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Summary

That the world has warmed since the 19th century is unequivocal. Evidence for warming
includes changes in surface, atmospheric and oceanic temperatures; glaciers; snow cover; sea
ice; sea level and atmospheric water vapour. We know that humans have been the main cause
of this warming through emissions of greenhouse gases. We also know that continued
emissions of greenhouse gases will cause further warming and changes in all components of
the climate system, and at all scales from local to global. How much warming will be
experienced over the course of this century depends on future emissions of greenhouse gases.
If we continue on a business as usual course, Earth’s average temperature is likely to increase
by between 2.6°C to 4.8°C above today’s levels, with associated increases in extreme events
and sea level rise. For Ireland, such changes would likely mean more frequent wet winters,
dry summers and hot summers which would pose challenges for water and flood risk
management, agriculture and tourism. In an attempt to avoid the worst impacts of climate
change, the Paris Agreement commits to limiting global temperature rise to not more than
2oC above pre-industrial temperatures. We are already approaching the half way point to that
target.
1. Introduction and context
This document is written as a high level background brief to inform discussions of the
Citizen’s Assembly. The paper draws on the work of the Intergovernmental Panel on Climate
Change (IPCC) – especially the Fifth Assessment Report (AR5), which represents the latest
consensus view of the scientific community. These reports are compiled by hundreds of
scientists from across the world, who summarise developments and insights from the
scientific literature published in peer reviewed journals. The report is signed off by all
countries. The IPCC thus provide an authoritative assessment of our state of knowledge on all
aspects of climate change. The subsequent sections of this brief are organised around the key
questions that I was requested to cover.
2. What is the Physical Science Basis for Anthropogenic (Human caused) Climate
Change?
The energy that drives Earth’s climate system is derived from the sun in the form of radiation
(in the form of solar radiation). Physics tells us that hotter objects emit radiation at shorter
wavelengths. Energy from the sun (a very hot object) is dominated by shortwave radiation.
This shortwave solar radiation, when absorbed by the atmosphere and ground surface is
transformed into heat. As the earth’s surface heats up it also emits radiation. However, given
that the earth is much cooler than the sun, this radiation is characterised as shortwave. The
Earth’s atmosphere is composed mainly of nitrogen (78.1%), oxygen (20.9%) and argon
(0.93% volume). These gases have only limited interaction with either shortwave (from the
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sun) or longwave (from the earth) radiation. If the atmosphere was only composed of these
gases, then Earth’s average temperature would be in the order of -18oC. This is patently not
the case, and would result in a world very different to the one we inhabit.
Earth’s average temperate is actually in the range of 15-16oC (33oC higher). This difference
is due to the presence of small amounts of important gases in the atmosphere – the
greenhouse gases. Under natural conditions these gases (which include carbon dioxide,
methane, nitrous oxide) have a total volume of less than 0.1% of the atmosphere. However,
because these greenhouse gases absorb the longwave radiation emitted by the Earth, they
serve to raise the temperature near the Earth’s surface. Thus, the natural greenhouse effect
acts to trap heat within the lower atmosphere, giving the Earth a temperature that has allowed
life as we know it to thrive. This effect is the reason why this process is likened to the
greenhouse in a back garden, whereby shortwave radiation from the sun passes through the
glass and heats the ground and plants. As these in turn begin to heat up, they emit longwave
radiation which is not as effective at escaping the greenhouse, causing it to warm up.
Concerns about human caused climate change derives from the role that we have played in
increasing the amount of greenhouse gases in the atmosphere, resulting in an enhanced
greenhouse effect. Given the important role of the greenhouse gases, especially carbon
dioxide in regulating Earth’s temperature, increased concentrations of greenhouse gases
enhance the absorption and emission of longwave thermal radiation causing temperatures to
increase. This has knock on consequences for all aspects of the climate system. Over the last
thousands of years ice core records (among other sources) reveal an average carbon dioxide
concentration of approximately 280 parts per million (ppm) in the atmosphere. Since the
industrial revolution human activities have resulted in a large increase in the amount of
carbon dioxide (and other greenhouse gases) in the atmosphere, primarily through the
burning of fossil fuels. In September 2016 the concentration of carbon dioxide in the
atmosphere exceeded 400 ppm for the first time in human history. Ice cores taken from
Greenland and the Antarctic allow us to establish greenhouse gas concentrations in the
atmosphere going back thousands of years. These tell us that current concentrations of carbon
dioxide, methane and nitrous oxide are at levels that are unprecedented in at least the last
800,000 years. The increase in greenhouse gases in the atmosphere since the industrial
revolution has already resulted in a global temperature increase of approximately 1oC.
If the amount of carbon dioxide were doubled instantaneously, with everything else
remaining the same, the temperature of the lower atmosphere (where we live and experience
weather) would have to increase by approximately 1.2°C, in the absence of other changes. In
reality, feedbacks within the climate system (such as an increase in water vapour in a warmer
atmosphere, which is itself a greenhouse gas) would amplify the temperature increase
associated with a doubling of carbon dioxde to 1.5 to 4.5°C. Global temperature increases,
even at the lower end of this range, would have significant impacts of societies around the
world.
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Figure 1 Left: Global mean temperature for the years 1850-2016 (with estimate of where 2017 will sit) relative to
1961-1990 and right: distribution of heat in 2016 – the warmest year in the instrumental record.

Despite discussions of human caused climate change in the public arena being a relatively
recent phenomenon, scientists have for a long time understood the role of the natural
greenhouse effect in regulating Earth’s temperature and the consequences of human activity
in driving climate change through increased emissions of greenhouse gases. In 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’. In 1860 Irish scientist, John Tyndall, measured the absorption of
longwave thermal radiation by carbon dioxide and water vapour, and in 1896 Swedish
scientist, Svante Arrhenius was the first to calculate the effect of an increase in greenhouse
gas concentrations in the atmosphere. The science behind climate change is thus well
understood and long established.
3. How do we know that the climate is changing, and how to we know that humans are
responsible?
That the world has warmed since the 19th century is unequivocal. 2016 has been the warmest
year globally since records began and was the third record breaking year in a row. Evidence
comes from multiple independent climate indicators, from high up in the atmosphere to the
depths of the oceans. This multitude of evidence is summarised by the IPCC in their 5th
assessment report, and nicely summed up in their FAQ 2.1, which is borrowed from here.
Evidence for warming includes changes in surface, atmospheric and oceanic temperatures;
glaciers; snow cover; sea ice; sea level and atmospheric water vapour. Scientists from all over
the world have independently verified this evidence many times.
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Figure 2 It is only when we account for the contribution of humans through increased greenhouse gas emissions that
we even come close to explaining the warming since the mid 20th Century.

A rise in global average surface temperatures is the best-known indicator of climate change.
Warming land temperatures correspond closely with the observed warming trend over the
oceans. Warming air temperatures over the ocean, measured from aboard ships, and
temperatures of the sea surface itself also coincide, as borne out by many independent
analyses. As the oceans warm, the water itself expands. This expansion is one of the main
drivers of the independently observed rise in sea levels over the past century. Melting of
glaciers and ice sheets also contribute. A warmer world is also a moister one, because warmer
air can hold more water vapour. Water vapour in the atmosphere has increased over both the
land and the oceans. The amount of ice contained in glaciers globally has been declining
every year for more than 20 years. Spring snow cover has shrunk across the northern
hemisphere since the 1950s. Substantial losses in Arctic sea ice have been observed since
satellite records began, particularly in September at the end of the annual melt season.
Analysis of these different indicators and independent data sets has led many separate
research groups to all reach the same conclusion. From the deep oceans to high in the
atmosphere, the evidence of warmer air and oceans, of melting ice and rising seas all points
unequivocally to one thing: the world has warmed since the late 19th century.
We know that humans have caused this warming through emissions of greenhouse gases.
Other ‘natural’ factors can change climate. For example, changes in the Earth’s orbit around
the sun influence the progression of ice ages, solar output fluctuates on cycles, volcanic
eruptions can influence climate at global scales. However, consideration of only these natural
factors does not come close to explaining the warming we have seen over the last 50 years or
more. It really is only the increase in greenhouse gas concentrations in the atmosphere that
can explain the abundant evidence for a warming world (see Figure 2).
4. How do scientists assess future impacts of climate change?
Future climate change impacts are derived using Global Climate Models (GCMs) to project
future changes in climate. These are complex, physically based computer models that
incorporate cutting-edge understanding of the climate system and key physical processes.
Indeed, they are very similar to the models used for producing weather forecasts except they
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are run over longer time periods (decades rather than days). These models are capable of
reproducing observed global and continental scale surface temperature patterns and trends
over many decades, including the rapid warming since the mid-20th century (see Figure 3).
Future scenarios of greenhouse gases are used as input to these models to explore how
differing global concentrations of greenhouse gases are likely to affect important climatic
variables such as temperature, precipitation and sea levels. These models operate at large
scales and are usually downscaled from global to regional and local scales so that their
outputs can be used as inputs to impacts models to explore how changes in climate might
impact on specific sectors. For example downscaled output might be used as input to crop
models to examine how changing temperatures may impact agricultural production, or used
as input to a hydrology model to examine future changes in water availability or changes in
floods.

Figure 3 Assessment of the ability of climate models to capture the warming experienced in global mean temperature.
The grey shaded area represents the range of simulated change from multiple climate models and the black line
represents the ensemble mean (central estimate of change from the range). The coloured lines are different
independent measures of global mean temperature. Source: Gavin Schmidt, NASA.

Of course modelling the future is not a precise science and has uncertainties associated. There
are a large number of different climate models that have subtle differences in how they are
formulated. Different models give different results. Given the importance of understanding
future impacts to society, studies usually employ a number of different models (ensembles)
so that a good handle can be obtained on ranges of future change. How emissions of
greenhouse gases will evolve over the coming decades is difficult to gauge. Therefore
scientists tend to use different scenarios (possibilities) of future concentrations of important
gases such as carbon dioxide. These are formulated to represent different outcomes, for
example where emissions continue to increase as they are now - a business as usual scenario;
or more optimistic scenarios that see reductions in greenhouse gas concentrations relative to
today; and different situations in between these.
In their Fifth Assessment Report, the IPCC use what are called Representative Concentration
Pathways (RCPs) to represent different greenhouse gas emission pathways over the coming
decades. A short synopsis of the main RCPs are given in Table 1. Highlighted are the two
most important for this presentation – RCP 8.5 which represents business as usual and RCP
2.6 which realises ambitious and deep reductions in greenhouse gas emissions – enough for
us to avoid ‘dangerous’ climate change.
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Representative Concentration Pathway (RCP)

What it means for greenhouse gases
No policy changes to reduce emissions leading to
high GHG concentrations. This is business as
usually essentially.

RCP 8.5

Greenhouse gas emissions peak in 2060, 75% above
current levels and decline to 25% above to today by
2100

RCP 6

RCP 4.5

Greenhouse gasemissions increase only sightly from
current levels and begin to decline around 2040

RCP 2.6

Greenhouse gas emissions stay at current levels until
2020 and then decline and become negative by 2100.
Ambitious GHG reductions required. This is an
ambitious pathway that keeps global warming to
within 2 degrees above pre-industrial temperature.

Table 1 Overview of the Representative Concentration Pathways (RCPs) used to explore climate in different futures
that are marked by different concentrations of greenhouse gases in the atmosphere. These range from the business as
usual RCP 8.5 to the best case RCP 2.6.

5. What impacts can we expect from climate change?
Continued emissions of greenhouse gases will cause further warming and changes in all
components of the climate system and at all scales from local to global. Over the next
decades change will be dominated by natural climate variability. Beyond mid-century choices
based on emissions scenarios begin to dominate.
5.1 Global Level
Increases of global mean surface temperatures for the end of this century (2081–2100)
relative to present (1986–2005) depend on which greenhouse gas pathway we follow. For a
business as usual future (RCP 8.5) Earth’s average temperature is likely to increase by
between 2.6°C to 4.8°C above today’s levels. Under the most optimistic scenario (RCP 2.6 –
which requires deep action globally in reducing greenhouse gas emissions) average
temperature is likely to increase by between 0.3°C to 1.7°C. It is critical to realise that these
are average values and that some parts of the world will warm by much more. It is also the
case that an increase in average temperatures will result in more extreme events. Figure 4
shows the distribution of warming under both scenarios. The Arctic region will warm more
rapidly than the global mean, and warming over land will be larger than over the ocean. It is
virtually certain that there will be more frequent hot and fewer cold temperature extremes
over most land areas as global mean temperatures increase. It is very likely that heat waves
will occur with a higher frequency and duration. As the ocean continues to warm under a
business as usual future, expansion of ocean water as it warms (thermal expansion), together
with melting from land based glaciers and ice sheets will contribute to a global sea level rise
of up to 1 metre by 2100, relative to today. Without adaptation this would have significant
implications for many of the world’s coastal cities.
These changes have knock on consequences for other aspects of the climate system. We
expect wet parts of the world to become wetter, with associated increases in rainfall and
flooding. Conversely, dry regions are expected to become drier with consequent impacts on
water shortages and agriculture. Examining the very large body of scientific work exploring
impacts of climate change, the IPCC has concluded that to avoid dangerous climate change,
temperature increases above pre-industrial should be limited to no more than 2oC. It is worth
re-emphasising that we have already experienced nearly 1oC of warming since pre-industrial
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times. Once we exceed 2oC the risks to global societies from extreme weather events increase
quickly, the distribution of impacts across the globe increases, the aggregate impacts become
heighted and the risk of abrupt and irreversible changes in Earth’s climate system increase.
The only future emissions pathway that allows us to avoid exceeding this 2 degree threshold
is the ambitious RCP 2.6.

Figure 4 Projections of future changes in temperature at a global scale for the end of this century relative to the
present for both an optimistic mitigation scenario (RCP2.6) and business as usual scenario (RCP8.5). The maps
illustrate that warming under either scenario will not be evenly distributed.

5.2 In Ireland, what climate change impacts can we expect in future decades?
Recent national scale extreme events, from the winter storms of 2013/14 to the flooding of
the Shannon and other catchments associated with Storm Desmond, serve to highlight
Ireland’s vulnerability to extreme events. Much work has been completed by different
research groups from Irish Universities and Met Eireann on exploring future impacts. This
work shows that here we are likely to experience wetter winters, drier summers and more
frequent extreme weather events, with associated implications across multiple sectors.
However for communication purposes perhaps the most useful study is that of Matthews et
al. (2016) who examined how the probability of memorable extreme events have changed in
the past and how frequent such extremes are likely to become in future.
Over the period 1900–2014 records suggest that a summer as warm as 1995 has become 50
times more likely, whilst the probability of a winter as wet as 1994/1995 (the wettest winter
on record until winter 2015/2016) has doubled. The likelihood of the driest summer (1995)
has also doubled since 1850. Under the business as usual (RCP 8.5) scenario, climate model
projections suggest that our hottest summer historically may be seen as an unusually cool
summer in future. By the end of the century, summers as cool as 1995 may only occur once
every 7 years or so. Winters as wet as 1994/95 and summers as dry as 1995 may become 8
and 10 times more frequent, respectively. Insights into what these changes mean for Irish
society is afforded by examining the impacts that these extremes had. The hot and dry
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summer of 1995 was associated with increased mortality (especially among the elderly and
infirm) in Ireland. Rainfall deficits and water shortages in summer 1995 also adversely
impacted the agricultural sector. The effects of the latter have the potential to be felt
internationally through Ireland’s agricultural exports. The possibility of summer temperatures
as warm as 1995 occurring almost 90 percent of the time by the end this century under a
business as usual scenario must be of concern.
Water shortages were a common occurrence across Ireland in 1995, with record low water
levels on the Shannon impacting tourism. Water supplies for major cities like Dublin were
also tested. Given that water supply in Dublin has failed to keep pace with increased demand
from population growth and other factors, summers as dry as 1995 becoming 10 times more
frequent would pose significant challenges for many of our large urban areas. The wettest
winters on record have also been associated with widespread flooding. Under a business as
usual scenario, winters as wet as 1994 becoming 8 times more frequent). Together with the
population growth expected in Ireland over the coming decades, and the already high flood
exposure, such change would likely make flooding a much more familiar experience for Irish
society.
To date, only one study has assessed future changes in floods and droughts across Europe in
the context of mitigation being successful in limiting global warming to 2oC above preindustrial levels. This study shows that even at 2oC, the impacts of climate change for Ireland
are likely to be significant, with Ireland being a hotspot for both floods and droughts within
the context of Europe (Roudier et al., 2016). Such research shows that even if we, as a global
community, are successful in realising ambitious greenhouse gas reductions, adaptation to
climate change induced extremes will remain necessary.
So what are our options?
In responding to climate change there are two broad policy options: mitigation and
adaptation. Mitigation concerns treating the cause of the problem, adaptation concerns
making changes to avoid the adverse impacts of a changing climate. Mitigation is about
reducing our emissions of greenhouse gases so as to limit the amount of warming that
happens over the coming decades. Ultimately, mitigation means reducing our dependence on
fossil fuels in all aspects of our lives. All actors, from individuals, households, businesses,
governments, to the international community and international corporations have an
important role to play in mitigation.
Adaptation recognises that some degree of climate change will happen and concerns making
plans to reduce the possible negative implications of climate change and to make the most of
any opportunities that may arise. In essence, this means adjusting the systems and services
upon which we depend to accommodate changes in climate. Too often mitigation and
adaptation are treated as independent strategies. In reality, even if we could somehow stop all
greenhouse gas emissions right now, some degree of warming will still result. Additionally,
even at 1.5 and 2oC warming impacts will still be felt. For instance at 1.5oC the population of
the world exposed to potentially deadly heat stress is likely to increase by a factor of 6, for
warming of 2oC the same exposure likely increases by a factor of 12 (Matthews et al, 2017).
Therefore, the twin policy approaches of mitigation and adaptation will need to be
implemented together.
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