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Training Outline

Homework

July 07, 2026

Session A: 9:00 a.m. 
to 10:30 a.m. EDT 

(UTC-4)

Session B: 4:00 p.m. 
to 5:30 p.m. EDT 

(UTC-4)

Part 1

Foundations of 
Species Distribution 
Modeling with GEE

Part 2

Building, 
Evaluating, and 
Interpreting an 

SDM on GEE

July 14, 2026

Session A: 9:00 
a.m. to 10:30 a.m. 

EDT (UTC-4)

Session B: 4:00 p.m. 
to 5:30 p.m. EDT 

(UTC-4)

A certificate of completion will be awarded to those who attend all live sessions 
and complete the homework assignment(s) before the given due date. 

Opens July 14 – Due July 28– Posted on Training Webpage 



Species Distribution Modeling with Google Earth Engine
Part 2: Building, Evaluating, and Interpreting a SDM on GEE
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Training Learning Objectives

By the end of this training, participants will be able to:

• Conduct basic operations and functions in the Google Earth Engine (GEE) 

web interface using JavaScript code.

• Identify core concepts and applications of species distribution modeling 

(SDM).

• Assess key SDM workflow decisions to ensure occurrence point 

independence, to select background points, and to choose ecologically 

relevant predictors.

• Access and manage analysis-ready spatial data from the GEE catalog as 

predictor variables.

• Fit species distribution models using machine learning models (e.g., 

Random Forest) in GEE using a reproducible code-based workflow.

• Critically evaluate the appropriateness of the model design and interpret 

predicted distribution and habitat suitability results.
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Prerequisites

• Part 2 of Visualizing Land Cover and Land Use Change with NASA Satellite 

Imagery

• General knowledge of GIS

• Some coding experience

https://www.earthdata.nasa.gov/learn/trainings/visualizing-land-cover-land-use-change-nasa-satellite-imagery
https://www.earthdata.nasa.gov/learn/trainings/visualizing-land-cover-land-use-change-nasa-satellite-imagery
https://www.earthdata.nasa.gov/learn/trainings/visualizing-land-cover-land-use-change-nasa-satellite-imagery
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How to Ask Questions

• Please put your questions in the Questions box and we will address them 

at the end of the webinar.

• Feel free to enter your questions as we go. We will try to get to all of the 

questions during the Q&A session after the webinar.

• The remainder of the questions will be answered in the Q&A document, 

which will be posted to the training website about a week after the 

training.



Species Distribution Modeling with Google Earth Engine
Ramiro Crego, Grant Connette, & Jared Stabach

July 14, 2026
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Learning Objectives

• Conduct basic operations and functions in Google Earth Engine (GEE) web interface using 

JavaScript code

• Identify core concepts and applications of Species Distribution Modeling (SDM)

• Assess key SDM workflow decisions to ensure occurrence point independence, select background 

points, and choose ecologically relevant predictors.

• Access and manage analysis-ready spatial data from the GEE catalog as predictor variables

• Fit species distribution models using machine learning models (e.g., Random Forest)  in GEE using a 

reproducible code-based workflow

• Critically evaluate the appropriateness of the model design and interpret predicted distribution and 

habitat suitability results



Building a Machine Learning Model
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The Workflow

1. Species data upload

2. Preprocessing

3. Predictor variables

4. Presence and absence

a. Presence and absence

b. Presence and pseudoabsence

c. Presence and absence and pseudoabsence

5. Model fitting and model evaluation

6. Model predictions
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Uploading Your Own Data as an Asset
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Define the Spatial Resolution of the Analysis
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Spatial Thinning of Presence Data

• People often record a species multiple times in the exact same location (e.g., near roads or 

in parks). We can thin presence data to mitigate effects of sampling bias on our model.

• We can thin our location data to one randomly selected occurrence record per pixel at the 

chosen spatial resolution (the raster pixel or grain size of the analysis).
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Define Your Area of Interest for Modelling

• The extent of the analysis should be carefully selected and constrained to a geographic 

region that is actually accessible to the species.

• Avoid massive analysis extents - comparing against distant absence points inflates accuracy 

metrics and focuses on obvious macro-scale patterns (e.g., forest vs. desert).
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Define Your Area of Interest for Modelling

• The extent of the analysis should be carefully selected and constrained to a geographic 

region that is actually accessible to the species.

• Avoid massive analysis extents - comparing against distant absence points inflates accuracy 

metrics and focuses on obvious macro-scale patterns (e.g., forest vs. desert).
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Selecting Predictor Variables

• A key advantage of implementing SDMs in Google Earth Engine is its cloud-hosted data catalog, 

allowing users to directly access many geospatial predictor variables via code.
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Using Raw Satellite Data as Predictor Variables

Suitable habitat maps are valuable 

to identify potential areas for 

animal translocations.
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On 5 July 2023, 14 giraffe were translocated to Iona National Park
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Selecting Predictor Variables



22NASA ARSET – Species Distribution Modeling with Google Earth Engine

Defining the Area to Create Pseudo-absences

• We first need to create a mask to avoid creating pseudo-absences in the same pixels 

where we have presence points.
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Three main methods:

1. Generate random pseudo-absences across the 

entire study area (not recommended for 

pseudo-absence as it risks sampling suitable 

habitat; use only for creating background 

points).

Defining the Area to Create Pseudo-absences
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Three main methods:

2. Generate pseudo-absences within a specified 

distance range from presence locations. This 

limits pseudo-absences to areas potentially 

accessible to the species (Araújo et al., 2019) 

and can be used to mirror potential spatial or 

environmental sampling bias present in the 

occurrence data (Phillips et al., 2009).

Defining the Area to Create Pseudo-absences
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Three main methods:

3. Constrain pseudo-absences by masking out 

suitable areas using an environmental profiling 

technique (Chefaoui & Lobo, 2008; Senay, 

Worner, & Ikeda, 2013). This ensures pseudo-

absences are drawn from lower-suitability 

environments and minimizes false absences.

Defining the Area to Create Pseudo-absences
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Divide the study area into geographic 

blocks and randomly assign blocks into 

separate subsets for model training and 

validation (Roberts et al., 2017; Valavi, Elith, 

Lahoz-Monfort, & Guillera-Arroita, 2019). 

In our workflow, we run multiple model 

iterations with random block splits to create 

training and validation data sets.

Spatial Block Cross-validation
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We will select location data from 70% of 

the blocks for model training, including 

presence and pseudo-absences.

All points outside these blocks are going to 

be used for model testing.

Spatial Block Cross-validation



Model Fitting and Model Validation
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Fitting an SDM Model

• Next, we will define the SDM function.

• Let’s go to the code editor.
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Validating an SDM

• Ask basic questions:

– Is this model meaningful?

– Do the predictions make ecological sense?

• Derive evaluation metrics:

– Deviance explained, residual patterns, goodness-of-fit test

• Cross-validation:

– Evaluation of model predictions with independent 

data

– Partitioning data: training data vs. testing data
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Validating an SDM

• Quantify model accuracy (Interpolation): Test predictive performance of the model within 

the same region and timeframe as the training data (Araújo et al. 2019).

• Quantify model generality (Extrapolation): Test predictive performance of the model in a 

different region and timeframe from the training data (Araújo et al. 2019).

https://onlinelibrary.wiley.com/doi/10.1111/rec.70243#rec70243-bib-0002
https://onlinelibrary.wiley.com/doi/10.1111/rec.70243#rec70243-bib-0002
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Methods for Model Validation

Threshold dependent metrics

– Requires presence/absence data (or pseudo-absences)

– Calculated from an error matrix (a.k.a. confusion matrix)

– Examples: Percent overall accuracy, Kappa, True Skill Statistic (TSS)

– Key challenge: selecting the optimal threshold for converting suitability to a binary 0/1 

map

Threshold independent metrics

– Area under the Receiver Operating Characteristic Curve (AUC-ROC)

– Area under the Precision Recall Curve (AUC-PR)
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The Error Matrix

Sensitivity (recall): the proportion of 

actual presence records the model 

correctly identifies out of all actual 

presences, emphasizing the prevention 

of false negatives

 

Specificity: the proportion of actual 

absence locations a model correctly 

identifies out of all actual absences, 

emphasizing the prevention of false 

positives

Precision: the proportion of predicted 

presence locations that are truly 

presences out of all total predicted 

presences, emphasizing the reliability of 

your suitability map
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The Error Matrix: Example
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Threshold Independent Validation: AUC-ROC

• Area under the ROC (AUC) provides a single measure of model performance

• Independent of any particular choice of threshold

Image Source

https://anthology-of-data.science/posts/precision-recall/
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Threshold Independent Validation: AUC-ROC

• Area under the ROC (AUC) provides a single measure of model performance

• Independent of any particular choice of threshold

• The AUC ranges from 0 to 1

AUC = 1 indicates perfect discrimination 

between presence and 

absence/pseudo-absence locations

AUC = 0.5 discrimination is no better 

than random performance

AUC <0.5 performance is worse than 

random 

Image Source

https://anthology-of-data.science/posts/precision-recall/
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Threshold Independent Validation: AUC-PR

• AUC-PR evaluates the model’s ability to find true presences (Recall or Sensitivity) against the 
reliability of its suitability map (Precision) across all possible thresholds. 

Image Source

https://anthology-of-data.science/posts/precision-recall/
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The Problem of Class Imbalances

• AUC-ROC overestimates accuracy when the number of absences is much higher than 

the number of presences (e.g., rare species)

• Here we see 10,000 absences vs 50 presences 

Image Source

https://anthology-of-data.science/posts/precision-recall/
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Validating our Model
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Importance of Independent Validation Data

It is often critical to quantify the generality of a model (i.e., capacity of the model to predict in 

a different region and/or timeframe from the training data). 
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Importance of Independent Validation Data

• Prevent overfitting: Ensure the model is not ‘memorizing’ the training data but failing to 

predict at new locations.

• Ensure transferability: Proves the reliability of your model to predict habitat suitability 

across different geographic areas and time periods.

• Assess true accuracy: Validating models with the same data used for training (even 

when using cross-validation) can give the false impression of high performance.
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Exporting Model Outputs: “Batch Mode”



Modifying the Workflow to Get Variable Importance
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Extracting Variable Importance

• Variable importance quantifies how effectively each environmental layer was able to sort 

presence points away from the absence points. 

• These scores are a relative ranking meant to be compared against each other within that 

specific model run to see which predictors had the most influence.

Trained Classifier
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Extracting Variable Importance within a K-fold Loop

[Rest of SDM Function Above]
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Variable Importance Interpretation

• Methodological Decisions Affect the Ranking: For example, if you expand your study area to 

a continental scale, regional climate variables will look massively important. If you clip that 

exact same model down to a single national park or watershed, climate becomes relatively 

uniform across the points, and localized variables (like slope, aspect, or canopy structure) will 

be at the top of the importance ranking.

“Across this specific study area, and given our specific presence-absence 

dataset, precipitation was the most effective tool for distinguishing presence 

locations from absence locations.”

“Precipitation is a more vital niche requirement for this species than soil type.”



Additional Considerations
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Model Evaluation Strategy

The Illusion of Predictive Power 

Ploton et al. demonstrated that a standard 

random cross-validation showed an R2>0.50, 

while spatial cross-validation revealed 

virtually null predictive power.

The Illusion of Failure

Wadoux et al., 2021 argued that spatial 

CV punishes the model for poor 

extrapolation rather than measuring how 

good the map is. It also results in 

information loss by fitting the model 

without fully representative data.

If you are predicting into a totally new area or a future climate, random 

CV may lie to you—you need spatial or temporal blocking to see the 

true predictive power. But if you just want to predict values between 

tightly clustered data points, spatial blocking might give you an unfairly 

pessimistic view of your map's local accuracy."
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Ensembling SDMs

Photo credit: Craig Ansibin 

• Can smooth over-prediction and under-

prediction of individual models (e.g., 

Helmeted Hornbill example).

• However, it inherently averages out 

peak performance (best model 

averaged with worse models) and 

rarely beat the absolute "best" single 

model for a specific landscape.
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Garbage In, Garbage Out: Avoid relying on unvetted, heavily clustered crowd-sourced 

presence data, or blindly throwing environmental layers into the model.

Ecological Predictor Curation: Select environmental layers based on known biological limiting 

factors rather than data convenience, and drop highly collinear variables.

Intentional Background Selection:

• If you have true absence data, use it!

• Absence ≠ Pseudo-absence ≠ Background

• Define your pseudo-absences strategically (e.g., using areas potentially reachable)

Objective-Driven Validation: Match your validation strategy to your goal; e.g., use random 

sampling to verify local map accuracy, but use spatial cross-validation if you are testing the 

model's regional transferability (e.g., the giraffe example).

Pitfalls & Best Practices: Part 1
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Ensemble-Based Prediction: Avoid relying on a single "winning" cross-validation fold for your final 

outputs and average the continuous probability maps across all your folds to smooth out 

localized mathematical noise.

Model Extrapolation Risks: Many algorithms cannot extrapolate outside their training range. You 

can run a MESS (Multivariate Environmental Similarity Surfaces) analysis when projecting onto 

new geographic areas or future climates to flag where predictions may be unreliable.

Continuous Probability Over Binary Thresholds: Prioritize analyzing and reporting the raw, 

continuous habitat suitability gradients rather than over-relying on arbitrary binary 

presence/absence thresholds that discard meaningful ecological detail.

Suitability ≠ Presence

Pitfalls & Best Practices: Part 2
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The ODMAP



Summary
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Resources

• Original manuscript

• The Google Earth Engine code and data used in this workshop and manuscripts are freely 

available at this Google Earth Engine repository.

https://onlinelibrary.wiley.com/doi/10.1111/ddi.13491?__cf_chl_tk=3xYHVo5rFA6OqbEHVfyDCj1sTjFyjKGMzswqroH73UY-1779718170-1.0.1.1-Hc.0RqrvJxaiwVwpYYzSkXADvNiKXFANi49ViASrVzQ
https://code.earthengine.google.com/?accept_repo=users/ramirocrego84/SDM_Manuscript
https://onlinelibrary.wiley.com/doi/10.1111/ddi.13491
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Summary
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Part 2 Training Summary

• Demonstrated end-to-end steps to build machine learning models within Google Earth Engine.

• Reviewed initial steps for uploading species data and essential preprocessing steps.

• Covered spatial thinning techniques for presence data and methods to define modeling Areas of 

Interest (AOIs).

• Evaluated criteria for choosing environmental predictors and accessed spatial data directly from 

the GEE catalog.

• Analyzed the concepts of true presence/absence data and techniques for generating pseudo-

absence points.

• Contrasted methods for quantifying model accuracy (interpolation) versus model generality 

(extrapolation).

• Explored how to identify and rank the environmental layers most influential in predicting species 

distribution.

• Emphasized aligning model evaluation strategies directly with overarching project objectives.

• Pitfalls & Best Practices
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Homework and Certificates

• Homework:

– One homework assignment

– Opens on 07/14/2026

– Access from the training webpage

– Answers must be submitted via Google Forms

– Due by 07/28/2026

• Certificate of Completion:

– Attend two live webinars (attendance is recorded automatically)

– Complete the homework assignment by the deadline

– You will receive a certificate via email approximately two months 

after completion of the course.

https://www.earthdata.nasa.gov/learn/trainings/species-distribution-modeling-google-earth-engine
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Contact Information

Hosts:

• Justin Fain

– justin.j.fain@nasa.gov

• Sativa Cruz

– sativa.cruz@nasa.gov

• ARSET Website

• ARSET YouTube

For questions, comments, or to share how you 
have applied our trainings to your work or 
studies, email nasa.arset@gmail.com. 

Join our mailing list to stay up-to-date on our 
latest trainings. Visit our Contact page to 
subscribe.

https://www.earthdata.nasa.gov/data/projects/arset
https://www.earthdata.nasa.gov/data/projects/arset
https://www.youtube.com/user/NASAgovVideo/playlists
https://www.youtube.com/user/NASAgovVideo/playlists
mailto:nasa.arset@gmail.com
https://www.earthdata.nasa.gov/data/projects/arset/contact
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Share Your Thoughts!

Within a day or two, we will send you an invitation to complete a 

short online survey.* Your feedback helps us improve the ARSET 
program.

• Participation is optional, and all responses are confidential.  

• Survey data are crucial to helping us understand how to better 
meet your needs. We want to help you use Earth observation data 
more effectively.

• We read every survey comment – so please share your thoughts!

*The survey will come from noreply@alchemer.com. This is not spam.

mailto:noreply@alchemer.com
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Thank You! 
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