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The Earth-Atmosphere Energy Balance

https://www.noaa.gov/jetstream/atmosphere/transfer-of-heat-energy
https://www.nuclear-power.com/nuclear-engineering/heat-transfer/thermal-conduction/thermal-conductivity/

The transfer of heat energy
◦ Conduction - transfer of heat energy from one substance to 

another or within a substance (this is due to transfer of heat 
energy from molecule to molecule or from atom to atom). 

frost during a cloudless night sky - radiation of the 
earth's surface energy
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The Earth-Atmosphere Energy Balance

https://weather.metoffice.gov.uk/learn-about/weather/how-weather-works/what-is-
convectionhttps://www.nesdis.noaa.gov/our-environment/severe-weather/convection

The transfer of heat energy
◦ Convection - movement of particles through a substance, 

transporting their heat energy from hotter areas to cooler 
areas. 

◦ Convection is a vertical transport of heat and moisture in the 
atmosphere, especially by updrafts and downdrafts in an 
unstable atmosphere.
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The Earth-Atmosphere Energy Balance

https://www.sidc.be/observations/space-based-timelines/tsi
https://www.sidc.be/SILSO/home https://www.sidc.be/SILSO/monthlyhemisphericplot

Solar radiation
◦ Total Solar Irradiance (TSI), which is defined as the 

incoming solar power per unit surface 
perpendicular to the sun-earth direction, at the 
mean sun-earth distance of 1 Astronomical Unit.
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The Earth-Atmosphere Energy Balance

https://www.climate.gov/news-features/understanding-climate/climate-change-incoming-sunlight

Solar radiation
◦ Total Solar Irradiance (TSI), 

which is defined as the incoming 
solar power per unit surface 
perpendicular to the sun-earth 
direction, at the mean sun-earth 
distance of 1 Astronomical Unit.

◦ The Solar constant is not 
constant
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The Earth-Atmosphere Energy Balance

https://sunclimate.gsfc.nasa.gov/article/solar-irradiance

Spectral Solar Irradiance T=5800-6000K
UV- ultraviolet
Visible
NIR – near infrared
SWIR – shortwave infrared

Irradiance is absorbed by:
O3- ozone
H2O- water vapour
CO2-carbon dioxide
O2- oxygen
CH4- methane
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The Earth-Atmosphere Energy Balance

https://sunclimate.gsfc.nasa.gov/article/solar-irradiance
https://resources.eumetrain.org/data/4/460/navmenu.php?tab=2&page=3.0.0
https://pressbooks-dev.oer.hawaii.edu/atmo/chapter/chapter-2-solar-and-infrared-radiation/

Radiation emission earth Surface …

Radiation is absorbed by:
H2O- water vapour
CO2-carbon dioxide
O2- oxygen
CH4- methane
NO- nitrous oxiede

x 10-3 nm

x 103 nm

… 288K And atmosphere ~230K
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The Earth-Atmosphere Energy Balance

https://www.noaa.gov/jetstream/atmosphere/energy

At the top of the atmospere
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The Earth-Atmosphere Energy Balance

https://www.noaa.gov/jetstream/atmosphere/energy

The atmosphere itself (including clouds)
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The Earth-Atmosphere Energy Balance

https://www.noaa.gov/jetstream/atmosphere/energy

The atmosphere itself (including clouds)
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The Earth-Atmosphere Energy Balance

https://climate.copernicus.eu/global-temperature-exceeds-2degc-above-pre-industrial-average-17-november
https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-level

disturbances in the energy balance of the atmosphere
◦ change in solar activity
◦ Albedo change
◦ …
◦ Greenhouse effect

– more CO2, H2O, CH4, NO 
in atmosphere

◦ Results:   
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Distribution of Energy on the Earth

https://rwu.pressbooks.pub/webboceanography/chapter/8-1-earths-heat-budget/
https://worldoceanreview.com/en/wor-1/climate-system/great-ocean-currents/
https://www.noaa.gov/jetstream/global/global-atmospheric-circulations

directions of energy flow

◦ Heat gain, heat loss

◦ Sea currents

◦ Atmosperic circulation
1. Hadley cell
2. Ferrel cell
3. Polar cell
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Climate phenomena on Earth

https://www.climate.gov/news-features/blogs/enso/what-el-niño–southern-oscillation-enso-nutshell
https://iridl.ldeo.columbia.edu/maproom/ENSO/Time_Series/SOI.html

ENSO - El Niño–Southern Oscillation
The SOI is calculated as the standardized difference between standardized 
Tahiti monthly average sea level pressure anomalies and standardized 
Darwin monthly average sea level pressure anomalies. 
The base period used for calculating the anomalies is January 1991 to 
December 2020.
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Climate phenomena on Earth

https://www.climate.gov/news-features/understanding-climate/climate-variability-north-atlantic-oscillation

NAO – North Atlantic Oscillation
The North Atlantic Oscillation (NAO) Index describes 
changes in the strength of two recurring pressure 
patterns in the atmosphere over the North Atlantic: a 
low near Iceland, and a high near the Azores 
Islands.
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weather events review 2024

https://sites.ecmwf.int/data/c3sci/global-climate-highlights/2024/chart-gallery/supplementary/GCH2024-gallery-figureS1/figureS1.pdf
https://www.globalwater.online/globalwater/report/index.html#gallery

Year
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weather events review 2024

Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

January
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202401

January
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weather events review 2024

Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

February
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202402

February
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weather events review 2024

www.keraunos.org

March
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202403

March
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weather events review 2024

www.keraunos.org
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202404

April
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weather events review 2024

https://www.theguardian.com/environment/article/2024/may/04/inside-an-oven-how-life-in-south-east-asia-is-a-struggle-amid-sweltering-heat
https://www.tgnns.com/news/extreme-heatwave-in-india-why-2024-is-the-hottest-year/2024/05/26
Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

May
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202405

May
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weather events review 2024

June

https://www.severe-weather.eu/global-weather/first-significant-heatwave-summer-2024-forecast-europe-mk/
https://wmo.int/media/news/more-extreme-heat-demands-coordinated-action
Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

https://www.meteomedia.com/fr/nouvelles/meteo/previsions/chaleur-une-region-du-quebec-se-souviendra-longtemps-de-ces-records
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weather events review 2024

June

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202406
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weather events review 2024

https://www.severe-weather.eu/global-weather/heatwave-olympic-games-weather-forecast-france-2024-western-europe-mk/
https://phys.org/news/2024-08-japan-hottest-july-began.html

July

Most of Western Europe will face a short but intense heatwave 
as the Olympic Games 2024 kick-off. A warm plume of air mass 
will spread temperatures exceeding the +40 °C threshold across 
parts of France and close to +45 °C in Spain again.

Japan sweltered through its hottest July 
since records began 126 years ago, the 
weather agency said, as extreme heat 
waves fueled by climate change engulfed 
many parts of the globe.
Temperatures in the country were 2.16 
degrees Celsius higher than average, 
breaking last year's record for July of 1.91 
degrees Celsius above average
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202407

July
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weather events review 2024

www.keraunos.org

August
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202408

August
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weather events review 2024

https://emergency.copernicus.eu/news/floods-in-central-eastern-europe-september-2024/
https://smoglab.pl/europa-walczy-z-powodziami-2024/
Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

September
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weather events review 2024

https://wmo.int/media/news/devastating-rainfall-hits-spain-yet-another-flood-related-disaster
https://www.usnews.com/news/best-countries/slideshows/here-are-10-of-the-deadliest-natural-disasters-in-2024?slide=2 6  

October
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202410

October



35

weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202411

November
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202412

December



37

weather events review 2024

www.keraunos.org
https://www.controluce.it/osservatorio-citta-clima-nel-2024-a-roma-il-record-di-eventi-meteo-estremi/
New Zealand https://blog.metservice.com/node/1192
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weather events review 2024

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202413
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weather events review 2025

x.com

Last 2 weeks
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Gdansk PL weather records
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