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The natural greenhouse effect – a very 
different world without it!

Without the greenhouse gases our 
planet would have an average 
temperature of approx. -19oC

1827- A French scientist, Jean-
Baptiste Fourier, first recognised 
the warming effect of 
greenhouse gases in the 
atmosphere. He used the 
analogy of the glass in a 
greenhouse, which led to the 
name ‘greenhouse effect’.

1860- Irish scientist, John Tyndall, 
measured the absorption of 
infrared radiation by GHGs

Source IPCC TAR









• The likely range of total human-
caused global surface 
temperature increase from 
1850–1900 to 2010–2019 is 
0.8°C to 1.3°C, with a best 
estimate of 1.07°C.

• It is likely that well-mixed 
GHGs contributed a warming of 
1.0°C to 2.0°C, other human 
drivers (principally aerosols) 
contributed a cooling of 0.0°C 
to 0.8°C, natural drivers 
changed global surface 
temperature by –0.1°C to 0.1°C, 
and internal variability changed 
it by –0.2°C to 0.2°C.







2020 temperature minus the long term mean



• October 2021 
was globally 
the 3rd 
warmest (as 
per ERA5 
data).

• But if 
considering 
only the land 
area (where 
we people 
actually live!), 
the month was 
the *1st 
warmest* on 
record.



Glaciers and ice sheets are retreating (melting) and 
the rate of change is highly unusual

Figures courtesy Sebastian Gerland

Ice is melting



Sea ice:
• Extent / area decreased
• Younger
• Thinner
• Moving faster

Figure courtesy Zachary Labe

And sea ice is decreasing



The oceans are warming at all depths.

Over 90% of the energy accumulated in the climate system is accumulating in 
the oceans.

Oceans are warming



Sea level has increased and current 
sea levels are unusual in the context 
of at least the past 3 thousand years

Figure courtesy Catia Domingues

Sea level is increasing as a result



The terrestrial biosphere is 
responding in ways that are 
unusual

Figure courtesy Russ Vose

The plants are responding



• Climate change is unequivocal

• Changes in key indicators across the atmosphere, oceans, cryosphere and 
biosphere are happening at a rate unprecedented since at least the last 
deglaciation.

• Most key indicators are now in states unseen for centuries through to many 
millennia.

Global Climate is changing



Ireland’s climate is changing too 







Heavy rainfall events more common in summer in SE

R20mm

Source: Harrigan, 2016



Memorable Irish extremes – how has their likelihood changed?

Over the period (1900–2014) records suggest a greater than 50-fold increase in 
the likelihood of the warmest recorded summer (1995), whilst the likelihood of 

the wettest winter (1994/95) and driest summer (1995) has respectively 
doubled since 1850.
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And extremes?

IPCC AR5 FAQ 2.2, Figure 2 | Trends in the frequency (or intensity) of 
various climate extremes (arrow direction denotes the sign of the 
change) since the middle of the 20th century (except for North Atlantic 
storms where the period covered is from the 1970s).

Shift in the timing of European Floods (Bloschl et al., 
2017; Science)
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Can now see the fingerprint of climate change on 
many extreme events around the world
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Understanding future climate

Source: Gavin Schmidt NASA
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What future do we want?

Source: IPCC AR5
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What future do we want? 

Source: IPCC AR5
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How frequent may those Irish events become in future?

• In a business as usual 
world..

• 1 in 8 years as dry as 1995

• 1 in 8 years as wet as 1994

• 1 in 7 years as cool as
1995

• BUT these graphs also 
allow us to consider 
vulnerability to future 
change







Projected changes (%) in low flows



What level of risk is acceptable globally?

National Dialogue on Climate Action 
Tralee // 10/11/2018IPCC SR1.5



How fast do we need to bend the curves?

National Dialogue on Climate Action 
Tralee // 10/11/2018

Current stated ambitions under 
the Paris Agreement would not 
limit warming to 1.5C , or even 
2.oC 

Effectiveness of carbon removal 
technology can only be achieved 
if global emissions start to 
decline well before 2030 (IPCC 
SR1.5)
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What can we do?
• Climate change is real, it is happening, 

and the future is in our hands

• We have a lot of work to do to bend 
the curves

• But climate action needs reduction in 
greenhouse gases AND adapting our 
systems to a changed future
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What does effective adaptation look like?
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Droughts in Europe if we stay within 2 degrees warming
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Floods in Europe 
if we stay within 
2 degrees 
warming



Sobering human impacts even at ‘safe levels’ of warming– Heat stress
• One of the most ‘robust’ changes of 

concern in a warmer climate, is an 
increasing frequency of ‘dangerously 
hot’ weather 

• Europe (2003): 70,000 fatalities
• Russia (2010): 50,000 fatalities

By 2050 about 350m more people living in 
megacities could be exposed to deadly heat 
each year.

Progressively heavier impacts as Paris targets 
breached

1.5oCwarming, the global heat stress 
burden x6
2.0oC warming, global heat stress burden 
x12
4.0oC warming, global heat stress burden 
x75

In a 2℃ warmer world, Karachi could 
experience 2015 type deadly conditions at 
least once a year. If global warming reaches 
4℃, the record heat of 2015 would be 
commonplace – more than 40 days a year 
(Lahore – similar exposure).

How is human vulnerability changing – ageing 
population?
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Conclusion
• Climate change presents us with challenges of both 

mitigation and adaptation. 

• Every action matters but the transformation ahead 
needs to be just and inclusive.

• We cannot ‘solve’ climate change by mitigation alone we 
also need to do adaptation?


