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1. Climate Change: the core science
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Terrestrial Radiation

"Greenhouse effect” relates to
the absorption of outgoing long-
wave radiation from the Earth.

71% of outgoing long-wave
radiation is absorbed
contributing to atmospheric
warming.

A
Net surface Sensible  precipitation
emission heat (Latent heat flux)
| | i
21 + 7 + 23

Net warming contribution of 33°C
« 21°C due to water vapour.

« 7°C due to carbon dioxide.

« 2°C due to ozone.

* 3°C due to other trace gases.
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(Barry & Chorley, 2010, p23)




CO, mole fraction (ppm)

N,O mole fraction (ppb)

420
410
400
390
380
370
360
350
340

335

330

325

320

315

310

305

300

1985 1990 1995 2000 2005 2010

Year

2015

2020

1985 1990 1995 2000 2005

Year

2010

2015

1950

1900

1850

1800

1750

1700

CH,4 mole fraction (ppb)

1650 ¥

1600

1985 1990 1995 2000 2005 2010 2015 2020
Year

Recent changes in the atmospheric

concentration of the principal

greenhouse gases:

* (Carbon dioxide
*  Methane
* Nitrous oxide

WMO Greenhouse Gas Bulletin (25 Oct 2021)
https://library.wmo.int/doc_num.php?explnu
m_id=10838
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Human influence has warmed the climate at a rate that is unprecedented
in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
Oc OC
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Climate Change 2021: The Physical Science Basis
(IPCC AR6 WR1, SPM-7)
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Climate change is already affecting every inhabited region across the globe
with human influence contributing to many observed changes in weather
and climate extremes

a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change
in hot extremes North

America r v
. Increase (41)
. Decrease (0) ‘

O Low agreement in the type of change (2)

) Small
-~ Islands

O Limited data and/or literature (2) Central -

America

Small
Islands

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement
O Low due to limited evidence

Africa

Type of observed change since the 1950s

Climate Change 2021: The Physical Science Basis
(IPCC AR6 WR1, SPM-12)



Wildfires

Twelve out of the top
twenty fires in California
have happened in the last 5
years.

Burned 4% of California’s
total land area.

Dixie fire alone burned an
area of >1 million acres.

Landsat 8 image of the Dixie fire, California
(13 September 2021)

https://earthobservatory.nasa.gov/images/148908/whats-behind-californias-surge-of-large-fires



https://earthobservatory.nasa.gov/images/148908/whats-behind-californias-surge-of-large-fires

California’s Wildfires are Growing
Simply put, the fires of recent years dwarf those of previous decades.

%. v r T e Fires in the " 7 = o Fil’eS in the

o 2l Fires in the Vet A et
G 2 R 1980s oo 1990s

¢ 1970s  &r 2 o,
: b g ?, X
i e At o Ao
; o S i N
: L
AR
c‘:: : _II%_ “ _“’ "..“.
|'..’
/. .+, Firesinthe ool (DR Fires since
i h A T
<%0 2000s g 4 2020
b = o i 7 )
% “l‘;l: ek <
] ™ - H . ‘I "
‘R e,
5 T &
A ‘
3 ;
Cia ",'iv‘
A 3

https://ecimages.gsfc.nasa.gov/images/imagerecords/148000/148908/californiafires map 1970-2021 lrg.png


https://eoimages.gsfc.nasa.gov/images/imagerecords/148000/148908/californiafires_map_1970-2021_lrg.png
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Change in the days of heatwave exposure relative to a 1986-2005 baseline for
people >65 years.

Watts, N., Amann, M., Arnell, N., Ayeb-Karlsson, S., Beagley, ]., Belesova, K., Boykoff, M., Byass, P., Cai,
W., Campbell-Lendrum, D. and Capstick, S., 2020. The 2020 report of The Lancet Countdown on health
and climate change: responding to converging crises. The Lancet, 397, p135.




b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in heavy precipitation North

B r
America
‘ Increase (19)
O Decrease (0)

O Low agreement in the type of change (8)

Central ——

O Limited data and/or literature (18) America | &

Small
Islands

Confidence in human contribution
to the observed change

eee High
ee Medium
@ Low due to limited agreement

America

O Low due to limited evidence

Climate Change 2021: The Physical Science Basis
(IPCC AR6 WR1, SPM-12)



Germany floods: Dozens killed after
record rain in Germany and Belgium

© 15 July
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At least 70 people have died in Germany and Belgium after record rainfall
caused rivers to burst their banks.

Most of the victims were in Germany, but at least 11 have died in Belgium,
with more reported missing.

BBC News (15 July) - https://www.bbc.co.uk/news/world-europe-57846200



https://www.bbc.co.uk/news/world-europe-57846200

Climate
Signals

sed Climate Change As Impacts Ravage The Globe @ » California Records Driest Year Since 1924 @ & The drought in California this summer was the worst on record o Colorado drought worsens as report says g

Home Resource Hub Attribution About signals - Q ¥ 2 Newsletter

SEARCH BY DATE =

Laaflat | Map data © OpenStreatMap contributors, CC-BY-5A, Imagery © Mapbox

Earth Systems Drought Wildfires Hurricanes Floods

Growth in research into “climate attribution” and the connections between
longer-term climate change and extreme weather events.
https://www.climatesignals.org
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Kendon, M., McCarthy, M., Jevrejeva, S., Matthews, A., Sparks, T. and Garforth, J.,
2021. State of the UK Climate 2020. International Journal of Climatology, 41, pp.1-76.



~ Annual Mean (Oct.- Sept.) SAT Anomaly

— 60-90°N
— Global
1900 1920 1940 1960 1980 2000 2020
Year

Change in average annual land surface temperatures between 1900-2019. Note
how the rate of increase in the high latitude stations is much more rapid than
the globally averaged figure.

Mean annual surface temperature for Oct 2018 — Sept 2019 was 1.9°C higher
than the 1981-2010 mean.

NOAA Arctic Report Card, p6
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The glaciers of Iceland seemed eternal. (

Now a country mourns their loss Bréftil framti3 e

Andri Snaer Magnason o nafakunni jSkulinn il a8 missa itl sinn.

d ad allir j6klar landsins fari sému leid.
i er til vitnis um a3 vid vitum
og hvad parf ad gera.
ort vid gerdum eitthvad.

My grandparents mapped these giants of the landscape. A
plague will mark the spot where the first was lost to the climate

crisis A letter to the future

glacier to lose its status as a glacier.
ciers are expected to follow the same path.
ent is to acknowledge that we know
appening and what needs to be done.
Only you know if we did it.

Agiist 2019
415ppm CO,

https://landsat.gsfc.nasa.gov/tribut
e-to-a-glacier-that-is-no-more/

https://www.theguardian.com/comme
ntisfree/2019/aug/14/glaciers-iceland-

Aerial photographs show the melting of the Ok glacier in lceland, from Septembear 1986 to the beginning of August

this year. Photograph: Nasa Earth Observatory/EPA Country—loss—plaque—Climate—criSiS



https://www.theguardian.com/commentisfree/2019/aug/14/glaciers-iceland-country-loss-plaque-climate-crisis
https://landsat.gsfc.nasa.gov/tribute-to-a-glacier-that-is-no-more/
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Paolo, E.S. et al., 2015. Volume loss from Antarctic Ice Shelves is accelerating.
Science, 348, p328.



INVESTIGATING THWAITES GLACIER W

The rate thet Antarctics’s e e i Thwaltes Glacler and Pine Island Glacier are two of the biggest and A five-year collabaration is Investigating what's causing ice loss at Thwaltes
glecters flaw from the land Imto [— : fastest-retreating in Antarctica. If both collapsed, global sea levels could rise Glacler and how It will impact global sea levels. This Is a joint venture between
the sea has been speedingup. by over a metra. Without them, the entire West Antarctic lce Sheet could be the U.5. Natlonal Sclence Foundation and the UK's Natural Environment

We need to understand why. o maore likely to collapse, leading global sea levels to rise by over three metres. Research Council. The eight projects use a sulte of technologles.

MERC's Twin Difer aircraft will take radar
messurements to look deep below fhe saface
of the Ice end build & dear picture of how
different logers of ice and the bedrodk inberact.
This. is crucisl in understanding how dimste
chenge will sffect lerge ice sheets

HOT WATER DRILLS

These sample the szabed
henesth floating ice shehes
and sedments beneath
grounded ice. alsp tske
Ineml&un“l':'l:: shelf,
which will show i what the
chmete was |lke in §e past.
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https://thwaitesglacier.org/sites/default/files/2019-03/edu-infog-2-2019.jpeg



https://thwaitesglacier.org/sites/default/files/2019-03/edu-infog-2-2019.jpeg
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Acceleration of the glacier margin to >3km/yr leading to an estimated ice loss of

125 billion tons per year.
https://www.thwaites-explorer.org/
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“Global sea levels are rising as a result of human-caused global
warming, with recent rates being unprecedented over the past 2,000-
plus years.”

https://climate.nasa.gov/vital-signs/sea-level/



https://climate.nasa.gov/vital-signs/sea-level/

Credit: Phillipe Rekacewicz, GRID Arendal

https://sealevel.nasa.

gov/ipcc-ar6-sea-
level-projection-
tool?psmsl id=1451
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https://scied.ucar.edu/image/sea-level-change-bangladesh
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool?psmsl_id=1451
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Record breaking Arctic Temperatures
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Farly summer 2020 — first time temperatures of >100°F (38°C)
have been recorded in the Arctic.

Average temperatures in the first half of the year 6°C higher
than normal (1981-2010).

Considered directly attributable to climate change.

https://www.worldweatherattribution.org/siberian-heatwave-of-2020-almost-
impossible-without-climate-change/



https://www.worldweatherattribution.org/siberian-heatwave-of-2020-almost-impossible-without-climate-change/
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Data: hitp://psc.apl.washinglon.edu/wordpress/research/projects/arclic-sea-ice-volume-anomaly/ ©2018 Andy Lee Robinson @ahaveland

https://haveland.com/share/arctic-death-spiral.png
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Expansion of melt ponds due to the
degradation of ice-wedge polygons
(thermokarst) since 1970 in uplands of the
Yukon Coastal Plain,
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Google Earth

Conservative estimates suggest that 136,000 km? of this study area is affected by
these landscape disturbances with their extent increasing rapidly over time.
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Global carbon stores and fluxes: Note how much carbon is estimated to be
stored in permafrost alone - more than the carbon currently in the atmosphere.
https://nsidc.org/cryosphere/frozenground/methane.html



https://nsidc.org/cryosphere/frozenground/methane.html

= B YouTube™ Search Q

P Ml o) 1:20/1:44

Arctic Lake Methane Ignited by Katey Walter Anthony

39,864 views + 17 Dec 2009 iy 132 &l 8 & SHARE =} SAVE

http://www.youtube.com/watch?v=Wofv900j1Ew


http://www.youtube.com/watch?v=Wofv9o0j1Ew




3. Carbon Budgets & COP 26
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Warming is ‘biggest world threat’

Paul Brown

Climate change is a more seri-
ous threat to the world than
terrorism, David King, the
government’s chief scientist,
writes in an article in today’s
Science magazine, attacking
governments for doing too lit-
tle to combat global warming.
He particularly attacks the
United States for “refusing to
countenance any remedial
action now or in the future” to
curb its own greenhouse gases,
which are 20% of the world’s
total, even though it has only
49 of the population.
Disclosing that he had com-
missioned a team of scientists
and engineers to find ways of
reducing the severe damage
the UK faces from climate
change, he says the potential
damage to property runs into

“10s of billions of pounds per
annum.”

Britain is doing its bit to re-
duce emissions, but acting
alone is not enough, he says.
“We and the rest of the world
are now looking to the USA to
play its leading part.”

As an example of what his
team is discussing, he says
Britain’s coastal defences will
be subject to attack from both
increased sea level rises and
greater storm surges.

“These combined efforts
have the potential to increase
risk of floods in 2080 by up to
30 times present levels. In the
highest emission scenario, by
2080 flood levels that are now
expected once in 100 years
could be recurring every 3
years. People at high risk of
flooding in Britain will double
to nearly 3.5 million.”

If no work is done coastal
erosion in Britain will increase
nine-fold, he adds.

Urging action to reduce car-
bon dioxide emissions at once
he comments: “Delaying act-
ion for decades, or even just
years, is not a serious option. I
am firmly convinced that if we
do not stop now, more sub-
stantial, more disruptive, and
more expensive change will be
needed later on.”

He says estimated cost of
tackling climate change is
around 1% of gross domestic
product (GDP) for developed

‘Delaying action for
decades, or even
just yearsisnota
serious option’

countries like the UK. This fig-
ure could be offset by the risks
associated with doing nothing.

For example, if just one flood
broke through the Thames
Barrier it would cost around
£30bn in damage to London,
roughly 2% of GDP.

Taking action to combat
climate change can create
economic opportunities and
improve living standards. A
new round of negotiations is
about to begin on how to
tackle climate change beyond
2008-12, when the existing
Kyoto agreement on reducing
emissions is due to end.

He urges both the US and
developing countries to get
involved “in what is a truly
global problem”.

“Climate change is no re-
specter of national bound-
aries,” he adds.

The Guardian,

9 January 2004
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COP21: Paris climate deal is 'best chance  Top Stories
to save planet’ Rise in newborns ‘taken into care’

There has been a "huge increase” in the
(® 13 December 2015 Science & Environment = B 945 number of newborn babies who are

subject to care proceedings in England,
newly-compiled figures show.

What are the key elements?

= [0 keep global temperatures "well below" 2.0C (3.6F) and "endeavour to limit"
them even more, to 1.5C

= To limit the amount of greenhouse gases emitted by human activity to the same
levels that trees, soil and oceans can absorb naturally, beginning at some point
between 2050 and 2100

= [0 review each country's contribution to cutting emissions every five years so
they scale up to the challenge

= Forrich countries to help poorer nations by providing "climate finance" to adapt
to climate change and switch to renewable energy.

http://www.bbc.co.uk/news/science-environment-35086346



http://www.bbc.co.uk/news/science-environment-35086346

Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
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INTENSITY increase FREQUENCY per 10 years

FREQUENCY per 10 years

INTENSITY increase

Hot temperature extremes over land

10-year event

Frequency and increase in intensity of extreme temperature
event that accurred once in 10 years on average
in a climate without human influence

Future global warming levels

1850-1900 Present1°C  1.5°C 20°C 4°C
L] L] L}
. o -'. -:.'
Once now likely will likely will likely will likely
oceurs occur occur occur
2.8 times 4.1 times 5.6 times 9.4 times
(18-32) (28-47) (38-60) B83-9.6)
+6°C
+5°C
+4°C
+13°C
+2°C H
+1°C H
0eC N
+12°C +1.9°C +2.6°C +5.1°C
hotter hotter hotter hotter

Heavy precipitation over land

10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average in a climate without human influence

Future global warming levels

1850-1900 Present1°C SEEE 2°C 4°C
@ . % o o
Once now likely will likely will likely will likely
occurs occur occur oceur
1.3 times 1.5 times 1.7 times 2.7 times
(12-14) (14-17) (1.6-20) (2.3-3.6)
+40%
+30%
+20%
+10% H I
0% H
+6.7% +10.5% +14.0% +30.2%
wetter wetter wetter wetter

FREQUENCY per 50 years

INTENSITY increase

50-year event

Frequency and increase in intensity of extreme temperature
event that occurred once in 50 years on average
in a climate without human influence

Future global warming levels

1850-1900 Present1°C 15°C 2°C 4°C

L] -:..
Once now likely will likely will likely will likely
occurs occur occur occur
4.8 times 8.6times 13.9times 39.2times
(2.3-64) (43-107) (6.9 - 16.6) (27.0-41.4)
+6°C
D
+4°C
+3°C
2o H
+1°C H
0eC W
+1.2°C +2.0°C +2.7°C +5.3°C
hotter hotter hotter hotter

Agricultural & ecological droughts in drying regions

10-year event

Frequency and increase in intensity of an agricultural and ecological

FREQUENCY per 10 years

INTENSITY increase

drought event that occurred once in 10 years on average across
drying regions in a climate without human influence

Future global warming levels

1850-1900 Present1°C 1.5°C PCE 4°C
. o L) .o '...
Once now likely will likely will likely will likely
occurs occur occur occur
1.7 times 2.0 times 2.4 times 4.1 times
(0.7 -4.1) (10-51) (1.3-5.8) (17-72)
+2 sd
+1sd
. I I Il |.|
+0.3 sd +0.5 sd +0.6 sd +1.0sd
drier drier drier drier

Severity of the impacts of
climate change increase
proportionately with the
increase in temperature

Climate Change 2021: The
Physical Science Basis
(IPCC AR6 WR1, SPM-23)



Greenland ice sheet Imeversible retreat of the ice sheet

disintegration * caused by rising temperatures TR D)

Abrupt increase in emissions of
Permafrost-loss—co2 and methane through the + Greenhouse gas release + Amplified warming
thawing of frozen carbon-rich soils

Atlal‘ftic m_eridiﬂl_"laL Shutdown of the AMOC caused by « Regional cooling
overturning circulation-s—an-inereased-influx of freshwater

breakdown  nto the Morth Atlantic + Sea level rise

Nine climate “tipping points” :

e g A shift in boreal forests, seeing
where rising global temperatures - _ Boreal forest. o reionintumersts the norh _
could push parts of the Earth : ' ! Shift  and dieback to the south » Regional warming
system into irreversible change z

= Ecological shift

%
N
-

8

@® Melting
Biodiversity loss » Deforestation and hotter, drier conditions  Amazon-rainforest
: causing dieback of the rainforest-and-a—+——= - 4 v
Decreased rainfall » shift towards savannah _dieback __4 | @ Biome shift

Collapse of the ice sheet triggered by  West Antarctic’ice @ Circulation change

Sea level rise (5m) = persistent grounding-line retreat in one = o -
sector, cascading to other sectors sheet dismtegratlon

An abrupt change in Sahel rainfall, caused by est Aflricar'l
Ecosystem change « a-shift-northwards-(wetter).or southwards -« W 2,
{drier) in the West African monsoon monsoon shift

Decreased carrying capacity » The monsoon system could be weakened : "
by higher aerosotemissions-or—+—INdian monsoon shift
Drought » strengthened by rising CO2 emissions

Rising temperatures pushing corals beyond

Ecological change » tolerable levels of thermal stress into an—+—Coral reef die-off
alternative state dominated by macroalgae

nts-that-could-

be-triggered-by-climate-change



https://www.carbonbrief.org/explainer-nine-tipping-points-that-could-be-triggered-by-climate-change

Global warming between
1850-1900 and 2010-2019

O

Historical cumulative CO, emissions from 1850 to 2019 (GtCO,)

1.07 (0.8-1.3; likely range)

2390 (% 240; likely range)

Approximate Additional

global global
warming warming
relative to relative to
1850-1900 2010-2019
until until

temperatu re temperatur c
limit (°C)*(1) |  limit (°C)

Estimated remaining carbon budgets
from the beginning of 2020 (GtCO,)

Likelihood of limiting global warming
to temperature limit™*(2)

17% 33% 30% 67% 83%

Variations in reductions
n non-CO»
emissions™*(3)

Higher or lower

1.5 0.43 900 650 500 400 300 ceductions it
accompanying non-CO»
| 0.63 1450 1050 850 700 550 emiss1ons can 1ncrease or
decrease the values on
2.0 0.93 2300 1700 1350 1150 900 | theleft by 220 GtCO; or
more

Climate Change 2021: The Physical Science Basis

(IPCC AR6 WR1, SPM-38)




Annual total CO2 emissions, by world region

35 billion t |
Oceania
Asi_a (excl. China &
30 billion t India)
25 billion t
—— China
20 billion t
- Indi
15 billion t o
——— Africa
—_~— South America
. North America
10 billion t (excl. USA)
—— United States
5 billion t Europe (excl.
EU-27)
— EU-27
Ot
1750 1800 1850 1900 1950 2000 2019
Source: Our World in Data based on the Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

Note: This measures CO; emissions from fossil fuels and cement production only — land use change is not included. 'Statitistical differences' (included in the GCP
dataset) are not included here.

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions



https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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Greenhouse gas
emissions

Damian Carrington
Environment editor

¥ @dpcarrington
Mon 25 Oct 2021 10.00 BST
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Climate crisis: greenhouse gas levels hit
new record despite lockdowns, UN
reports

The data send a ‘stark’ message to the nations tasked with
increasing action at the Cop26 climate summit, UN meteorology
chief says

A The concentration of carbon dioxide, the most important greenhouse gas, is now 50% higher than before the
Industrial Revolution. Photograph: sturti/Getty Images

Levels of climate-heating gases in the atmosphere hit record levels in 2020,
despite coronavirus-related lockdowns, the UN’s World Meteorological
Organization has announced.

The concentration of carbon dioxide, the most important greenhouse gas, is
now 50% higher than before the Industrial Revolution sparked the mass
burning of fossil fuels. Methane levels have more than doubled since 1750.
All key greenhouse gases (GHG) rose faster in 2020 than the average for the
previous decade and this trend has continued in 2021, the WMO report
found.

The Guardian — 25t October 2021



Global greenhouse gas emissions and warming scenarios SUSVERE

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
4.1-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

SOGE . e e, Current policies

2.7-3.1°C

- emissions with current climate policies in
place result in warming of 2.7 to 3.1°C by 2100.

Pledges & targets (2.4 °C)

—»-emissions if all countries delivered on reduction
pledges resultin warming of 2.4°C by 2100.

Greenhouse gas emissions
up to the present

0 2°C pathways
1.5°C pathways
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Data source: Climate Action Tracker (based on national policies and pledges as of May 2021). Last updated: July 2021.
QOurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions



https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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Updated climate commitments

ahead of COP26 summit fall far .
short, but net-zero pledges provide ="
hope N T g

.
-
’ - g
-
Pixabay / 26 Oct 2021

2021 UNEP Emissions Gap Report

* New and updated NDCs only reduce 2030 emissions by 7.5% when
reduction of 55% is required to meet the 1.5°C Paris ambition.

* Current climate pledges for 2030 currently put the world on track for a
warming of 2.7°C by the end of the century.

* Net zero pledges currently submitted for COP26 would only limit warming
to 2.2°C.

https://www.unep.org/emissions-gap-report-2020



https://www.unep.org/emissions-gap-report-2020
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Net emissions  Emissions from fossil

land-use change

fuels, industry, and net

Net negative
emissions

0 Median
- model
o ; ) ; _‘[ outcomes
-104 Historical 2015 Realized negative
emissions : emissions a
_20 ] I I I ] 1
1980 2000 2020 2040 2060 2080 2100

Reliance on future “negative emissions technologies” routinely used in
models to limit the requirement to deliver immediate and rapid reductions in

carbon emissions.

Anderson, K. & Peters, G., 2016. The trouble with negative
emissions. Science, 354(6309), pp.182-183.



8%% 9’320 Pioneers ; " 3d 2}1 l6m
COP26 starts on 31st October: will we succeed in global climate action?

Enable removal of CO: from the air

Join the journey towards a climate-positive world

A climate-positive world requires us to reduce, reuse, recycle... then remove. We can remove unavoidable and historic COz from the air
in a safe and permanent way. Each and every one of us can make a huge impact and when we all do it together, we can change the

world. #Actnow and stay up to date in our community.

https://climeworks.com



https://climeworks.com/

“The appropriateness or otherwise of relying, in significant
part, on negative-emission technologies to realize the Paris
commitments is an issue of risk. However, the distribution of

this risk is highly inequitable.

If negative emission technologies fail to deliver at the scale
enshrined in many integrated assessment models, their
failure will be felt most by low-emitting communities that are
geographically and financially vulnerable to a rapidly
changing climate.”

Anderson, K. & Peters, G., 2016. The trouble with negative
emissions. Science, 354(6309), p183.



Pollute now:
Pay later?

“The time has come to voice our fears and be honest with wider society. Current
net zero policies will not keep warming to within 1.5°C because they were never
intended to. They were and still are driven by a need to protect business as usual,
not the climate. If we want to keep people safe then large and sustained cuts to
carbon emissions need to happen now. That is the very simple acid test that must
be applied to all climate policies. The time for wishful thinking is over.”

The Conversation (22 April 2021): Climate scientists — concept of net zero is a
dangerous trap (James Dyke, Robert Watson, Wolfgang Knorr)

https://theconversation.com/climate-scientists-concept-of-net-zero-is-a-dangerous-trap-157368



https://theconversation.com/climate-scientists-concept-of-net-zero-is-a-dangerous-trap-157368

“Climate change is no longer a future problem. It
1s a now problem. To stand a chance of limiting
global warming to 1.5°C, we have eight years to
almost halve greenhouse gas emissions: eight
years to make the plans, put in place the policies,
implement them and ultimately deliver the cuts.

The clock is ticking loudly.”

Inger Anderson, Executive Director of UNEP
(https://www.unep.org/news-and-stories/press-release/updated-climate-
commitments-ahead-cop26-summit-fall-far-short-net)



https://www.unep.org/news-and-stories/press-release/updated-climate-commitments-ahead-cop26-summit-fall-far-short-net

4. What can we do about it?

“Solving the climate crisis is the greatest and
most complex challenge that Homo sapiens
has ever faced. The main solution, however,
is so simple that even a small child can
understand it.

We have to stop our emissions of
greenhouse gases.”

Greta Thunberg, 2019. No one is too small to make a difference.
Penguin books. P21,

https://www.wired.com/story/a-teen-started-a-global-climate-protest-what-are-you-doing/



https://www.wired.com/story/a-teen-started-a-global-climate-protest-what-are-you-doing/

@ The Sixth Carbon Budget
Past carbon budgets

e Historical emissions
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o Headroom for IAS emissions
Active legislated carbon budgets

== e= The Balanced Net Zero Pathway

https://www.theccc.org.uk/publication/sixth-carbon-budget/



https://www.theccc.org.uk/publication/sixth-carbon-budget/
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https://www.theccc.org.uk/publication/sixth-carbon-budget/

All GHG emissions (basis of the UK's targets)

1990 2000 2010 2020

I I I 1 T

2030 2040 2050

2060

>30 %1.5°C - Range
—>50% 1.5°C - Median
Historical - World

Balanced Net Zero Pathway - UK

>66% 2°C - Range
—>66% 2°C - Median

Historical - UK



https://www.theccc.org.uk/publication/sixth-carbon-budget/

HOW BIG IS YOUR AR

ENVIRONMENTAL

FOOTPRINT?
E‘; s 3 "r:'.'f‘?_:ﬁ",::.?'é'.,l 28%

YOUR CARBON FOOTPRINT

&ID
Step 1: Take and active interest 28%

in your carbon footprint

World Wildlife Fund Carbon Footprint CHALLENGE YOURSELF TO MAKE A DIFFERENCE
Calculator DOWNLOAD THE MY FOOTPRINT APP

" # Download on the \ ( GETITON
https://footprint. wwf.org.uk ® Appstore "‘ GooglePlay |



https://footprint.wwf.org.uk/

Step 2: Reducing our footprint

1. Energy 2. Transport
how we power how we
our homes travel

3. Food
what we eat
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TOPICAL REVIEW

Quantifying the potential for climate change mitigation of
consumption options
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https://iopscience.iop.org/article/10.1088/1748-9326/ab8589/meta

AN | MAKE A

IFFERENCE? |

HERE'S HOW...

Climate change includes both human-induced global warming and its large-scale impacts on weather patterns. There have been previous periods of climate change, but the current
changes are more rapid than any known events in Earth's history.

Can you really affect climate change? Yes. You can. Here's how...

il 33K CJl 144 > SHARE =+ SAVE

https://www.youtube.com/watch?v=fRTicbm|CFk&t=310s



https://www.youtube.com/watch?v=fRTic6mjCFk&t=310s




MtCO,e

300
Transport became the

250 largest emitting sector of
GHG emissions in 2016

200 This follows large decreases in
energy emissions while transport

150 emissions have remained

— relatively static.

Transport

| Business 451 million tonnes of CO,
s 1 Agriculture* equivalent (MtCOze)

— Waste is the total net domestic
0 Other** greenhouse gas emissions from
1990 2000 2010 2018 all UK sectors in 2018, down

2.1% from 2017.

* Includes Land Use, Land Use Change and Forestry
** Includes Public and Industrial Processes emissions Agriculture

& LULUCF*  Other**

Transport Energy Supply Business Residential
28% 23% 18% 15%

8% 5% 4%

Waste

Source: 2018 UK greenhouse gas emissions™

DfT (2020) — Decarbonising Transport: Setting the Challenge (p11)

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/
932122/decarbonising-transport-setting-the-challenge.pdf



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/932122/decarbonising-transport-setting-the-challenge.pdf

@ Nuclear @ Biomass @ Wind Solar @) Large Hydro @ Coal @ Gas @@ Imports

The same data can be viewed as the percentage of electricity from each source.

88.7

2012,318 TWh % 26.00%
MT of carbon emissions in 2016

2013,313 TWh 25.20% 7 6 9
2014, 298 TWh 28.50% MT of carbon emissions in 2017

2015, 286 TWh 25.30% 28.70%

MT of carbon emissions in 2018

64.7

MT of carbon emissions in 2019

56.5

MT of carbon emissions in 2020

2016, 286 TWh 9.57% 43.69%

2017,275 TWh 11.88% 7.04% 41.46%
2018, 272.0 TWh 13.90% 40.60%
2019, 262.3 TWh 6.63% 17.08% 42.05%

2020, 253.2 TWh 7.66% 21.56% 37.36% 47 9

2021,199.9 TWh 7.71% 16.68% 40.59% MT of carbon emissions in 2021

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Electricity mix

@ Nuclear @ Biomass @ Wind Solar @) Large Hydro @ Coal @ Gas @@ Imports

Substantial reduction in the carbon intensity of the UK national grid over the
last decade. Principally due to a rapid reduction in the use of coal fired power
stations.
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12

13

14

Region
North Scotland
South Scotland
North East England
North West England
North Wales & Merseyside
East England
Yorkshire
West Midlands
South West England
London
East Midlands
South England
South East England

South Wales

13

249

313

https://carbonintensity.org.uk

Forecast Carbon Intensity (gCO2/kWh)

wind

Index
very low
very low
very low
very low

low
low
low
low

low

high
high

high

Carbon intensity of the

grid at 4pm on 27H
October 2021

ca11 2D

Current Carbon Intensity

36

gCOx/kWh

53.9%

imports

2.3%
gas

8.6%
nuclear

32.2%
hydro

1.4%

Close



https://carbonintensity.org.uk/

“Grow your own”

Solar Pv generation Energy to grid Production (without meter) Consumed direc
Totals to date:

Solar PV: 4185 kWh
Home usage: 3281 kWh
Import: 560 kWh
Export: 1282 kWh

Equates to 757 kg of CO,

assuming grid carbon
intensity of 181g CO,/kWh

Month _|Jan __|Feb [March |l [May __|Jne _ [div___lAw____
239 437 708 545 653 687 518

Total 76
Average 4.5 8.5 14.1 23.6 17.6 21.8 22.2 16.7
Max 13.0 20.4 25.2 33.7 35.6 33.2 34.0 29.2

Min 0.3 1.2 2.0 8.2 4.1 6.3 7.3 6.9



JoinUs 03333034126 = info@c ity gyengland.org

Community
England AboutUs Membership Policy & Advocacy COP26 Data & Research Events News, Funding & Jobs How To
_—
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o \ Community Energy
e s = — - England

i e B e == -
... We are a membership body that supports
B - organisations who want to see the community
energy sector grow.

The Voice of the Community Energy Sector

We are a not-for-profit organisation dedicated to helping community energy organisations create and implement
new projects by advocating for a policy landscape that will support community energy and providing opportunities
for community energy practitioners to connect, learn, share business models and help each other overcome

obstacles.

Something that can be done at the community scale via community energy
projects and related social enterprise schemes.

https://communityenergyengland.org



https://communityenergyengland.org/

ENERGY USAGE

Mon 25 Jan v

| Capoacity: 13.5 kWh
| Max power: 5 kW
|

of your solar generation:

To stay off grid’
Greater self-sufficiency.



2021

Powerwall Discha

1224.0 kWh

JarFeMaApMayunlulAu@ep)cl

Self-Powered

38.4 kWh 136.0 kWh  266.5 kWh
Low Avg High

e 20%

37% of the household consumption has come from the battery largely in the form of
stored solar energy — allowed us to be 80% “self-powered” so far...

||| :
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Electricity (kWh), Indirect (e.g gas Hot water used (Litres)
boiler) (kWh)

g

- Planne

produce hot water. s

Can heat water usmg surplus solar
energy.

Can also make use of time of use
tariffs.

Compatible with heat pumps.



Heating

1in 20 homes with

a gas boiler could join
a heat network, saving
2 tonnes of CO,

per year.

1in 4 homes currently using oil
heating, and 1 in 3 homes using
electric heating could switch to a
heat pump, saving 3.2 tonnes of
CO, per year and 0.8 tonnes of

; _W CO, per year respectively.

https://www.theccc.org.uk/2016/07/20/fifth-carbon-budget-infographic/



https://www.theccc.org.uk/2016/07/20/fifth-carbon-budget-infographic/

Housing

Renewable electricity
Refurbishment and renovation
Heat pump -

Renewable-based heating
Passive house

Produce renewable electricity
Less living space/co-housing
Better thermal insulation

Hot water saving

Smart metering

Lower room temperature
More efficient appliances
Less energy use (clothing) 1
Better use of appliances
Fewer appliances
Low-carbon construction

Green roofs
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Mitigation potential (tCOzeq/cap)

Quick wins

- Switch to LED light
bulbs

- Use smart meter to
monitor your energy use.

- Turn down your
thermostat.

- Fit an aerated shower
head.

- Enhance household
insulation.

- Replace “white goods”

with energy efficient

options when they fail.
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Transport & Carbon

e Transport sector is responsible for the release ot
8 Gt/yr of CO, emissions (25% of global total).

e 74% of these emissions relate to road transport.

e Est. 1.2 billion cars in operation.

e Additional 100 million produced annually.

e Global transport sector emissions increased by
71% between 1990-2016.

Holmatov, R. & Hoekstra, A.Y., 2020. The environmental footprint of
transport by car using renewable energy. Earth’s Future, 8, e2019EF001428.




MtCO,e

300
Transport became the

250 largest emitting sector of
GHG emissions in 2016

200 This follows large decreases in
energy emissions while transport

150 emissions have remained

— relatively static.

Transport

100 M’Vﬂf—\—\‘x Ene.rgy
| pusiness 451 million tonnes of CO,
50 1 Agriculture* equwalent (Mtcoze)

— Waste is the total net domestic
0 Other** greenhouse gas emissions from
1990 2000 2010 2018 all UK sectors in 2018, down

2.1% from 2017.

* Includes Land Use, Land Use Change and Forestry
** Includes Public and Industrial Processes emissions Agriculture

& LULUCF*  Other**

Transport Energy Supply Business Residential
28% 23% 18% 15%

8% 5% 4%

Waste

Source: 2018 UK greenhouse gas emissions™

DfT (2020) — Decarbonising Transport: Setting the Challenge (p11)

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/
932122/decarbonising-transport-setting-the-challenge.pdf



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/932122/decarbonising-transport-setting-the-challenge.pdf

Carbon footprint of travel

London to Glasgow (return) — 411 miles

30kg CO,e bike

40kg CO,e coach

64kg CO,e train

148kg CO,e small BEV (driver only)

237kg CO,e small efficient ICE car (driver only)
368kg CO,e plane

1002kg CO,e large SUV (driver only)

Berners-Lee, M., 2020. How bad are bananas? Profile Books. P114-116.
Based around full life cycle. See the book for details on the assumptions employed.




SUV sales are growing despite overall stagnation in the car market

Global passenger car sales

80m cars
60
40
20

0
2010 2011 2012 2013 2014 2015 2016

Source: IEA

“If SUV drivers were a nation, they
would rank seventh in the world for
carbon emissions.”

Increase in SUV ownership has
been the second biggest cause of
increased carbon emissions in the
215t Century...

Guardian Online 25t October 2019

https://www.theguardian.com/environment/ng-
interactive/2019/oct/25/suvs-second-biggest-cause-
of-emissions-rise-figures-reveal

all other cars

2017 2018

Car manufacturers driving
demand in the wrong direction
in the promotion of SUVs
(“Sports Utility Vehicles)?

https://pxhere.com/en/photo/999350

SUVs were the second largest contributor to the increase in
global carbon emissions from 2010 to 2018

Change in global emissions by sector (in MtCO2)

0] 250 500 750 1,000 1,250

Power 1,405
Heavy industry 365

Trucks 311

Aviation 233

Shipping 80

Other cars -75 .

Source: IEA



https://www.theguardian.com/environment/ng-interactive/2019/oct/25/suvs-second-biggest-cause-of-emissions-rise-figures-reveal
https://pxhere.com/en/photo/999350

How can we reduce the carbon
emissions of transport?

* Encourage walking and cycling.
* Greater use of public transport.
* More efficient engines.

 Use of low carbon fuels.

* Electrification of drivetrains coupled with
an increase in the use of renewables...
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Co-benefits — cost savings

“Back of the envelope calculation” based around an annual mileage of

20,000 miles...

Petrol car (Skoda Fabia)
Average economy of 45mpg
=2020 litres of fuel

Petrol cost of £1.26/litre
Total cost = £2545.20

EV (Hyundai Kona)
Average efficiency of 3.6mi/kWh
=5556 kWh

Charging split between home
and work (Keele)

Home = 2778x0.165 = £471
Work = 2778x0 = £0

Total cost = £458.37

Servicing and maintenance costs are also generally much cheaper.

+ Zero road tax.
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tential to “refuel” your

o your car to provide low

To date: 810 kWh diverted to the car = 3240 miles @ 4mi/kWh




Table 1
Carbon, Land and Water Footprint per km and per Capita Year™ of Driving a Car Fuelled by Conventional Gasoline,
Biodiesel Blend B20, Bio-Ethanol Blend E85, Bio-Electricity, Solar Electricity or Solar-Based Hydrogen

Biofuel blend Electricity Hydrogen
Gasoline  B20™*  E85*®  Bio>™ Solar (PV)°

Carbon footprint (g CO5eq/km) 165 185° 80.2° 7.3 1 0 |1 0
Land footprint (m~/km) 0 0.37 0.21 0.028 10.00091! 0.0023
Water footprint (L/km) 0.25 170 163 40 : 0.12 : 0.39
Carbon footprint (kg CO,eq/driver/year) 3579 4010 1739 158 r 0 0
Land footprint (mz/ driver/year) 0 7977 4463 611 | 20 50
Water footprint (m3/ driver/year) 5 3685 3534 859 1 3 1 8

Notes: ' 20% biodiesel from rapeseed and 80% conventional diesel; % 85% bioethanol from sugar beet and 15% conven-
tional gasoline; 3 from sugarcane's biomass;
®assuming circular production (using bioenergy to produce bioenergy);

the CF of biofuels originates from nitrogen fertilizer production and soil management while the CF of bioelectricity
also includes nitrous oxide and methane emissions during combustion;
“assuming circular production (using solar PV panels to make solar PV panels). Fuel efficiencies refer to: 2019 Kia Forte
FE or 2019 Toyota Camry for conventional gasoline; 2019 Chevrolet Cruze Hatchback for B20; 2016 Mercedes-Benz
E350 for E85; 2019 Honda Clarity EV or 2019 Nissan Leaf (40kWh battery pack) for electric; and 2019 Honda Clarity
for hydrogen. We assume here the average annual travel distance as in the US (FHWA, 2018), which is 21687 km.

“From the environmental footprint perspective, solar-powered battery-electric
vehicles are the most resource efficient per unit of distance”

Holmatov, R. & Hoekstra, A.Y., 2020. The environmental footprint of
transport by car using renewable energy. Earth’s Future, 8, e2019EF001428.




Transport

Quick wins

Shift to BEV 1 $——cess-cosodp o o< a0 000 odp-aremame—o - Rely more on active
travel for short journeys.

- Use public transport
when possible.

- Think twice about flying.

- Opportunity to hold

meetings onliner

Live car-free

One less flight (long return)
Shift to public transport

One less flight (medium return)
Less car transport

Shift to PHEV/HEV A

Less transport by air

Shift to active transport -
Telecommuting
Car-pooling/sharing -

Shift to a smaller car

Fuel efficient driving

Walk instead ol bus -

Energy and material efficiency 7

Shift to FCV 4

Mitigation potential (tCO>eqg/cap)



3. Food




GHG Emissions

(kg CO.eq)
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Cheese 1.9k
Pig Meat 116
Fish (farmed) 612
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Environmental footprints of protein-based foods.

Poore, J. & Nemecek, T., 2018. Reducing food’s environmental impacts through
producers and consumers. Science, 360(6392), pp.987-992.



Food

Vegan diet 1

[mproved cooking equipment -
Sustainable diet (unspecified)
Vegetarian diet |

Shift to lower carbon meats -
Organic food

Mediterranean and similar -
Produce own food
Regional/local food

Eat out eco-friendly -

Food waste reduction 1
Nutrition guidelines diet -
Seasonal/ fresh food -

Partial shift to dairy/plants/fish A
Less packaging -

Less animal products

Food sufficiency -

Less processed food/ alcohol 1

Food waste management

> mean

0.0

0.5 1.0 1.5
Mitigation potential (tCOzeq/cap)

2.0

Quick wins

- Limit food waste

- Reduce red meat
consumption.

- Eat more plant-based
meals.

- Eat seasonal food where
possible.

- Grow your own food.

- Low carbon cooking
options.



...and finally...

CONTRIBUTION OF TOP REGIONS TO THE UK CARBON FOOTPRINT f SIX SECTORS

1.3% CONTRIBUTE AROUND HALF OF
W THE UK CARBON FOOTPRINT
i
' 0.7%8E 8.6y M)
HEATING HOMES CARFUEL

’\ 3-6% <’ > . Rﬂ
' A 8.0%) 5.7"%
ﬂ ELECTRICITY CONSTRUCTION

, Emissions embodied 0
: ' in IMPORTS are 5 /n G)
included

3. 1 % DOMESTIC AGRICULTURE

BmlSSIDﬂS il'l

L0 | ousume 5.9% Neem=

46% of the 2016 carbon footprint is from emissions . AT HOME AIR TRAVEL
released overseas to satisfy UK consumption — up from _ are included

14% in 1990. These emissions are not covered by UK 5
domestic climate policy.

Emissions embodied in UK
EXPORTS are not included

46% IMPORTS UK FOOTPRINT | %076 ° 54% DOMESTIC
https://www.wwf.org.uk/sites/default/files/2020-04/FINAL-WWE-

UK Carbon Footprint Analysis Report March 2020%20%28003%29.pdf



https://www.wwf.org.uk/sites/default/files/2020-04/FINAL-WWF-UK_Carbon_Footprint_Analysis_Report_March_2020%20%28003%29.pdf

renewable materials

biological technical
nutrients nutrients

TAKE

REGENERATE MARE RESTORE

and capture repair

value at each reuse

stage of refurbish

decomposition recycle
CONSUME USE

minimise lost
matter and heat

https://ideas.ted.com/why-we-need-to-move-toward-an-economy-that-can-regenerate-itself/



https://ideas.ted.com/why-we-need-to-move-toward-an-economy-that-can-regenerate-itself/

5. Envisioning a positive future

B
ROB HOPKINS

¥ FROM
WHAT IS

UNLEASHING THE POWER
OF IMAGINATION TO CREATE
¥ THE FUTURE WE WANT

“Bringing about the world we
want to live in, the world we

want to leave our children s,
substantially, the work of the

imagination.”

Hopkins, R., 2019. From What Is fo What If.
Chelsea Green. P7.



Artistic depiction of a future low carbon city produced by James McKay.
https://www.robhopkins.net/2019/01/07/james-mckay-the-man-who-draws-the-future/



https://www.robhopkins.net/2019/01/07/james-mckay-the-man-who-draws-the-future/

“Future must enter into you a long time before it happens...”
Rob Hopkins

“In a moment we are going to take a journey through time.

bl

This is a historic moment, the first time in [insert name of your community] — il
that an act of collective time travel has been attempted. | have with me here my Time
Machine that | built during lockdown from bits | had in at home and using plans | found
online. When | turn it on, we are going to travel forwards to 2030. The times we travel
through, were the times of the most profound and remarkable transition in human history.

Change that in 2020 felt unimaginable built and built in positive and accelerating
cascades. Institutions that felt so permanent in 2020 crumbled and fell, and new, infinitely
better ones bloomed in their place. Those 10 years were the most thrilling time to be alive.
They are times that those that came afterwards told great stories about and sang great
songs about. | am turning this Time Machine on and we are travelling forwards together.

Let's step out, emerging blinking into this new world. It’s not a Utopia, but it is the result of
everything that could possibly have been done being done. Take a walk around it in your
imagination using all your senses.”



Thanks for listening...!

L oheren e e Any. questions?,

——






