Module 1.1 — Conservation Literacy

Section 2:
The Scientific
Foundations

The scientific laws that govern ocean and
climate systems and why they matter for
conservation.

® MPA Management Trainil




Section 2: Learning Objectives

By the end of this section, you will be able to understand the core scientific principles that govern our

planet's ocean and climate systems.

Ocean Literacy

Summarize the 7 Essential
Principles of Ocean Science to
understand how the ocean shapes

Earth and supports all life.

Principle 1-
7 >

® MPA Management Training

Climate Literacy

Explain the 7 Essential Principles
of Climate Science, focusing on the
greenhouse effect and Earth's energy

balance.

Greenhouse
Effect ->

®

Planning Context

Differentiate weather vs. climate
to establish proper baselines for long-
term conservation planning and
management.

Long-term
Planning ->




Ocean Literacy Principle 1

Features

One Big Ocean with Many
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Global Circulation Map

@arm Surface Currents @ld Deep Currents
"Earth has one big ocean with many features; all
ocean basins are connected by circulation."

water.

Dominant Feature: The ocean covers ~70% of
Earth’s surface and contains ~97% of the planet's

Interconnected Basins: While we name them
separately (Pacific, Atlantic, Indian, etc.), there is
really only one global ocean system.

-
-
bl
-
-

Global Conveyor Belt: Thermohaline circulation

connects all basins, transporting heat, nutrients,
and marine life globally.
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Driving Forces: Differences in density—controlled \

by salinity and temperature—drive deep ocean

currents.

Why It Matters

Polliition or chanae< in one nart of the ocean can affect the



Ocean Literacy Principle 2
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OCean and Life co_shape Reef Formation & Coastline Morphology _ving Coral ®mestone Base
Earth

"The ocean and life in the ocean shape the
features of Earth."

Reef Builders: Corals, algae, and mollusks create
massive carbonate structures (atolls, barriers) that
form islands and protect coastlines.

Sedimentation: Marine organisms influence
sediment composition; limestone and chalk cliffs
are ancient marine deposits.

Biogeochemistry: Biological processes regulate
ocean chemistry, affecting rock weathering and
atmospheric composition.

Geological Interaction: Plate tectonics and
erosion interact with biological processes to
continually reshape the Earth's surface.
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Sea Surface Temperature (SST) & Circulation ligh SST (>28°C) bw SST (<10°C)

Ocean Drives Weather &
Climate

"The ocean stores and transports heat and
moisture, regulating weather and climate
systems globally."

Heat Capacity: The ocean absorbs the majority of
solar radiation reaching Earth, acting as a massive
heat reservoir.

Global Exchange: Constant exchange of heat,
water vapor, and carbon dioxide with the
atmosphere drives weather patterns.

Climate Drivers: Oscillations like ENSO (El Nino-
Southern Oscillation) alter rainfall, storm tracks, and
fisheries worldwide.

Storm Development: Sea surface temperature
(SST) patterns provide the energy that fuels tropical
cyclones and hurricanes.
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Ocean Ma kes Ea rth Energy Flow & Trophic Levels (10% Rule) /'
Habitable

"Ocean processes support conditions for
life through energy flow and nutrient
cycling."

Energy Flow: Solar energy captured by
phytoplankton supports all marine life via trophic
levels, with ~90% energy loss at each step.

Biological Pump: Marine life transports carbon
from surface to deep ocean, regulating global
climate.
Nutrient Cycling & Biological Pump

Nutrient Cycling: Nitrogen, phosphorus, and | I
carbon circulate through biological uptake, I
sinking, decomposition, and upwelling. I I

Ecosystem Services: These cycles maintain
water quality, fish stocks, and atmospheric
balance.

t’:’_, Conservation Insight

Disrupting these cycles (e.g., overfishing apex
predators or nutrient pollution) can collapse entire
ecosystems and reduce the ocean's habitability
functions.
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Marine Trophic Pyramid & Habitats

Diversity of Life &
Ecosystems

"The ocean supports a great diversity of life and

ecosystems."
Diverse Habitats: From shallow coral reefs and » ‘o
mangroves to deep-sea hydrothermal vents and
polar ice seas. Coral Reefs Seagrass/Mangroves
High biodiversity, Coastal nurseries,
shallow waters carbon sinks

Trophic Structure: Complex food webs—from Apex Predators
phytoplankton to apex predators—underpin
ecosystem function and energy flow.

= |

Pelagic/Open Deep Sea/Polar
Ocean

Resilience: Higher biodiversity provides "biological
insurance," increasing ecosystem resilience to

disturbances. Extreme conditions,

Migratory routes, unique adaptations

plankton blooms

Life Support: Marine life produces oxygen, cycles
nutrients, and regulates climate. Primary Consumers

Primary Producers (Phytoplankton)

- o carvation Inciaht
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Interconnected Systems Grid anefits apacts

Ocean-Human
Interdependence

» 8 o

"The ocean and humans are inextricably

] . Fisheries Transport Tourism
interconnected. , -

Food Security Global Trade Livelihoods
Vital Resources: The ocean provides food,
medicines, minerals, and energy resources

essential for human survival.

Economic Engine: Global trade (shipping), * AIA R

tourism, and fisheries drive national economies and Energy Balance Medicine
local livelihoods. Renewables & Oil Sustainable Use Bioprospecting

Human Impacts: Pollution, overfishing, habitat
destruction, and climate change alter ocean health.

o o o
Stewardship: Sustainable management (MPAs,
fisheries reform) and conservation literacy are mT —
critical for future resilience. Im
Climate Change
Warming & Pollution Overfishing
Acidification Plastics & Runoff Resource Depletion

l\‘zl Our Recnoncihilitv



Ocean Literacy Principle 7
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= Ocean Exploration Depth Profile ® Ob (2]
The Ocean is Largely Observe @ yynown
Unexplored
Surface Research Satellites (Surface
~~=~ \essels Only)

. BA Di ~4
"Much of the ocean remains unexplored and 2, SCUBA Diver (~40m)

poorly understood."

The Unknown Frontier: Despite covering 70% of
Earth, more than 80% of the ocean is unmapped,
unobserved, and unexplored.

'a' ROV / AUV Operations

Deep Sea Biodiversity: The deep ocean holds
vast, unknown biodiversity and ecosystems distinct
from surface life.

Technological Advances: New tools like satellites,
drifters, buoys, AUVs, ROVs, and submersibles are
expanding our knowledge.

Conservation Implications: Exploration leads to
discovery, inspiring conservation and sustainable = Manned Submersibles
resource management.
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Earth's Energy Balance & Latitudinal Heating olar In Heat Out

Sun aS Primary Energy (Shortwave) (Longwave)
Source

"The Sun is the primary source of energy for
Earth’s climate system."

Solar Driver: Solar radiation provides the energy
that warms the planet and drives the climate.

Energy Balance: Earth receives shortwave
radiation from the Sun and emits longwave
(infrared) radiation back to space.

Uneven Heating: Insolation varies by latitude,
season, and time of day, creating temperature
differences.

Circulation Engine: This uneven energy
distribution drives atmospheric and oceanic

circulation patterns to redistribute heat. e P g S —

@ Albedo Effect

Rriaht ciirfacec (ice cloiide) reflect <colar enerav (hiah



Climate Literacy Principle 2 Principle 2 of 7

Earth System Interactions

Interacting Earth Systems

"Climate is regulated by complex interactions
among components of the Earth system."

)
S°
Atmospher

(Jeases & Heat

Five Key Spheres: The climate system involves
the Atmosphere (air), Hydrosphere (water),
Cryosphere (ice), Biosphere (life), and Geosphere
(land).

Coupled Systems: Ocean-atmosphere coupling is
central to variability; the ocean stores heat and * 6 =

carbon while the atmosphere transports them. Cryosphere e Hydrospher
Ice & Snow Climate Eiquid Water

Feedback Loops: Processes that amplify (positive)

or dampen (negative) changes, such as the ice-

albedo feedback.

Carbon Cycle: Interactions between vegetation, Geosphere Biosphere

soil, ocean, and air regulate atmospheric CO2 Land & Rock Living Things

levels.

Why It Matters

Small changes in one system (like melting ice) can trigger

R [ «f o T T PR T IR [ T



Climate Literacy Principle 3 Principle 3 of 7

Life Depends on iS Carbon Pathways: Atmosphere-Ocean-Biosphere @:Flow @iological Process
4

Shaped by, and Affects

Climate

"Life depends on, is shaped by, and affects
climate."

Biological Carbon Pump: Marine organisms
(plankton) absorb atmospheric CO2 and transport A ‘
carbon to the deep ocean upon death.

Vegetation Influence: Forests and plants regulate
local and global climate through photosynthesis,

respiration, and evapotranspiration. ‘
Ocean Biota Role: Calcifying organisms lock

carbon in shells and reefs, influencing ocean

chemistry and atmospheric COz2 levels.

Ecosystem Responses: Shifts in climate drive
phenology changes (timing of events) and species
migration patterns.
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Climate Variability Timescales

Variability Over Space &

Ti me Interannual: ENSO (El Nifio / La Nifia) 2-7 Years

VAAV VA AV VALV VARV VAR

Drives global weather patterns, droughts, and floods.

"Climate varies naturally and due to human
activities."

Natural Timescales: Climate oscillates on multiple
scales: Interannual (ENSO), Decadal (PDO), and Decadal: PDO (Pacific Decadal Oscillation) 20-30 Years
Millennial (Milankovitch cycles).

Forcing Factors: Changes are driven by volcanic \/v—\

aerosols (cooling), solar variability, and greenhouse Affects fisheries and regional temperature regimes.
gases (warming).

Detection & Attribution: Scientists use statistical
methods to distinguish natural internal variability ) _
from anthropogenic (human-caused) drivers. Centennial: Anthropogenic Warming 100+ Years

-----
-
- -
-

Regional Differences: Global warming is not - OBy === CELEEELEE bbbt
uniform; land warms faster than oceans, and poles

: Steady rise superimposed on natural variability.
warm faster than tropics. s sl v
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How We Know What We
Know

The Three Pillars of Climate Science

"Our understanding of the climate system is
improved through observations, theoretical

studies, and modeling."
Physics Laws Earth System

Thermodynamics Models
CMIP6 Projections

Fluid Dynamics
Navier-Stokes Energy Balance
Simple simulations

Observations: Data gathered from space
(satellites), ocean (buoys/Argo floats), land stations,
and paleoclimate proxies (ice cores, tree rings).

Robust
Theory: Fundamental physics principles including Understanding
radiative transfer, thermodynamics, and fluid
dynamics explain why climate behaves as it does.

O (o}

Observatio Satellites & Argo Models
Modeling: Computer simulations ranging from Global monitoring
simple energy balance calculations to complex
Earth System Models (ESMs) project future Paleoclimate
scenarios. e ores

Consensus: Multiple lines of evidence converge to
confirm human-caused warming with high
confidence.



Climate Literacy Principle 6 Principle 6 of 7

The Greenhouse Effect

Human Impacts =
(Greenhouse EffeCt) Ocean Acidification

COz2 dissolves in seawater —»
Carbonic Acid forms — pH drops.

"Human activities are altering the climate Basic Acidic
system."

Enhanced Greenhouse Effect: Burning fossil
fuels increases COz2, CH4, and N20 concentrations,
trapping more heat.

Energy Imbalance: This perturbation causes
positive radiative forcing, warming the atmosphere, P~ N
ocean, and cryosphere. fO- G« N:Y

8t
Ocean Acidification: The ocean absorbs ~30% of Warming Impact
emitted CO2, lowering pH and threatening calcifying Melting ice caps + Thermal
organisms (corals, shellfish). expansion = Sea-level rise.

Unprecedented Rate: Current changes are
occurring faster than many natural historic climate
shifts.

A Critieal Rick



Climate Literacy Principle 7

Consequences & Risks

"Climate change has consequences for Earth
systems and human lives."

Systemic Impacts: Rising temperatures cause
sea-level rise, heatwaves, extreme precipitation,
and major ecosystem shifts.

Threat Multiplier: Climate change exacerbates
existing environmental stressors like pollution and
habitat loss.

Unequal Burden: Vulnerable communities and
ecosystems face disproportionate risks despite
contributing least to the problem.

Risk = Hazard Exposure x Vulnerability

Conservation aims to reduce exposure & vulnerability.

® MPA Management Training

) I:daptatlo

Earth Systems

Response Strategies

P Nature-based
Solutions

Principle 7 of 7

I~ Mitigatio
n



Weather vs Climate

> e
Weather Climate

Short-Term Conditions

"The state of the atmosphere at a specific place and "The statistical average of weather patterns over a
time." long period."

Long-Term Average

Timescale: Minutes to weeks Timescale: Decades (30-year standard per WMO)

Variability: Highly variable, transient events Variability: Trends, cycles, and averages

Examples: Daily temperature, storms, humidity, wind

Examples: Seasonality, ENSO cycles, warming trends
gusts

Why It Matters for Conservation

Effective conservation relies on climate baselines, not daily weather. MPAs and coastal planning must account for long-term projections (e.g., Sea Surface
Temperature trends, Sea-Level Rise) rather than transient events to ensure resilience and adaptive management.



Summary & Further Reading

# R/
Takeaways

(@ Coupled Systems

Ocean and climate systems are tightly coupled;
literacy frameworks organize core principles into
interconnected concepts.

&la Conservation Planning

Effective conservation must account for energy
balance, feedback loops, and distinguish long-term
variability from weather.

&) Essential Foundation

The 7 Ocean Principles + 7 Climate Principles provide
the essential scientific foundation for understanding
Earth systems.

® MPA Management Training

Q Further Reading

E NOAA Ocean Literacy Guide
" Version 3.2 (2024) - Essential Principles

san UNESCO Ocean Literacy Portal

e Global resources and toolkit

8 Climate Literacy: Essential Principles
UCAR/NASA Brochure

T NOAA Climate Literacy Resources
JIITe
Educational materials collection

@ Attribution: Content aligned with Module 1.1 Section 2
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