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Background: The Climate System

Five components that interact among them through different overlapping and complex processes. 

These five components are interconnected through various biogeochemical cycles (like the water 

cycle and carbon cycle) and feedback loops. They influence each other on different spatial and 

temporal scales, leading to the complex and dynamic nature of our planet. 



Background: The Climate System

The components of the climate system, their processes, and interactions.



Background: The Climate System

The Sun is the major source of energy for Earthôsoceans, atmosphere,

land, and biosphere. Averaged over an entire year, approximately 342

watts of solar energy fall upon every square meter of Earth. This is a

tremendous amount of energy ð 44 quadrillion (4.4 x 1016) watts of power

to be exact.



The Sun is the major source of energy for Earthôsoceans, atmosphere, land, and biosphere. Averaged

over an entire year, approximately 342 watts of solar energy fall upon every square meter of Earth.

This is a tremendous amount of energy ð 44 quadrillion (4.4 x 1016) watts of power. As a

comparison, a large electric power plant produces about 1 GW (1 x 109 watt) of power. It would take

44 million such power plants to equal the energy coming from the Sun.
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Background: Sun & Climate System

Kashiwazaki-Kariwa

Nuclear Power Plant 

(capacity 8 GW)

44 quadrillion watts = 5.5 million of the most powerful 

nuclear power plant



Background: The Climate System



The most basic way to characterize the climate system is describing it as a

nonequilibrium thermodynamic system, generating entropy by irreversible

processes and ïif time-dependent forcings can be neglected ïkeeping a

steady state by balancing the input and output of energy and entropy with

the surrounding environment.

Schneider and Bony, Nature Geo. 2014

Background: The Climate System



State of Cimate: Global Surface Temperature

Annual global mean temperatures expressed as a difference from pre -industrial conditions. Four different data sets are shown -
HadCRUT, NOAAGlobalTemp , GISTEMP, and Berkeley Earth - as well as two reanalyses - ERA5 and JRA-55. Dataset anomalies are 
calculated relative to a 1981 to 2010 baseline and offset by 0.69 ° C, which is the best estimate difference for that period from 
the 1850 -1900 average given in the IPCC sixth assessment report.



State of Cimate: Global Surface Temperature

Surface air temperature anomalies in 2024, relative to the average for the 1991Ƈ2020 reference period. A non-linear colour scaleis used to 
enhance the visibility of smaller anomalies and distinguish larger deviations. Data source: ERA5. Credit: C3S/ECMWF.



State of Cimate: Global Surface Temperature

Surface air temperature anomalies in 2024, relative to the average for the 1991Ƈ2020 reference period. A non-linear colour scaleis used to 
enhance the visibility of smaller anomalies and distinguish larger deviations. Data source: ERA5. Credit: C3S/ECMWF.



State of Cimate: Global Surface Temperature

Anomalies and extremes in sea surface temperature for 2024. Colour categories refer to the percentiles of the temperature distributions for the 
1991ƇǍǋǍǋ ³XZX³X«NX °X³ ­TŶ A|X XÈº³XªX ƌŸN­­ӁX´ºŸ J«T ŸÇJ³ªX´ºŸƍ NJºXz­³ X´ J³X MJ´XT ­« ³J«¦ «z´ Z­³ º|X °X³ ­T ǌǒǑǒƇ2024. Values are 
calculated only for the ice-free oceans. Data source: ERA5. Credit: C3S/ECMWF.



State of Cimate: water vapour in the atmosphere

Annual anomalies in the average amount of total column water vapour over the 60° SƇ60° N domain relative to the average for the 1992Ƈ
2020 reference period. The anomalies are expressed as a percentage of the 1992Ƈ2020 average. Data: ERA5. Credit: C3S/ECMWF.



Surface temperature relative to 1850-1900

Human influence has warmed the climate at a rate that is unprecedented in at least the 

last 2000 years.



Shifting Distribution of Land Temperature Anomalies, 1964-2024

The data visualization above shows how air temperatures between 1964 and 2024 departed from the average for 
1951-1980.) The darker shades of blue represent times when temperatures were significantly cooler than the 
norm and the orange and red represent times when temperature was hotter than the norm.



State of Cimate: Global Surface Temperature



State of climate: Not only Temperature
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Cimate status: Carbon Dioxide in Atmosphere 

Latest Measurement: April 2024

427 ppm

The global CO2 concentration increased from

~277 ppm in 1750 to 419.3 ppm in 2023 (up 51%)
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Global Carbon Project



ñ
It is indisputable that human

activities are causing climate 

change, making extreme climate 

events, including heat waves, 

heavy rainfall, and droughts, 

more frequent and severe.

[Credit: Yoda Adaman | Unsplash]



Human influence on climate change



Cimate status: Carbon Dioxide in Atmosphere 

The Global Atmosphere Watch (GAW) global network for carbon dioxide in the 

last decade. The network for methane is similar.

Number of stations 
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of the global averages



Cimate status:  ENEA Contribution (GHG Measurement)

The ENEA Station for Climate Observations (Roberto

Sarao) on the island of Lampedusa is a research

facility in the Mediterranean dedicated to the

measurement of climatic parameters.

Lampedusa is an excellent site for studies on the

atmospheric composition and structure, on the

transfer of solar and infrared radiation, and for

oceanographic investigations.

Comparison of the evolution of atmospheric CO2 

concentration at Madonie-Piano Battaglia since 2005 (red 

dots) and at Lampedusa (blue curve)



Cimate status: Carbon Dioxide

Latest Measurement: April 2024

427 ppm



Cimate status: Carbon Dioxide emissions

Global carbon emissions in 2023 remain at record levels ïwith no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.
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Cimate status: Carbon Dioxide emissions
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Global carbon emissions in 2023 remain at record levels ïwith no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.



Cimate status: Carbon Dioxide emissions
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Countries have a broad range of per capita emissions reflecting their national circumstances

1 gigatonne (Gt) = 109 tonnes

Global carbon emissions in 2023 remain at record levels ïwith no sign of the decrease that is

urgently needed to limit warming to 1.5° C, according to the Global Carbon Project science team.



Cimate status: Carbon Dioxide emissions by sector
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Cimate status: Arctic Sea Ice Minimum Extent
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Climate Status: Ice Sheets


