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A simple message — the world is warming

Global temperature change (1850-2020)

Image citation: Ed Hawkins, University of Reading, https://showyourstripes.info/




A simple message — the world is warming
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The IPCC

Scientific body set up by WMO and UNEP
Periodic Assessment Reports (AR6 in 2022)

Hundreds of Scientists involved as Authors
and Reviewers

Does not conduct own research, but
assesses the latest scientific, technical and
soclo-economic literature

Elaborate Expert and Government Review

Main findings summarized in “Summary for
Policy Makers”

Nobel Peace Price 2007 together with A.
Gore
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WGI: The Physical Science Basis of Climate Change

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)
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Image citation: IPCC, Climate Change 2021: The Physical Science Basis. Figure SPM.1




The Greenhouse Effect

Solar radiation

0 Long-wave radiation
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Mars Planets and atmospheres
Thin atmosphere

{Almost all CO2 in ground)
Average temperature : - 50°C

Earth
0,03% of CO2 in the atmosphere
Average temperature : + 15°C

Venus

Thick atmosphere

containing 96% of COgp
Average temperature : + 420°C
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GAAPHIC CESIGH | PHLIRPE RECACERICT

Sourcas: Cahin J. Hamilen, Views of the solar sveioam, waiwplanstscapes.com; Bill Amett . The nins planets, 8 mutimeda bour of the sclar syatam, wswssds. ool liafnphineplansts vtml




The Greenhouse effect

Some solar radiation is Same of the infrared
reflected by the atmosphere

c R g E N H O U S E G A s E o
Some of the infrared radiation is
!nc:nr;;;gws:‘::a;;:ﬂ?ﬁun: earth’s surface and the troposphere.
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Bources: Dkana.gm umrsﬂy:dl&nﬁmmnaﬂa. mlﬁmm Linreersity of Owlord, sehool oF peagraphy; Uniled Saaies Envirgnmanial Protedion Agency (EPA), H'Hi'l‘g'l-:m I'.‘Imﬂﬂnﬂ'ih'rgt
1886, The acienta ol chrate change, coalnbution of working groua 1 bo the second asseszmenl ragor al Lhe infergovemmentsl panel on climele chargs, UMER and WO, Cambridge universily press, 1986



Energy balance and carbon cycle

Complex earth system response to GHGs can be modelled as a black body energy-

balance (+ biogeophysical feedbacks + ocean dynamics + ...)
Energy flux Climate feedback

AN = F + AAT | i} e
Radiative Global mean T i
forcing surface IR T I
temperature change )} ”_T_E’fﬂ 26 w15 lana I .
GPP Change '
““'“”"”51_\_1‘_?""””?""’”% ,!, 706 70 222 20
- Natural earth systems absorb Toogmmen s
emitted carbon By oo B B |
- 45% remains in the atmosphere | ~ e e
- 25% absorbed by trees, | |
vegetation, etc. et o
- 30% absorbed by ocean o mimen

Image citation:https://gml.noaa.gov/outreach/behind_the_scenes/gases.html




Global Carbon Cycle
1990s

Atmospheric increase = industrial emissions
+ net land-use emissions
— ocean uptake — residual (missing sink)

3.3 (+0.2) = 5.5 (+0.5) + 1.1(0-2.8)
— 2.0(+0.8) — 1.3(0-3.3)
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The cooling factors

eruptions biomass burning

rest fires
White upper fho ) Burning of

side of clouds coal and oil

AERDOSOLS
Deserts, and dust
fromsandstorms aepocsOLS
{Sulphates)

AEROSOLS

Mlh“ A o, R

Aerosols: tiny parficles of liquid or dust suspended in

Albedo: ability of & the atmaosphera (moest important anthropogenic asrosols GIRITD
Energy reflected surfaca to reflect light. s sulphate produced from SO5) Arendal

ARG DEEHIM - PHILIE RERACENICT

Sounces: Radative loncdng of climate change, the 1854 repor of te sckntific Bassssment workdng group of IPGE, summarny lor polcymakana, WG, LRER; L.C. Danny Hanvay, Climabs ard ghobal emdronmendsal
chenge, Prantice Hal, pessrson Education, Hardow, United Eingdom, 2000
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Change of Radiative Forcing

Emitted
compound

Resulting atmospheric
drivers

Radiative forcing by emissions and drivers

Level of

confidence

Anthropogenic

co

2

CH

4

Halo-
carbons

Well-mixed greenhouse gases

N,O

2

o]0)

2
CO, H,0% O,
0, CFCs HCFCs

N,O

2

1.68 [1.33 to 2.03]

0.97 [0.74 to 1.20]

0.18 [0.01 to 0.35]

0.17 [0.13 t0 0.21]

CO

NO,

co

2

CoO

2

Nitrate C (o)

0.23 [0.16 to 0.30]

0.10 [0.05 to 0.15]

0.15[-0.34 to 0.03]

Aerosols and

precursors
(Mineral dust,
» NH,,
Organic carbon
and Black carbon)

Short lived gases and aerosols

Mineral dust Nitrate
Organic carbon Black carbon

Cloud adjustments
due to aerosols

0.27[-0.77 to 0.23]

~0.55 [-1.33 to -0.06]

Albedo change
due to land use

-0.15 [-0.25 to -0.05]

Changes in
solar irradiance

[
|
|
|
|
|
I
|
I
|
I
I
|
|
I
|
I
|
|
I
|
|
I
|
|
|

0.05 [0.00 to 0.10]

Total anthropogenic
RF relative to 1750

2.29 [1.13 to 3.33]

1.25 [0.64 to 1.86]

0.57 [0.29 to 0.85]
! |
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Radiative forcing relative to 1750 (W m2)

Source: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE




Atmospheric CO, Concentration
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Temperature and CO, concentration in the atmosphere over the past 400 000 years

CO. concentration,
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Business as Usual, in 2100

The last 160,000 years
(from ice cores) and
the next 100 years
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Variations of the Earth’s Surface
Temperature

, NORTHERN HEMISPHERE
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Temperature Temperature

Temperature

Sea level
anomaly (mm)

anomaly (°C) anomaly (°C)
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Extent (10°%km?)
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WMO

Effects on extreme temperatures

Probability
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Cold saline
deep current

Source: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC



Global costs of extreme weather events (inflation-adjusted)

Annual losses, in thousand million U.S. dollars

70 -
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0 - I
1950 1960 1970 1980 1990 1998
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Total economic losses 13— Number of events
¥ I Insured losses Decadal average "
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Relative sea level over the last 300 years
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What causes the sea level to change?

Terrestrial water storage,
extraction of groundwater,
building of reservoirs,

changes in runoff, and __Surface and deep ocean
seepage into aquifers circulation changes, storm surges

Subsidence in river
delta region,
land movements, and
tectonic displacements

” % ,

As the ocean warms,
the water expands

|

Exchange of the water
stored on land by
glaciers and ice sheets
with ocean water

Ci N\ .

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)
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Potential Impacts of Climate Change

Temperature

=

bl bl TP
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Sea level rise s
Precipitation
Health Agriculture Forest Water resources Impacts on Species and
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(a) Temperature Indicators
OCEAN LAND

LOWER STRATOSPHERE & )
lower stratosphere: 0.5 to 2.5°C decrease since 1979

TROPOSPHERE * Little or no change since 1979

** 0.0 to 0.2°C increase since 1979 - satellites & balloons
* 0.2 to 0.4°C increase since ~1960

Low- to Mid- {

NEAR-SURFACE **N.H. Spring snow cover extent: since

* ) , 1987, 10% below 1966-86 mean
1990s warmest decade of the millennium

and 1998 warmest year for at least the N.H.

** marine air temperature: 0.4 to 0.7°C

increase since late-19th century
T B D@C“)%
massive retreat of mountain glaciers

*kk ‘
- ti“gas"o% ';";‘r%zr:;"s"- during 20th century * Arctic sea ice: summer
/ e take 1015 cont * land night time air temperature thickness decrease of 40%
increasing at twice the rate of daytime and 10 to 15% decrease in
temperatures since 1950 extent during spring and
ntent increase since 19505 |  ** lake and river ice retreat at mid and high ‘xum':‘;;inw
equal to 0.04°C / decade latitudes since the late 19th century (2 week
decrease in ice duration) ? Antarctic sea ice:

*** Jand air temperatures: 0.4 to 0.8°C no significant change
increase since late 19th century since 1978

*** Virtually certain (probability > 99%)
** Very likely (probability > 90% but < 99%)
* Likely (probability > 66% but < 90%)
? Medium likelihood (probability > 33% but < 66%)

Likelihood:




WGII: Impacts Adaptation and Vulnerability

(a) Global surface temperature change (b) Reasons for Concern (RFC)
Increase relative to the period 1850-1900 Impact and risk assessments assuming low to no adaptation
°C

Risk/impact

- Very high
- High

Projections for different scenarios
SSP1-1.9

-2.6 (shz resenting very likely range)

4 SSP1-2.6 (shade representing very likely range] Moderate
SP2-4.5 . Undetectable
S5P3-7.0 (shade representing very likely range) -

3 S55P5-8.5 = ‘ Transition range

L] -
I Confidence level
assigned to
- transition
2 |. : . fi-ll'l[_;i-‘ - :
[ ] . L]
H : |. 2 .v y higt
15 H . Low =Very high
H H
- e "
. H 1* ] Historical average
H E E temperature increase
B 8 in 2011-2020 was
H - 1.09°C (dashed line)
0 range 0.95-1.20°C
1950 2000 2050 2100 RFC1 RFC2 RFC3 RFC4 RFC5

Unique and Extreme Distribution Global Large scale
threatened weather of impacts aggregate singular
systems events Impacts  events

Image citation: IPCC, 2022: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contributions of WG1 to AR6. Figure SPM3.




Global mean temperatue change (°C relative to 1986-2005)

v (6 St

O'Neill et al, 2017

T
w
(s|2A3] |el3snputaid jo uoljewixoadde ue se
‘0061-058L 01 8A1R[3 D)

o}—2003-2012

M/H @

T Recent (1986-2005)

Confidence

M Medium
H High

RFC1
Risks to unique and
threatened systems

RFC2
Risks associated
with extreme
weather events

RFC3 RFC4
Risks associated Risks associated
with the distribution with global

of impacts aggregate impacts

Level of additional risk due to climate change

| Undetectable

Moderate High Very high

RFC5
Risks associated
with large-scale
singular events

®C

Global key risks
KRi @ KRv

O Ri @ KRyvi
O «Rii @ KRvii

® <Rriv KR viii

Biodiversity
Coral reefs

Arctic systems
Mountain systems

@ Heat waves
i e s
Extreme precipitation

Selected key risks

@ Agriculture
Economic damages




Impacts disproportionately affect world’s poorest

Stresses magnify across multiple sectors by 2050
- Land use and agricultural production

° Ener rOdUCtIOH & Cumulative risks of
gy p H I 15 oc
Consumpthn warming
- Water stress and drought (it e
E‘?isk ':,?‘;_e_..‘ ~ L
:>c05e | o Al
E(J £ : ‘?‘:‘ . {};
A {
~2X Population affected by various risks (millions of people)
Heatwave exposure || NN : 50
Water stress [ 340
i, Risk to power production - 334

Crop yield change | 35
Habitat degradation ] 91

Image citation: Byers et al 2018, IPCC 2018, Nature, 2019



https://www.nature.com/immersive/d41586-019-02711-4/index.html

Some Impacts Appear Unavoidable
(even under most stringent mitigation)

e Coral bleaching
e Species range shift

* Drought risk and water scarcity
(Mediterranean, and particularly in the dry
tropics and subtropics)

» Risk of wildfire

* Coastal damage from floods combined
with sea level rise

Energy Systems Analysis



Types of adaptation to climate change

Anticipatory Reactive

Natural Systems , Changes in length of
’ growing season

, Changes in ecosystem
’ composition

» Wetland migration

Human Systems » Purchase of insurance » Changes in farm practices
, Construction of houses on , Changes in insurance
Private silts * premiums
» Redesign of oil rigs » Purchase of air-
conditioning
» Early-warning systems » Compensatory payments,
_ subsidies
Sblie New building codes, . Enforcement of building
® design standards " codes
» Incentives for relocation » Beach nourishment

Source: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)



WGIII: Mitigation of Climate Change
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Key questions about the climate system and its relation to human kind

What changes How well are the past and present What changes
have occurred? climates understood? could lie ahead?

Observations: Simulations:

* natural variation
« forcing agents
+ global climate

* temperatures
* precipitation
* snow / ice cover

- sea level * regional climate
« circulation * high impact events
» extremes + stabilisation
Observations vis-a-vis Simulations
Timeline: Palaeo & Ir)strumental The Present The Future
: Periods

Source: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)



Energy balance and carbon cycle

A fundamental emergent outcome of climate science is the /inear relation between
cumulative CO, and warming — the Transient Climate Response to Emissions (TCRE)

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,)

°c
3
SSP5-8.5
The near linear relationship .
25 between the cumulative $SP3-7.0
CO, emissions and global
warming for five illustrative )
2 scenarios until year 2050 SSP1-2.6 &
SSP1-1.9 L
b i R e
1
Historical global
warming
0.5

Cumulative CO; emissions since 1850

2000 3000 4000 4500 GtCO,
03 Future cumulative
| —— SSP1-1.9 CO, emission_s differ
| E—— SSP1-2.6 across scenarios, and

determine how much
SS5P3-7.0 warming we will
SSP5-8.5 experience

R 38 8
7a g8 z
HISTORICAL PROJECTIONS

Cumulative CO,; emissions between 1850 and 2019 Cumulative CO, emissions between 2020 and 2050

Image citation: IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contributions of
WG1 to ARG.




A single, fundamental challenge:

transitioning energy production and consumption away
from fossil fuels

Annual Global Emissions 50r
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Image citation Friedlingstein et al 2021; Global Carbon Project 2021
Image citation: IPCC, 2018: Global warming of 1.5°C. Figure 2.5(a).



https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/

Global Carbon Budget
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land use change from data and models
- residual land sink
measured atmospheric growth rate
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Anatomy of a 1.5°C emission pathways
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Anatomy of a 1.5°C emission pathways
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Anatomy of a 1.5°C emission pathways
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Anatomy of a 1.5°C emission pathways
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Anatomy of a 1.5°C emission pathways
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Carbon Dioxide Removal (CDR)

CDR methods capture CO, from the atmosphere (Principle 1) and durably store it
(Principle 2). They must be additional to natural processes (Principle 3).
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THE STATE OF

Carbon Dioxide Removal https://www.stateofcdr.org/

gidden@iiasa.ac.at / @mattgidden
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Many CDR methods

Novel CDR

Conventional CDR on land
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The Conference of Parties to the UNFCCC

COP27 in Sharm EIl-Sheikh was billed as the ‘Implementation COP’

Holds most Glasgow mitigation language, but adds ‘low-emission energy’ (gas?)
Loss and Damage fund established

Bridgetown Agenda for MDB reform strongly supported




Latest science and latest action

ipcc

teeritewintas st on climate chante

Climate Change 2022
Impacts, Adaptation and Vulnerability

“SPM B.1.2. Climate change has caused substantial damages, and increasingly irreversible losses, in terrestrial,
freshwater and coastal and open ocean marine ecosystems (high confidence). The extent and magnitude of climate
change impacts are larger than estimated in previous assessments (high confidence). Widespread deterioration of
ecosystem structure and function, resilience and natural adaptive capacity, as well as shifts in seasonal timing have
occurred due to climate change (high confidence), with adverse socioeconomic consequences (high confidence).
Approximately half of the species assessed globally have shifted polewards or, on land, also to higher elevations
(very high confidence). Hundreds of local losses of species have been driven by increases in the magnitude of heat
extremes (high confidence), as well as mass mortality events on land and in the ocean (very high confidence) and
loss of kelp forests (high confidence). Some losses are already irreversible, such as the first species extinctions driven
by climate change (medium confidence). Other impacts are approaching irreversibility such as the impacts of
hydrological changes resulting from the retreat of glaciers, or the changes in some mountain (medium confidence)

and Arctic ecosystems driven by permafrost thaw (high confidence).”

COP26 final battle: “Phase eut-down coal”
COP27 battle: “Phase down fessiHuel-coal”

Current plans to expand LNG capacity undermine the 1.5°C goal
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https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/
https://climateactiontracker.org/press/dash-for-gas-a-serious-threat-to-the-paris-agreements-warming-limit/
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