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Global temperature

Źródło https://earthobservatory.nasa.gov/world-of-change/DecadalTemp

https://earthobservatory.nasa.gov/world-of-change/DecadalTemp


Global warming

Źródło https://svs.gsfc.nasa.gov/4626

1979-1983

1918-1922

2014-2018

Global temperature in 2018 r. was  0,83 °C higher than 1951–80 average . 
2019,  2018, 2017, 2016 2015 top five since 1880 r. 

https://svs.gsfc.nasa.gov/4626


2019 in Poland

2019 mean annual temperature 10.2°C, the hottest year in the history of observations
1.9°C higher than 1981-2010 average



EARTH ENERGY BUDGET 

Input Energy= Output Energy 
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Earth radiation budget



Radiative forcing
Radiative forcing or climate forcing is the difference 

between insolation (sunlight) absorbed by the Earth and energy radiated back to 

space.

Positive radiative forcing - this net gain of energy will cause warming. 

Negative radiative forcing – this net lose determines cooling.

A system in thermal equilibrium has zero radiative forcing

Radiative forcing varies with:

* insolation, 

* concentrations of radiatively active gases, (greenhouse gases), 

* clouds,

* aerosols.



Radiative Forcing for the 
period 1750–2011

Gasses



1-year pulse efect

Sustainable development concept



Greenhouse effect

8-14 µm



Global Warming Potential (GWP)
Global warming potential (GWP) is a measure of how much heat a greenhouse gas traps in the 

atmosphere up to a specific time horizon, relative to carbon dioxide (CO2 GWP is standardized to 1). 

The GWP depends on:

•the absorption of infrared radiation by a given species,

•the spectral location of its absorbing wavelengths,

•the atmospheric lifetime of the species.



CO2 concentration 280 -> 407 ppm

Lifetime : 5-200 years

Carbon dioxide



CH4 concentration 700 -> 1866 ppb Lifetime : 12.4 years

Methane



N2O concentration 270->321 ppb Lifetime : 121 years

Nitrous oxide



Concentrations of 
radiatively active 
non-Kyoto gasses



Aerosols

The atmosphere of Earth contains aerosols of various types and concentrations, 
including quantities of:

• natural inorganic materials: fine dust, sea salt, or water droplets

• natural organic materials: smoke, pollen, spores, or bacteria

• anthropogenic products of combustion such as: smoke, ashes or dusts

Aerosols can be found in urban ecosystems in various forms:

• Dust

• Cigarette smoke

• Mist from aerosol spray cans

• Soot or fumes in car exhaust



Aerosol’s direct and indirect effects



Aerosols

Sandstorm , Negev Dessert, Israel



Sulfate



Black carbon on snow



Contrails



Land use
1750

7.9 – 9.2 millions km2

↓

1990

45.7 – 51.3 millions km2

(35-39% of terrestrial surface)

Forest area reduced by 11%) 

Biodiversity



Land use



Solar irradiance

(Bhowmik & Nandy 2018)



Radiative Forcing for the 
period 1980–2011

Figure 8.20 | Bar chart for RF (hatched) and ERF (solid) for the 
period 1980–2011, where the total anthropogenic ERF are 
derived from Monte-Carlo simulations similar to Figure 8.16. 
Uncertainties (5 to 95% confidence range) are given for RF 
(dotted lines) and ERF (solid lines). 





Thank You for attention



Radiative Forcing for the 
period 1750–2011

Figure 8.17 | RF bar chart for the period 1750–2011 based on emitted compounds (gases, aerosols or aerosol precursors) or other 
changes. Numerical values and their uncertainties are shown in Supplementary Material Tables 8.SM.6 and 8.SM.7. Note that a certain 
part of CH4 attribution is not straightforward and discussed further in Section 8.3.3. Red (positive RF) and blue (negative forcing) are 
used for emitted components which affect few forcing agents, whereas for emitted components affecting many compounds several 
colours are used as indicated in the inset at the upper part the figure. The vertical bars indicate the relative uncertainty of the RF 
induced by each component. Their length is proportional to the thickness of the bar, that is, the full length is equal to the bar thickness 
for a ±50% uncertainty. The net impact of the individual contributions is shown by a diamond symbol and its uncertainty (5 to 95% 
confidence range) is given by the horizontal error bar. ERFaci is ERF due to aerosol–cloud interaction. BC and OC are co-emitted, 
especially for biomass burning emissions (given as Biomass Burning in the figure) and to a large extent also for fossil and biofuel 
emissions (given as Fossil and Biofuel in the figure where biofuel refers to solid biomass fuels). SOA have not been included because the 
formation depends on a variety of factors not currently sufficiently quantified. 



Deforestation

Annual growth rate in forest area by world region 1990-2009 (FAO, 2013)

Estimated deforestation by type of forest and time period pre-1700-2000 (FAO, 
2012)


