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Species Distribution Modeling with Google Earth Engine

Part 1: Foundations of Species Distribution Modeling with GEE

ARSET Hosts: Justin Fain (NASA Ames/BAERI) & Sativa Cruz (NASA Ames/BAERI)
Guests: Ramiro Crego (University College Cork), Grant Connette (Smithsonian), Jared Stabach (Smithsonian)
July 07, 2026




ARSET Eco Team

Justin Fain Sativa Cruz Juan Torres-Perez Savannah Cooley
Research Scientist Applied Scientist Research Scientist Research Scientist
BAER/NASA Ames BAER/NASA Ames NASA Ames BAER/NASA Ames
Research Center Research Center Research Center Research Center
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Part 1 - Trainers

Ramiro D Crego Grant Connette Jared Stabach
Lecturer in Animal Ecology Research Ecologist Research Ecologist
University College Cork Smithsonian’s National Zoo & Smithsonian’s National Zoo &
Conservation Biology Institute Conservation Biology Institute
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About ARSET

« ARSET provides accessible, relevant, and
cost-free training on remote sensing
satellites, sensors, methods, and tools.

AGRICULTURE

DISASTERS

« Trainings include a variety of applications of
satellite data and are tailored to audiences
with a variety of experience levels.

ECOLOGICAL CONSERVATION

HEALTH & AIR QUALITY

WATER RESOURCES

WILDLAND FIRES

ZICISISISIY

EARTH SCIENCE DIVISION
TH |
NASA ARSET - Species Distribution Modeling with Google Earth Engine SERARASEION 5



About ARSET Trainings

« Online orin-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 welsite to learn more.

EARTH SCIENCE DIVISION
RTH ACTI
NASA ARSET - Species Distribution Modeling with Google Earth Engine =5 ACTION 6
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Species Distribution Modeling with Google Earth Engine
Overview




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.

ldentify 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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine 8 .



First Looks

« Predicted habitat suitability based on
observed species presence

alamanca

gerto™
&Armuelles :
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Prerequisites

« Part 2 of Visudlizing Land Cover and Land Use Change with NASA Satellite Imagery

« General knowledge of GIS
« Some coding experience

NASA ARSET - Species Distribution Modeling with Google Earth Engine


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

Training Outline

Part 1 Part 2

Foundations of Building, Evaluating,
Species Distribution and Interpreting @
Modeling with GEE SDM on GEE

July 07, 2026 July 14, 2026

Session A: 9:00 a.m. Session A: 2:00 a.m.
o 10:30 a.m. EDT L.eR0:830.a.m BDT;
(UTC-4) (UTC-4)

Session B: 4:00 p.m. Session B: 4:00 p.m.
to 5:30 p.m. EDT o 3 30T EDT:
(UTC-4)

Homework
Opens July 14 — Due July 28 — Posted on Training Webpage

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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine 11 .



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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine
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Species Distribution Modeling with Google Earth Engine
Part 1: Foundations of Species Distribution Modeling with GEE
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Species Distribution Modeling with Google Earth Engine
Ramiro Crego, Grant Connette, Jared Stabach
July 7, 2026




Learning Objectives

« Conduct basic operations and functions in Google Earth Engine (GEE) web interface using
JavaScript code

« |dentify 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

NASA ARSET - Species Distribution Modeling with Google Earth Engine
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What Drives a Species Distribution?
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Temperature

Image Source
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https://scienceasaverb.wordpress.com/wp-content/uploads/2010/10/two_var_experiment.png

Fundamental vs. Realized Niche

Temperature /
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What is a Species Distribution Model?

« An empirical model that /
relates species occurrence Data Collection
with environmental predictor

variables to assess habitat TN,
suitability e
a:x 2 .‘,rl
« Typically combine field- ]{xjf’
collected species occurrence [',Sﬁ

data with raster layers (NDVI,
Land Use, efc...) fo map

suitable habitat
' Environmental Fitting the nich \ ‘
variables 4 g
) o] | §
s~ presence ‘_ Potential
- absence § distribution of

the species

\ Temperature /

NASA ARSET - Species Distribution Modeling with Google Earth Engine 20 .




Interpreting Species Distribution Models

ey todegleclpmorn  Googruphi poce  Gecgrotlesoole
The Readlity:

 Based on environmental conditions of 4 \) Regional species pool \
known occupied sites l l l l global

« Not where a species is actually found 1. Dispersal Q =

constraints
Colonizable areas
Why the Gap? !
) . ) 2. Abiotic habitat /

« Constrained by factors such as historical filter —ai regional
barriers, dispersal limitation, and biotic (environmental Suitable habitats |
interactions niche) ] i

3. Biotic filters (’ P §

« Models without frue absence data (species " o g

cannot tell us how habitat is actually Interactions, e occuple !
. community
occupied \ constraints) local

NASA ARSET - Species Distribution Modeling with Google Earth Engine



Why Map the Geographic Distribution of a Species?

Basic
Explanation

« Compare fundamental/realized niche (where @ 24%

species could live vs. where it actually lives)
« Understand species ecology & evolution

Q

« Factors/mechanisms controlling geographic g;\° 8%

distribution & 27%

, , , < gy 8%
« Find previously unknown populations ° /,x
« Assess current threats to populations 5%
 Modelimpacts of current and future threats
. 20%

« Develop conservation/management plans o

Applied

NASA ARSET - Species Distribution Modeling with Google Earth Engine



Proliferation of Species Distribution Modeling

A
Currently the most widely used 100 —
modeling tool for analyzing 9 an -  New species records
occurrence data, and a i = Cilobal change
explaining, predicting and X % ~— Spatial prioritization
projecting habitat suitability. 6 70 Habitat evaiuation
B 80~ — Biological invasions
-8 ~—=Translocation
§ 50 - - Restoration
g 40 — w Other
2 ag = None
2
g 20 -
O 10 -
O pu—

1995 1998 2001 2004 2007 2010 2013

Years
Standards for distribution models in biodiversity assessments

Miguel B. Araujo et al.
NASA ARSET - Species Distribution Modeling with Google Earth Engine 23
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Why SDMs in Google Earth Engine?




Why GEE? Technical Barriers

Too much daia Too Slow Coarse resolution
to download
Often need lot of Lack of analytical
Spatial data can computing power capacity results in
consist of very and most studies with low
large files, GB or researchers do not spatiotemporal
TB. have access to it. resolution.

u NASA ARSET - Species Distribution Modeling with Google Earth Engine




Why GEE? Global TOP500 Supercomputers Count

TOP500 Count () 20 Q 80 Q 200

- Y

TOPS00 Count

N
150

Hover over data bubbles to see the corresponding count in the legend bar (desktop). Tap on legend bar to show
bubbles (mobile).

Map: Solt DB « Source: TOP500 Project * Created with Datawrapper

Source: Created with

NASA ARSET - Species Distribution Modeling with Google Earth Engine


https://www.top500.org/
https://www.datawrapper.de/_/9OduW

Why GEE? Publications

Submitted papers (%)‘ Accepted papers (%)‘

- : . Oceania
Source: Nunez et al. 2019. Assessing the uneven global distribution of f 4

readership, submissions and publications in applied ecology: Obvio

..~ problems without obvious solutions
NASA ARSET - Species Distribution Modeling with Google Earth Engine 27




Why GEE? Google Earth Engine Benefits

Google Earth Engine

® Itis acloud-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

® Jtis free for noncommercial use

NASA ARSET - Species Distribution Modeling with Google Earth Engine




Why GEE? Analysis Process

1. Species data upload
Preprocessing
Predictor variables

> W

Presence and absence
a. Presence and absence
b. Presence and pseudoabsence
c. Presence and absence and pseudoabsence

Model fitting and model evaluation
6. Model predictions

NASA ARSET - Species Distribution Modeling with Google Earth Engine

METHOD

Implementation of species distribution models in Google Earth

Engine

Ramiro D. Crego™?© | Jared A. Stabach'© | Grant Connette'?o

Consarwuon Ecology Ceter,
Savtheonan National Joo and
Conservation Bology Instute. Front
Rovel Vigesa, USA
MWorking Land and Sesscapes,
Contervanon Common, Sethaonen
Irmtauton Wadengron, Dwtrect of
Columban, USA

Comnpondence

Ramiro O Crego, 1500 Remount R, From
Royal VA 22630, USA

sl 1 amrocregoSAgpmad com

Fundrg bndcmaticn
Sorvitanman Consarwaton Commons.

Abstract
Almc Google Earth Engine (GEE) Is 2 free Wed-based spatial anabysis platfoem that re-
Quires ooy 3 web browser and an inte 10 prog! Ay access and

analyse data from its multi-petabiyte catalog of regularly updated satellite imagery
fe.g MODIS, Landsat. () and other The high

capacity of GEE can make computationully demanding analyies moce accessibie 1o
re: s and pr s, espechilly those with Bmited 3ccess 20 advanced com-
putational resources. Here, we present 3 worktiow in GEE to fit species distribution
models, offering dieect 3ccess 1o & mult-petabyte catalog of raster products to obtain
estimates of habitat sultability,

Working Land &
and Innovation Rewd, Geant/Amacd
Nomber WIS 202011

Ko Borns Lavoy

tion: We ' 2 for species g In GEE
that includes importing species occurience data into the GEE platform, selecting and
preparing predictor varlables, and performing moded fitting with spatial or tempo-
ral sphit-block cross-validation techniques. We present three case studies that dem-

) ab SOM that p model predictions,
o) a hat for temp y In predictor 10 study
changes in habitat suitabliity over time and (M) 3 complex and compatationally de-
manding analysis incorporating thousands of satelite imapes for modelling habitat
Sitablity at high spatial reschution,
Main Co Our SOM work aliows users to benefit from the high speed
and performance of GEE without the noed for significant computing infrastructure.
This may be eipecially to hers in fos where compnnt-
Ing power Is Bmited. as SDMs freq requice the storage and pe
Ing of large raster datasets. We also discuss hey Smitations of implementing SOMs in
GEE, such as uter memory limits and the Lick of high-level functions. We inclode a
step-by-step puide for the general model workflow and for each of the case studies
presented to facilitate its implementation.

KEYWORDS
©radient boosting, tubitat models, JavaScript, miche modeds, aata
random forest




4b: Presence and Pseudo-absence SDMs

+ Cuba Layers Map Satellite +
—_ Dominican -
Republic ra
Puerto Rico MR

Caribbean Sea

Lim
Habitat suitability Potential distribution map i ‘(
- B presence .,
Low Medium High Absence :-zome

Presence locations @
L

SUR

ASUNCIO ATL UFSSdUE
Keyboard shortcuts Map data ©2021 Google, INEGI 500 km bt Terms of Use

Presence & pseudoabsence

Multiple sets of
pseudoabsences
can be created
randomly within
a predefined area

Guaumal:nf .
} H

Presence locations @

L

Cuba Layers Map Satellite
Dominican
/Republic ra
Puerto Rico L
%
A
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)
240)
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4c: Accounting for Temporal Resolution in SDMs

Presence & absence or
pseudoabsence matched to
temporal variables
%% Nov 2020
%S Mar 2018
%ﬁ Jun 2014

ﬁﬁ Jul 2010
ﬁ'ﬁ Jan 2006

Image collection

% tree cover - Terra MODIS
Vegetation Continuous Fields
250 m

NASA ARSET - Species Distribution Modeling with Google E

s—z’_’ Regression slope €
v e 0
= ‘ y_‘ A:'

‘Habitat suitability =5 Forest lost 2000-2019
-ngh (Hansen et al. 2013)




Using Raw Satellite Data in SDMs

@ Occurence locations
Habitat Suitability

: 500
_-‘ High ———

NASA ARSET - Species Distribution Modeling with Google Earth Engine

99.939 J{GBIF

observations

6,150

Landsat 8 images

3 Global radar
datasets

705,1 47,693 pixels of

90 M over

4,606,284 km?

hr fo run




eeSDM: Google Earth Engine 7|}
B 2X QWY 7I8 Python H7|X|

13:00~13:15(15¥)

Mr. Yu

Things are Happening: eeSDM

FEY | SVAOIERAI}
FUSUST ESCHUUY

eeSDM 0.1.3 2 [

pip install eeSDM @ Released: Aug 27,2023

Google Earth Engine-based Species Distribution Modeling

Navigation Project description

= Project description

"D Release history

eeSDM: Google Earth Engine-based SDM

& Download files

Project links

A Homepage

Statistics

00 07 o4 28 o8

GitHub statistics: % ! Wbt sutaraty

e Chave.n A
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Things are Happening: GEE Tutorials

eeSDM: Google Earth Engine 7]
FEZ DWYUE $IT Python 1§7|X|

13:00~13:15(15¥)

FEY | SUCI0lE{ A}
FUSHAT ESCULY

Google Earth Engine

Hame Guides Ref

C¢ Search i @ English ~

= Filter
=
. B . Home »> Products > Google Earth Engine > Community Was this helpful? 0% cp Chat
MAD Transformation (Part 1)
Change Detection in GEE - The . . " . . -
MAD Transfommation (Part 2 Species Distribution Modeling 0- © Send foedbock
Change Detection in GEE - The AP
MAD Transformation {Parl 3) Author(s): osgecks
Data Converters
Detecting Changes in Sentingl-1
Imagery (Part 1) * Tutorials contributed by the Earth Engine developer community are not part of the official Earth Engine product documentation.
Detecting Changes in Sentinel-1
Imagery (Parl 2)
Detecting Ch in Sentinel-1
|I':E';IEII':?:F'E:I:;?PR B L) Runin Google Colab 0 View source on GitHub
Detecting Changes in Sentinel-1
Imagery (Fart 4]
Groundwater Recharge In this tuterial, the methodeology of Species Distribution Modeling using Geogle Earth Engine will be introduced. A brief overview of Species
E’:"ma‘"‘“" ) Distribution Modeling will be provided, followed by the process of predicting and analyzing the habitat of an endangered bird species known
Histogram Matching as the Fairy pitta (scientific name: Pitta nympha).
Sentinel-2 Cloud Masking with
s2cloudless
Species Distribution Modeling Run me first
Time Serles Visualization with
Altair Run the following cell to initialize the API. The output will contain instructions on how to grant this notebook access to Earth Engine using
v Educational Resources yaur account,
. « & 0 y
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Analysis of the distribution of 9 &
var. gholicus in Inner golia under climate
change using the GEE platform

Potential Fence Density in Central and Western North
America and Implications for Bison (Bison Bison)
Restoration
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Understanding the Methods




Overview of Some SDM Methods

High ¢t Intuitive but Simple — “The Holy Grail"

PARAMETRIC/STATISTICAL MODELS
- Generalized Linear Models (GLM)

- Generalized Additive Models (GAM)

- Multivariate Adaptive Regressio 9\‘/

ROFILE METHODS

- Ecological Niche
Factor

P % - Mahalanobis Splines (MARS) _ :
g . '
= 0 Distance : |
0 5 & >wer Metric
835 |w¥ MACHINE LEARNING %%
OO "i‘l - Support Vector Machines (SVM)
o 2 % ) - Boosted Regression Trees (BRT)
o 8 > - Random Forest
= 55 - MaxEnt

O 2
= <

DEEP LEARNING

- Convolutional Neural
Networks (CNNs)

5 e
- Deep Ecological Niche Models

Low | Over-simplified Black-box

—p
Low High

Predictive Power & Flexibility
Handles complex, non-linear patterns .
38
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Inference vs. Prediction

SDMs have two prominent applications:
1. Understanding the drivers of species distributions /\/

Present Future

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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine



Model Inputs

f

Statistical Modeling \
Data Collection Spatial Predictions
« Occurrence data —
- Absence data o . '{ S -
bse TiT Field | —
- Environmental predictor L_J;"»: =/ data ;
variables Joo s 1] |
5 —_— L |- [ .
- £ Response curves
\ / o T TN 1 ‘ »
| @
Environmental  Fitting the nich 1,
variables o B
‘ L
=~ presence ‘_ Potential
S RINKN s L distribution of
- the species
\ - Temperature g J
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Absence Data

« Determining whether a species is absence from a site is not frivial

« 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)

NASA ARSET - Species Distribution Modeling with Google Earth Engine



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

NASA ARSET - Species Distribution Modeling with Google Earth Engine
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https://www.wiredamazon.com/how-camera-traps-work/

Pseudo-absence

« Synthefically generated points treated as “0s” in the
model when frue 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

NASA ARSET - Species Distribution Modeling with Google Earth Engine



Background Points

Vi luyar ;’_/7,\\ 5
. ' ; = ./s = N,
- Arandom sample of the study region's GO 1/‘")/'9.,{ X
available environment : \ .‘:. » RS 1
« Unlike pseudo-absences, they are not assumed P R : ® d Saudi Arabia®_

2 1 - Y
N

to be absences. They provide the "average”
conditions to contrast against the "used"
presence locations

@ 0

—
Yemen

pulf of Aden

« Usedin Maxent

N
o 4 r\ s d Madagascar
L O
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Atlantic
Ocean
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|
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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

eBird

NASA ARSET - Species Distribution Modeling with Google Earth Engine

Breeding habitat loss linked to declines in Rufous
Hummingbirds

Kendall M. Jefferys', Matthew G, Betts’, W, Douglas Robinson’, Jenna R. Curtis', Tyler A. Hallman',
Adam C. Smith', Chlo€ Strevens', Jesis Aguirre Gutiéerez
e

Rufous Hummingbird Distribution

¥

o
N ®

Habitat Sultabllity

e o @9
o o



https://ebird.org/home

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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine



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).

3 s e s
‘ 4 Ing :
IM:(‘O?S;O 0 “? S ._\-‘ Ira
W, ) e { Lbn Egypt
Sahara | > MOE Saudi Arabia

Atlantic
Ocean
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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.

NASA ARSET - Species Distribution Modeling with Google Earth Engine
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Model Inputs - Occurrence Data




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

J‘GBIF ¢S Getdata Howto  Tools  Community  About

GBIF | Global Biodiversity Information Facility

Free and open access to

biodiversity data

OCCURRENCES SPECIES DATASETS PUBLISHERS RESOURCES

-

What is GBIF?

3,7129,232,733 122,340 2,705 14,774

Occurrence records Datasets

Publishing institutions Peer-reviewed papers
using data
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GBIF - How to Obtain Data?

1L GBIF

G8¥ | Global Biodeversity Information Fack

Free and open acc ss\) '
biodiversity data

Bradypus variegatus Q,
OCCURRENCES b= 23 S DATASETS PLSLISI S RESOURCES ;
gt e - - T EVERYTHING  OCCURRENCES  SPECIES  DATASETS  PUBLISHERS  RESOURCES
-
Bradypus variegatus Schinz, 1825 Species

Classification | Animalia » Chordata » Mammalia » Pilosa » Bradypodidae » Bradypus

Accepled Species 11,820 ocournences -*L

HORL | ACCOTES

Bradypus variegatus Schinz, 1825

4p 61

DS Gt MacaSone Tsuonamy
Balvuan Thves-10ed Shoty ¢+ Trade restrionene 8 (10
[
Vareata
Pocsa
Bradyooadse

Reictypus Linogews, 1758

Dracheus varmgans Schina, 182%

* AcTopmecen castaneceps Gray 1AT)
* A rivevt Geay 1801

= Bredious grisend (Gray 1871)
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GBIF - How to Obtain Data?
Filter dataset

.{GB[F W Get data How-ta Tools Community About

SEARCH OCCURRENCES | 11,820 RESULTS

i
Search all fields . TABLE  GALLERY  MAP  TAXONOMY  METRICS & DOWNLOAD
m All fifters H Scientific narme Cowuniry oF area Conrdinates Event date Ooturmence stalus Basis of recond
Occurrence status [l .
Bradypurs varkegarirs Schinz, 1825 Colombia 10.4H, 75.4W 2026 Jan 02 Present Hurman obseEvation
Licenca -
Bradypus varegatus Schinz, 1825 Cogla Rica T0.3H, B4, 6W 2026 Jan 01 Present Hurman obsenvation
Scientific name .
Bradypus varegatus Sching, 1625 Caosta Rica 03N, B4.2W 2026 Jan 01 Fresent Human observation
Bradypus variegatus Schinz, 1825
Bradypus varlegatus Schinz, 1825 Costa Rica 10.4H, B4, 0W 2026 Jan 02 Present Hurnan obsenvation
Basis of record .
- Bradypus varegatus Schinz, 1825 Colombia 10L4N, 75.5W 2026 Jan 04 Prasent Human obasnation
war v
Bradypus venepatus Schinz, 1625 Costa Rica 10.5M, 84.7W 2026 Jan 13 Present Human obeeration
Location g Bradypus varlegatus Schinz, 1825 Casta Rica 105N, B4, TW 2026 Jan 07 Present Hurnan obsenvation
Adminkstrative areas [gadm.crg) - Bradypus varegatus Schinz, 1825 Costa Rica 10.1K, 83.3W 2026 Jan 10 Present Hurman obsenvation
Couniry of anes - Beadypus vanepatus subsp. aphippiger Phili_. Coata Fica 10BN, B4.TW 2026 Jan 03 Present Human obeenation
Continent - Bradypus variegatus Sching, 1825 Brail 23,55, 450w 2026 Jan 10 Fresent Hurman ohbaervation
Dateset > Bradypus varegatus Schinz, 1625 Costa Rica 105N, B4.7W 2026 Jan 07 Present Hurman obeervation
. 1 d
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GBIF - How to Obtain Data? Filter Datasets

s e L4 L ] ¥
KGBIF o Getdata  How-to  Toolg J‘GBIF € Getdata How-to  Tools J\EB": % Get data "\EBIF % Getdata  How-to
Occurrences
i3
Search all fields Q Georeferenced by v
Administrative areas (gadm. w
-
Occurrence status ~ GBIF region w
Location A
Everything Absent - ' N Event
(O No preference
‘Absent’ is applied to an occurrence record when a survey Location w
of a taxon at a specific time and place encounters no @ Including coordinates Event ID &
specimens o Without coordinates Coordinate uncertainty in metres
Field number v
ence v Between
He () Include records where coordinates are flagged as i -
suspicious 0 980 Event dete -
Scientific name v *—o
(4] B Start day of year v
Bradypus variegatus Schinz, 1825 y—‘ = CLEAR ADD
J& End day of year e
Basis of record o Ll Georeferenced by w
Year ~
[C] Observation 1 Administrative areas (gadm.org) v
] Machine observation 10 Between = %
Human observation 10,619 GBIF region e ol 2028
[C] Material sample 104 | *—
(] Material citation 7 Event CLEAR ADD
[[) Preserved specimen 1,027

(7] Fossil specimen 0 | EventiD - \ Month ¥
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GBIF - How to Obtain Data? Search Occurrences

Dataset A SEARCH OCCURRENCES | 6,129 WITH COORDINATES
TABLE GALLERY MAP TAXONOMY METRICS $ DOWNLOAD
Bearch | oy
| hd Ll
E .
(] iNaturalist Research-grade Observations 5,613 & "
e
(] Observation.org, Nature data from around the W... 387 o

(] NABU|naturgucker 95
(] Registros de fauna marino-costera y terrestre enc... 1

(] Faunay Flora del proyecto: Subestacion Toluviejo ...

(] Registros de los vertebrados silvestres presentes ...

2
S
(] Faunay Flora del proyecto: Subestacion Toluviejo ... 4
3
() Observaciones de mamiferos de la Universidad del... 3

2

(] Global Roadkill Data: a dataset on terrestrial verteb...
(] Monitoreos en areas de compensacion relacionad... 1 %’
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GBIF - How to Obtain Data? Postprocess

-(GB!F %= Getdata  Howto

Occurrences
SEARCH OCCURRENCES | 6,120 RESULTS
Search all fields 8 ! GALLERY MAS TAXONOMY
Sergie filtmes
OWNLOAD OPTIONS
Taxon
Raw data inerpreted cata Muteneda Coordinates Foemat Estenatod deta size
Vardatim taxen 10
. v Tabcelmaed CSY (for use i Excel g
Scientific name x v X : iy (729 KB 2pped for
w/labie) we) O
dawniond)
Bradypus vacegatus Schinz, 1825
; 10Mme
d Tab-delented CSV (F cel, :
Varbatim seientific name v v v/ (irks) s deleried CSV (forusembxcel, ) \op soped for
weadable) wtc) O
download)
IUCN Global Red List Category
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Model Inputs — Environmental Predictors




Predictor Variables

« Usually organized as raster data
 Eachraster layer representing one predictor variable

« In GEE, raster data is known as image orimage
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
« Ormaybe the bands of a Landsat image

SRTM Landsat-8
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The GEE Catalog

1

Q_ Search Language ~

Earth Engine Data Catalog

Home

Send feedback

View all datasets Browse by tags Landsat MODIS Sentinel APl Docs

Earth Engine Data Catalog

Earth Engine’s public data catalog includes a variety of standard Earth science raster datasets. You can import these datasets into your script environment with a single click.

You can also upload your own raster data or vector data for private use or sharing in your scripts.

Looking for another dataset not in Earth Engine yet? Let us know by suggesting a dataset.

Filter list of datasets

Canada AAFC Annual Crop Inventory  AHN Netherlands 0.5m DEM, AHN Netherlands 0.5m DEM, Non- AHN Netherlands 0.5m DEM, Raw
Interpolated Interpolated Samples

NASA ARSET - Species Distribution Modeling with Google Earth Engine



There is More

[N awesome-gee-community-datasets

T — awesome-gee-community-datasets ’ ""‘"““':"‘“

Sutrrut your Datasets 10 be
rluh;rr the st Using the
temgpiate Link here

Catalog Stats

Subemit & reguest for datasets 1o

' 1 PN o o 7 ———

A Population & Socoeconomic

Q WeSOI I 'e be upasted
Geop 0 c Medium Post article hore
~ R:;:::-::;”)u" ' TR 2 STAC Dataset subset » pvogress
- o S0d Properties » Copy ths badge a3 you contribute datasets (RN el
7 O| I l | I l u nI Ghotal Land Use and Land 5
L Over
—

Regonad Land Use and Land

Catalog .. Awes

Agrauiture, Vegetation and

>
Forestry
Gaodal Utkties. Assets and 3

Asrarstion Layers e
Samapriya Roy and Erin Dawn Trochim e i Comm tasets

Weather and Climate Loyers >

Globel Events Layens
Lcerse

»
e Community Datasets added by users and made avadabie for use at large

L ~ a ~ .

The awesome-gee-community-catalog is an unfunded open-source grassroots project with a
mission 1o 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.
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https://developers.google.com/earth-engine/datasets/catalog
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The Code Editor

Search places and datasets

Google Earth Engine
[P Docs Assets | Mew Script
Fiter scripits
» Owner (6)
+ Writer (6)
» Reader (6)
» Archive (1)
+ Examples

Left panel

- San Frencisco
©
AP SANTA
loﬂna-l
o

San D>

Search tab

v 1 Cvl-l. A Jf“
M- Tospeto o
‘¢ v o ?l‘l 8 Y
i s wo») : 5
: United States el , \ ,.o?""m
KANSAT ' uiss0Ug CinGisae
aini Y PAVIRLINIA
-
nteractive map panel
NEW WX hd S5108y ¢ E AR
ALVABAVA
S Wosisn
%
k" L e
Mexico
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Use print(...) to wzite to this
console.

You cas now use Earth Eagise
with Google Clowd Projects! Use
the Account menu in the top
right to select a project or

click Beoze 2o learn moze.

Right panel

North
Allsatizs
Qcenn
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Species Distribution Modeling with Google Earth Engine
Part 1: Infroduction to Species Distribution Models and Habitat Suitability

Summary




Part 1 Summary

* Provided an infroduction 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.
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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

Homework and Cerlificates

- Homework:
— One homework assignment
— Openson 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.
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https://www.earthdata.nasa.gov/learn/trainings/species-distribution-modeling-google-earth-engine

Contact Information

Hosts: « ARSET Website
« Justin Fain  ARSET YouTube
— Justin.].fain@nasa.gov
» Safiva Cruz For questions, comments, or to share how you
— sativa.cruz@nasa.gov have applied our frainings to your work or studies,

emaqil nasa.arset@gmail.com.

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

Thank Youl!
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