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Measuring sources of uncertainty
European plant species

Modelling technique Probability threshold Climate scenarioCombined variability

 PCA axis 1 = Aggreement among projections (52% variance)
 PCA axes 2 and 3 = Disagreement among projections (44% variance)

 90% of the disagreement is explained by model and choice of threshold



Would inter-model variability be important?
European plant species

2.3 – 18.21.1 – 7.8Maximum CC

2.9 – 16.30 – 6.5Mid-range CC

2 – 15.10.9 – 6Minimum CC

No dispersalUniversal
dispersal Estimated proportion of plant

species ‘committed’ to
extinction by 2050

Thuiller, Araújo, Pearson et al. 2004. Nature



Variability of model predictions
Cape Proteaceae

1. ANN1 (SPECIES)

2. ANN2 (SPLUS)

3. BIOCLIM

4. CTA

5. GA

6. GAM

7. GARP

8. GLM

9. DOMAIN

1 2 3 4 5 6 7 98

Pearson, Thuiller, Araújo, et al. In review



Validation

Scientific acceptance that major processes are
formulated correctly and the model achieves intended
purpose and objectives

Validation carries the idea of legitimacy

Validation
Sometimes used to mean evaluation



Strategies for evaluation (resubstituition)
e.g. Huntley et al. 1995, Sykes et al. 1996
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Thuiller 2003. Global Change Biology



Problems of interpolation

?



Model performance across different methods

Study area: Portugal

Resolution: 10 km grid squares

44 herptile species

16 climatic and land-use variables

Models using non-linear complex response curves provide generally better fits to
the data

Segurado & Araújo J. Biogeog. 2004



Strategies for evaluation (permutation)
e.g. Peterson et al. 2000
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Selects best model

Strategies for evaluation (data splitting)
e.g. Thuiller 2003



Problems with data splitting
Araújo et al. 2005 Global Change Biology

Calibration 70% t1

Validation 30% t1

Calibration t1

Validation t2



Strategies for evaluation (independent)
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1Independent

10Data splitting

2Permutation

14Resubstituition

Number of studies

Araújo et al. 2005. Global Change Biology

Standard practices for model evaluation
From a review of species-climate-change impact studies

Desirability



Some argue that validation is impossible
The “dying-mother problem”

“If it rains tomorrow, I will stay home and revise this
paper. The next day it rains, but you find that I am not
home. You conclude that my original statement was
false. But in fact it was my intention to stay home and
work on my paper. The formulation was a true
statement of my intent. Later, you find that I left the
house because my mother died, and you realise that my
original formulation was not false, but incomplete. It
did not allow for the possibility of extenuating
circumstances”.

Oreskes et al. 1994. Science



“In combining the results of these two
methods, one can obtain a result
whose probability law of error will be
more rapidly decreasing”

Pierre Laplace (1818)



“As if someone were to buy several
copies of the morning newspaper to
assure himself that what it said was
true”

Ludwig Wittgenstein (1889-1951)



>200 papers reviewed!!!



Approaches for combining ensembles of forecasts

• Bounding box
– range of uncertainties

• Consensus forecasting
– central tendency of forecasts

• Probabilistic forecasting

– central tendency + assumption of PDF

• Intermediate forecasting techniques
– central tendencies in different sections of the frequency distribution of forecasts



Median
Truth

What’s special about the mean?

Probability distribution function of an ensemble of model projections



Testing the usefulness of consensus forecasting
With distributions for 166 British bird species

Stable

Contraction

Expansion

Delta temperature Delta precipitation
Siskin Cardulelis spinus

1968-1972 and 1995-1999

“Northern margins of southerly species with
expanding  ranges shifted northwards, and the
northern species that declined shifted southwards”.

Thomas & Lennon, Nature, 1999



Model simulations
with 116 British breeding birds

4 modelling techniques (ANN, GAM, GLM, CTA) x

2 rules for transforming probabilities (Kappa, AUC) x

2 parameterisations (70%,  100% data in time t1) x

= 16 predictions for every species

1856 model simulations



90% of species predicted to both expand and contract
116 species modelled, 16 model projections compared

10% of species had consistent predictions in all models
But 50% were wrong



Example of Red-backed shrike Lanius collurio

Observed t1 Observed t2Predicted t1 Predicted t2

Araújo, et al. 2005 Global Ecology and Biogeography



Consensual models
Methods using all data and the kappa statistic

ANN GAM

CTA GLM

53% of species has consistent
predictions in all models



Reduction of uncertainty by consensus

TRUE NEGATIVES

All: 56% (LQ=44%; UQ=88%)

FALSE POSITIVES

All: 44% (LQ=12%; UQ=56%)
Species did not
contract

FALSE NEGATIVES

All: 50% (LQ=31%; UQ=69%)

TRUE POSITIVES

All: 50% (LQ=31%; UQ=69%)
Species contracted

Did not contractContractedPredicted:

Observed:

Araújo, et al. 2005 Global Ecology and Biogeography



Reduction of uncertainty by consensus

TRUE NEGATIVES

All: 56% (LQ=44%; UQ=88%)

Consensus 1: 88% (LQ=50%; UQ=100%)

FALSE POSITIVES

All: 44% (LQ=12%; UQ=56%)

Consensus 1: 12% (LQ=0%; UQ=50%)

Species did not
contract

FALSE NEGATIVES

All: 50% (LQ=31%; UQ=69%)

Consensus 1: 25% (LQ=0%; UQ=50%)

TRUE POSITIVES

All: 50% (LQ=31%; UQ=69%)

Consensus 1: 75% (LQ=50%; UQ=100%)

Species contracted

Did not contractContractedPredicted:

Observed:

Araújo, et al. 2005 Global Ecology and Biogeography



Reduction of uncertainty by consensus

TRUE NEGATIVES

All: 56% (LQ=44%; UQ=88%)

Consensus 1: 88% (LQ=50%; UQ=100%)

Consensus 2: 100% (LQ=100%; UQ=100%)

FALSE POSITIVES

All: 44% (LQ=12%; UQ=56%)

Consensus 1: 12% (LQ=0%; UQ=50%)

Consensus 2: 0% (LQ=0%; UQ=0%)

Species did not
contract

FALSE NEGATIVES

All: 50% (LQ=31%; UQ=69%)

Consensus 1: 25% (LQ=0%; UQ=50%)

Consensus 2: 0% (LQ=0%; UQ=0%)

TRUE POSITIVES

All: 50% (LQ=31%; UQ=69%)

Consensus 1: 75% (LQ=50%; UQ=100%)

Consensus 2: 100% (LQ=100%; UQ=100%)

Species contracted

Did not contractContractedPredicted:

Observed:

Araújo, et al. 2005 Global Ecology and Biogeography



Median
Truth

But can we always trust the mean?

Truth



Consensus

Intermediate forecasting techniques
for combining forecasts

Araújo, Thuiller and Pearson 2006 Journal of Biogeography



Assessment of risk among European herptiles
Taking uncertainty into account

Araújo, Thuiller and Pearson 2006 Journal of Biogeography



Mapping of risk among European herptiles
Taking uncertainty into account

Cluster 1 Cluster 3Cluster 2

Geographical
distribution of
winners and
losers

Species loss
per grid cell

Araújo, Thuiller
and Pearson

2006 Journal of
Biogeography



Forthcoming developments

• Explore different approaches to ensemble forecasting
(potentially exciting bridges with the climate community and the ENSEMBLES project)

•Investigate ways of improving the performance of
individual bioclimate models
(improving existing modelling techniques and potentially devising new techniques,
understanding the consequences of different rules for the identification of thresholds,
learning how to deal with spatial autocorrelation)



Extinction risk in conservation planning

Low risk

High risk

High/low risk

Araújo, et al. 2004 Global Change Biology



Effectiveness of reserve-selection with climate change

Araújo, et al. 2004 Global Change Biology



Identifying minimum-dispersal corridors

Williams, et al. 2005 Conservation Biology



 Selecting new reserves and corridors

Protected areas

New irreplaceable
areas

Contiguous flexible
areas

Other flexible areas

Williams et al. 2005 Conservation Biology


