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Forecasting,
Extrapolation and Uncertainty



Occurrence patterns: starting point

• Only geographic data 
available for most species

• Facilitates studying many 
species and large extents

biendata.org
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Maxent Guide: Merow et al., 2013, Ecography
Maxent v. Maxlike: Merow et al., 2014, MEE
Complexity: Merow et al., 2014, Ecography
Minxent: Merow et al., 2016, GEB
Expert Maps:          Merow et al., 2017, GEB
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Future Forecasts

Present 2050: RCP 8.5 2070: RCP 8.5

Salix geyeriana



Outline
Case study 
Types of extrapolation

• Environment*
• Space
• Time 
Uncertainty
• Modeling decisions
• Parameters
• Future Scenarios

Where can
biology provide 
guidance?



Case Study



Projected regional distribution losses 
of terrestrial vertebrates under 
different climate and land-use change 
scenarios



Forecast potential range loss for ~20k      

How do 

land use change and climate change 
contribute to 

expected range loss this century?

Goals



Informing IPBES

International Panel on Biodiversity and Ecosystem Services
‘provides policymakers with objective scientific 
assessments about the state of knowledge regarding the 
planet’s biodiversity, ecosystems and the benefits they 
provide to people’



Informing IPBES



O’Neill et al. 2017 Glob. Env. Change

Scenarios of:
• Demographics
• Human development
• Economy and lifestyle
• Policies and institutions
• Technology
• Environment/natural 

resources 

Land Use Harmonization 2 Project: luh.umd.edu



From O’Neill et al. 2017 Glob. Env. Change

RCP 2.6

RCP 4.5

RCP 8.5

RCP 6.0

Scenarios of:
• Demographics
• Human development
• Economy and lifestyle
• Policies and institutions
• Technology
• Environment/natural 

resources 



Inputs
• Expert Maps

• ~20k amphibians, mammals and birds
• Species habitat preferences 

• forest, agriculture, urban, etc.
• Present and Future Land use maps

• .25 degree
• Present and Future Climate
• Maxnet
• Grain of predictions: .25 degree



Partitioning land use and climate losses 
Expert Map Refined by
Land Use and
Climate in 2015



Partitioning land use and climate losses 
Expert Map Refined by
Land Use and
Climate in 2015

2050
Land Use Driven Loss



Partitioning land use and climate losses 
Expert Map Refined by
Land Use and
Climate in 2015

2050
Land Use Driven Loss

2050
Climate Driven Loss

2050
Land Use +
Climate Driven Loss



Caveats/Decisions
• Not many options for looking at all species

• Expert maps OK at coarse grain (0.25 degree -> Country)

• No extrapolation beyond the current expert map
• No movement
• No adaptation



Expected losses…

(Biased toward species you can 
build a model for…)



Expected losses…

(Biased toward species you can 
build a model for…)



Consistent trends in expected losses…



Climate >> Land Use

• Climate has biggest effect on amphibians

Find clmate barplots
Maybe show low overlap



Local loss 

In places that are already hot, or should be cold



G
lo

ba
l lo

ss
How does global loss 
compare to local loss?



G
lo

ba
l lo

ss
How does global loss 
compare to local loss?
Lo

ca
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Contribution to climate
Global loss

Proportional contribution of climate



Next steps
• Targeted conservation strategies

• Low local loss, high global loss, low climate contribution (low risk)
• High local loss, high global loss, low climate contribution (high risk, 

high reward)

• Anticipate changing stewardship

• Serve to scientific community 

• Serve for policy



mol.org





Biodiversity Patterns



Conclusions

Climate >> land use

Environmental change alone doesn’t predict loss

Priorities for loss



Environmental Extrapolation

What assumptions were made?



Extrapolation

clamping

Thullier et al. 2004

oops



Forecasting



What can we do about it?
• Don’t do it
• Get more data in the range you want to predict
• Cross validation 



Cross Validation

Roberts et al. 2016, Ecography



What can we do about it?
• Don’t do it
• Get more data in the range you want to predict
• Cross validation 
• Constrain it



What can we do about it?
• Don’t do it
• Get more data in the range you 

want to predict
• Cross validation 
• Constrain it
• Make a heuristic argument that 

its ok



What can we do about it?
• Don’t do it
• Get more data in the range you want to predict
• Cross validation 
• Constrain it
• Make a heuristic argument that its ok
• Make a mechanistic model
• Predict another emergent pattern to validate the 

extrapolation with a different type of data



Spatial Extrapolation
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8 features
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e
Two cultures of SDMing

Bumps attributed to environmental response 
actually arise in geographic space



Spatial Aggregation and Overfitting
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Longitude
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Overfitting
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True Suitability

 

Predicted Suitability



Bayesian Spatial models

logit(pi ) = Xiβ +wi Spatial random intercepts

R package: hSDM



Spatial prediction
Elevation

Mean
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Spatial prediction

Generalization
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Temporal Extrapolation



Temporal 
extrapolation

Correlative 
models can 

only take you 
so far….



Forecasting
And the need for mechanism…

http://xkcd.com

48
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Correlative

Summer rainfall

Correlative models 
are only useful if 

things don’t 
change too much

Mechanistic



Uncertainty

• Modeling decisions
• Parameters
• Future Scenarios



Modeling decisions: algorithms



Modeling 
decisions: 
ensembles



Modeling Decisions: Binary Maps

Determining the right threshold is dodgy with presence – only data

Set up the problem

Merow et al, pretty soon



Modeling Decisions: Binary vs. Trinary Maps

Set up the problem

Merow et al, pretty soon



Parameter Uncertainty
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Occurrence probability



Parameter Uncertainty

Merow, et al. 2017, PNAS



Future 
scenarios

Weather
Climate
Land Use
Disperal



Concluding thoughts
Types of extrapolation
• Environment
• Space
• Time 
Uncertainty
• Modeling decisions
• Parameters
• Future Scenarios

Identify the type

Reduce, report


