Risks For

Ecosystems

Key Findings from the Fourth

Assessment

Andreas Fisch
Coordinating Lead Aut

Report of IPCC

in & Guy Midgley

nors chapter «Ecosystems,

their Properties, Gooc

s, and Services» from the

Assessment Report Four of the IPCC

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Systems Ecology,Departement of  oavcics”
Environmental Sciences, ETH Zurich s AN B |




Contents

e Background

e Projected, future impacts

e Ecosystems and tipping points

e Conclusions

Andreas Fischlin & Guy Midgley — Coordinating Lead Authors IPCC AR4 — ETH Zurich, Switzerland & Kirstenbosch Research

Center, South Africa

11/Mar/2009




IPCC Assessment Report 4 WGII, Chapter 4

«Ecosystems, their proper-
ties, goods, and services»

2 CLAs: Andreas Fischlin

8 LAs: Jeff Price, Rik Leemans, opal, C
Turley, Mark Rounsevell, Pauline Dube, Juan
Tarazona, Andrei Velichko

19 CAs with outstanding contributions from
Jacqueline de Chazal and Rachel Warren

2 REs
Hundred of expert reviewers, scientists etc.
>3200 scientific articles reviewed

Ancreas Fisshin & Guy Nidgley - GoordinainglLSad AURBIRIBGEIARAI ETH Zurich, Switzeriand & Kirstenbosch Research Genter, South Afica H1IMari2009




Switzerland & Kirstenbosch Research Center, South Africa 11/Mar/2




11/Mar/2009










Zurich, Switzerland & Kirstenbosch Research Center, South Africa 11/Mar/2009




11/Mar/2009




\

) SN LR
N\ { . LR,

Y

©
o
ol
i=
<
=}
o
(2]
(S
[}
g
c
[}
(@]
<=
3]
—_
o4
o}
»
o}
o
=
(s}
17}
o
e}
c
[}
kD
o
X
o3
o
c
©
—
[}
N
=
B
(]




; el
I D e 2

VA

L ¥ A
o P
: "'.r.'.." '
<o N . s .
e e 2V o BEe ™
il T 4y "

L4 -y “rn ~ rghew)
T b T = oy

ke

ich, Switzerland & Kirstenbosch Research Center, South Africa 11/Mar/2009













Andreas Fischlin & Guy Midgley — Coordina ETH Zurich, Switzerland & Kirstenbosch Research Center, South Africa 11/Mar/2009




Contents

e Background

e Projected, future impacts

e Ecosystems and tipping points

e Conclusions

Andreas Fischlin & Guy Midgley — Coordinating Lead Authors IPCC AR4 — ETH Zurich, Switzerland & Kirstenbosch Research

Center, South Africa

11/Mar/2009




Future Resilience of Ecosystems




Fischlin et al. 2007 and Lenton et al. 2008
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B Dendroctonus ponderosae
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Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
452(7190): 987-990

Melt of Arctic Sea-lce ]__o>
Greenland Ice Sheet

Ciimatic
Change-induc-d
Ozone Hole?

Indian

SR LU
Sahara) Monsoon &
Greening M Chaoticl
3 Multistability
'

Dieback West African
of Amazon Monsoon Shift
Rainforest

Ins‘t.ab:‘hty of West A!]tﬂlcl.l? ]
Ice’Sheet 1

population density [persons per km?]

Fischlin, A., Midgley, G.F. - Lenton et al., 2008.
et al., 2007. IPCC AR4 KA LR e\ i A0 A b St [ Y SR s IR it | PNAS, 105(6): 1786-1793
WGII: 211-272 nodata 0 5 10 20 100 200 300400 1000

22 Andreas Fischlin & Guy Midgley — Coordinating Lead Authors IPCC AR4 — ETH Zurich, Switzerland & Kirstenbosch Research Center, South Africa 11/Mar/2009




23

Ecosystems Services

Provisioning Regulating Cultural
* Food ® C-sequestration ® Recreational
e Water * Climate * Educational
® Fuel ® Flood, erosion ® Spiritual
* Wood ® Air, water puri-
fication
® Pests, diseases

Supporting Services

® Primary & other productions ® Biodiversity maintenance
® Soil formation

* Nutrient cycling

cosystem

Global
GDP

Costanza et al., 1997. Nature, 387: 253-260
_, Switzerland & Kirstenbosch Research Center, South Africa
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Impacts on Biodiversity

(medium confidence)
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Burning Ember Diagram: Compiles Impacts
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Figure TS.6:Compendium of projected risks due to critical climate change impacts on ecosystems for different levels of global mean annual temperature rise IPCC,
2007. Technical Summary WGII
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Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
452(7190): 987-990
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Losses in South Africa ~10-80% fauna,
~40-50% plants (~50-65% Fynbos)




Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
452(7190): 987-990
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Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
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Observations Indicate We Erred!
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September Sea Ice Extent: Observations and Model Runs
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Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
452(7190): 987-990
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First Evidence:
Recent Climate Change => Extinctions

Golden toad and 74 other amphibian species extinct in

montane cloud forests
(Pounds et al., 2006; Parmesan, 2006)

Golden toad
— ((Bufo periglenes)
>

Monteverde harlequin frog
(Atelopus sp.)
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Fischlin et al. 2007 and Lenton et al. 2008
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Ocean Acidification
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Summary

Impacts on Biodiversity

Global mean annual temperature change relative to 1980-1999 (°C)
0 1 2 3 4 5°C

Up to 30% of species at Significant' extinctions
increasing risk of extinction** around the globe**

Increased coral bleaching** == Most corals bleached** === \Nidespread coral mortality** == s = m= = - ——-—

errestrial biosphere tends toward a net carbon source as:
~15%** ~40% of ecosystems affected**

Ecosystem changes due to weakening of the meridional ==
overturning circulation**

0 1 2 3 4 9 fC
Global mean annual temperature change relative to 1980-1999 (°C)

Increasing species range shifts and wildfire risk**

' Significant is defined here as more than 40%.

From Figure SPM.2
(IPCC, 2007c. Summary for Policy Makers by Working Group Il AR4 IPCC)
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Ecosystems Services

Provisioning Services Regulating Services Cultural Services

s Food ¢ C-sequestration e Recreational

e \Water ® Climate ® Educational

* Fuel ® Flood, erosion ® Spiritual

¢ Wood e Air, water puri-

fication
® Pests, diseases

-~ - - -~ -~ -~ - - -~

Supporting Services

® Primary & other productions * Biodiversity maintenance
® Soil formation
* Nutrient cycling

Ecosystem
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Sink Service by Terrestrial Ecosystems




Carbon Stored in Land Ecosystems

Atmosphere ~2000 - 800
Atmosphere P-IND - 600
Atmosphere LGM - 400
- 200

0

in atmosphere

Figure 4.1: Ecosystems
addressed - C stocks, areal

extent

(Fischlin et al., 2007. IPCC WGiII)
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Some DGVM Results - LPJ A2 HadCM3

l' O - 1 - Forest cover gain
. & . 2 — Shrub/woodland cover gain
e || 3 - Herbaceous cover gain
B 4 - Desert amelioration
D 5 — Grass/tree cover loss
. 6 — Forest/woodland decline

(Fischlin et al., 2007. IPCC WGII) || 7 - Forest type change

Figure 4.3 (a): Projected appreciable changes (>20% per spatial
unit transformed) in terrestrial ecosystems by 2100 relative to 2000

42 Switzerland & Kirstenbosch Research Center, South Africa

11/Mar/2009




Net Carbon Exchange (PgC/year)

Sink service at risk

— LPJ HadCM3 A2 — LPJ CRU Climatology
— LPJ ECHAMS B1

1900 1950 2000 2050

Figure 4.2: Simulated net carbon exachange between terrestrial ecosystems and atmosphere (Fischlin et
al., 2007. IPCC WGII)
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Fischlin et al. 2007 and Lenton et al. 2008

Kurz et al.., 2008. Nature,
452(7190): 987-990
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Summary

Changes in Ecosystem Structures
and Regulating Services

Global mean annual temperature change relative to 1980-1999 (°C)

0 1 2 3 4 S
Up to 30% of species at Significant’ extinctions
increasing risk of extinction** around the globe**

Cl'lmrli e S e

Terrestrial biosphere tends toward a net carbon source as:
~15%** ~40% of ecosystems affected**

Increasing species range shifts and wildfire risk**

overturning circulation**

0 1 2 3 4 5°C
Global mean annual temperature change relative to 1980-1999 (°C)

' Significant is defined here as more than 40%.

From Figure SPM.2
(IPCC, 2007c. Summary for Policy Makers by Working Group |l AR4 IPCC)
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liation may release large
Into the atmosphere

Section 4.4.5
(Fischlin et al., 2007.
IPCC WGII)
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Siberian
Frozen Loess
Soils (Yedoma)

1 million km?2
depth up to 25m

C content 2-5%
~ 500 Gt C

Schuur et al., 2008. Bioscience 58: 701-714
Zimov et al., 2006. Science 312: 1612-1613




Fischlin et al. 2007 and Lenton et al. 2008
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Fischlin et al. 2007 and Lenton et al. 2008
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Ecosystem’s resilience exceeded
<=> can’t adapt naturally!
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