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Habitat Suitability Modeling 

ÅPredicts where a 

species could live, 

with some 

uncertainty 

ÅAlso known as, 

ïSpecies Distribution 

Modeling 

ïEcological Niche 

Modeling 

Kimble, 2016 



Adapted from Richard Pearson, Center for Biodiversity and Conservation at the American Museum of 

Natural History 

Observed Occurrences 

Realized Niche/Distribution 

Fundamental Niche/Distribution 

Model Fitted to Occurrences 

Geographical Space 

Environmental Space 
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  From the Theory of 

Biogeography 

Adapted from Brown, J.H., Lomolino, M.V. 1998, Biogeography: Second Edition.  Sinauer Associates, Sinauer 

Massachusetts 

Environmental Space 



HSM Process 

Lat Lon Temp Precip 

-105.504 40.35819 5.32 58.4 

-107.472 40.498 6.31 47.6 

Occurrences (Sample Data) 
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Precipitation 
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Modeling 

Method 

Variable Param1 Param2 

Annual 

Precip 

-0.05 0.0 

Annual 

Temp. 

0.61 0.0 

Map  

Generation 

Model Parameters 

Environmental Layers 

(Predictors/Covariates) 

Spreadsheets 

Habitat Suitability Map 

Model of Purple Loosestrife in Colorado, Dr. Catherine Jarnevich 



Spatial Modeling Concerns 

ÅOur data is a combination of: 

ïTrue species habitat constraints 

ïNatural history of the species (dispersal & survival) 

ïSampling method 

ïOther sources of uncertainty (measurement error) 

ÅWhat should the models look like? 



Maraghni, M., M. Gorai, and M. Neffati. 2010. Seed germination at different temperatures and water stress levels, and 

seedling emergence from different depths of Ziziphus lotus. South African Journal of Botany 76:453-459. 

Over-fitting The Data? 

What should the  

model look like? 

Maxent model for Tamarix in 

the continental US: response 

to temperature when 

modeled with temperature 

and precipitation 



Sample 

Data 
Predictor 

Layers 

Modeling Software 

Å Spatial Precision 

Å Spatial Accuracy  

Å Sample Bias 

Å Identification Errors 

Å Date problems 

Å Gross Errors 

Å Gridding 

Å Over fitting? 

Å Assumptions? 

Response Curves Model Performance Measures 

Number of Parameters 

AIC, AICc, BIC, AUC 
Å Match expectations? 

Å Over-fit? 

What is the best model? 

Habitat Map 

Å Realistic? 

Å Uncertainty maps 

Å How to determine? 

Settings 

Road Map of Uncertainty 

Å Accurate measures? 

Å Noise 

Å Pixel Mixing 

Å Correlation 

Å Interpolation Error 

Å Spatial Errors 

Å Measurement Errors 

Å Temporal Uncertainty 



Data has Uncertainty/Error 

ÅOccurrences are the sum of three ñsignalsò: 

ïViable habitat  

ïSpecies dispersal 

ïSampling method 

ÅEnvironmental Layers (covariate rasters) 

ïCannot represent the complexity on the earth 

ïThey will hide small, unique, habitats 



HEMI 2 

ÅFollow-on to HEMI 1 

ÅModels each environmental variable with 

smooth Bezier curves 

ÅMultiplies models together to create final 

HSM 

ÅIncludes Monte Carlo methods for: noise 

injection, cross-validation, sensitivity testing 

ÅImplemented in BlueSpray from 

SchoonerTurtles.com 

 



 



ÅSample response 

curve for  

precipitation of 

wettest quarter for 

Ohio Buckeye 

ÅControl points can 

be automatically 

place and manually 

edited 

ÅAIC and AUC 

values provided in 

real time 

Control 
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Evaluating HEMI 2 

ÅOccurrences:  

ïSynthetic Data 

ïForest Inventory Analysis 

(FIA) database 

ÅEnvironmental 

Variables: 

BioClim/WorldClim 

 

 



Ohio Buckeye 

ÅPrecipitation: 
ï30 to 60 inches 

ÅTemperature : 
ïCold required 

ïMin of 145 frost free days 

ïMin temp. of -33 degrees F 

ÅSoil: 
ïpH ranged from 5.0 to 7.1 

ïfine to medium textured soils 

 
http://plants.usda.gov/charinfo.html Invasives.org 

http://plants.usda.gov/charinfo.html


Historic Range

1

0

Habitat 
Suitability

Environmental variables Mean AIC Mean AUC 

BIO5_MaxTemp, BOI6_MinTemp, 
BIO15_PrecipSeason, BIO18_PrecipWetQuarter 

28516 0.930 

BIO5_MaxTemp, BOI6_MinTemp, 

BIO17_PrecipDryQuarter, BIO18_PrecipWetQuarter 
28637 

0.927 

BIO5_MaxTemp, BOI6_MinTemp, BIO15_PrecipSeason 28687 0.924 

BIO5_MaxTemp, BOI6_MinTemp, BIO18_PrecipWetQuarter  28701 0.933 


