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ONGOING
CLIMATE CHANGE

Europe hit by scorching
heatwave |
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Processes fluctuate naturally, molecules shoot around,
chaotic limits apply, but basically nothing changes, until...

The Earth in space

The only information and This is the climate system
the only energy, that gets in (physical + biological)

or out is via electromagnetic

radiation.....

Energy arriving gives
rise to myriad of
processes between high
frequency energy in and
low frequency energy
out (entropy!)

....Light and

Precious little
exchange of matter of

any sort
..until flux of energy/
Some incoming light is second/m? absorbed
reflected, by clouds, = emitted

surface, ice

Remainder absorbed, Planet goes on

heats the planet warming....

Temperature rises, IR
emission back to space starts
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It is indisputable that human activities g Univeiyof

are causing climate change

Intergovernmental Panel on Climate Change

;% 6" assessment report (2021): —
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» Observed warming is
driven by emissions from
human activities

» Natural factors do not
contribute to rapid warming
over past 5 decades

» Greenhouse gas
warming has been partly
masked by aerosol cooling

» Warming is amplified by
feedback loops involving
water vapour, ice & clouds


https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf

Feedback Loops Amplify Climate Change BB pezdine
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Increasing amounts of water
vapour in the atmosphere
are amplifying warming of

climate and making extreme

weather worse.
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Water vapour is increasing

This is intensifying the water cycle: a
thirstier atmosphere more effectively saps
water from the surface and transports this

extra moisture into storm systems,
monsoons and polar regions

Increasing range between the wettest and driest time of
year by the end of the 21° century in percent

The contrast
between wet and
dry times of the
year increases by
mare than 20% in
some regions

Regions that get
much drier may
see a reduced
contrast between
wet and dry spells
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https://doi.org/10.1029/2022JD036728
http://doi.org/10.1088/1748-9326/acea36
http://doi.org/10.1088/1748-9326/acea36

How are moisture changes in the
upper troposphere influencing

(0 Meteorl Se (199, 132, pp. U818

climate change?

The greenhouse Earth: A view from space
By ). E. HARRIES'
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John et al. (2023) in BAMS state of climate 2022



https://www.eumetsat.int/0-degree-service
https://doi.org/10.1175/2023BAMSStateoftheClimate.1

Ha:IISDH relatwe hum dity trend

IS CONTINENTAL DRYING
UNDERESTIMATED BY MODELS?

* Declining Relative Humidity over land
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 Consistent with larger warming over land

than sea e.g. O’'Gorman & Byrne (2018) PNAS " .
* Not fully captured by CMIP5/6 simulations —
even when forced with observed SST e T
e.g. Allan et al. 2022 JGR, Dunn et al. 2017 ESD o s R e
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https://doi.org/10.1073/pnas.1722312115
https://doi.org/10.1029/2022JD036728
https://www.earth-syst-dynam.net/8/719/2017/esd-8-719-2017.html
https://www.earth-syst-dynam.net/8/719/2017/esd-8-719-2017.html
https://doi.org/10.1029/2022JD036728

Can we detect
emerging signals
of water cycle
change?

» Emerging signals of more
Intense dry seasons over
eastern Brazil, southern
Africa and Australia
(opposite in Sahel)

Wainwright et al. (2022) GRL -

Spectral Signatures of Earth's Climate Variability over 5 Years|from IASI

HELEN BRINDLEY, RICHARD BANTGES, JACQUELINE RUSSELL, JONATHAN MURRAY,
CHRISTOFHER DANCEL, CLAUDIO BELOTTI, AND JOHN HARRIES

Space and Arvospheric Phyacs Groap, Inperia College London, London, Unigd Kingdom
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https://doi.org/10.1029/2021GL097231
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Heat siored in the Earth system 1860-2020:;
where does tha ensrgy go?
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On the Variability of the Global Net Radiative Energy Balance

of the Nonequilibrium Earth

JoHN E. HARRIES aND CLAUDIO BELOTTI
Imperial College, Londor, Unied Kingdom

(Manuscript received 20 August 2008, In fhnal form 31 August 2009)
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Unexpected pattern of global warming? B i
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Pattern of observed warming

(1979-2014) is unexpected!
Dong et al. (2021) GRL

This has weakened amplifying climate feedbacks
relative to coupled models (Andrews et al. 2022 JGR)

...but new Earth radiation budget measurements and
simulations suggest clouds are now awakening and causing
more sunlight to be absorbed (Loeb et al. 2020 GRL)
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https://doi.org/10.1029/2022JD036675
https://doi.org/10.1029/2019GL086705
https://doi.org/10.1029/2021GL095778

Can we geoengineer our climate back to safety?

GEOPHYSICAL RESEARCH LETTERS, VOL. 24, NO, 19, PAGES 2355-2358, OCTOBER 1, 1997

Possible change in climate parameters with zero
net radiative forcing

Ashok Sinha and John E. Harries

Space and Atmospheric Physics Group, Blackett Laboratory, Imperial College of Science, Technology and
Medicine, Prince Consort Road, London SW7 2BZ
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Solar Climate
Intervention Methods
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altitude cirrus
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2} Increasing the reflectivity
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The Distribution of Water Vapor in the Stratosphere Atmospheric radiation and atmospheric humidity
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John E. Harries, Helen E. Brindley, Pretty J. Sagoo & Richard J. Baniges
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« John's work remains fundamental to current research challenges

* He has left his own “spectral signature” on many people who
continue to pass on this wisdom for the benefit of society
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