An introduction to climate change:

It is Still Time to Act!
An Overview Based on the IPCC
Fifth Assessment Report (ARS)

Jean-Pascal van Ypersele

(Univ. catholique de Louvain, Belgium)
Former IPCC Vice-Chair (2008-2015)

Twitter: @JPvanYpersele

Masterclass CACHE (Calcium in a CHanging
Environment, www.cache-itn.eu), Brussels, 7 Feb. 2017

Thanks to the Walloon Government and to my team at the
Université catholique de Louvain for their support



Temperature Change From 1961-1990 Average
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Lying With Statistics, Global Warming Edition

Temperature Plateaus — 1912-2012
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Lying With Statistics, Global Warming Edition

Temperature Change From 1961-1990 Average
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Why the IPCC ?
Established by WMO and UNEP in 1988

to provide policy-makers
with an objective source of
information about

e causes of climate change,

e potential environmental
and socio-economic
impacts,

e possible response options
(adaptation & mitigation).

WMO=World Meteorological Organizatior

UNEP= United Nations Environment
Programme
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What is happening in the
climate system?

Y,
What are the risks?

.
What can be done?
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Key messages from IPCC ARS

- Human influence on the climate system is clear

- Continued emissions of greenhouse gases will
increase the likelihood of severe, pervasive and
irreversible impacts for people and ecosystems

- While climate change is a threat to sustainable
development, there are many opportunities to
integrate mitigation, adaptation, and the pursuit
of other societal objectives

- Humanity has the means to limit climate
change and build a more sustainable and
resilient future
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Each of the last three decades has been successively warmer
at the Earth’s surface than any preceding decade since 1850.

In the Northern Hemisphere, 1983-2012 was likely the warmest
30-year period of the last 1400 years (medium confidence).

(IPCC 2013, Fig. SPM.1a)



Since 1950, extreme hot days and heavy
precipitation have become more common

There is evidence that anthropogenic influences, including increasing atmospheric
greenhouse gas concentrations, have changed these extremes
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Northern Hemisphere Sea Ice Anomaly
Anomaly from 1979-2008 mean
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Plateau Glacier (1961)
(Alaska)
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http://www.weather.com/news/science/environment/alaskas-glaciers-capturing-earth-
changing-our-eyes-20131125?cm_ven=Email&cm_cat=ENVIRONMENT _us_share



Plateau Glacier (2003)
(Alaska)

http://www.weather.com/news/science/environment/alaskas-glaciers-capturing-earth-
changing-our-eyes-20131125?cm_ven=Email&cm_cat=ENVIRONMENT _us_share



Change in average sea-level change
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PARTS PER MILLION

CO, concentration measured at Mauna Loa
(3400 m)

Atmospheric CO, at Mauna Loa Observatory
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Without Greenhouse Effect =~

Infrared
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Tyndall (1861) mesure I’absorption du rayonnement par les gaz



With Greenhouse Effect
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Figure SPM.5

Radiative forcing estimates in 2011 relative to 1750

All Figures © IPCC 2013
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Temperature Change [°C]
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A Progression of Understanding: Greater and Greater

Certainty in Attribution

AR1 (1990) B —— =S —
“‘unequivocal detection '
not likely for a decade”

AR2 (1995): “balance of

evidence suggests
discernible human
influence”

AR3 (2001): “most of
the warming of the
past 50 years is likely
(odds 2 out of 3) due
to human activities”
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the warming is very AR1
likely (odds 9 out of 10) AR5 (2013) «lt is extremely likely AR2
due to greenhouse (odds 95 out of 100) that human influence AR3
gases” has been the dominant cause... »

T IPCC
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The concentrations of CO, have increased to levels

unprecedented in at least the last 800,000 years. y




Carbon cycle: unperturbed fluxes

partie I partie II Atmosphere 280 ppmv (1ppmv = 2.2 GtC)
pre -ind : 597 GtC

pame 111 partie IV
Physical, 70.5
_ Chemical, and
photosynthesis Biological
119.5 processes
120
respiration 70

; };;Combush p Foss:tes
_..(chaxbnn pétrole, gaz natureL
| 3700 -

Units: GtC (bllllons tons of carbon) or GtC/year (multlply by 3.7 to get GtCOz)
vanyp@climate.be



Carbon cycle: perturbed by human activities
(numbers for the decade 1990-1999s, based on IPCC AR4)
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The carbon cycle is policy-relevant

* CO, accumulates in the atmosphere as long
as human emissions are larger than the
natural absorption capacity

* Historical emissions from developed
countries therefore matter for a long time

* As warming is function of cumulated
emissions, the carbon « space » is narrowing
fast (to stay under 1.5 or 2°C warming)
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Rose: simulations avec facteurs naturels & humains
L'influence humaine sur le systeme climatique est
sans équivoque; Il est extrémement probable (95%)
que l'influence humaine a été la cause principale du
réchauffement depuis le milieu du 20°™e sjécle
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Sources of emissions

Energy production remains the primary driver of GHG emissions
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24% 0
° 21% 14% Building
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RCP Scenarios: Atmospheric CO> concentration
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AR5, chapter 12. WGI- Adopted version / subject to final copyedit



Global average surface temperature change
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Only the lowest (RCP2.6) scenario maintains
the global surface temperature increase above
the pre-industrial level to less than 2°C with at

least 66% probability

(IPCC 2013, Fig. SPM.7a)



18-20000 years ago (Last Glacial Maximum)

With permission from Dr. S. Joussaume, in « Climat d’hier a demain », CNRS éditions.
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Today, with +4-5°C globally

With permission from Dr. S. Joussaume, in « Climat d’hier a demain », CNRS éditions.
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North Europe - Map of temperature
changes: 2081-2100 with respect to
1986-2005 in the RCP8.5 scenario (annual)
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Maps of temperature changes in 2081
2100 with respect to 1986-2005 In the
RCP8.5 scenario
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IPCC, WGI, Annex I: Atlas of Global and Regional Climate Projections Supplementary Material RCP8.5



Annual rainfall projections

ge precipitation (1986-2005 to 2081-2100)
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North Europe - Map of precipitation
changes in 2081-2100 with respect to
1986—-2005 in the RCP8.5 scenario (annual)
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With 1 metre sea-level rise: 63000 ha below sea-level in

Belgium (likely in 22nd century, not impossible in 21st century)

(NB: flooded area depends on protection)
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Source: J.P. van Ypersele et P. Marbaix (2004) See www.climate.be/impacts




Effets sur le Delta du Nil, ou vivent plus de 10
millions de personnes a moins d’1 m d’altitude

Mediterranean Sea

1m(3.3#.) .;s‘ea-level rise

(Time 2001)



With 8 metre sea-level rise: 3700 km? below sea-level in Belgium
(very possible in year 3000)
(NB: flooded area depends on protection)
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Global ocean surface pH (projections)

Ocean Acidification, for RCP 8.5 (orange) & RCP2.6 (blue)
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Oceans are Acidifying Fast ..........

Changes in pH over the last 25 million years
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82 o000 “Today is a rare
5 7: R event in the

' ¥ 2100 AD history of the

[ Oceanic pH 2150 AD— " World ”

74

-25 -20 -15 -10 5 0 5

time (million years before present)

* It is happening now, at a speed and to a level not experienced by marine
organisms for about 60 million years

*Mass extinctions linked to previous ocean acidification events

- Takes 10,000’ s of years to recover

Turley et al. 2006 Slide ¢ ourtesy of Carol Tur]ey, PML



Only 7% of the Great Barrier Reef has
avoided coral bleaching (May 2016)

NORTHERN SECTOR
522 reefs surveyed
81% severely bleached
<1% not bleached

CENTRAL SECTOR

226 reefs surveyed

33% severely bleached
{ | 10% not bleached

/ SOUTHERN SEGTOR

i 163 reefs surveyed
1% severely bleached

| 25% not bleached

Townevile =

|||||||||

JCU Australia - ARC Centre of Excellence for Coral Reef Studies / Tom Bridge and James Kerry



DJF seasonal changes in heavy precipitation (%),
2071-2100 compared to 1971-2000

RCP4.5 RCP8.5

Seasonal changes in heavy | I I [ I ~777 Significant change
precipitation in percent =25 =15 -5 5 15 25 35 45 \\\ Robust change

IPCC, AR5, WG I, Chap. 23, p. 1277



Impacts are already underway

 Tropicsto the poles

 Onall continents and in the ocean
« Affecting rich and poor countries (but the
poor are more vulnerable everywhere)
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Risk = Hazard x Vulnerability x Exposure




Potential Impacts of Climate Change
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ALREADY OCCU RRING

INTERGOVERNMENTAL PANEL oN ClimaTe change




Flood risk adaptation in Bangladesh (example):
cyclone shelters, awareness raising, forecasting and warning
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photo: DrThorsteIBse/GéFﬁﬁén Red Cross (), evaluation of the
Community Based Disaster Preparedness Programme run by the Red Cross in1996-2002
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Regional key risks and potential for risk reduction

-~ through adaptation

Representative key risks for each region for
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IPCC, AR5, SPM, Figure SPM.8



Regional key risks and potential for risk reduction:
Small Islands

Representative key risks for each region for
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Regional key risks and
potential for risk reduction

Physical Systems
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Representative key risks for each region for
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IPCC, AR5, SPM, Figure SPM.8
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Global mean temperature change

("C relative to 1986-2005)
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Global mean temperature change

("C relative to 1850-1900, as an
approximation of preindustrial levels)
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Unique & Extreme Distribution Global Large-scale
threatened weather ofimpacts aggregate singular
systems  events impacts events

or=2003-2012

Level of additional risk due to climate change

Undetectable Moderate Very high

AR5, WGII, Box SPM.1 Figure 1



IPCC reasons for concern / climate change risks
SNat Climate Change 20172
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Global mean temperature change

{°C relative to 1850-1900, as an
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Global mean temperature change
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RCP8.5 (a high-emission scenario) Level of additional risk due to climate change
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RCP2.6 (a low-emission mitigation scenario)
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Cumulative total anthropogenic CO; emissions from 1870 (GtCO;)
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Cumulative total anthropogenic CO» emissions from 1870 (GtC)

Cumulative emissions of CO, largely determine global mean
surface warming by the late 21st century and beyond.

o
IPCC ARS Workina Group IDCC 3
L ARS Working Group | 5{‘,: ;”:;

Climate Change 2013: The Physical Science Basis INTERGOVERNMENTAL PANEL ON ClimaTe change wHO




Cumulative total anthropogenic CO; emissions from 1870 {GtCO2)
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Limiting climate change will require substantial and
sustained reductions of greenhouse gas emissions.
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The window for action is rapidly closing

65% of the carbon budget compatible with a 2°C goal is already used
NB: this is with a probability greater than 66% to stay below 2°C

Amount
Remaining:

1000

GtCO,

Total Carbon
Budget:

2900

GtCO,

NB: Emissions in 2011: 38 GtCO2/yr AR5 WGI SPM

IPCC ARS Synthesis Report INTERGOVERNMENTAL PANEL ON ClimaTe chanee WMo UNEP



-

Stabilization of atmospheric concentrations requires moving away from the
baseline — regardless of the mitigation goal.
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GHG emissions accelerate despite reduction efforts. Most emission
growth is CO, from fossil fuel combustion and industrial processes.

Total Annual Anthropogenic GHG Emissions by Groups of Gases 1970-2010
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Limiting Temperature Increase to 2°C

AR5 WGI §PM, AR5 WGII SPM,ARS5 WGIII SPM

IPCC
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Can temperature rise still be kept below 1.5 or 2°C
(over the 21st century) compared to pre-industrial ?

Many scenario studies confirm that it is technically
and economically feasible to keep the warming
below 2°C, with more than 66% probability ("likely
chance”). This would imply limiting atmospheric
concentrations to 450 ppm CO,-eq by 2100.

Such scenarios for an above 66% chance of staying
below 2°C imply reducing by 40 to 70% global GHG
emissions compared to 2010 by mid-century, and
reach zero or negative emissions by 2100.



Mitigation Measures

More efficient use of energy

Greater use of low-carbon and no-carbon energy
- Many of these technologies exist today

- But worldwide investment'in research in support of GHG mitigation
is small...

Improved carbon sinks

- Reduced deforestation and improved forest management
and planting of new forests

- Bio-energy with carbon capture and storage

Lifestyle and behavioural changes

AR5 WGIII SPM
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 Mitigation requires major
technological and institutional
changes including the upscaling
of low- and zero carbon energy
(quadrupling from 2010 to 2050
for the scenario limiting warming
below 2°C)



GiCO,eq/vear (avoided emissions: the higher, the better)
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All sectors and regions have the
potential to contribute by 2030
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Note: estimates do not include non-technical options, such as lifestyle changes.



Substantial reductions in emissions would require large
changes in investment patterns.

E00
100
600
500
400
300

200

Changes in Annual Investment Flows 2010-2029 [Billion USD ., Jfyr|

100 :.H E_- !
TLET| B
] |~
§ 4 5 | =
-100 QECD  non-0ECD  World
Max - B
_zm Meadian = I = |
Mmn - =
300 Mean — @ » *
=400
Total Electricity Renewables Muclear Power Plants Fossil Fuel Extraction of Energy Efficiency
Generation with CC5 Power Plants Fossil Fuels Across Sectors
without CC5
uuls:udln:l a[a|5 a[a]s ¢|.1|5 -1]4|5 ¢|4|5. 4].1[5 J|;|4

o
Working Group Il contribution to the I D C C

IPCC Fifth Assessment Report n climate chanee g



Substantial reductions in emissions
would require large changes in
investment patterns e.g., from 2010
to 2029, in billions US dollars/year:

(mean numbers rounded, IPCC AR5 WGIII Fig SPM 9)

energy efficiency: +330

renewables: + 90
power plants w/ CCS: + 40
nuclear: + 40

power plants w/o CCS: - 60
fossil fuel extraction: -120



Ambitious Mitigation Is Affordable

- Economic growth reduced by ~ 0.06%

(BAU growth 1.6 - 3%l/year)

- This translates into delayed and not forgone
growth

- Estimated cost does not account for the
benefits of reduced climate change

- Unmitigated climate change would create
Increasing risks to economic growth and

efforts to eradicate poverty AR5 WGI SPM, AR5 WG SPM
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Mitigation can

e result in large
co-benefits for
human health
£ and other
PM,, Concentrations [pg/m’) Exposure Quintiles |Capita"pug/m'] Co-Benefits of Mitigation for Air Quality SOCietal gO als °
; I:; m’;u“““m"' :ﬁ:ﬁ:’ﬁ;ﬁu Black Carbon Sulfur Dicxide
@ 350 (et} 7,430,334 - 15,598,968 = -
@ 5070 (et 1} () smass.wmai A
@ =70 (Above Target 1) ) RMG3NI - 255095, 144 iy S
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Pollution
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Global Air Pollution (2005-2050, Relative 1o 2005) [%]
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The Choices Humanity Makes Will Create Different
Outcomes (and affect prospects for effective adaptation

Without additional
mitigation

39

- Change in average surface temperature (1986—2005 to 2081-2100)

AR5 WGI SPM
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The Hidden IPCC
Message:

e If it’s possible and not enough
happens, what is lacking?

e Political will, at the appropriate
scale



Comparison of global emission levels in 2025 and
2030 resulting from the implementation of the
intended nationally determined contributions
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UNFCCC, Aggregate effect of the intended nationally determined contributions: an update
http://unfccc.int/resource/docs/2016/cop22/eng/02.pdf
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Useful links:

www.ipcc.ch  : IPCC (reports and videos)

www.climate.be/vanyp : my slides and other
documents

www.skepticalscience.com: excellent
responses to contrarians arguments

On Twitter: @JPvanYpersele
and @IPCC_CH

Jean-Pascal van Ypersele
(vanyp@climate.be)



