Analogy 1| The Genetics Reality 1

—| Just like coin tosses, one offspring does not affect
the phenotype of another. A cross between two

-1 heterozygous plants (Yy x Yy) mathematically
yields a predictable 3:1 ratio of dominant to
recessive phenotypes in large populations.

231 |

2,001 =

0560410429 iyl (e Juslgill

A coin has two sides, giving you a 50% chance of |
heads and 50% chance of tails. The ratio is 50:50,
or simplified, 1:1. Importantly, the outcome of one
1| toss does not affect the next.

50:50 = 1:1

'NOLOGIA™ |
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IS

Male Genotype Ax

Possible
Offspring Combinations
(25% Probability Each)

sixy adhjouar) ajewa4

Introduction to Punnett Squares

The Predictive Model

"18410 8y} U0 S9|9||e 9jewa) ay} pue sixe auo
Jouo s99||e ajew ayi bunejosi Agq suoneuIquiod
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How to Build a Punnett Square

Scenario: Predicting the cross between two hybrid plants with yellow seeds
(Genotype: Yy). Yellow (Y) is dominant, Green (y) is recessive.

r

A

Step

Split the male alleles (Y, y)
and place one letter over
each column.

Y

~

NOLOGIA™

-
Step

Split the female alleles (Y,
y) and place one letter
beside each row.

Y

—Yy

\

7

Step

Copy the female alleles
across each row, and male
alleles down each column.
(Always list the dominant
capital letter first).

YY

Yy

Yy

uy

~

5

Step

Determine phenotypes
based on the resulting
genotypes.

9

9
9,

3 Yellow :

1 Green

y

0566410429 :i i ,Le Jualgill
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Applied Genetics:
The Fruit Fly Example

7 R
The Cross

Female fruit fly with straight wings (Genotype: cc)
crossed with a Male fruit fly with curly wings
(Genotype: CC).

— ——

-
The Result

All 4 boxes result in the genotype Cc.

s

— e e ey o e —_-— e — e e ot e

N

—~
The Phenotype Ratio

Because the dominant curly allele (C) blocks the
recessive straight allele (c), 100% of the offspring
will have Curly wings. The ratio is 4:0.

Key Insight: Switching the locations of the parent
genotypes around the square does not affect the
potential offspring genotypes.

NOLIT N 0566410429 :lo.’é).llulclgm
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Applied Genetics: The Beetle Genes Lab

Two alleles make up a single trait's genotype, but complex organisms like beetles have dozens of traits governed
by these exact same rules. For every single phenotype, we can deduce the dominant/recessive relationship and

map the possible genotypes.

Beetle Phenotype Matrix

Trait Category Phenotype Variance

Body Color

Pattern

A d
i == A |

(e.g., if Green is dominant,
genotypes are GG or Gg. If Red is

recessive, it can only be gg).

NOLOGIA™ 0566410429 @iyl e Juolgil
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Modeling Whole Families:

Decoding Pedigrees

A pedigree is a genetic model that shows
phenotypes of genetically related family
members over multiple generations.

| Definition

| dj T Li T ] F

Squares = Males | Circles = Females

Shaded (True Purple/Bright Yellow) =
Expresses targeted trait (e.g., Recessive
attached earlobes, uu)

Unshaded = Expresses dominant trait
(e.g., Unattached earlobes, UU or Uu).

T
1 L Li Y A ! i 1 1

If two unshaded parents have a shaded
offspring, both parents must be heterozygous
carriers of the hidden recessive allele!

Clue

(

[«}]

()]

}
.@
=

[43]

a
\_
(

L. —4
2

=

(O]
xS
o %

3=

(@)
= =

\_
—y
(o

ed

7))

(o)

=

+71]

]

kﬁ

T ' 1 i

NOLOGIA™
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NOLOGIA Synthesis: The Blueprint of Life

-

Biology (The Hardware)

Inside the cell's nucleus live
Chromosomes, which contain Genes.

(

-

¥

Expression (The Output)

The Genotype determines the physical
appearance, known as the Phenotype,
guided by the rules of Dominant and
Recessive traits.

Code (The Software)

Genes have different forms called
Alleles. Two alleles combine to create
the hidden code: the Genotype
(Homozygous or Heterozygous).

NOLOGIA™

Prediction (The Math)

Scientists use models like Punnett
Squares and Pedigrees to map
mathematical probabilities of heredity.

4

0566410429 :@iyll L Jualgill
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@ Module (1): Reproduction
ﬂ of Organisms
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NOLOGIA

GAMETEA

" ASEXUAL REPLICATION:
CLONAL BUDDING

_GAMETEB

BUD (CLONE)
NOLOGIA

The Mechanics of Life:
How Organisms Reproduce

A Comprehensive Visual Study Guide - :
' : e .| GENETIC
. - " " RECOMBINATION
= Y \ & VARIATION
Mastering Asexual & Sexual Reproduction, Genetics, and Cloning b, ¥ ‘ '
| _ZYGOTE
(GENETIC HYBRID)

AASEXUAL REPRODUCTION: | = - K// | SEXUAL REPRODUCTION:
Identical genetic copying. . . ‘ > | ! Genetic mixing and recombination.
No genetic recombination. . ‘¢ > A Creates variation.

| Rapid propagation. | y e, W : . Enhanced adaptability.

NOLOGIA™ 0566410429 :ill Lo Jualgill
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The Sea Star
Phenomenon

Fishermen once tried to eliminate sea
stars that were eating their clam catch
by chopping them up and throwing

STEP 3: Fishermen’s STEP1:

them back into the ocean. Weeks later,
the sea star population hadn't Population Explodes . Intact Sea Star
Each fragment regenerates M|Sta ke Fishermen discover pests

disappeared—it had multiplied
dramatically.

into a complete organism. preying on clams.

Helvetica Now Display
How can destroying one organism

create many more? The answer lies
in how cells reproduce.

STEP 2: Chopped into Fragments
Sea star is cut into pieces
and discarded.

0566410429 :@iyll L Jualgill
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NOLOGIA

Two Paths to the Same Goal

All new cells come from existing cells. To ensure survival, life has

Path A: Asexual
Reproduction

Focuses on speed and identical

replication from a single source.

o ——a w— —_—

NOLOGIA™

The Biological
Imperative:
Making More
Organisms

evolved two primary strategies for reproduction.

Path B: Sexual
Reproduction

Focuses on genetic variation by
combining DNA from two sources.

0566410429 @iyl Lo Juolgill
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Understanding Asexual Reproduction

_ 1. Regeneration
Observed in animals like Sea Stars

2. Vegetative Reproduction
Observed in plants like Potatoes

A single parent organism

produces a new organism.
The critical rule of asexual
reproduction is that the
offspring is genetically
identical to the parent. It is
an exact clone.

3. Budding

Observed in organisms like the Hydra

v

NOLOGIA™ 0566410429 :ill Lo Jualgill
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Method 1: Regeneration

Regeneration occurs when an offspring grows
directly from a piece of its parent.

Genetically
Identical
Offspring

YamEnnp

IIIIIIIIII"

IIIIIIIIII..

2
“Illl

,.“: - / D/
e sUs
2 Lo S =3
@ ISP -
AEEREENERENRERNEEERR s *
3 s

Severed Piece Grows . g .
. AR Genetically
Into Complete Organism o i identical

Offspring

This solves the fishermen's mystery.

Because each chopped piece contained necessary central cells, each
fragment regenerated into a complete, genetically identical sea star!

NOLOGIA™ 25 0566410429 il le Jualgil
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Method 2: Vegétative Reproduction

Many plants do not need seeds to multiply. Offspring can grow directly from a
part of a parent plant, creating genetically identical clones.

The Potato The Coleus

New growth from
a specialized
root/tuber.

New roots
regenerating from
a severed stem.

R .

0566410429 :aiyll ,le Juslgill
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Method 3: Budding

In budding, a new organism grows directly on the body of its parent.

Stage 1: Adult Hydra

Once the 'bud' is large enough to survive, it breaks off. The

new Hydra is an exact genetic copy of the parent it grew upon. |
NOLOGIA™ 27 _ 0566410429 :ill Lo Jualgill
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The Diversity Problem

If asexual reproduction is so efficient—requiring only one parent and simple
growth—why aren't all organisms on Earth identical clones?

The Clones The Variations
Asexual Efficiency: Sexual Diversity:
100% Identical Genomes 100% Unique Genomes

What happens if an environment changes drastically, or a new disease appears,
and every organism has the exact same genetic weaknesses?

OO 28

0566410429 @il ,le Jualgill
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UnderstandingSei(ual Reproduction

- Two parents contribute genetic material

~ to produce offspring.

0+0-

Parent 1 (50%) Parent 2 (50%)

Uniqué&fépring

Core Mechanic: Each parent contributes exactly half of the genes required. The
resulting offspring are genetically different from both parents and from each other.

NOLOGIA™ i m o 0566410429 :aéll Lle Jualgill
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The Mechanics of Variation

Offspring have two alleles of each gene—one acquired from each parent.
Because the selection is randomized, the combinations are virtually endless.

The Genetic Lottery

Parent A

50%
Contribution

Unique Genetic
__Combination

Unique Genetic |
Combmatﬁon

N[ pistinet | 7

' Variati B
Offspring 1 Offspring 2 okl i Offsprmg

NOLOGIA™ m 0566410429 iyl ,le Jualgill
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Master Diagnostic Matrix: Reproductive Strategies

| Asexual Reproduction Sexual Reproduction

Speed & Eney | i, || e et ana
Population Growth (F:?g:%); El"]c;c-luces massive numbers g}?g)?{n%oggggggdgrowth, fewer
Ganetic Variation ![\:]c;nsélzrrﬁ(.juces identical clones of gele?wgt il::rgg#‘c;z :t?;irr;l-y unique
Ensronmental | e v anica || ki s s v
7 population. survive harsh conditions or disease.

NOLOGIA™ 0566410429 :ill Lo Jualgill
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NOLOGIA

The Survival Advantage

A fatal disease spreads through an aquarium
containing asexually reproducing sponges and
sexually reproducing fish.

Identical Sponges: Shared Vulnerability = Total Collapse

Diverse Fish: Genetic Variation = Species Survival

Due to genetic variation, some individual fish possess natural resistance, allowing the species

to survive. The identical sponges share the exact same fatal vulnerabilities.
NOLOGIA™ m 0566410429 @iyl ,le Jualgill
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Synthesis: Comparing the Systems

Asexual
Reproduction

Sexual
Reproduction

Both

Produces new
organisms

/22 Two parents
required

{7 One parent required

i) |dentical offspring

X Passes genetic (elones)

information (DNA) to
the next generation

€ Essential for the
continuation of a species

Follows the Cell Theory
(new cells from existing
cells)

% High genetic
variation

() Slower process with

=7y Rapid process with
fewer offspring

many offspring

o Includes budding,
regeneration, and
vegetative

(77 Requires sex cells
(sperm/egq)

NOLOGIA™ 0566410429 :ill Lo Jualgill
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Artificial Asexual Reproduction: Cloning

Cloning is a laboratory technique that produces genetically identical individuals from a single cell of a
multicellular organism. Humans are now controlling asexual reproduction.

— 3

=4

Dolly the Sheep becomes the first mammal Scientists successfully clone the Gaur, marking
ever cloned from an adult cell, proving a monumental shift toward using cloning to
complex artificial cloning is possible. save endangered species from extinction.

4

NOLOGIA™ 0566410429 :ill Lo Jualgill
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The Cloning Debate

While cloning offers incredible possibilities, it comes with the exact same risks as natural asexual reproduction.

The Promise

The Problem %

Can save critically endangered /

species from total extinction
and guarantee perfect, high-
yielding agricultural crops.

e 4
' = Clones add ZERO genetic diversity.
e — \ A cloned population of endangered
= animals remains highly vulnerable
to a single disease wiping them out
completely. It also raises complex
ethical concerns,

NOLOGIA™ 0566410429 :ill Lo Jualgill
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Strategies for Survival

The NOLOGIA Field Guide to Animal
Reproduction and Growth

NOLOGIA™ 37 0566410429 :iyll e Jaalgil
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The Four Pillars of Species Survival

Every animal behavior, from a spectacular dance to a sudden defensive formation, is a biological strategy
designed to achieve one ultimate goal: the continuation of the species.

Attraction Protection Behavior Growth
Securing a mate through Defending vulnerable The biological software— The genetic and
specialized signals offspring from environmental innate and learned—driving environmental variables
threats survival actions shaping development

NOLOGIA™ 38 0566410429 :iyl e Juolgil
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The Mechanics of Animal Behavior

N

Behavior is the way an organism reacts to other organisms or to its environment
to increase survival probability.

Step 1t Step 2: Step 3:
External Sensory | S Behavioral
Stimulus | g Receptor [ Response

(Trigger from the (Detecting the trigger (The physical action
environment) via sight, smell, sound) taken)

Step 4:
Memory

(Storing the outcome
for future survival)

Specimen Example: Male sea lions process the
S stimulus of rival males to trigger a behavioral

response: establishing and aggressively
defending their breeding territories.

NOi_OGIATM 0566410429 :ill Lo Jualgill
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Attraction Strategy 1: Visual Displays

Core Concept: Many species rely on elaborate physical
movements or vibrant color displays to capture attention
and signal genetic fitness topotential mates.

Specimen A: Birds of Paradise Specimen B: Sandhill Cranes Specimen C: Peacocks Specimen D: Fiddler Crabs

Perform synchronized, leaping Fan out highly colorful feathers Males wave greatly enlarged claws
courtship dances. adorned with large 'eyespots' and skitter rapidly across the
while dancing. ocean floor.

Perform intricate, shape-shifting
courtship dances.

NOLOGIA™ 0566410429 :ill Lo Jualgill
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Attraction Strategy 2: Physical Posturing and Competition

Core Concept: Males of certain species must physically compete against others of the same
species or undergo dramatic physical transformations to win a mate.

Physical Combat

';I’ r“.\

m Na e@%ﬁ:&.. @fg‘%

Male Mule Deer: Become highly aggressive
during mating season, locking their large
antlers together to physically overpower rivals.

NOLOGIA™ 41

Physical Inflation

Male Frigate Birds: Instead of fighting, they
undergo a rapid physical change, dramatically
inflating massive, bright red throat sacks to
out-compete other males visually.

0566410429 :piyll L Juslgill
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- ....

Core Concept: When visual displays are impossible, animals manipulate chemistry and sound waves
to locate mates across vast distances.

The Chemical Radius (Gypsy Moths) The Acoustic Broadcast (Frogs)

%, Males can detect these
™ invisible pheromones

using highly specialized

senses of smell from up

to six miles away. | Frogs utilize specialized mating songs projected through
- the environment to capture the attention of distant mates.

NOLOGIA™ 42 0566410429 :ill Lo Jualgill
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Attraction Strategy 4: Offerings and Architecture

Core Concept: Some species prove their capability as providers by presenting physical gifts
or constructing elaborate structures to impress selective females.

The Architecture (Male Bowerbirds)

, hny

The male presents a freshly caught fish directly to The male builds highly elaborate, structural nests on
the potential mate as a proof of hunting ability. the ground, specifically decorating them using brightly

colored objects gathered from the environment.
NOLOGIA™ 0566410429 :0d ).Id..alg:ﬂ.l
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Specimen Deep-Dive: Arachnid Courtship

Arachnologist Norman Platnick’s research reveals the high-stakes, multi-step mating rituals of spiders.

(Preparation)

The male dips his
pedipalps into a
specially
constructed sheet
of silk containing a
drop of sperm.

. Step 4 (The Risk)

After using
pedipalps to
transfer sperm,

the male either
moves on, or in
some species, is
eaten by the female.

b
NOLOGIA™

Anatomy Fcus:

Pedipalps (sppendages
that look like legs but
function like

antennae/mouthparts)

Step 2 (Location)

The male finds the
female through
touch or by tracking
specific chemicals

she releases. %% g >

Step 3 (The Approach)

He must perform a
specialized

courtship dance,

or present a "gift" < |
(like a fly wrapped g
in-silk).

0566410429 :aiyll L Jualgill
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Protection Strategy 1: The Predator Silhouette

Core Concept: Offspring are incredibly vulnerable. Some animals are born with a hard-coded ability to
recognize the geometric shapes of predators from the sky.

]

Graphic A: The silhouette of a parent goose
in flight (long neck, specific wingspan).

NOLOGIA™

=

L ]
Graphic B: The silhouette of a predatory bird
(short neck, different wingspan shape).

e —

Action Mechanism: -

The moment the gosling perceives this
specific, unfamiliar shape, an innate
survival behavior is triggered, causing
them to immediately duck down.

056640429 ;i) Gle o

lgil
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Protection Strategy 2: Environmental Shielding

Core Concept: Constructing physical barriers using environmental materials is a universal strategy
to hide and protect eggs, young, and parents from both predators and harsh climates.

These structures are built out of a massive variety of gathered materials specifically engineered for the local environment. l
NOLOGIA™ 46 0566410429 @iyl ,le Jalgill
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Protection Strategy 3: The Defense Geometry

L Core Concept: Herd animals utilize complex, coordinated physical formations to create impenetrable biological shields around their young. ]

\_

Formation 1
(The Single Ring - Musk Oxen)

A single circle of adult oxen with horns

pointing aggressively outward, with the

vulnerable young safely in the absolute
center.

Formation 2
(The Double Ring - Bison)

.

A more complex two-tier geometry. The inner
circle consists of adult females protecting the
young, surrounded by an outer, secondary
circle of adult males protecting the females.

/

Formation 3
(The Watch System - Elephants/Horses)

Adult elephants take deliberate turns acting
as the active lookout, allowing the mother
to.rest. Note wild horses also employ herd

protection.

J

NOLOGIA™

Y,
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The Behavior Matrix: Innate vs. Learned

The biological software dictating survival actions comes in two forms:
pre-installed (Innate) and downloaded through experience (Learned).

INNATE BEHAVIOR
(Inherited, hard-coded)

LEARNED BEHAVIOR

(Develops via practice/experience)

Example 1: Spiders - Instinctively know exactly how to engineer and build complex
webs to catch food without ever being taught.

Example 2: Tadpoles - The moment they hatch, they already know how to swim
and instantly avoid danger.

.

NOLOGIA™

Example 1: Birds - Must learn how to fly through rigorous trial, error, and
physical reinforcement from parents.

N .

Example 2: Sea Turtles - Female turtles return to the exact beach where they
were born to lay their eggs because they imprinted on that specific environment.

0566410429 :apll L Jualgill
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The Growth Variables: Genetics vs. Environment

{ )

Core Concept: An animal’s large physical form and behavior are determined
by a complex spectrum of internal code and external conditions.

§ J

Strictly Genetic (Inherited) Combined Traits

The overlapping middle
ground.

Example: A dog's obedience
(genetics + training) or an
animal’s overall weight
(genetics +
environmental diet).

Dictated entirely by DNA inherited
from parents.

Dictated entirely by surroundings.

Example: A hamster's growth is
affected by food volume, time spent
on an exercise wheel, and social

| interactions with other hamsters. |

Example: A dog's fur type (straight,
curly, or wiry) is hard-coded.

[W%ncludé that because of this overlap, gr~++- *~its cannot always be perfectly predicted.
NOLOGI 49 0566410429 Taipll ,le Jualgill
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The Complete Survival Equation

f—Takeaway: Successful reproduction and growth require a seamless chain |
I of innate instincts, learned behaviors, and environmental adaptations. ~

Growth: Hatches in a
specific stream (environment -
influencing early life).

Behavior: Swims to the
ocean to grow (innate

Attraction/Reproduction: survival behavior).

Against all odds, relies on
deeply ingrained memory/
imprinting to return to the

exact same home stream to
spawn the next generation.

From a spider’s web to a bird’s dance, nature leaves nothing to
chance when it comes survival of the species.

NLOGIATM 50 0566410429 :@iyl i ol
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..I—".; NOLOGIA EDUCATIONAL SERIES I:—L
Reproduction
and Growth

of Plants

The Complete Study Guide: From
Cellular Genetics to Space Agriculture

= =l

&
Ll I )

POLLINATION SITE
(ANTHER & STIGMA)

Y

N ~('

f

SPIRAL FLOWER CLUSTER
(HELICOID CYME)

A4

FERN-LIKE STRUCTURE ——/

(PHACELIA TANACETIFOLIA)

STEM ANATOMY
(VASCULAR TISSUE)

% - MASTER
BOTAN l(l;'\L%

SCIENCE

NOLOGIA™

TRICHOMES

(GLANDULAR HAIRS)

ROOT SYSTEM

(ANCHORAGE & ABSORPTION)
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The Stationary Problem

NOLOGIA™

=
Challenge 1: Finding Mates

How do stationary organisms

combine genetics?
Solution: Pollination
=
il
Challenge 2:
Spreading Offspring

How do seeds reach new
resources like light, water, and
space without legs?

Solution: Dispersal Mechanismi-|

-

Challenge 3: Surviving
the Environment

How does a rooted organism
escape bad conditions?

Solution: Tropisms & Genetics

0566410429 :@iyll L Juslgill
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Matrix 1: How Plants Multiply

Asexual Reproduction

Stolon
(Runner)

(Chick)

%2y NS . =)
| [ 1 = =
7 J AR
Al i NN =
s AN —_— -
2 \ S
N
=

Parent Plant —/

(Hen) (Runner)

Mechanism: A portion of a single parent plant develops into
| _a separate, new plant.

:Genetic Output: Exact copy (no seeds required).

| Textbook Example: Hens and chicks — new chicks grow
|from stolons on the main hen plant.

NOLOGIA™

Clone Plant

]
:

Sexual Reproduction

Developing
Seed

Ol Protective
Seed Casing

|

Mechanism: A plant's male reproductive cell (sperm)
| combines with a female reproductive cell (egg).

| |

_ Genetic Output: New genetic combination resulting in seeds.

| 1

| Textbook Example: Found in both flowerless and flowering

lants. g
0566410429 :@ipll Lo Jualgill
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The Evolution of Offspring: Plant Classification

Seedless Plants

Mechanism: Grow from spores, not
seeds. Likely the first land plants.

Examples: Mosses and ferns.

All Plants

NOLOGIA™

Seed Plants

Flowerless Seed Plants

Produce pollen (sperm) in male
cones and eggs in female cones.

Flowering Seed Plants

Produce pollen in the stamen and
eggs in the pistil.

Pistil (Core)

Fruit Flesh

T

0566410429 :aiyll L Jualgill
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Anatomy of a Flower:
The Reproductive Engine

i B
Callout 1: The Stamen (Male)

The male reproductive organ.

Produces pollen grains, which
contain the sperm cells.

e ) i
Callout 2: The Pistil (Female)

The female reproductive organ.

Contains one or more eggs
housed deep within the structurt—e;l

I_L_

NOLOGIA™

LL

Takeaway: A plant’s physical structure dictates exactly how it will reproduce.

!

|
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The Pollination &

I ]

L -

1. Transfer (Pollination)

Pollen grains (containing sperm)
land on the female plant structure
(pistil) of the same species.

Fertilization Process

L

2. Fusion (Fertilization)

The pollen grain travels down
to join with the egg.

1L _

3. Development (Seed Generation)

Once fertilization occurs, a seed
begins to develop, ready to
create a new plant.

Key Definition: Pollination is just the arrival of pollen; Fertilization is the actual joining of the cells.

NOLOGIA™

0566410429 :@iyll L Jualgill



https://wa.me/971566410429

Taxonomy of Dispersal: Seeds on the Move

[

NOL

Strategy Examples
Parachutes Propellers
—')’ ) Light seeds with
= special flying
WIND structures.
© Special structures
@ to stay afloat.
WATER
Eaten and deposited,
or hooked onto
ANIMALS fur/feathers.
OGIA™ 0566410429 :ill ,Le Jalgill
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Ecosystem Interactions: Co-Evolution

-
The Biological Courier

Il

The Agricultural Hinge

NOLOGIA™

r '
Bees and flowering plants have co-evolved.

Ltransfer pollen, enabling the plants to reproduce._’

Bees move from flower to flower to collect nectar
for food. In the process, they inadvertently

7. W W m

-
Industrial-scale crop production completely
hinges on massive numbers of pollinators
being available during a very limited
window of time, 4

5|

0566410429 @iyl e Juolgill
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The Climate Threat: Desynchronization

Historical Synchrony % |

-

(Perfect Timing)
Species timed their
cycles to coincide.

Climate Disruption o x L >

(Missed Connection) |_

(Triggered by earlier snow melt) L (Triggered by air temperature)
I Early Spring Mid-Spring Late Spring
l—r‘ _‘_1
NASA data confirms the most important event in the life of flowering plants

and pollinators is happening much earlier in the year than it used to.

L
=]
0566410429 :@iyll L Jualgill
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Two Forces Governing Plant Growth

Genetic Factors Environmental Factors

I—Plants inherit \ A / I—The physical

spepific genes from VE 44 conditions of the
_their parents. Y, v /_ surrounding

j E‘ A ecosystem.
AL/

I_These genes ' .

determine =
i inherited traits. -:;

= I\

r = VV,‘ » 7

Examp|es: What AA \ Variables affecting

color the flowers will N4 growth: High

salinity (salt), cold,
heat, drought, and
available space.

i _

have; exactly where

on the plant the

flowers will bloom.
=

NOLOGIA™ 0566410429 :ill Lo Jualgill
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Tropisms: Biological Responses to Stimuli

A tropism is a response that results in plant growth toward or away from a stimulus.

=, 2]

Phototropism (Light)

I— J\/\‘ A —I
d..K
p. = <

I_Stimulus: Light (detected by

light-sensing chemicals).
Response: The plant bends and grows
toward the light source.

£
NOLOGIA™

=i

Thigmotropism (Touch)

Stimulus: Physical contact.
Response: Vines or stems wrap around
or cling to objects (like a fence) they

touch.

-

A |
L
%
= |

-

=

Gravitropism (Gravity)

Stimulus: The Earth's gravitational pull.
Response: Stems grow away from the
pull (up), while roots grow toward the
pull (down).

_
0566410429 :piyll L Juslgill
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- ]
Applied Science: Engineering Growth Environments

Earth Greenhouses Space Plant Growth Chambers

» Used in cool climates. e Used where natural resources are entirely absent
« Transparent material lets sunlight in, reflects energy (Moon/Space).

back to trap heat. » Must artificially manufacture the entire environment.
» Stops wind from carrying heat away. « Engineered to actively provide: Light, moisture, and

exact temperature control to sustain food sources.

NbLOG!_A_TM m 0566410429 :@iyll L d..allgﬂ.l
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i Synthesis: The Formula b

L 4 5 = |
for Plant Survival |
= =
- | = |
(- ~
- 1
Successful Favorable
Reproduction Growth Factors Generational
(Pollination + Dispersal) (Strong Genetics + SurVival
Environment + Tropisms)
L | L _
\\ ! _)J k& J)
= 8l | L =]

A plant cannot survive on genetics alone if its seeds cannot disperse, nor can perfect dispersal save a plant
lacking the tropisms to find light. Survival requires the complete botanical system.

ke "4
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NOLOGIA Cheat Sheet: Critical Structural Adaptations
.

Pistil

Stamens

Dispersal
MY Structures

' Parachutes, hooks, and
/ husks guarantee seeds
reach viable new

o = -‘.\
SR
\\ Qo

Reproductive
Structures

Pistils and Stamens
physically engineer the
combination of sperm

and egg. & Water habitats.
floatation
| |
| 7~ |
g TR . 5
Directional

=>4 Chemical
/ Sensors

, : Light-sensing chemicals
ggg;izmgges enable Phototropism to S/
maximize energy gathering. 1

Phototropism Gl’ Owth

Gravitropism ensures
roots find water and stems
find the sun, regardless
of how the seed lands.
Nucleus . p
Gravitropism

NOLOGIA™ m 0566410429 :ipll Lo Jualgill
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Unit (4): Module (1): Human
Impact on the Environment

Lesson Title Page
1-1 Impact on Land 67
1-2 Impact on Water 83
1-3 Impact on the Atmosphere 97
1-4 Impact on Climate 113
Liaa Jualgilly o8 Huaie joo
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@ Module (1): Human Impact

ﬂ on the Environment

First Lesson:
Impact on Land

rifw h
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NOLOGIA

Human Impact on Land Resources

NOLOGIA™

The Complete WA Study Guide
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The Root Cause: Exponential Population Growth

World Population
10
8 Billion
(2023) A
8 9 Billion
0 6 Billion (by 2050)
S . 5 Billion L) /\
= 4 Billion (1987) ! Eilion
5 L (1974) L
£ 4 3 Billion
> (1960)
Q.
g 300 Million
2 || (1000 years ago)
0
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Natural Resource The Impact Equation
Any material from Earth that living things use to Surging Population = Increased Consumption = Higher
survive, including food, clean water, and shelter. demand for housing, infrastructure, and the mass
clearing of land for agriculture.

NOLOGIA™ 0566470429 il Gle Jualgill
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Finite Space: The ‘Earth Apple’ Model

of Agricultural Resources

1. The Whole Earth:
3/4 water, 1/4 land.

NOLOGIA™

2. The Land Slice:
Dividing the 1/4 land mass

into thirds.

3. Uninhabitable Zones:
2/3 of land is too hot, too
cold, or too mountainous to
farm or live on.

4. The Rare Crust:

The remaining peel (1/32 of
the apple) is the usable
topsoil that must support
the entire human population.

0566410429 :@iyll e Jualgill
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Impact Area 1: Deforestation & Biodiversity Loss

Habitat & Biodiversity Extinction Atmospheric & Carbon Cycle Disruption

— Endangerment driven
by the destruction of
old-growth forests.

— Tropical rainforests
house an estimated 50%
of all species on Earth.

Photosynthesis Carbon Release
— Complex ecosystems / .
requi?e hundre)clis of 4 The Carbon Sink Loss
years to regenerate. Trees actively remove carbon dioxide from the

atmosphere. Mass clearing halts photosynthesis,
leaving devastating amounts of carbon trapped in the
atmosphere, accelerating global warming. A

SLoai"
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Impact Area 2: The Hidden Costs of Intensive Agriculture

Chemicals & Runoff

Soil Erosion & Desertification

Space & Grazing Demand

oy
7/ 6

Fertilizers and pesticides increase crop
yields but trigger toxic runoff. These
chemicals seep into groundwater,
pollute drinking supplies, and devastate
aquatic organisms in nearby rivers.

o.ﬁ
o°.1\

Removing vegetation exposes soil.
Without roots to anchor it, wind and
water carry topsoil away. High erosion
rates trigger Desertification, permanently
transforming arable land into barren,
desert-like conditions.

=N

1/5 of U.S. land is strictly for growing
crops, while 1/4 is reserved entirely for
grazing livestock (e.g., 65% of Texas
land is used for cattle). This creates an
immense spatial footprint.

NOLOGIA Insight: The Domino Effect

Ecological shifts trigger cascading failures. If pesticide use decimates local bee populations, pollination W

I

Eaey)
- St
-~

ceases. This directly crashes global crop yields, threatening the human food supply chain.

NOLOGIA™
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Impact Area 3: Urbanization & Hydrological Shifts

Rainfall Runoff Percentages

Commercial Residential Natural Areas

(Offices & Stores) (Houses) (Forests & Grasslands)

NOLOGIA™

Stream Discharge & Floo m |

qF
Stream discharge is the volume of water ﬂown tjeph
past a point per unit of time. : e
| Y_—

Paving land prevents soil absorption, forcmg water
directly into sewers. This exponentially

increases discharge volume, leading to severe
urban flooding.

Wetland Destruction

Draining wetlands to build airports and housing
destroys natural water filtration, introduces exotic
species, and accelerates coastal erosion and sea-level

rise. / ‘

0566410429 :@iyll L Jualgill
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Scientific Case Study: Urbanization Flips the Ecological Balance

l_t Rural Sonoran Desert —\ I-_‘ Urban Phoenix \

(Bottom-Up System) (Top-Down System)

( S 7 5
/T Avian Predators have minimal SR Bl —— -a.\\t #
) /é effect | £ % Abundant Artificial Irrigation M)
a > | -

s 2 (

- . . Massive Increase in
L Low Insect Herbivore Density Lﬂ bl m

+ 3 s : # i x* ‘ﬁ'
w Limited Plant Biomass | ,* . % Expl:sut))r.\ of Insect f " ¥
| e | | N erbivores I
> \ ; ~ g 2
o A4 o —_— | ¥ # Surge in Avian Predators exerting
==  Limited Water Availabilit |
s v >4 'y

¥ extreme downward pressure
| I i)

The Brittlebush Experiment:
In urban settings, excluding birds via netting caused insect populations to explode uncontrollably due to intense top-down
pressure. In the desert, netting had zero effect, proving urba ndamentally rewires food chain dynamics

NOLOGIA™ w 0566410429 il e Jualgill
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Impact Area 4: Waste Disposal & Environmental Pollution

NOLOGIA™

The Fate of Waste

34%

Recycled/ 60%
Composted Landfills

*Percentages reflect approximate categorical totals

from source data

Landfills

Hazardous Waste

Vast areas where slowly decomposing
garbage is buried. Securing locations is
difficult due to soil type, groundwater
depth, and neighborhood resistance.

Materials banned from landfills due to
toxicity. Includes medical industry waste
(needles/bandages) and household
hazardous waste (motor oil/batteries)
that lethally contaminate groundwater.

Defining Pollution

The contamination of the environment with substances harmful to life. Runoff

carrying chemicals from landfills, mineral mines, and agricultural fields devastates
soil quality and local plant and animal species.

75
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NOLOGIA EARTH BLUEPRINT SCIENTIFIC DOSSIER

System Disruption: Humans & The Doubled Nitrogen Cycle

Nitrogen gas makes
up 79% of Earth's
atmosphere. Changed
to usable forms
by lightning.

Agricultural fertilizers and llvestock
waste add massive unnatural amounts of
nitrogen to the environment.

Scientists estimate human activities have
literally doubled the amount of nitrogen

Bacteria on plant cycling through ecosystems.

roots change
nitrogen into
usable forms.
Plants use it to
make proteins.

Excess nitrogen can

seep into groundwater,

= pollutes drinking water,
Animals eat piants. When and runs off into aquatic
they die and decompose, ecosystems,

releasing nitrogen compounds
back into sollfatmosphere.

NOLOGIA™ 0566410429 iyl ,le Jualgill
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Engineering Solutions: The Science of Landfill Design

¢ Daily Cover: Soil applied
daily to reduce odor and
pests.

Compacted Waste Cells:
Maximizing spatial
efficiency.

Leachate Collection
System: Crucial
engineering to capture
toxic runoff.

EPA Regulated Liners:
‘ y Clay and plastic barriers
\ \ 27k protecting the water table
y NG Water Table B below.

| MeEwE

The Leachate Threat

Leachate is the highly toxic
liquid that seeps out of
decomposing landfill garbage.

Modern landfill engineering is
primarily dictated by
Environmental Protection
Agency (EPA) regulations
designed to capture and treat
leachate before it breaches
the water table.

0566410429 :@iyll L Jualgill
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Mitigation Strategy 1: Reduce, Reuse, Recycle

Reduce —p Reuse —Pp Recycle

Limiting the Finding Processing
amount of secondary waste
resources applications materials

used initially for items (glass, paper,

(e.g., instead of plastic, steel,
drastically discarding tires) to
cutting reliance them, conserve
on synthetic extending Earth's finite
fertilizers). material land
lifespan. resources.

NOLOGIA™

Innovation Spotlight

Composting Science

i ioled A powerful mix of decayed

| organic material, yard waste,
bacteria, and water.
Composting naturally enriches
soil and eliminates the need
for chemical fertilizers.

Mushroom Packaging Phenomenon

A cutting-edge

biotechnology utilizing
mycelium (fungi roots) to grow
100% biodegradable
packaging, replacing toxic

styrofoam and plastics.

0566410429 :@iyll L Jualgill
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Mitigation Strategy 2: Macro-Level Resource Management

Roboto Regular

Top Tier: _ The strictest protection. Governments safeguard vast unique
Preservation ecosystems (like Yellowstone), completely banning logging
and urban development to maintain pristine natural habitats.

Middle Tier:

Roboto Regular

: Because trees are renewable, commercial logging is heavily
Reforestation  regulated. Loggers must selectively cut trees and mandate the
immediate planting of new saplings to replace the harvested timber.

Bottom Tier: = Roboto Regular

Reclamation Legally mandated ecological rehabilitation. Land severely disturbed
by mineral mining must be reshaped, covered with healthy topsoil, and replanted with
native vegetation to restore the ecosystem.

0566410429 :@iyll L Juslgill
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Sector

NOLOGIA
Human Impact Diagnostic Matrix (1: Nature & Agriculture)

Primary Causes

Verified Impacts

Proposed Solutions

Deforestation

Mass clearing of land for cattle
grazing, crop farming, and
urban sprawl.

Endangerment/Extinction of
species (e.g., Northern Spotted
Oowl).

Massive disruption of the global
Carbon Sink, accelerating global
warming.

Government Preservation of
land (e.g., National Parks).

Strict, legally mandated
Reforestation by timber
companies.

Feeding a population surging
toward 9 Billion.

Severe soil erosion leading to
Desertification.

Toxic agricultural runoff,

Transitioning to organic
farming techniques.

Utilizing natural Compost to

Agriculture Widespread use of chemical : ;
v fem“zgrs and pesticides. Domino effect on biodiversity replace synthetic chemicals.
(e.dg., bee populgt;gn collapse Innovation in sustainable
reducing crop yields). space utilization.
NOLOGIA™ m 0566410429 :@ipll Ll Jualgill
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NOLOGIA Human Impact Diagnostic
Matrix (2: Urbanization & Waste)

Primary Causes

Verified Impacts

Proposed Solutions

Stream discharge surges

Integrating permeable

Population migration outward | causing severe flooding (75% pavements.
irbaiizati into suburbs. runoff). Wetland destruction Strategic design of Urban
(DaNiZaion Heavy paving of previously leading to coastal erosion. Parks to recreate natural green
natural landscapes. Radical inversion of food webs sgaces and stabilize water
from Bottom-Up to Top-Down. absorption.
Generation of highly toxic Strict EPA engineered landfill
Hyper-consumption Leachate. designs (liners/collection
Waste ger}erating vast ampunts Of Irreversible po“ution of SYStemS).
Disposal solid, medical, and industrial | groundwater reservoirs. Aggressive 3R adoption.
hazardous waste. Soil degradation rendering land Biotech innovations like
barren. Mushroom Packaging to
eliminate plastics.
NOLOGIA™ m 0566410429 :@iipll ,le Jualgill
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The Positive Impact: From Individual Action to Government Legislation

Corporations
& Cities
Timber companies practice
1-to-1 reforestation. Urban
planners integrate green

spaces and city parks to
mitigate runoff and heat.

Governments

Legislate strict EPA
regulations for landfill
engineering, mandate

mining reclamation, and
establish sprawling
preserved lands.

Individuals

Vigilant adoption of the 3 Rs,
composting household food
scraps to eliminate chemical
fertilizers, and supporting
sustainable biotech.

Final NOLOGIA Insight

Protecting Earth's usable land—a mere 1/32 of the planet’s surface—is not a philosophical choice; it is an immediate survival strategy.
It demands a unified front from the architectural design of our mega-cities down to the daily consumption habits of the individual.

NOLOGIA™ 82 0566410429 ;aiyll e Jualgill
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@ Module (1): Human Impact 1,
ﬂ on the Environment .i —»
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The Human Footprint on

Earth’s Water Systems

A NOLOGIA Comprehensive Data Dossier

Powered by observational data from
Earth-monitoring satellites (Landsat 8 & Aqua). ‘

0566410429 :aiyll e d.zJ;u
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NOLOGIA | Comprehensive Study Guide

The Baseline: Categorizing Human Water Usage

49% Thermoelectric Power

The largest single use—cooling
equipment and generating electricity.

O

12% Public Supply

Includes all standard household
activities (laundry, washing, drinking).

4% Industry

Manufacturing and processing.

NOLOGIA Insight

31% lrrigation
Agricultural crop sustenance.

31% Irrigation
Agricultural crop sustenance.

<4% Agriculture & Mining

Livestock, aquaculture, and
resource extraction.

As populations expand, demand scales drastically. Crucially, direct household
activities represent only a fraction of total freshwater consumption, heavily eclipsed

by power generation and agriculture.

85

NOLOGIA™
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NOLOGIA | Comprehensive Study Guide

Surface Depletion: The Aral Sea Collapse

Case Study Dossier

NOLOGIA™

Location: Central Asia (Kazakhstan/Uzbekistan).
Formerly the world's Ath largest lake.

The Action: In the 1980s, Soviet engineers diverted
two major feeding rivers (Amu Darya and
Syr Darya) to irrigate cotton crops.

The Consequence: | Evaporation vastly exceeded inflow.

The shoreline shrank miles inward.

Impact Matrix

Biological:
Hyper-salinity
destroyed native
fisheries by 1980.

Environmental: Climatological:
Exposed lakebeds | The loss of the
mixed with massive water
downstream body altered the
agricultural fundamental

fertilizers, creating | regional climate.
toxic salt storms
driven by wind.

0566410429 :@épll Ll Jualgill
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+ NOLOGIA | Comprehensive Study Guide JF

Flow Alteration: The Physics of Dams

Modifying surface flow (like the Colorado River into Lake Mead) secures water for recreation, irrigation, and power, but fundamentally alters natural river dynamics.

Engineering Benefits (+)

Habitat Erasure: Reservoir flooding

Constant, adjustable electrical supply. destroys existing land habitats.

Sediment Trapping: Dams block

nutrient-rich sediment, causing
downstream erosion and replacing
warm muddy water with deep, cold,
nutrient-poor water.

Zero greenhouse gas or toxic
emissions during operation.

Biological Barrier: Blocks migratory
fish (e.g., salmon) from spawning;
hydroelectric turbines are lethal to
juvenile fish.

Flood control and reliable drinking
reservoirs.

0566410429 iyl L ji;.u
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NOLOGIA | Comprehensive Study Guide

Subsurface Depletion: Aquifers & Subsidence

s oeep 1 Mechanism Panel
: Pump ‘ P : Groundwater makes up the vast majority of Earth's available

freshwater (supplying 20% of US daily use).

When water is pumped from an aquifer (permeable rock/sediment)
faster than precipitation replaces it, the underground pores empty.

s 4/ / Permeable Layer

WellScreen__ (Aquifer) Impact Alert: Subsidence & Sinkholes

Without water pressure to support the overlying rock, the
ground collapses,

8.0 METERS n $100 MILLION+

SINKING BY 1970s IN DAMAGES

Data: Heavy agricultural pumping Damage: Compacted soil permanently
caused the valley floor to sink up to loses future water storage capacity.
8.5 meters by the 1970s. Resulted in over $100 million in damages

_ N g to bridges, roads, and well infrastructure.
NOLOGIA™

J
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~ NOLOGIA | Comprehensive Study Guide

The Contamination Matrix: Freshwater Runoff

s

B —

Upsets nutrient balances
in lakes and oceans,
triggering massive
biological disruptions.

Direct harm, poisoning,
and bioaccumulation in
aquatic organisms.

Degrades both surface
and groundwater quality
for human consumption.

Alters water pH, directly

affecting the growth and

reproduction of sensitive
aquatic life.

AGRICULTURAL INDUSTRIAL MINING CONSTRUCTION
POLLUTANTS POLLUTANTS POLLUTANTS POLLUTANTS POLLUTANTS
Fertilizers and excess Toxic chemical waste. Pesticides (lawns), oil Acidic runoff and heavy Excess loose sediment,
nutrients. (vehicles), bacteria/ metals.
viruses (sewage).
IMPACT IMPACT IMPACT IMPACT IMPACT
Clouds streams, completely

blocking the sunlight
required for underwater
photosynthetic organisms.

NOLOGIA™
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NOLOGIA | Comprehensive Study Guide

Micro-Pollutants: The Estrogen Effect

NOLOGIA™

The Biological Disruption:

Estrogen dictates sexual

development in female vertebrates.

In fish, environmental factors often
determine sex organs. Artificial
estrogen chemically overrides this.

Medications Excreted Flushed Released

consumed —»  into —3 through — directlyinto

by humans wastewater treatment river and
plants lake habitats.

Case Study: Ontario Lake Experiment (Canada)

2 ction: Scientists released small amounts of estrogen
g into a controlled lake. |

Male fathead minnows began producing eggs
Result: and ceased sperm production. Female egg
production dropped.

After 3 years, the minnow population nearly

Outcome: vanished entirely. (Recovery only began once
estrogen dosing stopped).

0566410429 :aiyll L Jualgill



https://wa.me/971566410429

NOLOGIA | Comprehensive Study Guide

Marine Contamination: Origins of Ocean Pollution

Dumping trash directly - 19/, offshore mining and drilling

into the ocean

Spills from ¢
shipping 4 70

Runoff from land

33%'?; pryo!

Airborne pollutants from land
e
| PR

—> 44%:

Runoff from land (garbage, hazardous
waste, fertilizers).

—1 33%:

Airborne pollutants that originate on
land (power plant emissions, car
exhaust).

— 12%:

Spills from shipping.

—>1 10%:

Trash dumped directly into the ocean.

—1 1%

Offshore mining and drilling.

NOLOGIA Key Insight: A staggering 77% of all ocean pollution originates strictly from
terrestrial human activities (runoff + airborne emissions), disproving the assumption

that marine pollution is primarily a mari
NOLOGIA™

e
91

industry issue.
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NOLOGIA | Comprehensive Study Guide s

Physical Blockades: Solid Waste & Sediments

tion

The Plastic Crisis & Gyres Excess Sedimenta

CARD A CARD B DA | AR

: W Human deforestation and Biological Impact: Heavy
Solid waste (bottles, bags, Oceanic circular currents, called shoreline clearing removes sediment physically clogs the
foam) does not degrade easily; gyres, trap this debris. anchoring root systems, delicate filtering structures of
it breaks into micro-pieces. causing massive erosion. marine filter feeders (clams,

/ - - \-spenges):

CARDC CARD B CARDC
Example: The Great Pacific Garbage Patch in the North Pacific Gyre Biological Impact: Heavy Light Blockage: Thick sediment
is estimated to be twice the size of Texas, comprising 80% sediment physically clogs the plumes block sunlight, killing
land-originating debris, Causes entangiement and starvation in delicate filtering structures. deep-water photosynthetic
marine wildlife. L organisms.

0566410429 @iyl Lo Judlgill

NOLOGIA™ g 2



https://wa.me/971566410429

NOLOGIA | Comprehensive Study Guide

Anatomy of a Dead Zone: Eutrophlcatlon

Step 1: Nutrient Loading Step 2: Algal Bloom & Death Step 3: Oxygen Depletion
Freshwater carrying Excess nutrients trigger a massive Dead Zone Decomposing bacteria feed on the
hyper-concentrated nitrogen explosion in algae populations (algal dead algae. This decomposition
and phosphorus flows into the bloom). The algae rapidly consume process consumes vast amounts of
saltwater ocean ecosystem. the nutrients, die, and sink to the the water's dissolved oxygen,
ocean floor. creating a hypoxic "dead zone"

where fish and marine life suffocate.

NOLOGIA™ N 93
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NOLOGIA | Comprehensive Study Guide

System Disruptions: Estuaries & Qil Spills

Estuary Imbalance

Brackish

Freshwater Saltwater

Zone

Mechanism: Estuaries exist where freshwater rivers meet
saltwater oceans, requiring a delicate, continuous mix to
maintain "brackish” water.

Human Impact: Building upstream dams traps the freshwater.
The estuary becomes increasingly salty, killing off specialized
organisms adapted only to precise brackish conditions.

NOLOGIA™

Petroleum Contamination

Mechanism: Accidental spills expose marine ecosystems to
highly toxic chemical compounds.

Human Impact: Oil forms a thick surface slick that drastically
reduces the amount of oxygen dissolving into the water. It
physically coats birds (destroying feather insulation) and
mammals, leading to hypothermia, peisoning, and death.

0566410429 :aiyll L Juslgill


https://wa.me/971566410429

NOLOGIA | Comprehensive Study Guide

Synthesis: The Cascading Impact Web

Compountfing ERegt

Physical
Infrastructure
(Dams)

Blocks Sediments &
Destroys Brackish
Estuaries.

Causes Subsidence
(San Joaquin) & River
Depletion (Aral Sea).

Over-
Extraction

Causes Endocrine Disruption
(Estrogen/Minnows) &
Eutrophication (Dead Zones).

Chemical
Runoff

Synthesis Takeaway: Human impact on water is never isolated. Agricultural demand drives
extraction (emptying aquifers), requires infrastructure (dams blocking fish), and generates runoff
(fertilizers causing dead zones). Solving one requires addressing the entire system.

NOLOGIA™ 95 0566410429 :aiyll Le |9:J.|
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NOLOGIA | Comprehensive Study Guide

Mitigation Strategy: Restoring Water Systems

NOLOGIA Action Matrix

a=n

Engineering
Interventions

Q&

Agricultural & Terrestrial
Management

1 Optimize fertilizer application
timing to prevent rain runoff.

Modernize septic/sewage
? systems to stop estrogen and
bacterial leaks.

Maintain shoreline tree
3 coverage to-anchor soil and
stop excess sedimentation.

NOLOGIA™

Design fish ladders/bypasses
in dams for migratory species.

Implement strict containment
protocols for industrial toxic
waste.

Satellite Observation

Utilize orbital tech (NASA
Landsat 8 & Aqua) to track
ocean color time-series,
predicting and
mitigating algal blooms
before dead zones form.

0566410429 :aiyll L Juslgill
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Atmospheric Impact: Causes, Effects,
and Solutions for Air Pollution

Investigating our world, securing our future.

f.\{'. o ’k .“. ) :
: ¥ & :--y'
Al ¢

[
EAEl A Comprehensuve NOLOGIA
._J Educational Master-Guide.

NOLOGIA™ 0566410429 :piyll Lo Jualgill



https://wa.me/971566410429

Vertical Forests Act as
Giant Urban Air Purifiers

Plant-packed residential
high-rises are being
erected around the world to

filter our air. '

__, Producing
But what exactly are they Absorbing clean oxygen
protecting us from, and air pollution

why is the health of our
atmosphere under threat?

. <=
oV R <t . N
Mg S B 53¢
we 1 o, ’ X 2
) £, ! ‘. -
N S
P 4 . T S RN
4 P 4
Hy A
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NOLOGIA Atmospheric Dashboard

The Root Cause of Atmospheric Contamination

AP —
S —

0 T }\\ DEFINITION
§ < R N
g oiman ﬁ"*'-\ Air Pollution: The contamination of air by
Population \ ) : .
| Growth , harmful substances including smog,
& | 90030, chlorofluorocarbons (CFCs), particulate
S A 't@;”:"’.""i' % matter, and acid precipitation
4*";?; 'I.;, {'\_':\\ wawm' \‘ ' P P .
N \ Y
—_ | ¥ W
\\ | y

The Energy
Demand
Loop

Atmospheric
Contamination

Demand

L K
> el

CLEAR SKY SMOG-OBSCURED

Visual comparison demonstrating the immediate effects of
atmospheric contamination on urban visibility and air quality.
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The NOLOGIA Diagnostic Matrix: Four Major Air Pollutants

Photochemical Smog

Cause: Fossil fuel Cause: Old Cause: Volcanoes,
emissions + refrigerators, ACs, fires, fossil fuels. Sulfur/Nitrogen +
Sunlight. aerosols. Water/Oxygen.
Vv vV v L
Effect: Brownish Effect: Destroys | Effect: Asthma, Effect: pH < 5.6,
haze, breathing 3 upper ozone layer, | N heart attacks, blocks N harms soil, trees, and
difficulty, plant/animal | © increases UV plant aquatic life.
tissue damage. radiation. ‘ photosynthesis. |
I/ / // /N 777) L B ////NL7}
-
|
“ C Tap/Scan any column for a deep dive :r - NOLOGIA

NOLOGIA™ 101

0566410429 @iyl e Juolgill



https://wa.me/971566410429

Photochemical Smog and the Ozone Paradox

Top Zone: The Reaction

S - Y
e
“P Nitrogen & Carbon
i from Fossil Fuels
& Makes air diclt to breate
| 5 | in heavily populated cities

Bottom Zone: The Paradox

e— = fi/' N

Protects living things from
the Sun's harmful ultraviolet
(UV) radiation.

/

/)
S | Makes air difficult to brea{h 777
1ZONE ——< and damages tissues of'mfa"m;} :

| andanimals. :

Os . 40
R

NOLOGIA™ 0566410429 :aiyll Lo Jualgill
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Chlorofluorocarbons (CFCs) Destroy
the Protective Ozone Layer

Released from old
refrigerators, air
conditioners, and aerosol
propellants.

1979 2016

Ozone Depletion
Over Antarctica

A S S

~ N Rises to the upper
atmosphere.

LS N N

W / Reacts with sunlight to
W destroy protective ozone
S q molecules.
J
‘ aaw )

Result: Ozone thins,
allowing harmful UV rays

Ozone Depletion
Over Antarctica

= 1. | 1 B ) Rl el
100 150 200 250 300 450 500 550 100 150 190 150 200 550 harming plant and anim,al
Dobson Units Dobson Units tissues.

NOLOGIA™ 103
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Particulate Matter Blocks the Breath of Plants and Humans

YAV} = — P v -
> 1—:‘ ——z _~~ o O( 71K/ 4
Y N 5. OG-

Solid Parﬁeles* J 0 2
Smoke. dust, and dirt

o A
Causes 02 Biological Impact A

« Natural: Volcani¢ eruptions, forest fires. Inhaling particulates causes asthma, bronchitis, and leads
to heart attacks. In plants, it physically blocks the vital
processes of cellular respiration and photosynthesis. i

N T T s

» Human: Burning fossil fuels at power plants and in vehicles.

NOLOGIA" gl 104
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INTER

Acid Precipitation Alters the Chemistry of the Biosphere

Polluted Water Cycle

Sulfur &
Nitrogen /
gases [/,

NOLOGIA™

Gases mix with
Water + Oxygen

ENAY X NNNSY NN

LY AUV N NN
L T T VI T T
L T T T T
N A NN ALY

Rainfall turns acidic

(pH lower than 5.6
‘AN AN Y normal rainwater)
VAV LA

b VI W, T ) L O, U, T T
| VIR VR VRS, AR TS, VA, WU YR VIR
|, 0%, e, RO SRR U Yo, 1o, U
| U, Tl 40 W, T, Wi, WG VA, T
| U R VA VA, G, WA, A YA VU
b 15, T, S, T, T O, e S W
| W, VUL V), I WO, YO R W, V77
LV TR0, P T R N WY
A AN LN L

AN AW

Impact Warning Widgets
(Widget OneJ

Forests

Harms tree bark and foliage
(Example: Great Smoky
Mountains National Park).

\_

Widget Two J i

Soil

Pollutes the earth, stripping nutrients.

(Impact ThreeJ

Aquatic Life

Lowers water pH in lakes and rivers, killing
fish and organisms that cannot survive the
acidic environment.

N J

0566410429 :aiyll L Jualgill
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The Human Cost: 1.3 Billion Live in Dangerously Polluted Areas

® | Head
Headache, fatigue

Irritation

{ Eyes & Nose J ®

Throat
® L
[ Coughing, irritation ]

( R
Lungs
Reduced function, chest ®
tightness, shortness of breath,
asthma, pneumonia,

emphysema, bronchitis
& ) Pollutant

lQ Asthma narrows
gy respiratory
& passageways.

Today, more than 7%
of children in

developed countries
. have asthma due to
' rising pollution.

J
0566410429 :@ill Ll Juslgill

Stomach l
[ ]@ Wi

Nausea, vomiting

NOLOGIA™
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Monitoring the Threat: The Air Quality Index (AQl)

.
BT D R e N i g A S L C o g S s e B e

d | No preventative actions needed.
=S b l;u_g il !% = I:-;fa’f,;'—..ig‘zr-z -o:«..vg;n.:.s’pg =y

51-100 | Moderate | Highly sensitive people should limit prolonged outdoor activity.

| 101-150 | Unhealthy for Sensitive Groups | Sensitive people should limit prolonged outdoor activity.

Practical Example Widget ------- '

Real-World Scenario: The AQIl today is 130. Can you play basketball for a few hours?
Answer: No. Sensitive groups should limit prolonged outdoor activity.

OGIAM — g 107 p — B0 10220 T ol Uil

NO
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Global Treaties Prove that Coordinated Action Works

A~/ & — S { O ] Sl "'\
Atmospheric CFC Levels National Air Quality Concentration Averages
- Alaska - Colorado - Hawaii — Am. Samoa South Pole - efc. - CO = NO2 03 -—PM10 -— PM25 S02 =—Pb
+100%
53
\ :_5_6 'zo”zvj +50%
g 3%
g3 3e ,
o o w © = 2
§ g ; g oy I s N Baseline standard
38 2L o
§ g ‘_; 50%
‘ 82 SO
0 > -100% it
1980 1985 1990 1995 2000 2005 2010 1990 1995 2000 2005 2010 2015
| Year Year
AN N 0 b == A I AG o
. W - /N
The Montreal Protocol (1987). The Clean Air Act (1970).
o 197 countries signed an international o Established strict emissions standards for
treaty to successfully phase out CFCs. motor vehicles, driving pollution down.

NOLOGIA™ 0566410429 @iyl ,le Jualgill
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Engineering the Energy Shift:
Renewable Alternatives

Non-Renewable
Resources

Causes smog and

particulate matter. i ' " Ge othermal |
Energy

NOLOGIA™ 0566410429 :ill Lo Jualgill
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NOLOGIA Atmospheric Dashboard Ay NOLOGIA

Local Action: Minimizing Your Personal Atmospheric Impact

The Home: Conserve energy w The Yard: Plant trees to \
directly by turning off lights and J naturally improve air quality

electronics when not in use. and produce oxygen.

— AT W—

The Street: Walk, bike, or use
public transportation instead .
of driving personal cars.

\ '/
NOLOGIA™

The Bins: Recycle metal,
paper, plastic, and glass to
reduce the fuel required to
manufacture new materials.

0566410429 @iyl Lo Jualgill
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The Biosphere Balance: The Ripple Effect of Human Choices

€newap)e Energy Shift

'le,

Co
nserVah.on

Human population growth increases energy demand, but engineering solutions, international

treaties, and personal choices can monitor. minimize, and reverse the environmental impact.
NOLOGIA™ 111 0566410429 il le Jualgil
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A NOLOGIA

Knowledge is the First Step to
Protecting Our Atmosphere

Diagnostic Complete. You now understand the causes, effects, and
solutions to atmospheric pollution. The future of Earth’s biosphere
depends on how we apply this knowledge.

NOLOGIA™ 112
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@ Module (1): Human Impact

ﬂ on the Environment

rifw h

Llisa d.‘alg.dl G Wy N

Fourth Lesson:
Impact on Climate
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“i NOLOGIA

byt .

Earth’s Climate System:
| A Diagnostic Report

 Symptoms, Root Causes, Systemic Impacts, and
| Treatment Plans for a Warming Planet.

Cryosphere: Warning i c Hydrosphere: Critical
NOLOGIA™ ‘
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> NOLOGIA | PHASE 1: THE SYMPTOMS | Defining the Phenomenon

The Visual Evidence The Definitions Matrix

1916 Baseline

Inter Column 2 (Merriweather)

1918 Baseline: Scale: Long-term (decades to millions of
Cool blues indicate

lower-than-normal years).

gobaltempataties, 1 | Climate Definition: The average weather
conditions, including global trends in
warming, cooling, precipitation, and wind.

Scale: Specific metric.

Global
2 Warming Definition: A distinct rise in Earth's
average surface temperature.
2016 Anomaly:
Deep reds indicate
severe higher-than-
normal
temperature shifts. Scale: The Umbrella Term.
3 Climate Definition: Incorporates global warming
Change alongside all other long-term shifts in

Earth's systems.

NOLOGIA™ 0566410429 :ill Lo Jualgill
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NOLOGIA | PHASE 1: THE SYMPTOMS | The Vital Signs & Scientific Consensus

Global Temperature Anomalies

0.80 . 97% of actively publishing
— NASA Goddard Institute for Space Studies A cllmat.e scientists agree: Earth is
) 080 | ___ Met Office Hadley Centre/Climatic Research Unit MM warming, and natural factors
> 040 | — NOAA National Climatic Data Center Wha A alone over the last 50 years
= —— Japanese Meteorological Agency \ MY would have actually led to a
S 020 A /\ - slight cooling.
g. A A 4& :
> 0.00 r! \ YV
-0.20 - WY R The IPCC Verdict
5 A Ay VY |
5 -0.40 AV "/ W v ‘
5 O AAVARY\ i /\4 In 2014, the Intergovernmental
-0.60 VY Panel on Climate Change (IPCC)
officially concluded that the current
-0.80 extreme increase is extremely
1880 1900 1920 1940 1960 1980 2000 2020

likely due to human activities.
Year

Math Connection

From 1910 to 2010, the temperature anomaly shifted from approximately -0.4°C to +0.6°C, demonstrating a massive
acceleration in the rate of change per decade.

NOLOGIA" 116
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NOLOGIA | PHASE 2: THE DIAGNOSIS | The Mechanism: The Greenhouse Effect

The Baseline (Natural Effect) The Feedback (Enhanced Effect)

~

A thin layer of natural gases traps just enough heat to keep Thickened gas layer blocks outgoing thermal energy, severely
Earth habitable. amplifying surface warming.

Gas Identification Panel

4 N A _
CO2 (Carbon Dioxide) CH4 (Methane) N20 (Nitrous Oxide)
The most important and abundant Highly potent heat-trapper. Long-lasting agricultural byproduct.
human-emitted GHG.

\, y = - v = %
NOLOGIA™ 0566470429 taayil IE Jeolgill
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NOLOGIA | PHASE 2: THE DIAGNOSIS | The Carbon Source Ledger

Natural Sources (The Baseline System)

Data Points:

Volcanic eruptions, natural forest fires, and
cellular respiration.

\

System Status:

These natural processes release CO2, but
cannot explain the massive atmospheric spike
seen in modern history. Earth’s natural sinks
handle these effectively.

™

N(

LORQILA
LL\JWUIM

Human Sources (‘Thl?/s St
(.

(s A

Data Points:

#1 Fossil Fuels (burning coal/oil/gas).
#2 Deforestation & Land Use.
#3 Industrial processes (cement production).

System Status:

These introduce trapped, ancient carbon into
the modern atmosphere at unprecedented
rates, destroying natural carbon sinks in the
process.

0566410429 :piyll L Juslgill
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NOLOGIA PHASE 2: THE DIAGNOSIS = The Smoking Gun: The 1950 Alignment

Atmospheric Carbon Dioxide Concentrations (800,000 Years)

460
440

400 'he unprecedented
< spike, breaking all natural
Bl historical limits.

36
32
0
240
210

180
400,000 350,000 300,000 250,000 200,000 150,000 100,000 0
Years before today (0 = 1950)

o

CO, (ppm)
o

w
o

Synthesis Panel Global Human-Produced CO2 Emissions

. 40
The undeniable
correlation

The exact moment human industrial
CO2 emissions skyrocketed (post-1950)
perfectly matches the unprecedented,
vertical spike in atmospheric CO2

concentrations. 0 NS = )

1850 1860 1870 1880 1880 1900 1910 1920 1930 1840 1950 1860 1870 1980 1990 2000 2010 2020

30

Gigatons of CO, per year
N
o
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NOLOGIA | PHASE 2: THE DIAGNOSIS | U.S. Emissions Breakdown

U.S. CO, Emissions by Source

Agriculture
9%

Residential & Electricity

commercial / 29%
12% x -

Industry
21%

Transportation
27%

Source: U.S. Environmental Protection Agency

Key Insight Card

To effectively treat the root cause, systemic interventions
must target the power grid and transportation sectors, which
account for over 56% of total U.S. emissions.

0566410429 :@iyll L Jualgill
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NOLOGIA | PHASE 3: SYSTEMIC IMPACTS | The Cryosphere (Melting Ice)

Case Study: The Vanishing Glaciers

1978 201

Glacier National Park had 150 glaciers
in 1910; today, fewer than %0 remain.

NOLOGIA™

Greenland's Deficit

0
-1000

-2000

Greanlsnd mass (Gt)

-3000
2002 2006 2010 2014 2018

Year

NASA GRACE satellite data shows the Greenland ice sheet losing
an estimated 286 billion metric tons of ice per year since 2002.

The Albedo Effect Feedback Loop

| Less white ‘The dark ocean
| surface area ~surface absorbs
. means less ‘more heat, causing
",,; 7 suniightis ~ more warming and
reflected back ~ more melting.
to space. J

0566410429 @iyl e Juolgill
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NOLOGIA | PHASE 3: SYSTEMIC IMPACTS | The Hydrosphere: Sea Level Rise

Changes in Sea Level

B (o2} (o]
o o o

Sea height variation (mm)
N
o

0
1993 1995 2000 2005 2010 2015 present

Cause & Effect Equation

Melting Land Ice Thermal Expansion

(Glaciers & Ice Sheets add h(AS ocean Vi’atei absorbsd
new water volume) eat, 1£s molecules sprea

out, taking up more space)

IMPACT CARD

A Global Threat:

Rising sea levels currently threaten the habitats, infrastructure, and livelihoods of over 600 million people living in low-lying coastal areas worldwide.

voLOGIA" 122
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{ NOLOGIA | PHASE 3: SYSTEMIC IMPACTS | Ocean Acidification & Bleaching

The Acidification Equation

| [CO2 in Air] . [Absorbed by \ [Carbonic \ [Lower Ocean \, [Weakened
| 4 Seawater] / AcidForms] 4 pH] 4” Calcium Shells] 4

Lab Callout Card Biological Impact Card

The Eggshell Experiment

Just as a brown eggshell softens
and dissolves when submerged in
white vinegar (an acid) for 15
minutes, calcium-based marine
organisms lose their ability to build
skeletons in an acidifying ocean.

)m

Healthy Coral Reef Bleached Coral Reef

Coral Bleaching: A temperature increase of just 1°C stresses corals, causing
them to expel their symbiotic algae (their food and color source), leading to
mass die-offs and loss of vital marine habitats.

NOLOGIA™ ‘IEI—-————M = il
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NOLOGIA | PHASE 3: SYSTEMIC IMPACTS | The Biosphere: Shifting Ecosystems

.

In Europe and North America, 57
butterfly species have either
gone extinct at the southern edge
of their ranges or pushed their
northern limits further out.

The Geographic Squeeze: As the equator warms dangerously,
life is forced to migrate toward the poles to survive.

——— T

Plants are migrating too slowly.
Oak trees are migrating a few
hundred meters per year—only
one-tenth the speed at which
land temperatures are shifting.

NOLOGA*—————

- N
- ﬁ—ﬁ
i .

mJ'

The Mosquito

Emergency Vermilion Red Inter

Pests are thriving. As hard
winters retreat, mosquitoes
(carriers of severe infectious
diseases) are expanding into
previously cold territories.

R —
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NOLOGIA | PHASE 4: THE TREATMENT PLAN | The Master Solutions Matrix

MITIGATION (Slowing the Pace) ADAPTATION (Reducing Vit ]
Strategies that reduce or remove greenhouse gas emissions. Strategies that adjust society to the incoming impacts.
- \ .
Policy Agriculture
International agreements (Kyoto Protocol, Paris Changing planting dates and engineering heat-resistant
Agreement). - crops/livestock.
3 ! _— - - — —— — -'/.
\ S
Technology Health
Alternative energy transitions (Wind, Solar, Hydroelectric, Developing urban heat-health plans and increasing
Geothermal, Nuclear). J climate-related disease monitoring.
L3 - \ F
Engineering Infrastructure
Carbon capture and storage (Sequestration). Relocating at-risk coastal communities and expanding
~ severe weather monitoring systems.
VITTIIIITT7 ' 4 N —— T LA AL
\
Ecology
Increasing natural carbon sinks via forest management and
conservation tillage.

NOLOGIA™ ' (125

0566410429 @iyl e Jualgill



https://wa.me/971566410429

NOLOGIA | PHASE 4: THE TREATMENT-PLAN | Adaptation in Action

Point 1: Copenhagen, Denmark (Infrastructure)

Designing and building new
subway systems with raised
structures specifically
calculated to withstand
projected sea-level rises
and flooding.

| Point 2: France (Agriculture)

Farmers are abandoning traditional crops to plant
new specles genetically or naturally predisposed to [ — i
tolerate increasingly warmer temperatures. ! ® v

Alpine ski resorts, anticipating a future without reliable
snow, are entirely redesigning their local economies to
focus on year-round hiking trails instead.
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NOLOGIA | THE PLANETARY HEALTH REPORT | Final Synthesis

r

Unprecedented global
surface temperature rise
(+0.6°C anomaly spike
in the last century).

\_

1. The Symptoms

%

A dual-pronged approach
requiring immediate
Mitigation (halting
emissions via green energy)
and rapid Adaptation
(reinforcing infrastructure
and agriculture).

\

4. The Prescription

Mitigation

“t

Adaptation

Understanding Earth's
climate system is the
first step in the
engineering challenge

of our generation:

\

| 2. The Root Cause

Human-driven fossil fuel
combustion and

deforestation
M:}X overloading the Enhanced

Greenhouse Effect.

S

stabilizing the planet.

\

3. Systemic Failure

Cascading collapse across the
Cryosphere (melting), Hydrosphere
(flooding & acidification),

and Biosphere (forced migration).

, ‘ 2
Cryospherej [& Hydrospherej [W Biospherej

NOLOGIA™

v

0566410429 @iyl Lo Juolgill



https://wa.me/971566410429

@ N
""-E'F :? uig (@809 Ui | di.u.l.l Lalia ."@\.
i-'5I|._: Siida 18 deplall oda o<i | ||!. :l
mdﬂa'eﬂ'ww W 592 pall Saslal) ille

R | NOLOGIA

line Jualgilly @8 Zuaie jound
0566410429 :Lia Jazal



https://wa.me/971566410429
https://wa.me/971566410429

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128

