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’Greenhouse gases constltute a group of gases contrlbutmg to
global warming and cllmate change’

. (europa. eu)

OXYGEN AND NITROGEN
"While oxygen is necessary for
most life on Earth, the majority
of Earth’s atmosphereis not
oxygen. Earth’s atmosphereis
composed of about

~ 78 percent nitrogen,

21 percent

oxygen,

0.9 percent

argon, and

0.1 percent -

other gases.

(nationalgeographic.org)

GREENHOUSE GASES

Garbon Dioxide (CO3)
Methane (CH4)

Nitrous oxide (N20)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)

Sulphur hexafluoride (SF6)
Nitrogen trifluoride (NF3)



The Kyoto
Protocol, an
environmental
agreement
adopted by
(UNFCCC)in 1997
covers

seven greenhouse
gases:

The non-fluorinated gases:
* carbon dioxide (CO,)
* methane (CH,)

* nitrous oxide (N,O)

The fluorinated gases:

* hydrofluorocarbons (HFCs)
* perfluorocarbons (PFCs)

* sulphur hexafluoride (SF)

* nitrogen trifluoride (NF,)



Methane (CH4)

Methane is a powerful greenhouse gas,
25 times more potent than @
carbon dioxide at trapping heat in the
atmosphere. Agricultural activities,
waste management, energy use, and ;
biomass burr'ing all contribute to CH4
emissions. _ -

Nitrous oxide (N20): Agr&mltu’als ;
act|V|t|es such as fertilizer use, are the
.¢ prlmary source of N20 emissions. Fossil

fuel combustlo? also generates N20. .
) ’ ' AN ' | .' | ‘ 0, A ) '
https:// \'ml. 1oaa.gov/aggi/ 1 = d
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Carbon dioxide (C0O2)

A naturally occurring gas, CO2 is also a by-product of burning fossil
fuels (such as oil, gas and coal), of burning biomass, of land-use
changes (LUC) and of industrial processes (e.g., cement production).
It is the principal anthropogenic greenhouse gas (GHG) that affects
the Earth’s radiative balance. It is the reference gas against which
other GHGs are measured and therefore has a global warming
potential (GWP) of 1. (gml.noaa.gov)



(Greenhouse gases are gases that trap heat in the atmosphere, causing
global warming and climate change. The main greenhouse gases released
by human activity are carbon dioxide, methane, and nitrous oxide, as
well as fluorinated gases used for cooling and refrigeration. To prevent
catastropnic climate change, the world’'s governments must work together
to significantly reduce greenhouse gas emissions and keep global warming

below the dangerous threshold of 1.5°C. (undp.org)
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In a greenhouse, sunlight enters, ' ’ However, human activity is

and heat is retained. The e - resulting in the increased
greenhouse effect describes a . emission orso-Called

similar phenomenon on a greenhouse gases (GHGs)

planetary scale but, instead/es which, }Jﬂ'lke other
the glass of a greenhouse atmospheric gases such as

. e e i N oxygen and hitrogen,
certain gases are iNCreasingies s . s

o o EL becomes trappged in the
raising global temperaturosss stmosphere, unable to

escape the planet. This

energy reublpRSREeRie

surface, where itis
reapsorbed.

The surface of the EarthiebsG§aESgs
just under half of the sun'’s
energy, while the atmosphere
absorbs-23 per cent, ana @& . rest
s reflected back into spatge.
Natural processes ensure that

the amount of incoming and .
outgoing energy is equal, keeping
‘the planet’s temperature stable.

- Becatisetumeiiegainlsli=)/
enters than exits the
planet, surface
temperatures increase
~until a new balance is
achieved. (un.org)




THE GREENHOUSE EFFECT

Some solar radiation Some of the infrared radiation
Is reflected by / passes through the atmosphere.
Earth and the Some is absorbed by greenhouse
atmosphere Y. — gases and re-emitted in all directions
— — by the atmosphere. The effect of

’ , . this is to warm Earth’s
- surface and the

lower atmosphere.

Some radiatio
Is absorbed
by Earth’s
surface and
warms it

(epa.gov)



the concentration of greenhouse gases in the
atmosphere increases. These gases absorb more
solar radiation and trap more heat, thus causing

the planet to get hotter. Burning fossil fuels,

cutting down forests, and farming|
»—-"" - -

some huma :
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‘The current state of the climate can be understood

through the use of climate indicators.’ These
indicators include

CO, Concentration

CLIMATE Ocean Acidification

Global mean surface temperature

| N D | CATO RS Sea Level Rise

Sea-ice Extent

Glacier Mass Balance

Ocean Heat Content

(WMO, 2022)




GLOBAL CLIMATE
INDICATORS

‘The Global Climate Indicators are a set of
parameters that describe the changing
climate without reducing climate change to
only temperature. They comprise key
information for the most relevant domains of
climate change: temperature and energy,
atmospheric composition, ocean and water
as well as the cryosphere.” (wmo.int)

‘...seven headline indicators are
complemented by a set of subsidiary
indicators that provide additional information
and allow a more detailed picture of the
changes in the respective domain.” (wmo.int)

Temperature | | Atmospheric
and Energy || Composition

Atmospheric
CcO,

Surface
Temperature

\

Ocean
and Water

-\

J

Ocean

Acidification

Cryosphere

Glaciers

Arctic and
Antarctic
Sea Ice
Extent




IMPACTS

‘“There is strong scientific evidence that human-induced
greenhouse gas emissions are the main cause of climate change.
Through atmosphericand ocean warming, these emissions
worsen extreme weather events, cause rising sea levels and
other environmental changes which threaten people and nature

around the world.’ (UN)
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Annual Greenhouse Gas Index (AGGI)

The AGGI is a measure of the climate-warming influence of long-lived trace gases in the atmosphere and how that
influence has changed since the onset of the industrial revolution. The index was designed to enhance the connection
between scientists and society by providing a normalized standard that can be easily understood and followed. The
warming influence of long-lived greenhouse gases is well understood by scientists and has been reported by NOAA
through a range of national and international assessments. Nevertheless, the language of scientists often eludes policy
makers, educators, and the general public. This index is designed to help bridge that gap. The AGGI provides a way for
this warming influence to be presented as a simple index. (gml.noaa.gov)



The NOAA Annual Greenhouse Gas Index
(AGGI) measures the commitment society
has already made to living in a changing
climate. It is based on the highest quality
atmospheric observations from sites
around the world. Its uncertainty is very
low.

Global average abundances of the major,
well-mixed, long-lived greenhouse gases -
carbon dioxide, methane, nitrous oxide,
CFC-12 and CFC-11 - from the NOAA global
air sampling network since the beginning
of 1979. These five gases account for about
96% of the direct radiative forcing by long-
lived greenhouse gases since 1750.

The atmospheric abundance of CO2 has
increased by an average of 1.88 ppm per
year over the past 42 years (1979-
2021)(gml.noaa.gov)
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RISING ATMOSPHERIC CO, CONCENTRATIONS AND
SIX KEY CLIMATE INDICATORS

> OCEAN
ACIDIFICATION >
Rising poverty

HIGH IMPACT
EVENTS Food insecurity

CO2 CONCENTRATION

ADDITIONAL
GREENHOUSE EFFECT &
RADIATIVE FORCING

SURFACE
TEMPERATURE

-------

OCEAN HEAT
CONTENT Slowdown of the
global
thermohaline

infrastructure

circulation

Rising inequalities

GLACIAL MASS

Melting of the Jet Stream
cryosphere Weakening Displacement
SEA ICE EXTENT El Niffo southern
Ecosystem collapse
oscillation e
4 Biodiversity loss
SEA LEVEL RISE I -
Legend Conflict
WMO Reinforcing
- E— Interconnection @ ~ " "»
- Indicators feedback loop

Source : IPCC, WMO

Rising atmospheric CO2 concentrations lead to cascading effects via six of the other key

climateindicators that perpetuate warmingand contribute to high impact events, risking the
achievement of the Sustainable Development Goals (SDGs). (storymaps.arcgis.com/)



Interconnections between the WMO climate indicators

CO, concentration

Carbon dioxide (CO,) emissions result from the burning of fossil fuels, land-use changes and melting
permafrost. Approximately half of CO, is absorbed by natural carbon sinks, such as the ocean or
vegetation through photosynthesis, and the remaining half remains in the atmosphere. Consequently,
CO, concentration increases the natural greenhouse effect and subsequently the Earth’s temperature.

Ocean acidification Feedback loops
(e.g. permafrost

thawing,
One quarter of CO, emissions are ice-albedo effect)

absorbed by the ocean, which
increases ocean acidity.

Global mean

Ocean heat content Glacier mass balance Sea-ice extent
surface temperature

The additional greenhouse effect Heat uptake by the global ocean As : laci A ton f
leads to the augmented accounts for more than 90% of tempgratures divsrsdl, szt e temperatures_rlse i
> and ice sheets shrink in the poles, sea icemelts at
accumulation of energy on Earth, the excess heat trapped AT SRR
which then warms its surface. in the Earth system. ) 9 ’

Sea-level rise

Glacial melt and ocean thermal expansion
explain about 75% of observed global mean
sea-level rise.



Some countries
produce much
more than others

The 100 least-emitting countries
generate 3 per cent of total
emissions. The 10 countries with

the largest emissions contribute 68
per cent.

People and countries creating
more of the problem have a
greater responsibility to act first.
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Continued greenhouse gas emissions will lead
to increasing global warming, with the best
estimate of reaching 1.5°C in the near term in
considered scenarios and modelled pathways.

Every increment of global warming will intensity
multiple and concurrent hazards (high
confidence). Deep, rapid, and sustainec
reductions in greenhouse gas emissions would
lead to a discernible slowdown in globa
warming within around two decades, and also
to discernible changes in atmospheric
composition within a few years (high
confidence). (IPCC, 2023)

Concentrations of GHGs have increased rapidly since 1850

(scaed to martch their assesss
’ Y MY |
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Greenhouse gas (GHG) emissions resulting
from human activities continue to increase
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Planting more trees and protecting carbon-absorbing ecosystems
|s one of the most_effectlveways of scaling up carbon capture. But
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‘Forests do much more for the climate than carbon storage and sequestration. New
scientific evidence illustrates the dramatic global cooling effect of forests through
evapotranspiration and their physical structure and chemistry. When taking these
biophysical effects into account, it is estimated that tropical forest conservation
could provide 50 percent greater global cooling than previously thought. This extra
global climate change mitigation is complemented by the ability of forests to
regulate rainfall and stabilize local climate, helping minimize extreme weather and
making forests essential for climate change adaptation and resilience.”

(Lawrence, D., Coe, M., Walker, W., Verchot, L. & Vandecar, K. 2022. The Unseen
Effects of Deforestation: Biophysical Effects on Climate. Frontiers in Forests and
Global Change, 5. www.frontiersin.org/articles/10.3389/ffgc.2022.756115)



