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Climate Change: How can we tell it’s happening.
Can it be reversed?

Andy Morse
Professor of Climate Impacts, University of Liverpool

A.P.Morse@liverpool.ac.uk
@AndyMorse @livuniwx

Future Earth Health : Knowledge Action Network

https://futureearth.org/networks/knowledge-action-networks/health/

& LIVERPOOL futurerth
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Warming Stripes for GLOBE from 1850-2023

Global temperature change (1850-2023)

https://showyourstripes.info/




Carbon dioxide concentration at Mauna Loa Observatory*
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Full record ending October 29, 2024
*Latest CO, reading: 422.57 ppm
*Mauna Kea data in blue
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Primary energy
consumption

https://ourwo
ridindata.org/
grapher/globa
|-primary-
energy

Global direct primary energy consumption

Energy consumption is measured in terawatt-hours®, in terms of direct primary energy?®. This means that fossil
fuels include the energy lost due to inefficiencies in energy production.

—— Modern biofuels

160,000 TWh Other
renewables
Solar
140,000 TWh Wind
Hydropower
W Nuclear
120,000 TWh — Gas
100,000 TWh
80,000 TWh el
60,000 TWh
40,000 TWh
— Coal
20,000 TWh
Traditional
0 TWh biomass
1800 1850 1900 1950 2000 2023
Data source: Energy Institute - Statistical Review of World Energy (2024); Smil (2017) OurWorldinData.org/energy | CC BY

Note: In the absence of more recent data, traditional biomass is assumed constant since 2015.

1. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one joule per second, a
watt-hour is equivalent to 3600 joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

2. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants - before it has been transformed.



Global plastic
production and
accumulation

https://www.grida.no/resourc

es/15041

Humans 390 million tons

Domesticated mammals 630 million tons

Wild land mammals 22 million tons
Wild sea mammals 40 million tons

Million tons

Global plastic production and accumulation

.... and future trends
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UNEP (2021). From Pollution to Solution: A global assessment of marine litter and plastic pollution. Nairobi.
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WMO State of the Climate 2024 Update for COP29

11 November 2024

The WMO update for COP29 confirms that 2024 is set to be the warmest
year on record.

January - September 2024 global average temperature 1.54 (+/- 0.13) °C
above the pre-industrial 1850-1900 baseline.

Long-term warming measured over decades remains below 1.5° C
Past 10 years are warmest on record and ocean heat rises

Extreme weather and climate events lead to massive economic and human
losses

https://library.wmo.int/records/item/69075-state-of-the-climate-2024




@RARohde

Robert Rohde https://berkeleyearth.org/team/#robert-rohde

How Warm was 2023?
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Sea Surface Temperatures 1981-2024 to date with 1982-2010, 1991-2020 mean

Daily Sea Surface Temperature, World (60°S-60°N, 0-360°E)

Dataset: NOAA OISST V2.1 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine
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Higure SPM10 IPCC AR6 WG1 SPM

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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Figure SYR SPM Fig 5 (part of) IPCC AR6 SYR SPM

Net zero CO; and net zero GHG emissions can be achieved through strong reductions across all sectors
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. . . A g & & 3 Our World
Reductionin a bject pove rty Global income distribution in 1800, 1975, and 2015

Income is measured by adjusting for price changes over time (inflation) and
for price differences between countries (purchasing power parity (PPP) adjustment).

These estimates are based on reconstructed National Accounts and within-country inequality measures.
g opa y as resulte rom Non-market income (e.g. through home production such as subsistence farming) is taken into account.

The International Poverty Line is set by the United Nations and is the the poverty line that defines extreme poverty.

th e u Se Of foss il fu e I S Europe - Asia and Pacific - Africa - North- and South America

. 1800
;A
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1975

Ending extreme poverty
has a negligible impact on

global greenhouse gas Daily incore per capta

(in international-$ in 2011 prices; log axis)

emissions. Wollburg et al.

2023 Nature.

https://doi.org/10.1038/s41586-
023-06679-0

Values adjusted for inflation and as PPP
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Visualizing Global Income
Distribution Over 200 Years -
Visual Capitalist
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Data source: Calculations £ Rosling from Gaprmi
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Max Rose



Summarizing

* Humans have caused climate change. Natural causes cannot explain the particularly
rapid warming seen over the last century, UN's climate body, the Intergovernmental
Panel on Climate Change (IPCC).

 Temperatures will stop rising in a few years or decades (net zero eimmissions)—takes
centuries for them to fall back to pre-industry levels. climate.mit.edu

* We can slow and then stabilize global warming — move to net zero carbon as quickly as
possible.

 We need to reduce over consumption and waste. Fight inequality but with zero net
carbon solutions. Can we replace material greed with fulfilment in other ways?

* Climate Change d reaIIy simple guide https://www.bbc.co.uk/news/science-environment-24021772
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And Finally

https://www.bbc.co.uk/programmes/m0024vv1

Drama on 4

Tuesday 12 November Home  Episodes  Podcast
2024 :' =

14:15 BBC Radio 4.
Then on BBC Sounds.

/

i
!

https://www.bbc.co.uk/
sounds/m0024vv1l

This programme will be available shortly after broadcast

The Mosquito

A new satire from award winning writer Anita Sullivan, set at a
fictional COP conference, with a talking Mosquito. Developed with

leading climate scientists.
UNIVERSITY OF

& LIVERPOOL

On radio

Tue 12 Nov 2024

14:15

BECRADIO 4

More episodes

PREVIOUS

12 November 2024

® 44 minutes







https://www.statista.com/chart/28
744/world-population-growth-
timeline-and-forecast/

World Population
Reaches 8 Billion

(Forecast) number of people on Earth and

Country Annual Tons of

Carbon Emissions annual growth rate of the world population
per Capita 2022 = Number of people (in billions) = Annual growth rate (in %)
USA 14.6 12 ———__u 3.0
- ————
Nov 15, 2022: 8 billion

8 2.0

UK 5
6 1.5
4 = )

Kenya 0.4

2 0.5
0 0.0

‘50 1975 2000 2025 2050 2075 2100

USA/Kenya = 36.5

Forecast from 2022 according to the medium scenario with moderate fertility
Source: UN Population Division

statista %



The countries with the largest cumulative emissions 1850-2021
Billions of tonnes of CO2 from fossil fuels, cement, land use and forestry Cum ulative emissions
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Temperature (°C)

Surface Air Temperatures 1981-2023 with 1982-2010, 1991-2020 mean

Daily Surface Air Temperature, World (90°S-90°N, 0-360°E)
Dataset: ECMWF Reanalysis v5 (ERAS) downloaded from C3S | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine
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Modeling the Climate System — from weather to climate
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e~ e Nino Plumes — Long Range Forecast — SEASS
El Niho is

. NINO3.4 SST anomaly plume
coming back ECMWF forecast from 1 Oct 2024
? Monthly mean anomalies relative to ERAS 1981-2010 climatology
maybe soon: —
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https://charts.ecmwf.int/products/seasonal_system5_nino_plumes?base_time=202410010000&nino_are n—
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