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Weather can be thought of as short-term changes (over hours or days) and
climate as long-term changes (over years or even thousands of years).

▪ Weather includes factors such as temperature, wind, rain, clouds, atmospheric pressure and
humidity.

These are observed or predicted over smaller regions. Weather is influenced by the global climate
system.

▪ Climate is defined by long-term weather averages, variations and extremes.

Local climates are influenced by their distance from the equator, elevation, distance from water
bodies, vegetation, the presence or absence of mountains, and other geographical features. Climate
also varies over time through seasons, years, decades and much longer timescales such as the Ice
Ages.

Weather vs climate
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The global climate system arises from the interaction of 5 
systems interacting together

To understand our climate and how it is changing, we 
first need to understand these 5 systems:

• The atmosphere (the thin layer of gases surrounding 
the Earth)

• The lithosphere (the land surfaces such as soil and 
rocks, and human-made surfaces such as roads and 
buildings)

• The hydrosphere (the Earth’s liquid water in oceans, 
rivers, lakes and underground)

• The cryosphere (the frozen water in ice and snow)

• The biosphere (the living things such as plants and 
animals including humans).

EARTH'S CLIMATE SYSTEM
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▪ Data by American Science Academy 
for 2023r :

Does it have an effect?

Mass number of mammals:
Land – 20 million tone
Water – 40 million tons
People - 390 million tons
Livestock – 630 million tons
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▪ The term climate change refers to how the Earth’s climate changes over time. 

These changes can be caused by long-term natural processes (such as changes in the 

Earth’s orbit)

▪ FEEDBACK MECHANISMS are climate-affecting phenomena occurring within 

the climate system as a result of FORCINGS.
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FORCINGS refer to external influences on the climate system that originate outside of it.

Examples of climate forcings include:

• Astronomical factors, such as variations in solar activity or changes in Earth's orbital  e.g

Milankovitch (Orbital) Cycles - changes in Earth’s position relative to the Sun are a strong driver of Earth’s long-

term climate, and are responsible for triggering the beginning and end of glaciation periods (Ice Ages) (41 thousand

years).

• Volcanic activity, which can lead to temporary cooling due to aerosol emissions.

• Anthropogenic factors, including changes in atmospheric greenhouse gas concentrations or aerosol

levels due to the combustion of fossil fuels.

Once a forcing occurs, it can trigger a cascade of secondary changes within the climate system, further 

altering the energy balance

FORCING 
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TAMBORA,  INDONESIA ERUPTION in 1815 

The world experienced a volcanic winter, and historians described 1815 as 
"the year without a summer." The eruption caused climatic anomalies and 
reduced the temperature on Earth by approximately 3-4 degrees Celsius.

Global grain imports also collapsed. 

The Tambora volcano is said to have led to starvation deaths even in France, 
Spain, Switzerland, Belgium and England. 
Social anxiety was growing, initiating, among others, political changes.
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▪ Some of the most evident feedback mechanisms include
changes in the intensity of evaporation or the extent of sea
ice due to a forced increase or decrease in atmospheric and
oceanic temperatures.

▪ Changes in evaporation rates influence the intensity of the
greenhouse effect (as water vapor is a greenhouse gas), while
variations in sea ice coverage alter the planetary albedo.

Feedback 
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ALBEDO 

▪ the amount of the light hitting a surface that it reflects back, especially the surface of a planet or 

other body in space: The albedo effect on land.

▪ Open water is one of the substances

with the lowest albedo that we have

on Earth.

The planets of the Solar 

System

have an albedo ranging from 

0.142 (Mercury) to 0.67 

(Venus).

Earth's albedo is 0.367. 

Norwegian Polar Institute

The albedo effect on sea.

lawn (0.25), human skin (0.05 to 0.6), ocean (0.06) fresh snow (0.8)

https://dictionary.cambridge.org/dictionary/english/amount
https://dictionary.cambridge.org/dictionary/english/light
https://dictionary.cambridge.org/dictionary/english/hitting
https://dictionary.cambridge.org/dictionary/english/surface
https://dictionary.cambridge.org/dictionary/english/reflect
https://dictionary.cambridge.org/dictionary/english/especially
https://dictionary.cambridge.org/dictionary/english/surface
https://dictionary.cambridge.org/dictionary/english/planet
https://dictionary.cambridge.org/dictionary/english/body
https://dictionary.cambridge.org/dictionary/english/space
https://dictionary.cambridge.org/dictionary/english/water
https://dictionary.cambridge.org/dictionary/english/substance
https://dictionary.cambridge.org/dictionary/english/low
https://dictionary.cambridge.org/dictionary/english/earth
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NEGATIVE CLIMATE FEEDBACK

▪ A response within the climate system that counteracts the effects 
of an initial forcing.

An example of negative feedback is the increase in planetary heat 
radiation following a rise in temperature—this slows further 
warming and helps stabilize the system.
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▪ DISTINCTION BETWEEN FORCINGS AND FEEDBACKS

▪ The same phenomenon can act as either a forcing or a feedback, depending on 

its origin. 

For example, an increase in atmospheric carbon dioxide (CO₂) levels can be:

1. A FORCING if it results from human activities, such as fossil fuel 

combustion (since the carbon in these fuels originates from sedimentary 

rocks, external to the climate system – SLOW long - term carbon cycle ).

2. A FEEDBACK if it results from processes such as vegetation dieback or 

oceanic degassing triggered by prior global temperature increases.
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▪ TIPPING POINT

A threshold value of a specific parameter, beyond which the 

equilibrium state of the climate system shifts irreversibly.
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▪ EXAMPLES OF CLIMATE FEEDBACKS AND TIPPING POINTS

▪ ARCTIC SEA ICE MELTING: A positive feedback mechanism—rising temperatures
reduce ice cover, which lowers albedo, leading to greater solar absorption and further
warming. If ice cover decreases beyond a certain threshold, this effect alone could
drive the complete melting of remaining ice.

▪ PERMAFROST THAWING: Permafrost consists of soil that has remained below
freezing for extended periods. Rising temperatures cause it to thaw, leading to the
decomposition of previously frozen organic matter and the release of methane (CH₄)
and CO₂—both potent greenhouse gases. This intensifies the greenhouse effect,
further accelerating warming, creating another positive feedback loop. If a critical
volume of permafrost thaws, the resulting greenhouse gas emissions may be sufficient
to sustain further warming, making the process self-reinforcing.
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▪ Climate change impacts on METHANE HYDRATES-
(CH4·5.75H2O or 4CH4·23H2O) is a solid clathrate 
compound in which a large amount of methane is 
trapped within a crystal structure of water, forming 
a solid similar to ice

Huge amounts of methane are stored around the world on
the sea floor in the form of solid methane hydrates.

These hydrates represent a large energy reserve for
humanity. Climate warming, however, could cause the
hydrates to destabilize. The methane, a potent greenhouse
gas, would escape unused into the atmosphere and could
even accelerate climate change.

FEEDBECK
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TEMPERATURE 

NASA's Scientific Visualization Studio

https://svs.gsfc.nasa.gov/4964
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CO2 emmission by 

sectors 2023 
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▪ CARBON CYCLE DYNAMICS

• SLOW CARBON CYCLE (Geological Cycle): Involves carbon
exchange processes that operate on geological timescales, spanning
thousands to hundreds of thousands of years.

• FAST CARBON CYCLE: Encompasses carbon exchange processes
occurring on shorter timescales, typically over years to decades.
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EMISSION of CO2

Emission of CO2 from fossil fuels
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Temperature deviations till 2024 
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IPCC = Intergovernmental Panel on Climate Change)
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Emission – more CO2 and the consequence…….. 
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▪ Only 5°C less
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CONSEQUENCES of Anthropogenic activities
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This Energy goes to ……
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Basics of 
climate 
change 

Consequences of climate 

change - global and 

regional impacts
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▪ Terrestial and marine biodiversity,

▪ River flooding

▪ Cyclons

▪ Droughths

▪ Marine submersions

▪ Vectors of diseases

▪ Decline in agricultural yield

▪ Refugies

▪ Conflicts for resources

Many direct and indirect consequences of CC  
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THE FALLACY OF LINEARITY IN CLIMATE CHANGE

▪ The relationship between temperature rise and associated phenomena (e.g., ice 
sheet melting or sea level rise) is not linear.

▪ Thus, it is incorrect to assume that:

• Every additional 0.5°C of warming will result in merely proportionally greater 
impacts.

• If global warming is halted or reversed, other climate changes (such as ice sheet 
loss or sea level rise) will automatically revert.

▪ Many processes have tipping points, beyond which they accelerate uncontrollably 
or become irreversible. This means that if warming progresses too far, we risk 
losing the ability to stabilize temperature increases and their associated 
consequences.
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The consequences, low soil moisture

Groundwater level as of 
January 31, 2025, 11 
voivodeships received an alert 
from IMWM ( Institute of 
meteorology and water
managment)  about the state of 
hydrogeological threat
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Flow in rivers

Number of stations below average low flow in rivers in Poland
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FLESH FLOODs phenomena 
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FLESH FLOODs phenomena 
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Thank you
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