b

GRESHAM COLLEGE

30 SEPTEMBER 2019

THE LIMITS TO GROWTH AND THE ECOLOGICAL CRISIS:

WHAT ROLE FOR A CRIME OF ECOCIDE?

PROFESSOR DAMIEN SHORT

It is the interaction of the economy + technological change + energy prices that determines growth and hence
emissions — not just the source of fuel. Energy is an essential pre-requisite of economic activity and growth.
The acute problems envisaged by the 1972 Liwits to Growth report are occurring roughly as predicted;

*  The move from “conventional” to “unconventional” energy and mineral resources is an indication we have
hit a major limit. BUT, as we know, politicians are ignoring these limits.

*  Planning a sustainable future requires acceptance of the 'limits to growth'.

Extreme Energy

As conventional resource supplies diminish, new, more energy intensive, technologies are allowing Oil and Gas
companies move in to new ‘frontiers’ and gain access to ‘unconventional’ supplies:

*  (even) deeper sea drilling, drilling in the Arctic,

*  excavations of the Boreal forests of Alberta,

* mountain top removal,

* and onshore fracking in ‘developed’ countries.
The Process of Extreme Energy

Exctreme Energy is the process whereby energy extraction methods grow more intense over time, as easier to extract resources are
depleted. The process is driven by unsustainable energy consumption and is important because extraction effort is strongly correlated

with damage to both society and the environment .

Short, D, ] Elliot, K Norder, E Lloyd-Davies and ] Morley, 'Extreme Energy, Fracking and Human Rights: A
New Field for Impact Assessments?' International Journal of Human Rights, 11" May, 2015.

Energy inefficiency and societal use value - amount available to society drops as energy input levels increase:
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Unconventional Energy and climate crisis

‘we must rapidly phase out coal emissions, leave unconventional fossil fuels in the ground, and not go after
the last drops of oil and gas. In other words, we must move as quickly as possible to the post-fossil fuel era of
clean energies.” James Hansen

‘the only responsible action with regard to shale gas, or any “new” unconventional fossil fuel, is to keep it in the
ground — at least until there is a meaningful global emissions cap forcing substitution. In the absence of such an
emissions cap, and in our energy hungry world, shale gas will only be combusted in addition to coal — not as a
substitution, as many analysts have naively suggested.” Kevin Anderson: Tyndall Centre

Why Growth?

The idea of economic growth is that it gives us all more to make us 'happier’. Recent studies suggest that this is
not the case, and that fifty+ years of growth has not made us significantly happier AND has massively increased
our ecological problems to crisis levels.

Summary - current predicament:

* peaking resources,
* drive towards extreme energy
* anthropogenic climate change

* cecological crisis
Solutions?
International law: Ecocide?
What lessons can we take from the UN history of genocide and ecocide?

Genocide was politically diluted from a broad sociological concept that could have protected cultural
distinctiveness and integrity of social groups, indigenous and minority both.

BUT, there is a growing campaign to put a law prohibiting ecocide in place at the very top as an international
crime,

*  Would be over and above all other laws to prevent mass damage, destruction to or loss of ecosystems.

* To do this - amend the Rome Statute.



Requires a Member State to table it at Review Conference

Chief advocate — the late Polly Higgins defined ecocide as:

‘The extensive destruction, damage to or loss of ecosystem(s) of a given territory, whether by human agency
or by other causes, to such an extent that peaceful enjoyment by the inhabitants of that territory has been
severely diminished.’

But a law prohibiting ecocide may do very little to change our current unsustainable levels of consumption
of oil and gas.

Developed countries are of course most responsible.

International Energy Agency Data (2018)

2016 total carbon dioxide emissions from 2016 per capita carbbon dioxide emissions

2016 total emissions country rank Country fuel combustion (million metric tons) from fuel combustion (metrictons)

1 China 90568 6.4

United States 48331 15.0
3 India 2076.8 LG
4 Russian Federation 14386 2.9
5 Japan 11471 .0
1] Germany 7316 8.9
7 South Korea 5892 11.6
] Islamic Republicof ran 5634 71
9 Canada 5408 149
10 Saudi Arabia 527.2 16.3
11 Indonesia 4549 1.7
12 Mexico 4453 3.6
13 Brazil 4167 2.0
14 South Africa 4144 74
15 Australia 2924 16.2
16 United Kingdom 3711 5.6
17 Turkey 1388 4.2
18 Italy 35T 54
19 Poland 293.1 7.7
20 France 2929 4.5



We need to return to 1950s levels of consumption.

Fix and repair rather than replace. Buy less stuff.

Diet

Calculations vary depending on what is included, but roughly stated — industrial agriculture accounts for up to a
quarter of the world’s greenhouse gases.

Agricultural emissions include methane from the livestock production process,
nitrous oxide from the use of fertilisers and deforestation, driven by the need to expand the land area devoted to

the production of food for humans and for animals...

This adds to carbon dioxide in the atmosphere. We have rough ideas for reducing fossil fuel use — via renewable
electricity through wind and solar, and switching to battery cars and lorries for transport etc but little is ever

Consumption: ‘stuff’

Other Home

Energy Use
15%

hitps/Ystonpofstufforg/movies/ story-of-stuff)

Source — MAHB, Stanford University
https:/fmahh. stanferd edufwelcome/the-mahb-organizaticn.

suggested by way of change in agricultural practices. Convincing national or international plans for fundamental
changes to agricultural practices are currently absent from much high-level policy forums. There is no current plan
for a fundamental paradigm shift in global farming but unless this is changed, all long-term targets for greenhouse
gas reductions are unattainable.

© Professor Damien Short, 2019
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HOW TO AVOID A CLIMATE CATASTROPHE

PROFESSOR GEOFFREY BEATTIE

We need nothing short of a ‘green revolution’ to avoid a climate catastrophe, and a global green revolution at that.
A green revolution in terms of political focus and infrastructure (transport, energy, architectural design,
engineering etc.) but also a green revolution in terms of our everyday behaviour as consumers and the choices we
make in our everyday lives. We, the public, are the key (at all levels - national level, cities/towns, communities,
groups, families, individuals) and we must be the catalyst for change. For this reason, I would suggest, psychology
must be central to the whole climate change issue.

It is worth reminding ourselves at the outset, when it comes to climate change, that the scientific evidence is
overwhelming. There is indeed a remarkable scientific consensus on climate change — ‘remarkable’ because it is
rare to see this degree of scientific agreement on anything. The science tells us that ‘Climate change threatens the
basic elements of life for people around the world” and, in addition, that ‘Human activities are a major driver of
this rapid change in our climate...particularly patterns of consumption and energy use, driven by consumer
demand for higher standards of living.’

But there is little evidence of widespread change in these aspects of our behaviour, in the light of the unambiguous
scientific evidence. Consider, for example, Unilever’s ‘Sustainable Living Plan’, launched in 2010, which read ‘We
are living in a world where temperatures are rising, water is scarce, energy expensive, food supplies uncertain and
the gap between rich and poor increasing...Business must be part of the solution. Sustainable, equitable growth
is the only acceptable business model....to live within the natural limits of the planet we will have to decouple
growth from environmental impact.” Unilever announced their sustainability KPI: ‘Halve the greenhouse gas
impact of our products across the lifecycle by 2020.” Unilever then reduced greenhouse gas emissions from their
manufacturing chain; they reduced deforestation; they introduced more environmentally friendly sourcing of raw
materials; they doubled their use of renewable energy; they produced concentrated liquids and powders; they
reduced greenhouse gas emissions from transport; they reduced greenhouse gas emissions from refrigeration and
they reduced employee travel, and the result of all this activity was that their ‘greenhouse gas footprint impact per
consumer has ...increased by around 5% since 2010.”

The problem, they said, was that “We have made good progress in those areas under our control but...the big
challenges are those areas not under our direct control like...consumer behaviour.” In other words, we are the
problem.

So why has this message not got through? Specifically, in terms of our:
1. Understanding
2. Belief
3. Our sense of personal vulnerability
4. Our sense of personal responsibility



5. Behaviour and action
1. Understanding

I had an experience on a bus in Sheffield a short time ago, which reminded me of some of the issues about
understanding. It was snowing. I had a notebook with ‘CLIMATE CHANGE’ written in bold sitting on my lap.
The man beside me said ‘Well, that’s bloody nonsense for start.” He pointed at the fine dusting of snow on the
street ‘So that’s global warming for you.” I didn’t want to argue on the bus, or maybe worse, so I tried to ignore
him, as he continued to harangue me relentlessly. Then there’s Donald Trump. In December 2017 he tweeted: ‘It
could be the COLDEST New Year’s Eve on record. Perhaps we could use a bit of that good old Global Warming.’
He was on vacation in Florida, frozen iguanas were dropping from trees. People were warned to leave them alone
until they defrosted. Donald Trump loved it, acting very much like the man on the bus in Sheffield and confusing
weather and climate, and therefore able to reassure themselves with any slight cold snap. There is clearly work to
be done here.

2. Belief

In terms of belief, a survey by Yale University (2010) had reported that only 52% of people in U.S. ‘believe that
global warming is happening’ (this figure fluctuates with economic conditions and other factors). 50% thought
that global warming (if it does exist) was attributable to natural causes. So, what differentiates believers and non-
believers. There are several factors:

1. Faith in/understanding of science.

2. Understanding of probabilistic terms like ‘extremely likely’ (IPCC) meaning ‘95% chance of occurring’.

3. Political and ideological position (2013: only 50% of Republican and 88% of Democrats believed in climate
change — the divergence widening after the Kyoto Protocol, 1997).

4. Education/age/social class/media consumption etc.

5. And critically individual psychology, including cognitive biases and underlying unconscious values and
attitudes. Human beings are not necessarily rational when it comes to climate change (or anything else).

3. Our sense of personal vulnerability

One cognitive bias is potentially particularly relevant here and that is ‘optimism bias’, where people overestimate
the likelithood of positive events happening to them and underestimate the likelihood of negative events. It seems
to be very common. We think that our marriages will succeed, our start-up businesses will be successful and that
we will have a long and happy life compared to everyone else. Individual smokers think that they will be the ones
who won’t get cancer. People may think that climate change will affect other places (spatial bias) and future
generations (temporal bias) but not they themselves (those particularly high in dispositional optimism are the most

extreme in this regard).

Research in neuroscience suggest that people process information in particular ways which supports an optimism
bias. One study measured brain activity as participants estimated their probability of experiencing various negative
events. They were then presented with the real information about the probability. People (but particularly
dispositional optimists) were more likely to change their estimates only if new information was better than
originally anticipated. This bias was reflected in their fMRI data. There was reduced level of neural coding of
undesirable information in a critical region of the frontal cortex (the right inferior prefrontal gyrus). Optimism
bias, in other words, is characterised by selective information processing.



In our lab, we tested the relationship between optimism and the processing of climate change messages, by asking
people to read climate change articles online with adjacent paragraphs arguing either for the scientific consensus
(‘bad’ news) or against it (‘good’ news) and we used eye-tracking to analyse their individual fixations. Where exactly
did people look? We found several significant findings:

1. A significant negative correlation between optimism level and average dwell time. In other words,
dispositional optimists spent less time attending to any arguments about climate changes.

2. A significant negative correlation between optimism level and average fixation duration but only to
arguments ‘for’ climate change. Optimists had significantly shorter fixation durations than non-optimists
on arguments for climate change.

3. Optimists concentrated more on arguments against climate change.

So, what effect does this attentional bias have? When asked to summarise these articles: 2/3 of non-optimists
framed recall in terms of the arguments for climate change (‘this article is about global warming and how 95% of
it is due to human activity’). 2/3 of optimists framed it as a debate between two opposing positions (‘it’s about
climate change, about trying to understand what’s happening with the weather and there are different points of
view’). We also found that optimists also had the strongest and most pronounced optimism bias. When we asked
our participants ‘What is the probability of you personally being affected by climate change?’: Optimists reckoned
that it was 36.5% (less than half), non-optimists reckoned it was 56.8% (more than half).

So, what are the general implications of this research? We cannot assume that people attend to climate change
messages in identical ways. Messages about climate change may not be getting through because of an inherent
cognitive bias designed to sustain our mood state. We must pay some regard to this bias in designing our
communicational strategies about climate change. A more positive overall frame about possible solutions,
interwoven throughout the message, should increase both feelings of self-efficacy and visual attention to the
underlying message.

4. Our sense of personal responsibility

So how do we mobilise the public? Can we just focus on these cognitive biases or do we need a radically, new way
of thinking about behaviour change generally? The current approach to behaviour change focusses exclusively on
measuring explicit (or self-reported) attitudes as an indicator of propensity for change, and consistently
demonstrates a ‘value-action’ gap between apparent values and behaviour. For example, in 2007 Tesco introduced
carbon labelling because (in the words of the CEO of Tesco) ‘Customers want to do more in the fight against
climate change if only we can make it easier and more affordable’, based on self-report surveys of attitudes to
climate change. This was meant to be the start of Terry Leahy’s ‘Green Revolution’, to be led by consumer demand
to drive the market. It had, after all, worked with health information on food. Tesco now planned to label all their
70,000 own brand products with carbon footprint information. It took several months to calculate the carbon
footprint of each individual product. Consumers, the reasoning went, should now choose the low carbon footprint
alternatives and lower the overall carbon footprint in consumption.

But how did consumers actually behave? They didn’t behave as they should, in terms of buying the low carbon
products and our laboratory research demonstrated (again using eye-tracking) that they hardly looked at the carbon
labels of products — other features on the products — the brand, price, value, health information, fat content,
calories etc. were significantly more important.

5. Behaviour and action



So, what is going on? Are we just reporting what might be considered socially desirable attitudes to low carbon
products and climate change? Do we even know our own attitudes? It is perhaps worth remembering Gordon
Allport’s definition of an attitude: ‘a mental and neural state of readiness organised through experience, exerting
a directive or dynamic influence upon the individual’s response to all objects and situations with which it is related.’
(Allport, 1935). The mainstream approach is that you simply introspect and report your individual preferences,
for example, towards high or low carbon footprint products. But Allport had also said: ‘Often an attitude seemed
to have no representation in consciousness other than a vague sense of need, or some indefinite or unanalysable
feeling of doubt, assent, conviction, effort, or familiarity’ (Allport 1935). So how do we measure this ‘vague sense
of need, or some indefinite or unanalysable feeling of doubt, assent, conviction, effort, or familiarity’?

We decided to use a computerised classification task (called an Implicit Association Test), which has been used in
other domains to measure ‘associative connections’ in the brain, based on how quickly participants can associate
(in this case) low’ or ‘high carbon footprint’ with the concepts of ‘good’ or ‘bad’. This test yields a ‘D’ or difference
score in reaction time and is thought to be a measure of implicit attitude. In one of our studies using the traditional
self-report measure of explicit attitude, 70% of our participants reported that they preferred low carbon products
to high carbon products (26% reported no preference; only 4% reported a preference for high carbon). The
implicit measures, however, were much more variable and critically there was no significant correlation between
the explicit and implicit measures, suggesting that the explicit and implicit attitudes were dissociated. There were
many ‘surface greens’ in our sample, who reported that they preferred low carbon products, but their implicit
attitudes to low carbon were either not that clear or were the reverse of what they had reported. Understanding
these conflicted individuals may be critical in the fight against climate change because they have not been identified
as a group thus far (and miscategorised by DEFRA and everyone else). After all they report that they prefer low
carbon products, are prepared to adapt their behaviour etc.

In general terms, explicit and implicit attitudes (as measured by the IAT) do predict behaviour to some extent but
in different domains, and in different circumstances. The IAT is a better predictor of spontaneous behaviours
when behaviour is under cognitive, emotional or time pressure (based on various meta-analyses) and a better
predictor of behaviour in sensitive domains (including racial discrimination and environmental issues). In our
research, we have found that implicit (but not explicit) attitude to carbon footprint predicted choice of low carbon
products particularly under time pressure and predicted unconscious eye fixations on climate change images and
on carbon labels.

Most importantly, we have also found that implicit attitudes can be experimentally changed (using emotive film)
with implications for behaviour change. This may hold significant promise for the future.

This research has led to the rediscovery of the unconscious, ignored by psychologists for a long time - but not,
interestingly, by all psychologists. In the smoking industry, Ernest Dichter revolutionised the marketing of
cigarettes, and in the forties and fifties he had argued that you need to access the unconscious to cure neuroses. ...
and to sell brands. You cannot ask people directly what they think of brands or what their attitudes are. Cigarette
ads at the time, he suggested, were getting it badly wrong. There was too much emphasis on taste (a ‘minor’
consideration) and poor use of doctors to say that certain brands were ‘healthier’, which unconsciously associates
cigarettes with mortality.

Dichter argued that smoking offers ‘an (unconscious) psychological satisfaction sufficient to overcome health
fears, to withstand moral censure, ridicule, or even the paradoxical weakness of enslavement to habit.” He also
dealt with the conscious, rational arguments head on. He argued that it’s the guilt associated with smoking that
gives you cancer and set up a fight against the science. Tobacco companies wanted to open a great ‘debate’ about
the effects of smoking on health. and created the Council for Tobacco Research in 1953 to fund research. Hans

4



Selye the ‘father of stress” was offered $1000 to write a memorandum saying that correlations do not prove cause
and effect. He argued that it is stress that kills, not smoking, and that smoking could be marketed as a cure for
stress. A long and fruitful partnership then developed. By the 1960s, Selye was receiving $100,000 dollars a year
from the tobacco companies. He publicly argued that smoking was a ‘diversion’ to avoid disease-causing stress.

The marketing of smoking was (very unfortunately, as we all know) a very successful behaviour change campaign,
and perhaps we should not be too anxious about assessing and changing unconscious implicit attitudes to carbon
in the pursuit of similar behavioural effects.

So how do we avoid a climate catastrophe? Here are some suggestions:

We need to help explain the science better and clear up conceptual confusions.

Climate change messages must be designed to overcome optimism bias. We cannot just scare people (‘this
house is on fire’).

We need to increase people’s feelings of self-efficacy and response efficacy when it comes to their actions.
They are crucial to making a difference.

Self-reported attitudes to carbon might lull us into a false sense of security. We need to develop and use
measures of underlying implicit attitude to carbon products and lifestyles which may be held
unconsciously.

We need to understand that many people have implicit and explicit attitudes to carbon products and
lifestyles that are dissociated.

We need to find new ways of identifying these individuals.

We need different strategies for different groups and countries (the barriers will be different). What do
these individuals see? What do they attend to?

And critically, we need to work on changing our implicit attitudes to carbon products and lifestyles by
influencing our underlying associative networks. The smoking industry has shown that such a change is
possible, with enormous implications for behaviour (the one positive legacy of this industry).

© Professor Geoffrey Beattie, 2019
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HOW TO AVERT A CLIMATE CATASTROPHE:
THE DEVELOPMENT OF CLIMATE MODELS AND HOW THEY
CAN HELP

PROFESSOR VICKY POPE

When I say that I work on the science of climate change, I am often asked two questions. The first is whether I
believe in climate change, which illustrates that there is still a poor understanding of what science is. It is about
amassing and testing objective evidence, not belief, and this is manifested in the comprehensive reports that the
Intergovernmental Panel on Climate Change produce periodically [1]. The second is whether we are doing enough?
I answer that we have to start somewhere but that progress is not fast enough (figure 1). We must also bear in
mind that some solutions have problems of their own. We must look at the complete cost of solutions over their
lifetimes and all the aspects of the impacts, not just climate change. This is the challenge for scientists and engineers
as well as policymakers, and we must take a much more multidisciplinary approach. The push to increase the
number of diesel cars in the UK did reduce carbon emissions somewhat but also led to problems with air quality.
The proposed scenarios, for the large reductions in CO2 needed to give a good chance of keeping the temperature
rise below 2°C, all require us to switch to using substantial amounts of biofuels and then capturing the carbon that
is produced when they are burnt. This could potentially reduce the amount of carbon in the atmosphere but at a
large cost to natural ecosystems and food- based agriculture: also, the technology required has not been tested at
scale.

Global
Actionby

2020

Global
Actionby

2030

2000-2010 average annual deployment rates (GW/year)

L



Figure 1. Impact on required deployment rates (GW/ year) of timing of global actions on climate change. CCS (carbon capture and
storage), BECCS' (Bio-energy and CCS).

The observational evidence of climate change, and understanding of causes of the change that we see (figure 2),
are probably the most important factors in helping people to accept that the climate is changing: first-hand
experience of extreme weather events often makes a difference as well.

Observations alone cannot help us to understand the causes, change and future risks: climate models are needed
to do this. Indeed they were used to determine the information provided in figure 1. It is important that people
understand the value of the information that models can provide, but equally important that they understand their
limitations. The models help us to understand possible future climates and the risks involved, but still contain
some major uncertainties. At the higher end of the scale of temperature rises of 4°C or more, models are untested,
since there is no real-world analogue of some of the impacts. It is quite possible that large unexpected feedbacks
could lead to very rapid unexpected changes. For example, we already know that increasing temperatures in the
Arctic are likely to acerbate the increasing greenhouse gases by releasing additional methane as the permafrost
melts.
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Figure 2: Observational evidence of climate change



Climate Simulation

The underlying physical processes required to model and forecast the weather and climate change are essentially
the same. The Met Office and its partners are unusual in that they use different flavours of the same model for
their weather and climate simulations: most other major modelling centres focus on one or the other. Both models
use the same fluid dynamics and representations of physical processes like clouds, radiative transfer and boundary
layer processes (figure 3). The weather model places more emphasis on assimilating up-to-date observations to
initialise the atmosphere model forecast, whereas the climate model places more emphasis on representing the
ocean and the chemistry and biology of the whole system. Weather models typically forecast ahead for a few days
or weeks and can therefore include much more detail of individual weather events.

Climate models on the other hand are run for a century or more and give average weather and variability.

What drives the
metofice Weather and climate?

Energy Water
cycle cycle
General Change
circulation

Figure 3: Processes included in weather and climate models

The weather and climate community has made significant progress in improving predictions and quantifying
uncertainty in recent years. This is easier to quantify for weather forecasts which are tested every day against the
real world (figure 4). The improvements are driven by a combination of factors such as better understanding of
the science, the ability to represent that science in computer models and the rapid improvement in computer
power allowing more detailed modelling. A 4-day forecast now is as good as a 1-day forecast was in 1980. Recent
increases in investment in Met Office resource (increasing computing power from 1.2 Pflops to 8 Pflops in 2016
and to 16 Pflops in 2017) took the Met Office computing resource to number 11 in the top 100 internationally.
This led to a measurable speedup of the improvements in weather forecasts after a few years when it changed very
little.
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Figure 4: Improvements in weather prediction accuracy

Climate models must be able to provide useful information over decades or even centuries to help us make rational
choices about climate change. Of course, they cannot predict the specific day-to-day weather in 50 years’ time.
The improvements that have been made in the last few years mean that they should be able to give us a good idea
of the average weather and the sorts of variations that we might expect. Rapidly increasing availability of computer
power has allowed us to make longer simulations including more of the detailed physical, chemical and biological
processes. It is also used to make multiple simulations so that the range of possible outcomes is captured better.
Recent improvements in the models developed by the Met Office Hadley Centre include a better representation
of the way that clouds behave and the way they are affected by the small particles that are released as a by-product
of a number of forms of pollution including burning fossil fuels. These particles also have a big impact on air
quality, illustrating the interconnectedness of different types of environmental damage. The focus on clouds is
important because more water vapour is released, as the atmosphere warms, some of which forms more clouds.
Some types of clouds increase the amount of global warming whilst others decrease it. Other recent improvements
in the models include better representation of the variations in the winds and storms that reach us from the
Atlantic. This means that we have increasing confidence in the predictions that the UK can expect warmer wetter
winters and hotter dryer summers on average over the next century (figures 5 and 6). We also expect that when
there are rainstorms, they are more likely to be heavy. There are many excellent books and webpages that give
more information on the history and development of climate modelling. [2]

The latest UK climate projections produced by the Met Office in 2018 (with updates to follow this year) are an
excellent example of the use of cutting-edge technology and communication tools to provide information to
climate experts, scientists in different disciplines, and other users of climate information such as local authorities.

This is done by having different levels of information for different users and guiding people through the webpages
to find what they need (figures 5, 6 and 7) [3][4].
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Figure 5. Projected changes in UK temperatures
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Figure 6. Projections of UK temperature and precipitation (rainfall, snow etc) changes. The 5 0" centile: half the possible futures
fall below this figure and half above it. So it could be considered as the most likely outcome for a particular emission scenario.

The 950 centile: 95% of possible futures will be below this figure. RCP2.6 and RCP8.5 are the two extreme emissions scenarios
in the most recent IPCC report. To keep temperatures increases below 1.5°C requires further emissions reductions. Currently
the world is on track with the RCP 8.5 scenario. The pledges made by countries in the Paris climate change Convention take us
much closer to RCP2.6.
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How much will sea levels rise in the UK?

Projected sea level rise projections at four UK capital cities by 2100 relative to 1981-2000.
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Figure 7. Projected rise is sea level for major UK cities based on different emission scenarios

Conclusion

In conclusion, numerical models to simulate the weather were one of the first uses of high-performance computing
for everyday decision-making. Today, the descendants of these models are used to make every day decisions
affecting our social and economic well-being, as well as safety critical activities. The climate versions of these
models are being used to make important decisions about how much we need to reduce greenhouse gas emissions
and what trade-offs there are likely to be between adapting to and mitigating the impacts of climate change. They
have profound implications for the decisions that we make about future energy supply and other economic and
technological development.

© Professor Vicky Pope, 2019
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