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On the extinction of craft skills with numbers
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the case of
"Overall, 7.9% of species are predicted to
become extinct from climate change."

Dr. Jeroen P. van der Sluijs

Senter for vitenskapsteori




Crossing the disciplinary boundaries

Once environmental numbers are thrown over
the disciplinary fence, important caveats tend
to be ignored, uncertainties compressed and
numbers used at face value

e.g. Climate Sensitivity, see Van der Sluijs, Wynne, Shackley,
1998:

Resulting I 4

misconception: m
Worst case = 4.5°C




Complex - uncertain - risks

: . high
Typical characteristics: '

e Decisions urgent
e Stakes high
e Values in dispute

e lrreducible &
unguantifiable uncertainty

Decision Stakes

low high
Systems Uncertainty

e Assessment: models, scenarios, assumptions, extrapolations

e (hidden) value loadings in problem frames, indicators
chosen, assumptions made

 Knowledge Quality Assessment!
(Funtowicz & Ravetz, 1993)

http://www.uu.nl/wetfilos/wetfil10/sprekers/Funtowicz_Ravetz_Futures 1993.pdf



http://www.uu.nl/wetfilos/wetfil10/sprekers/Funtowicz_Ravetz_Futures_1993.pdf

Sailing into terra incognita?
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How does science-policy T

Interface cope with uncertainties

Two strategies dominate: i
e Overselling certainty
— to promote political decisions (enforced consensus), or

e Overemphasising uncertainty
— to prevent political action

= Both promote decision strategies that are not fit for
meeting the challenges posed by the uncertainties
and complexities faced.

= Need for a third voice next to alarmists and skeptics:
coping with uncertainty, scientific dissent & plurality In
science for policy.



A practical problem:

Protecting a strategic
fresh-water resource

5 scientists addressed
same question:

“which parts of this area
are most vulnerable to
nitrate pollution and
need to be protected?”

(Refsgaard, Van der Sluijs et al,
2006)
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Fig. 1. Model predictions on aquifer vulnerability towards nitrate
pollution for a 175 km? area west of Copenhagen [1 1].



3 framings of uncertainty
‘deficit view'
e Uncertainty is provisional
e Reduce uncertainty, make ever more complex models

e Tools: quantification, Monte Carlo, Bayesian belief networks
— Speaking truth to power

‘evidence evaluation view"
e Comparative evaluations of research results
e Tools: Scientific consensus building; multi disciplinary expert panels

e focus on robust findings
— Speaking [consensus] to power

‘complex systems view / post-normal view'
e Uncertainty is intrinsic to complex systems

e Uncertainty can be result of production of knowledge

e Acknowledge that not all uncertainties can be quantified

= Openly deal with deeper dimensions of uncertainty
(problem framing indeterminacy, ignorance, assumptions, value loadings,
institutional dimensions)

e Tools: Knowledge Quality Assessment
— Working deliberatively within imperfections
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How to act upon such uncertainty?

Bayesian approach: 5 priors. Average and
update likelihood of each grid-cell being red with
data (but oooops, there is no data and we need
decisions now)

IPCC approach: Lock the 5 consultants up in a
room and don’t release them before they have
consensus

Nihilist approach: Dump the science and decide
on an other basis

Precautionary robustness approach: protect all
grid-cells

Academic bureaucrat approach: Weigh by
citation index (or H-index) of consultant.

Select the consultant that you trust most

Real life approach: Select the consultant that
best fits your policy agenda

Post normal: explore the relevance of our
ignorance: working deliberatively within
Imperfections



There are many uncertainties in our predictions
particularly with regard to the timing, magnitude and
regional patterns of climate change, due to our
incomplete understanding of:

CLIMATE CHANGE

sources and sinks of greenhouse gases, which affect
predictions of future concentrations

e R ey P e AT mnadd

+ clouds, which strongly influence the magnitude of
climate change

« oceans, which influence the timing and patterns of
climate change

 polar 1ce sheets which affect predictions of sea level
rse

These processes are already partially understood, and we
are confident that the uncertainties can be reduced by
further research However, the complexity of the system
means that we cannot rule out surprises

(IPCC AR1 Policy Makers Summary, 1990)
http://www.ipcc.ch/ipccreports/far/wqg /ipcc far wg | spm.pdf



http://www.ipcc.ch/ipccreports/far/wg_I/ipcc_far_wg_I_spm.pdf

Former chairman IPCC on objective to
reduce climate uncertainties:

» "We cannot be certain that this can be
achieved easily and we do know it will take
lime. Since a fundamentally chaoftic climate
system is predictable only to a certain degree,
our research achievements will always remain
uncertain. Exploring the significance and
characteristics of this uncertainly is a
fundamental challenge to the scientific
community." (Bolin, 1994) 1 f_

[Prof. Bert Bolin,

15 March 1925 — 30 December 2007]
Bolin B (1994) Ambio 23 (1) 25-29



IPCC 10 years after “we are confident
that the uncertainties can be reduced...”

Global CO2 emission from fossil fuels
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25 years after “we are confident that the uncertainties can be reduced...”

Evolution of knowledge on Climate Sensitivity over past 35 years

Assessment Range of GCM | Concluded Concluded best
report results (°C) Range (°C) guess (°C)

NAS 1979

NAS 1983
Villach 1985
IPCC AR1 1990
IPCC AR2 1995
IPCC AR3 2001
IPCC AR4 2007
IPCC AR5 2013

2-3.5
2-3.5
1.5-5.5
1.9-5.2
MME
MME
MME
MME (0.5-9)

1.5-4.5
1.5-4.5
1.5-4.5
1.5-4.5
1.5-4.5
1.5-4.5
2.5-4.5

1.5-4.5

3
3
2.5
2.5
Not given
3
Not given

“"Likely" (17-83%) range. Prior to AR4 ranges were not clearly defined.
MME = Multi Model Ensemble

(Van der Sluijs e.a. 1998, updated 2014)
http://sss.sagepub.com/content/28/2/291.short



http://sss.sagepub.com/content/28/2/291.short
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Equilibrium Climate Sensitivity (°C)

10

IPCC AR5 Chapter 12
Probability density functions,
distributions and ranges for
equilibrium climate sensitivity

Grey shaded range:
likely 1.5°C to 4.5°C range

Grey solid line:
extremely unlikely less than 1°C

Grey dashed line:
very unlikely greater than 6°C.

http://www.climatechange2013.org/images/report/WG1AR5_Chapterl2_FINAL.pdf



http://www.climatechange2013.org/images/report/WG1AR5_Chapter12_FINAL.pdf
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Temperature response given 2 x [CO,) (K}

Subjective judgments
by top 16 climate experts USA

(Morgan & Keith, 1995)

Box plots of elicited probability distributions of climate sensitivity, the change
in globally averaged surface temperature for a 2 x [CO,] forcing. Horizontal
line denotes range from minimum to maximum assessed possible values.

Vertical tick marks indicate locations of lower 5 and upper 95 percentiles.

Box indicates interval spanned by 50% confidence interval. Solid dot is the
mean and open dot is the median. The two columns of numbers on right side
of the figure report values of mean and standard deviation of the distributions.

http://dx.doi.org/10.1021/es00010a753



Presenter
Presentation Notes
Subjective estimates of climate sensitivity (source: Morgan and Keith).


http://dx.doi.org/10.1021/es00010a753
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Climate Change Speeds Extinctions

Species die-offs are expected to accelerate as greenhouse gases accumulate, according to a
meta-analysis.

By Kerry Grens | May 3, 2015

Models have produced widely varying estimates of extinctions to come, so Urban pulled together 131
studies to generate a "global mean extinction rate.” His meta-analysis found that, overall, the studies
predicted 7.9 percent of species will go extinct due to climate change. That number varied depending on
the severity of the warming; limiting the rise in temperatures to 2°C (35°F) wipes out 5.2 percent of
species, while carrying on with current trajectories and rising 4.3°C (40°F) would Kkill off 16 percent of

species.

http://www.the-scientist.com/?articles.view/ZarticleNo/42877/title/Climate-Change-Speeds-Extinctions/


http://www.the-scientist.com/?articles.view/articleNo/42877/title/Climate-Change-Speeds-Extinctions/
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Extinction
risks from
climate
change

How will climate change
affect global biodiversity?

Fy Janmeke Hille Ris Lambers

idlogists worry that the apid mbes of

warming prjeded for the planet (5

will doom many species to ectinotion.

Species coukd face extinction with di-

mate change f dimatieally suitahie

hahitat disappears or & made insc-
oesgitle by geographic barders or spedes”
inahdlity to disperse @ee the figure, panch
A to E) Previous studies have provided re-
glan- ar taxon-apecific estimates of biadher
sity lems with climate change that mnge from
0% to 59%, making it difficult to assess the
serimsnes of this prollan. On pege 571 of
this issue, Urban (2) provides a synthetic and
sohering estimete of dimote change-induced
biseliversity koas by applyving & modd-aversg-
ing approach to 131 of these studies. The re-
sult & a projection that up o one-sivth of all
species may go extinet ifwe llow “business
2 usual” trjedtores of carban emissions.

By quantitatively ssmesing how extine-
tion sk depends on maxle]l ssumptions,
Urban's study prowides insight into fac-
tors that incresse biodiversity loss with
climate change Sumprisingly, the modeling

s in the studies that Tirben
surveyed did not have the largest effect an
estimates of extinetion fsk, despitesubstan-
tizl methodological differences. Instead, the
g nitude of future climste changs was the
mast impartant predictor of edinetion risk,
with incressal wanming resuliting in grester
baodiversity koss

What is warrying, given the current an-
thmpogenic carbon emissions rajectary, is
that bindiversity loss is predicted to aoaeler-
ala plavs 2 mle, with higher extinction risks
projected for Australia, Mew Zealand, and
South Americs—regions with high numbers
of endemic spedes (that i species with

Departrment off Sid gy, i sty off Wiash ingsio n, 5 i, WA
G155, LA, Fmad B
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Complex threats. ihadtiSon o cimate change. bt tansfhmation imasve edes .rl:p.rrq_!rs.isc
threst emarphibians lke e Cascades fog, Rar cascadae (8, 1),

narrow distribution ranges) thet face disap-
pearing habitsts or geographic barries to
migration {(see the figure, panek C and D).
Urbam also found higher hiodiversity loss for
stulies focusing an endemic spedes, b few
differences amaong taeonomic groups (sudy
23 binls and amphibians). Projections of
gengraphic and trxit-hased varisfion in ex-
tination fsk such s these are sssentisl for
targeted mnservation efforts (I

The study also highlights critical uncer-
tainties in our undestanding of how cli-
mate change drives extinction. For example,

A Species distributions with dimate
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ugbdpgbding
Ecuatar La Flude Fol
€ Declining hatital sire
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E Lirited disperssl atility
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Equstar Latiude Pale

i suitable habitat disappeams entirely with
climate change, ertinction seems inevits-
ble However, what if climatically suitalle
hahitats still exist but shrink in sive or qual-
ity @ee the figure, panel ©) (#)7 Biologists
helieve extinction will ocour befire suitabie
habitats disppear, but they ladk informas-
tion on spedes-specific threshold haehitst
sizes for extinction. Similady what hap-
pens if spedes cannot resch 2 newly suit-
zhle hahitat {see the fgure, panels D and
E) (5?7 Biologists assume that slow-moving
organizms will have touble “keeping up®
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Accelerating extinction risk from

climate change

Mark C. Urban®

Current predictions of extinction risks from dimate change vary widely depending on the
spedific azsumptions and geagraphic and taxonamiic focus of each study_ | synthesized
published shudies in order to estimate a global mean extinction rate and determine whidch
factors contribute the geatest uncertainty to dimaste change—induced extinction risks.
Results suggest that estinclion risks will accderate with future ghobal temperatures,
threatening up to ane in six species under cument policies. Extinctjon risks werne highest in
South America, Australia, and New Zealand, and risks did not vary by taxonomic group
Realictic assumptions ahout extinction debt and disper cal ¢ apacity substant ially increased
extinction risks. 'We urgently need to adopt strategies that imit further dimate change

if we are to avoid an acceleration of global extinctions.

& critimlly nesd to know how climate
change willinfluence spedss extinction
raes in ander to inform inemational
palicy decidons ahomt the bckgial
oosts of falling, 0 arh dimete denge
and to impl ement sped fic conssmation strtegs
to profect the most threatened spedes. Curment
pradictions ahout ectinetion risks wry widdy,
sugmesting that anywhers from O 1o 54% of spe-
diem could beoome extinet from dimate change
(1=#). Stndies differ in partionlar assmptions,
methods, species, and regions md thos do not
enmmpass the full rnge of onr arrent mder-
standing As 2 resmilt, we cnrmenfy buck eonsistent,
glohal estimates of speris extincions atrimta-
Tl to fiture Jimate change
Ta provide 2 more comprehensive and a@m-
sistent amalysis of predicted extinction risks
from dimate dunge, 1 performed 2 metaanahsis
af 191 pubilished preadictions (whle 510 1 fomsed
an mnHispedes studies 50 25 to ecdnde potens
tial hiases in single-speries simdiem. | estimated
the global propartion of species threatened in
2 Bayesian Markov chain Monte Cardo (MCMC)
mndomeficts met-andyss thet incorpos
mated varisdion among and within studies (5)
and with each smdy weighted by mample size
(33 L mvahate] how sxtincbion risk umd e

tioms, and extinction thresholds. | wsed oedible
inenals (Ck) tat do not averlep with zeao ad
2 deviance information oriterion (N0 grenter
than fiour to assess statistical soppart for fartons
The majority of studies sstimated aormelations
hetwem curent distritmtions and chmate so
a5 o predict suiihle hahitet mder fotore di-
mawes A smaller mmber of smdies determined
edinction risks by wsing proess-hased mod-
el ofphysiclogy or demography (15%), spedes.

Dwepart ment of Ecology and Evolut onar y Ef cogy. Linversity
off Conneatici, 75 Mot h Eaglevlla Road, Lhik 3043, Seoms,
CT DG LEA
i £ rml . -
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area relsiomshipe (5% or scpert opinmon (4%
Speces were predicted to heome extinct
thar range &1 helow 2 minmnm threshald.
An impartant cavent is that meost of these mod-
els ignone many fctors thought o be important
in determining fiture extinction risks sch =
spedies imberartions, dispersal differences, and
swmlntion.

(herall 79% of spedes are predicted to he
come exting from chmate change; (95% Cls, 82
and $.8) (Fig. 11 Besolts wers robust to modd
tial prlication biss, and missing smdies (fig. 51
and tahle 53) () This propartion sTppars an
estimate from a Syear synthesis of studies (7 1
divengencs from individnal stodies {74 cn be
explained by their spedfic assmptions and tax-
onomic &nd peographic ool These diffrences
provide the opport t to mnderstand hoe diver
et fariors anad assumaetions infinence et notion
risk from chimate

The facior that best aplained variation in
extinction risk was the levd of future dimate
change. The fulnre globel extincton risk from
climate change s predicied not only to noease
bt to 2coeleate a5 glohe] temperatures e (e
gresmion cosfficient = (53; Cls, (s and 61
{Fig. 2} Glohal extinction risks inorease from

Orvornll sxEnciion rsk = 7.0% [05% CLE2 9B)
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Parcant extinction risk

3 4% atpresent o 5. 7% at the intemational pol-
iy target of 2 3°C postindnstrial riss, which
st experts hebieve is no langer achievahle (53
If the Earth warms to 3°C, the extinchion risk
Tises to 5.5%. [fwe follow our aorent, bosiness -
as-nma trajectory [represemtatve concentration
pathway (BCF) 45 43%C rise], dimae change
thregtens onsinsix speces (15%). Resmits wers
rolnst to diemative data transbrmations and
were hracksted by modss with Hheral and am-
servative extinction threshalds fign 52 and 53
and tahle 33}

Begions also differed signifimntly in ectine
tion risk (ADIC = T26) (Fig 3 and tshle S4)
Horth America and Enmpe were chamcters
izead bythe lowest risks (5 and &%, respective-
I¥y and Sowth Amerim (2¥%) and Anstaba
and New Zraland (48 were claracierized by
the highst risks Thess later regions fae no-
andge dimates (%) and habor dierse assem-
blges of sdemic speries with small mnges
Extinction risks in Anstralia and New Zealand
are further excerhated by small land masses
that bmit shifts 0 new habitat (M7, Poorhy st died
megions might fae higher risks, but insights
are limited withont more resenrch For exam-
ple, only four smadies in Asia). Corment]y, maost
predicions (6M4) enter aon North America
and Europe, suggesting a nesd to refoms o
forts eard kms studiad and more thretemad
TEgknE.

Endemicsperies with smaller mnges and e
tain tasonomic groups such 25 amypl s 2nd
reptiles are predicted to fue greter extinotion
risks (27, 13} | estimated that endemic species
fare 26% grevter evtinotion risk relative to models
that inclnde hoth spedes sndamic and non-
endamic o the study region (ADIC - 8.3) Ex-
tinction rislks also rose fasier with prandustrial
temgerature rise for models with endemic spe-
cies (ADIC = 8.3) (fig. 540 In eontrast to predic-
tions, sctinction risks did not vary signifimnthy
by taxrmomic group (ADIC = 07 Fig. 43 Ome
explanation is that tradt wriation at finer tasn-
naomic sceles mi ght play 2 more important mole in
o nlating extinetion risks (74 Adsa, fryca ap-
proaches for quantifying extincion risks lkely
donat apture the full rnge of diffenoes among
‘tasrmomic groue.

Fig: L Histogram of pescent extinction risks from
climate change for 130 studes. Frent extnctan
relk refes 1o the pediched pecent of speces e
tinctons i aech study, avaraged somes 2l miaded
amumptons. The meta-analyss estmated mean
with 95% Cls is abso shown,

TMAT 3015« VOL MATSSUE mae 5T

Lambers, 2015 http://dx.doi.org/10.1126/science.aab2057 Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984


http://dx.doi.org/10.1126/science.aaa4984
http://dx.doi.org/10.1126/science.aab2057

e critically need to know how climate
change will influence species extinction
rates in order to inform international
policy decisions about the biological
costs of failing to curb climate change
and to implement specific conservation strategies
to protect the most threatened species. Current
predictions about extinction risks vary widely,
suggesting that anywhere from 0 to 54% of spe-
cles could become extinct from chimate change
(I-4). Studies differ 1n particular assumptions,
methods, species, and regions and thus do not
encompass the full range of our current under-
standing. As aresult, we currently lack consistent,
global estimates of species extinctions attributa-
ble to future chhmate change.

Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984



http://dx.doi.org/10.1126/science.aaa4984

Overall extinction risk = 7.9% (95% Cl: 6.2, 9.8) Fig. 1. Histogram of percent extinction risks from

climate change for 131 studies. Percent extinction

L risk refers to the predicted percent of species ex-

tinctions in each study, averaged across all model

assumptions. The meta-analysis estimated mean
with 95% Cls is also shown.
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Urban, 2015 http://dx.doi.org/10.1126/science.aaa4984
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NL Environmental Assessment Agency (RIVM/MNP) Guidance:
Systematic reflection on uncertainty & quality In:

Problem framing

Involvement of
stakeholders

Selection of
indicators

Appraisal of
knowledge base

Mapping and
assessing
relevant
uncertainties

Reporting
uncertainty
information

Other problem views; interwovenness with other problems;
system boundaries; role of results in policy process;
relation to previous assessments

ldentifying stakeholders; their views and roles;
controversies; mode of involvement

Adequate backing for selection; alternative indicators;
support for selection in science, society, and politics

Quality required; bottlenecks in available knowledge and
methods; impact of bottlenecks on quality of results

|dentification and prioritisation of key uncertainties; choice
of methods to assess these; assessing robustness of
conclusions

Context of reporting; robustness and clarity of main
messages; policy implications of uncertainty; balanced
and consistent representation in progressive disclosure of
uncertainty information; traceability and adequate backing



Uncertainty Is
more than a number

Dimensions of uncertainty:

e Technical (inexactness)

e Methodological (unreliability)

e Epistemological (ignorance)

e Socletal (limited social robustness)



Reliability intervals normal distributions
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NUSAP: Qualified Quantities

Classic scientific notational system:
e Numeral Unit Spread

For problems in the post-normal domain, add two
qualifiers:

e Assessment & Pedigree

“Assessment” expresses expert judgement on
reliability of numeral + spread

“Pedigree” expresses multi-criteria evaluation of the
strength of a number by looking at:

e Background history by which the number was produced
e Underpinning and scientific status of the number



Example Pedigree matrix parameter strength

Code Proxy Empirical Theoretical basis Method Validation
4 Exact Large sample Well established Best available Compared with
measure direct mmts theory practice indep. mmts of

same variable
3 Good fitor  Small sample Accepted theory  Reliable method Compared with

measure direct mmts partial in nature  commonly indep. mmts of
accepted closely related
variable
2 Well Modeled/derived Partial theory Acceptable Compared with
correlated  data limited method limited ~ mmts not
CONSensus on CONSeNnsus on independent
reliability reliability
1 Weak Educated guesses Preliminary Preliminary Weak / indirect
correlation /rule of thumb  theory methods validation
est unknown
reliability
0 Not clearly Crude Crude No discernible ~ No validation

related speculation speculation rigour




Example: Air Quality

Level of knowledge low

NH; emission
Modelability

Empirical basis
Theoretical understanding
VOC emission from paint
Modelability

Empirical basis
Theoretical understanding
PM10 emission
Modelability

Empirical basis
Theoretical understanding

i S I I
I'l |l

B The position reflects the level of knowledge

http://dx.doi.org/10.1088/1748-9326/3/2/024008
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Extinction risk from climate change

Chris D. Thomas', Alison Cameron', Rhys E. Green’, Michel Bakkenes’,
Linda J. Beaumont®, Yvonne C. Collingham”, Barend F. N. Erasmus®,
Marinez Ferreira de Siqueira’, Alan Grainger®, Lee Hannah’,

Lesley Hughes®, Brian Huntley’, Albert S. van Jaarsveld'’,

Guy F. Midgley'', Lera Miles®*, Miguel A. Ortega-Huerta'”,

A. Townsend Peterson'’, Oliver L. Phillips® & Stephen E. Williams'*

Climate change over the past ~30 years has produced numerous
shifts in the distributions and abundances of species’* and has
been implicated in one species-level extinction’. Using projec-
tions of species’ distributions for future climate scenarios, we
assess extinction risks for sample regions that cover some 20% of
the Earth’s terrestrial surface. Exploring three approaches in
which the estimated probability of extinction shows a power-
law relationship with geographical range size, we predict, on
the basis of mid-range climate-warming scenarios for 2050, that
15-37% of species in our sample of regions and taxa will be
‘committed to extinction. When the average of the three methods
and two dispersal scenarios is taken, minimal climate-warming
scenarios produce lower projections of species committed to
extinction (~18%) than mid-range (~24%) and maximum-
change (~35%) scenarios. These estimates show the importance
of rapid implementation of technologies to decrease greenhouse
gas emissions and strategies for carbon sequestration.

namre

2004
Cited by 4224



Extinction risk from climate

change
(Thomas et al., Nature, 8 January 2004)

Main message of this paper:

e I[N 2050, 15-37% of species
‘committed to extinction’ due to
climate change for a mid-range
climate scenario



Extinction risks from
climate change

Species-Area relationship:

e numbers of species that become extinct
or threatened by habitat loss from
climate change

S=cA”
S = number of species
A = area,
Cc = constant
z ~0.25



Ratio of number of species that
can live In a habitat of area A
before (0) and after (t) climate
change ‘predicts’ extinction rate:

S, CA °
= = (A /A
S, cCA”°




Species committed to

extinction
Climate scenario universal no dispersal
2050 dispersal
>2.0°C 21-32% 38-52%
1.8-2.0 °C 15-20% 26—37%
0.8-1.7 °C 0-13% 22—-31%

(Thomas et al., 2004)



Rule of thumb

Warming rate 1°C / century
corresponds to:

e + 20 cm sea level rise

e + 100 km shift of climate zone /
century

e + 150 m upward shift alpine
climate zone/century



Climate tolerances of

ecosystems

Ecosystem Climate tolerance

(°C/century)
Alpine ecosystem O
Oak forest 0.12
Mangrove forest 0.50
Coastal wetlands 0.75
Coral reefs equator 1
Coral reefs N/S 5
borders

(Hinkley, 1997)




Habitat before Habitat after

Climate Change Climate Change



Habitat before Habitat after

Climate Change Climate Change

Assumption: No dispersal



Habitat before Habitat after

Climate Change Climate Change

Assumption: Full dispersal



Taxon

Birds

Frogs

Reptiles

Butterfies

Other invertebrates

Plants

Region

n=11
South Africa
n==5

Mexico

n= 186
Europe
n=234
Cueensand
n=13
South Africa
n==5

Cueensand
n=23

Cueensand
n=18
South Africa
n=26

Mexico
n=41
South Africa
n=4
Australia
n=24

South Africa
n=10

Amazonia
n=29
Europe
n= 192
Cerrado
n=163

South Afrca Proteacese

n=>243

With dispersal Mo dispersal
Minimum expected Mid-range Maximum expected Minimum expected Mid-range Maximum expected
dimate change climate change dimate change dimate change dimate change dlimate change
2,45 2,57 - 9, 14,18 10, 15, 20 -
5 8 24 2%
10,13, 15 - 45, 54, 80 - - -
16 7
- 24, 32, 46 - - 28, 36,50 -
0 (=]
2,2 3 3,34 - 5, 7,8 5 7,8 -
4 5 9 8
- - 4.6, 6 - - 13, 25, 38
T 48
7,989,110 - 49, 54, 72 - - -
12 85
- 28, 29, 32 - - 33, 35,40 -
0 51
8,12, 18 - 38, 47, 67 - - -
13 68
711,14 - 43,49, 64 - - -
9 76
- 21, 22,27 - - 33, 36,45 -
0 50
1,3 4 3,4, 5 - 6,9, 11 9,12, 15 -
T T 13 19
- 13,7,8 - - 35, 45,70 -
0 T8
a, 0 f 13, 15,16 21,22, 26 g9 11,12 18, 21, 23 29,32, 36
T 23 33 16 35 54
- 18, 15,24 - - 28, 486, 80 -
0 85
- - 44, 36, 79 - - 100, 100,99
69 87
3,45 3,5 6 4.5 6 9, 11, 14 10, 13,16 13,17, 21
6 T 8 18 b4 29
- - - 38, 39, 45 458, 48, 57 -
66 75
- 24 1,27 - - 32, 30,40 -
38 52
9, 10,13 15, 15,20 21,23, 32 22,25, 31 26, 20,37 38,42, 52
11 19 33 34 45 58
n =604 n =832 n =324 n=702 n =945 n =259

Projected parcentage extinction values aregiven, based on species—area (forz = 0.25) and Red Data Book (bold) approaches. The three species-area estimates are ordered in each cellwith met hod 1
given first, followed by method 2, then method 3. Values for ‘All species’ are based on both these raw values and estimates interpolated forthe empty (<) cells (see Methods). Ineachinstance , nisthe
number of species assessed direcths




Pedigree matrix for evaluating models

Score Supporting empirical evidence Theoretical Representa-tion of Plausibility Colleague
understanding understood consensus
Proxy Quality and quantity underlying
mechanisms
- Exact measures of the Controlled experiments and Well established theory  Model equations reflect Highly plausible Al but cranks
modelled quantities large sample direct high mechanistic process
measurements detal
3 Ciood fits or measures of  Historical/ field data Accepted theory with Model equations reflect Reasonably Al but rebels
the modelled quantities  uncontrolled experiments partial nature (1n view acceplable mechanistic plausible
small sample direct of the phenomenon 1t process detail
measurements describes)
2 Well correlated but not - Modelled/dernived data Accepted theory with Agorepated parametenzed  Somewhat Competing
measuring the same [ndirect measurements partial nature and meta model plausible schools
thing limited consensus on
reliability
Weak correlation but Educated guesses indirect Preliminary theory Grey box model Mot very plausible  Embrionic field
commonalities approx. rule of thumb
measure estimate
i Mot correlated and not  Crude speculation Crude speculation Black box model Mot at all plausable No opimon

clearly related
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