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About ARSET

• ARSET provides accessible, relevant, and 

cost-free training on remote sensing 

satellites, sensors, methods, and tools.

• Trainings include a variety of applications of 

satellite data and are tailored to audiences 

with a variety of experience levels.
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About ARSET Trainings

• Online or in-person

• Live and instructor-led or asynchronous and self-paced

• Cost-free

• Bilingual and multilingual options

• Only use open-source software and data

• Accommodate differing levels of expertise

• Visit the ARSET website to learn more.

https://www.earthdata.nasa.gov/data/projects/arset


Species Distribution Modeling with Google Earth Engine

Overview
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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.



9NASA ARSET – Species Distribution Modeling with Google Earth Engine

First Looks

• Predicted habitat suitability based on 

observed species presence
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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
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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. 

Training Outline

Part 2

Building, Evaluating, 
and Interpreting a 

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)

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

Homework

Opens July 14 – Due July 28 – Posted on Training Webpage 
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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
Part 1: Foundations of Species Distribution Modeling with GEE



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

July 7, 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



Introduction to Species Distribution Models

and Habitat Suitability
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Species are adapted to 

particular environments
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What Drives a Species Distribution?

Image Source

https://scienceasaverb.wordpress.com/wp-content/uploads/2010/10/two_var_experiment.png
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Fundamental vs. Realized Niche
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What is a Species Distribution Model?

• An empirical model that 

relates species occurrence 

with environmental predictor 

variables to assess habitat 

suitability

• Typically combine field-

collected species occurrence 

data with raster layers (NDVI, 

Land Use, etc…) to map 

suitable habitat

Data Collection
Statistical Modeling

Spatial Predictions

Field 
data

Environmental 
variables

Fitting the niche

Potential 
distribution of 

the species
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Interpreting Species Distribution Models

Identified Areas

The Reality: 

• Based on environmental conditions of 

known occupied sites

• Not where a species is actually found

Why the Gap?

• Constrained by factors such as historical 

barriers, dispersal limitation, and biotic 

interactions

• Models without true absence data 

cannot tell us how habitat is actually 

occupied

Ecological process Geographic space Geographic scale

1. Dispersal 

constraints

2. Abiotic habitat 

filter 

(environmental 

niche)

3. Biotic filters 

(species 

interactions, 

community 

constraints)

Regional species pool

Colonizable areas

Suitable habitats

Site occupied

global

regional

local
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Why Map the Geographic Distribution of a Species?

Basic

Applied

• Compare fundamental/realized niche (where a 

species could live vs. where it actually lives)

• Understand species ecology & evolution

• Factors/mechanisms controlling geographic 
distribution

• Find previously unknown populations

• Assess current threats to populations

• Model impacts of current and future threats

• Develop conservation/management plans

24%

27%

20%

8%

8%

8%

5%

Prediction
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Proliferation of Species Distribution Modeling

Currently the most widely used 

modeling tool for analyzing 

occurrence data, and 

explaining, predicting and 

projecting habitat suitability.

Standards for distribution models in biodiversity assessments

Miguel B. Araújo et al.



Why SDMs in Google Earth Engine?
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Coarse resolution

Lack of analytical 
capacity results in 

studies with low 
spatiotemporal 

resolution. 

Too Slow

Often need lot of 
computing power 

and most 
researchers do not 
have access to it.

Too much data 

to download

Spatial data can 

consist of very 
large files, GB or 

TB.

Why GEE? Technical Barriers
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Source: TOP500 Project Created with Datawrapper

Why GEE? Global TOP500 Supercomputers Count

https://www.top500.org/
https://www.datawrapper.de/_/9OduW
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Why GEE? Publications

Source: Nuñez et al. 2019. Assessing the uneven global distribution of 

readership, submissions and publications in applied ecology: Obvious 

problems without obvious solutions
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• It is a cloud-based platform hosted by 
Google that runs on Google’s powerful 
computing network

• It was primarily designed to process 
satellite information for research, 
education and other nonprofit use

• It is free for noncommercial use

Why GEE? Google Earth Engine Benefits
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Why GEE? Analysis Process

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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4b: Presence and Pseudo-absence SDMs



31NASA ARSET – Species Distribution Modeling with Google Earth Engine

% tree cover - Terra MODIS 

Vegetation Continuous Fields 

250 m

4c: Accounting for Temporal Resolution in SDMs
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Using Raw Satellite Data in SDMs

99,939
observations

705,147,693 pixels of 

90 m over

4,606,284 km2

6,150
Landsat 8 images 

3 Global radar

datasets 

22 hr to run
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Things are Happening: eeSDM
Mr. Yu
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Things are Happening: GEE Tutorials
Mr. Yu
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Things are happening: Publications around the world



A Quick Demo 



Understanding the Methods
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Overview of Some SDM Methods
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Predictive Power & Flexibility
Handles complex, non-linear patterns

Over-simplified

Intuitive but Simple “The Holy Grail” 

DEEP LEARNING
- Convolutional Neural

Networks (CNNs)

- Deep Ecological Niche Models

PROFILE METHODS
- Ecological Niche 

Factor

- Mahalanobis

Distance

- Gower Metric

PARAMETRIC/STATISTICAL MODELS
- Generalized Linear Models (GLM)

- Generalized Additive Models (GAM)

- Multivariate Adaptive Regression

Splines (MARS)

MACHINE LEARNING
- Support Vector Machines (SVM)

- Boosted Regression Trees (BRT)

- Random Forest

- MaxEnt

Black-box
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Inference vs. Prediction

SDMs have two prominent applications:

1. Understanding the drivers of species distributions

1. Predicting habitat suitability across time and space

The modelling workflow we present here employs non-

parametric algorithms available in GEE for predicting 

suitable habitats for single species.

Present Future Change
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Model Inputs

• Occurrence data

• Absence data

• Environmental predictor 

variables 

Data Collection
Statistical Modeling

Spatial Predictions

Field 
data

Environmental 
variables

Fitting the niche

Potential 
distribution of 

the species
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Absence Data

• Determining whether a species is absence from a site is not trivial

• An absence in the dataset could be do to:

– The species is absent due to an environment that is unsuitable 

– The species is absent in suitable habitats due to other ecological factors

– The species is present but was not detected (areas never sampled, observer error, or 

species not available to be detected during sampling) 
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True Absences

• Definitive proof of species absence (with 

sufficient sampling effort)

– Some models (e.g., occupancy models) 

can even account for false negatives

• The Gold Standard: if you have it, use it!

• Cost-intensive and difficult to acquire at 

large scales

Image Source

https://www.wiredamazon.com/how-camera-traps-work/
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Pseudo-absence

• Synthetically generated points treated as “0s” in the 

model when true absence data are unavailable

• Essential for presence-absence algorithms like GLMs 

or Random Forests when species data is presence-

only

• Selection strategy: Points are often picked far from 

presence locations or in environmentally unsuitable 

areas

– Minimally, these should not fall on the same 

raster cells as presence points

– Common to require a minimum distance from a 

presence point (e.g., > 10km)

– Can be constrained to maximum distances or 

sites with strong environmental dissimilarity
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Background Points

• A random sample of the study region's 

available environment

• Unlike pseudo-absences, they are not assumed 

to be absences. They provide the "average" 

conditions to contrast against the "used" 

presence locations

• Used in Maxent
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Best Practices

Spatial Matching

Sample pseudo-absence points from areas where related 

species were surveyed to account for sampling bias. This 

isolates drivers of underlying distribution from drivers of 

sampling intensity

Possible to do with eBird data, for example

https://ebird.org/home
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Best Practices

Strategic Spatial Thinning

Thin presence points to eliminate spatial clustering due to sampling bias in opportunistic data 

(e.g., GBIF) only when you are not using spatial matching of pseudo-absence points. Be 

aware that thinning can reduce sampling bias but results in information loss by removing valid 

environmental data.
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Best Practices

Model-Data Alignment: Match your absence data type to your algorithm and 

the ecology of your species of interest. Use background points for profile models 

or MaxEnt and true absences or pseudo-absences for binary classifiers (e.g., 

GLMs, Random Forests).
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Best Practices

Know the ecology of the species of interest: This should be obvious, but it is good 

to remember that models need to make biological sense. 



Model Inputs - Occurrence Data
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Where to Access Occurrence Data (GBIF or Otherwise)

• Get species data(Global Biodiversity Information 

Facility, eBird, iNaturalist, movebank, your own field 

data)

– Occurrence data

• Plot and inspect

• Clean

– Remove duplicates 

– Correct outlier GPS coordinates

– Georeferencing
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GBIF - Global Biodiversity Information Facility
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GBIF – How to Obtain Data?



53NASA ARSET – Species Distribution Modeling with Google Earth Engine

Filter dataset

GBIF – How to Obtain Data?
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GBIF – How to Obtain Data? Filter Datasets
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GBIF – How to Obtain Data? Search Occurrences
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Postprocessing is often required to 

manually remove erroneous 

locations such as animals in zoos or 

records on top of cities

GBIF – How to Obtain Data? Postprocess



Model Inputs – Environmental Predictors
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Predictor Variables

• Usually organized as raster data

• Each raster layer representing one predictor variable

• In GEE, raster data is known as image or image 

collections. We will learn how to use them shortly

• Images will serve as predictor variables for the models

• Extracting environmental data at species and 

background locations

• E.g.:

• A digital elevation model

• Average annual temperature

• A vegetation index

• Or maybe the bands of a Landsat image

Landsat-8SRTM
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The GEE Catalog
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There is More

The awesome-gee-community-catalog is an unfunded open-source grassroots project with a 

mission to help collect community sourced and community generated geospatial datasets. 

Our goal is to make data accessible and tie it to an analysis platform fostering 

accessibility and reducing digital divide. 

This catalog lives and serves alongside the Google Earth Engine data catalog.

https://developers.google.com/earth-engine/datasets/catalog


Brief Overview of GEE
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The Code Editor



Live Demo



Species Distribution Modeling with Google Earth Engine
Part 1: Introduction to Species Distribution Models and Habitat Suitability

Summary
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Part 1 Summary

• Provided an introduction to Species Distributions Models (SDM) including overview of core concepts, 

applications, methods, model inputs and interpreting SDM.

• Discussed benefits and limitations of Google Earth Engine for applied ecology.

• Explored model inputs, such as occurrence data in GBIF - Global Biodiversity Information Facility  

and environmental predictors in the GEE Catalog.

• Outlined best practices for producing habitat suitability maps.

• Explored the Google Earth Engine (GEE) web interface.
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Looking Ahead to Part 2

• Building, Evaluating, and Interpreting a 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)
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Resources

• Original manuscript: Implementation of species distribution models in Google Earth Engine

• The Google Earth Engine code and data used in the manuscripts are freely available at the 

following Google Earth Engine repository.

• All the Google Earth Engine code used in this tutorial can be accessed in the following links: Intro to 

GEE and Data management in GEE.

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://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcode.earthengine.google.com%2F8172768db728660a13789fbb9203ca99&data=05%7C02%7Cmaria.c.marabito%40nasa.gov%7C4b4bad514bce44f39d0d08dede5507c4%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C639192654867386384%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mfsUqwWBPAZFN1FLVl3662whNOgZt%2B2nstwLyBj0%2B%2F4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcode.earthengine.google.com%2F8172768db728660a13789fbb9203ca99&data=05%7C02%7Cmaria.c.marabito%40nasa.gov%7C4b4bad514bce44f39d0d08dede5507c4%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C639192654867386384%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mfsUqwWBPAZFN1FLVl3662whNOgZt%2B2nstwLyBj0%2B%2F4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcode.earthengine.google.com%2Ffd14c591b019281e09ccc6f27c60648a&data=05%7C02%7Cmaria.c.marabito%40nasa.gov%7C4b4bad514bce44f39d0d08dede5507c4%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C639192654867413189%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Lj81yeNnQ56v1n2DnGLjj1Eg7Tsj05QYIRSgMljz4Qk%3D&reserved=0
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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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Thank You! 


	Default Section
	Slide 1: Species Distribution Modeling with Google Earth Engine Part 1: Foundations of Species Distribution Modeling with GEE
	Slide 2: ARSET Eco Team
	Slide 3: Part 1 – Trainers
	Slide 4: About ARSET
	Slide 5: About ARSET
	Slide 6: About ARSET Trainings
	Slide 7: Species Distribution Modeling with Google Earth Engine Overview
	Slide 8: Training Learning Objectives
	Slide 9: First Looks
	Slide 10: Prerequisites
	Slide 11: Training Outline
	Slide 12: How to Ask Questions
	Slide 13: Species Distribution Modeling with Google Earth Engine Part 1: Foundations of Species Distribution Modeling with GEE
	Slide 14: Species Distribution Modeling with Google Earth Engine Ramiro Crego, Grant Connette, Jared Stabach July 7, 2026
	Slide 15: Learning Objectives
	Slide 16: Introduction to Species Distribution Models and Habitat Suitability
	Slide 17
	Slide 18: What Drives a Species Distribution?
	Slide 19: Fundamental vs. Realized Niche
	Slide 20: What is a Species Distribution Model?
	Slide 21: Interpreting Species Distribution Models
	Slide 22: Why Map the Geographic Distribution of a Species?
	Slide 23: Proliferation of Species Distribution Modeling
	Slide 24: Why SDMs in Google Earth Engine?
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29: Why GEE? Analysis Process
	Slide 30
	Slide 31: 4c: Accounting for Temporal Resolution in SDMs
	Slide 32: Using Raw Satellite Data in SDMs
	Slide 33: Things are Happening: eeSDM
	Slide 34: Things are Happening: GEE Tutorials
	Slide 35: Things are happening: Publications around the world
	Slide 36: A Quick Demo 
	Slide 37: Understanding the Methods
	Slide 38: Overview of Some SDM Methods
	Slide 39
	Slide 40: Model Inputs
	Slide 41
	Slide 42: True Absences
	Slide 43: Pseudo-absence
	Slide 44: Background Points
	Slide 45: Best Practices
	Slide 46: Best Practices
	Slide 47: Best Practices
	Slide 48: Best Practices
	Slide 49: Model Inputs - Occurrence Data
	Slide 50: Where to Access Occurrence Data (GBIF or Otherwise)
	Slide 51: GBIF - Global Biodiversity Information Facility 
	Slide 52: GBIF – How to Obtain Data?
	Slide 53
	Slide 54: GBIF – How to Obtain Data? Filter Datasets
	Slide 55
	Slide 56: GBIF – How to Obtain Data? Postprocess
	Slide 57: Model Inputs – Environmental Predictors
	Slide 58: Predictor Variables
	Slide 59: The GEE Catalog
	Slide 60: There is More
	Slide 61: Brief Overview of GEE
	Slide 62: The Code Editor
	Slide 63: Live Demo
	Slide 64: Species Distribution Modeling with Google Earth Engine Part 1: Introduction to Species Distribution Models and Habitat Suitability Summary
	Slide 65: Part 1 Summary
	Slide 66: Looking Ahead to Part 2
	Slide 67: Resources
	Slide 68: Homework and Certificates
	Slide 69: Contact Information
	Slide 70


