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Prelude: Mid-Pliocene Warm Period Maximum (~ 3.6 Ma)

High Arctic Fossils
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Cosquer Cave

. . Calanque de la Triperie Marseill
Prelude: Last Glacial Maximum ( ~ 20 kya) Dated: 27000yrs BP - aatl
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Prelude: The Holocene (~ 11 kya)




Prelude: Last Millennium
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Prelude: Last Millennium
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lvar Bardsson (Norwegian priest in Greenland 1341-1364):

"From Snefelsness in Iceland, to Greenland, the shortest way: two
days and three nights ... the sea there are reefs called
Gunbiernershier. That was the old route, but now the ice is come
from the north, so close to the reefs that none can sail by the old

route without risking his life."
-Le Roy Ladurie, Doubleday, 1971
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Prelude: Last Millennium
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Prelude: Radiative balance & Earth‘s equilibrium temperature

Jean Baptiste Fourier (1827):
Greenhouse effect

Svante Arrhenius (1896):
Calculates AT,y (2XCO,)~ 5-6 K

-Arrhenius, 1896: Phil. Mag., 41, 237-276.-

How has the climate system changed ?

Why and what is the influence of human activities climate change?
How is the climate system expected to change in the future?
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Observed changes in the climate system: atmosphere

Observed globally averaged combined land and ocean
surface temperature anomaly1850-2012 Warming in the climate system is unequivocal

08F ¥ T
Annual average

02

0.0

04F

06 HadCRUT4 NOAA/NCDC MLOST NASA/GISS 4
oskE : ' t
Decadal average

04

0.2}

Anomaly (°C) relative to 1961-1890

D2

04

L
(IPCC 2013, Fig. SPM.1)
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Observed changes in the climate system: atmosphere

Observed globally averaged combined land and ocean
surface temperature anomaly1850-2012
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Observed changes in the climate system: atmosphere

Observed globally averaged combined land and ocean
surface temperature anomaly1850-2012

Warming in the climate system is unequivocal

08F " T ¥ T
Annual average A
04t
02+
g oof
§ 0.2t
2 o4}
]
2
8 05f
e osE t t = Observed change in average surface temperature 1901-2012
o Decadal average R e e~ e
> 04k L
q -
£ == ~
5 02 12
. pu— n
0.0+ = 14
= L
02} e =)
T — i
=== ; —_ o
04 —  — JdN
-. 8 £ : /
o8 -Hartmannetal., IPCC, 2013: Ch2- Ha gt
L " 2 1 L o N—r = -— -_— -_——
1850 1900 1850 2000 == | 1 I
Year 06 04 02 © 02 04 085 08 10 126 15 175 25

Trend (°C over period)

1D A S \AJ Lirma . - .
IPCC ARS Working Group | IDCC ( ) (o)

Climate Change 2013: The Physical Science Basis INTERGOVERNMENTAL PANEL ON CliM3Te Chanee  wwo ©N



Observed changes in the climate system: atmosphere

Global Mean Surface Temperature (January-June)

The first six months of 2016 were the warmest six-month period in NASA's
modern temperature record, which dates to 1880.

Credits: NASA/Goddard Institute for Space Studies
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Observed changes in the climate system: atmosphere

Observed change in precipitation over land Warming in the climate system is unequivocal

1901-2010
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Observed changes in the climate system: ocean

Sea Surface Temperature
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Observed changes in the climate system: ocean

Sea Surface Temperature
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Observed changes in the climate system: criosphere

Northern Hemisphere spring snow cover
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Anthropogenic

Natural

What causes system changes?: drivers of climate change

Radiative forcing of climate between 1750 and 2011 Total radiative forcing is positive , and has led
| to an uptake of energy by the climate system
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Observed changes in the climate system: carbon cycle
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What causes system changes?: model evaluation & detection/attribution

[ VO —TeaGRUT 1 ] Human influence on the climate system is clear
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What causes system changes?: model evaluation & detection/attribution
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What causes system changes?: model evaluation & detection/attribution
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Human influence on the climate system is clear

Climate models have improved since AR4
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What causes system changes?: model evaluation & detection/attribution
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What are the expected changes for the future?: Representative Concentration Pathways

Radiative forcing (W m®)

(PgCyr)
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(IPCC 2013, TS. Fig. 15, 19)
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RCPs represent a larger set of mitigation
scenarios and were selected to have different
targets in terns of radiative forcing at 2100: 2.6,
4.5,6.0,8.5Wm-=2
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What are the expected changes for the future?: Atmospheric temperature projections

Annual mean temperature change
RCPES: 2081-2100
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(IPCC 2013, SPM.7 TS.15)

Continued emissions of GHGs will cause further
warming and changes in all components of thee
climate system.

Global average surface temperature change
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What are the expected changes for the future?: water cycle

Changes in global water cycle in respone to the
warmingin the 21st century will not be uniform.

- Collins et al., IPCC, 2013: Ch12-
- Christensen et al., IPCC, 2013: Ch14-

Annual mean precipitation change (2081-2100)

(IPCC 2013, SPM.8 TS.16)
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What are the expected changes for the future?: cryosphere

Arctic seaice cover will very likely continue to
shrink and thin
NH spring snow cover will decrease during the

21st century. Global glacier volume will further
decrease

Snow cover extent change
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Policy relevant implications: commitment, stabilization & irreversibility

Temperature anomaly relative to 1861-1880 (°C)
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2500

(IPCC 2013, SPM.10)

Cumulative emissions of CO2 largely determine
global mean surface warming by the late 21st
century and beyond.

This represents a substantial multi century
climate chagne commitment created by past,

present and future emissions..




