= 1. Solar Radiation: The Primary Energy Source

Solar radiation is the foundation of Earth's energy system. The Sun's energy travels through
space as electromagnetic waves and reaches Earth, driving nearly all processes that
sustain life and climate.

e Types of Solar Radiation:

o Visible Light £ : The portion of sunlight we see. It's essential for processes
like photosynthesis ¥£, enabling plants to convert sunlight into food.

o Infrared Radiation j : Invisible heat energy that we feel when the Sun
warms our skin or surfaces. It helps maintain the Earth’s temperature.

o Ultraviolet (UV) Radiation ' ‘: Higher-energy radiation that’s invisible. While
it's responsible for sunburns, it also helps in vitamin D production but is
mostly blocked by the ozone layer [ ().

e Energy Input:

o Solar Constant = “.: Earth receives about 1361 watts per square meter
(W/m?) of solar energy at the top of the atmosphere. This energy powers
weather systems, ocean currents, and global climate.

Key Role:

e Solar energy regulates weather patterns -, drives ocean currents & , and
provides energy for ecosystems ¥£.

(7 2. Absorption by Earth's Surface: How Energy is Captured

When solar energy reaches Earth, different surfaces absorb varying amounts of it. This
energy is then transformed into heat, warming the land, oceans, and atmosphere.

e Surface Absorption:
o 50% of the Sun's incoming radiation is absorbed by the Earth’s surface {):

m Land (p4): Absorbs heat quickly during the day but loses it rapidly at
night. This causes daily temperature fluctuations [ § 1.

m Oceans (& ): Due to their high heat capacity, oceans absorb large
amounts of heat but release it slowly. This stabilizes the global climate
over time, keeping coastal regions warmer during the winter and
cooler in the summer.

e Heat Storage:
o Land (i4) stores less heat than water, which is why deserts experience
extreme temperatures—hot in the day, cold at night ~¢ 3 1.
o Oceans (& ) act as massive heat reservoirs, slowly releasing energy
through ocean currents and influencing global weather patterns.

Example:



e Onasunny beach day &, the sand heats up fast, but the water feels cooler. As
the sun sets, the sand cools quickly, but the water retains its warmth longer | .

3. Reflection and Scattering: Redirecting Solar Energy

As sunlight reaches Earth, not all of it is absorbed. A significant portion is reflected back
into space or scattered in different directions by particles in the atmosphere.

e Reflection (Albedo Effect):
o 30% of incoming solar radiation is reflected back into space  []].
o Clouds | ice sheets =, deserts -, and other bright surfaces have high
albedo (high reflectivity).
o Albedo varies:
m Snow/lce ., : Reflects 60-90% of sunlight.
m Deserts ~4: Reflects 30-50% of sunlight.
m Forests §: Reflect only 10-20%, absorbing more energy.
e Scattering:
o Sunlight is scattered by molecules and particles in the atmosphere, making
the sky blue during the day gg due to Rayleigh scattering.
o At sunrise and sunset, sunlight passes through a thicker layer of the
atmosphere, scattering short wavelengths and leaving behind red and orange
hues

Example:

e Polarice caps act as mirrors, reflecting most sunlight back into space, helping
keep those regions cool. When these ice caps melt, the exposed dark ocean absorbs
more heat, warming the planet further j .

¢ 4. The Albedo Effect: Reflectivity and Its Global Impact

Albedo is the reflective property of Earth's surfaces, determining how much solar energy is
reflected back into space versus how much is absorbed.

e High Albedo Surfaces ., :
o Snow, ice, and clouds have a high albedo, reflecting up to 90% of incoming
sunlight. These regions remain cooler as a result
o Deserts (=) also reflect much sunlight, but despite this, they experience
extreme heat due to the rapid heat absorption and release at night.
e Low Albedo Surfaces & :
o Oceans and forests absorb 80-90% of sunlight, heating the surface and
contributing to the global temperature j . This absorbed energy drives ocean
currents and influences global weather patterns.



o Urban areas Liy with dark surfaces (roads, rooftops) have a low albedo,
which causes them to heat up quickly, contributing to the urban heat island
effect.

e Melting Ice and Albedo Feedback:

o As polar ice melts, the darker ocean underneath absorbs more sunlight,
causing further warming [=]. This leads to a positive feedback loop, where
warming accelerates more melting, further reducing albedo.

Key Insight:

e Albedo plays a crucial role in temperature regulation and global climate change.
The loss of high albedo surfaces like ice is contributing significantly to global
warming ; .

5. The Greenhouse Effect: Earth's Natural Thermal Blanket

The greenhouse effect is a natural process that keeps Earth's temperature stable. Without
it, the planet would be too cold for life to thrive.

e How It Works:

o The Earth absorbs solar radiation and then re-radiates it as longwave
infrared radiation ; (.

o Greenhouse gases in the atmosphere, such as carbon dioxide (CO.),
methane (CH.), and water vapor (H:0), trap some of this heat, preventing it
from escaping into space g .

o This trapped heat keeps the Earth’s average surface temperature at around
15°C (59°F), which is essential for life {»

o Key Greenhouse Gases:

o Water Vapor (H:O) ( : The most abundant greenhouse gas. It increases as
temperatures rise, creating a positive feedback loop.

o Carbon Dioxide (CO:) : Released by burning fossil fuels and
deforestation, this gas remains in the atmosphere for hundreds of years,
intensifying global warming.

o Methane (CH:) “=: Though present in smaller quantities, it traps 100 times
more heat than CO:..

¢» & 6. Human Activities and the Enhanced Greenhouse Effect

While the greenhouse effect is natural, human activities are amplifying it, leading to global
warming and climate change.

e Fossil Fuel Combustion: Burning coal, oil, and natural gas for energy releases
large amounts of CO. , trapping more heat in the atmosphere.

e Deforestation: Cutting down trees reduces the Earth’s ability to absorb CO.,
increasing the greenhouse effect @ ¢ .



e Agriculture: Activities like livestock farming produce methane, a potent greenhouse
gas “ms .

Consequences:

e Global Warming ) & : Rising global temperatures due to increased heat retention
in the atmosphere.

e Melting Ice Caps ..,: The accelerated melting of polar ice reduces the Earth's
albedo, causing even more warming.

e Rising Sea Levels & ,/: Warmer oceans and melting glaciers are contributing to
rising sea levels, threatening coastal communities.

[11 7. Earth’s Energy Balance: Maintaining Climate Stability

Earth’s energy balance refers to the equilibrium between the solar energy absorbed by
the Earth and the heat energy radiated back into space. This balance is crucial for
maintaining stable global temperatures.

Incoming Solar Energy: 70% of solar energy is absorbed by the Earth = 1.
Outgoing Heat: Earth re-radiates absorbed energy as infrared radiation.
Greenhouse Gases: Trap some of this re-radiated heat, helping to maintain Earth’s

temperature § ¢.

If this balance shifts—due to increased greenhouse gases—the planet's temperature can
rise or fall, affecting weather patterns, ocean currents, and ecosystems.

& 8. Oceans as Thermal Regulators: Heat Distribution and Climate
Impact

The oceans absorb large amounts of solar energy and distribute it globally through ocean
currents @ . These currents play a vital role in regulating the Earth’s climate by
transporting warm and cold water across the planet.

e Ocean Currents 2 :
o Gulf Stream: Carries warm water from the Gulf of Mexico toward Europe,
keeping the continent warmer than other regions at the same latitude.
o Deep Ocean Currents: Transport cold, dense water from polar regions
toward the equator, helping balance the global climate.
e Thermal Storage: Oceans act as a heat sink, absorbing and storing excess heat
j L=]. This ability to store heat stabilizes global temperatures over time, making
oceans essential in mitigating the effects of global warming.

9. Clouds and Their Dual Role: Reflecting and Trapping Heat



Clouds play a dual role in Earth's energy budget, both reflecting solar energy and
trapping heat in the atmosphere.

e Daytime
o Clouds reflect sunlight back into space, keeping Earth cooler during the day
(4]
e Nighttime

o At night, clouds trap heat radiating from the Earth’s surface, preventing rapid
cooling and keeping temperatures higher  [1].

Cloudy Days vs. Clear Days:

e Cloudy days tend to be cooler because clouds reflect sunlight before it reaches
the ground A

e Clear nights are cooler because heat escapes more easily into space EgL4, while
cloudy nights are warmer as clouds trap more heat

; 10. Imbalance: Global Warming and Climate Change

Human activities, particularly the burning of fossil fuels, are disrupting Earth's energy
balance.

e Increased Greenhouse Gases ,/: More greenhouse gases in the atmosphere
trap more heat, causing global temperatures to rise.

e Positive Feedback Loops [=]: Melting ice leads to lower albedo, causing more heat
to be absorbed, further accelerating global warming.

e Extreme Weather Events % : Rising temperatures lead to more frequent and
intense storms, droughts, and heatwaves.

v# 11. Solutions: Restoring Earth’s Energy Balance

To address climate change and restore Earth's energy balance, we need to reduce
greenhouse gas emissions and increase renewable energy use (» ¢ .

e Shift to Renewables = : Using solar, wind, and hydropower can reduce reliance
on fossil fuels.

e Reforestation §: Planting trees increases CO: absorption, reducing the
greenhouse effect.

e Reflective Surfaces Liy: Implementing cool roofs and light-colored pavements in
urban areas can increase albedo and reduce the urban heat island effect.

Summary:



