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Lecture’s content

Introduction
Raster, vectors

Signing in, web-based interface, datasets

How it works

Using GEE
3 case studies

- Creating a map of temperature anomalies, exporting
- Modeling species distribution based on external PA data
- Classifying land cover

Important notes
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Lecture’s content

Introduction
Raster, vectors

Signing in, web-based interface, datasets

How it works

Using GEE
3 case studies

- Creating a map of temperature anomalies, exporting
- Modeling species distribution based on external PA data
- Classifying land cover

Important notes

Please let me know when 
something is not well explained

Copy-paste command 
lines from the webpage

Questions? Need for more 
information? Just tell me.

Lecture’s content

Jonathan Peereman (jonathan.peereman@uliege.be)
Ecology & remote sensing
- Disturbances
- Landscape dynamics
- Nature & Agriculture
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Some applications
貝南 Benin

Some applications

Sacred forests of Japan

美しき日本
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Remote sensing & GIS

- Important tools
- Based on available data
- Produce new data

Remote sensing & GIS Reminders

Rasters

Picture that can be “seen” as a 
table where each cell has a 
value
Spatial resolution: size of the 
pixel

Remote sensing & GIS Reminders
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Rasters

Picture that can be “seen” as a 
table where each cell has a 
value
Spatial resolution: size of the 
pixel

Remote sensing & GIS Reminders

Vectors

Spatial features: shape with spatial 
information to draw it + descriptive 
information (attribute data)

Rasters

Picture that can be “seen” as a 
table where each cell has a 
value
Spatial resolution: size of the 
pixel

Remote sensing & GIS Reminders

Vectors

Spatial features: shape with spatial 
information to draw it + descriptive 
information (attribute data)

Id: 01
type: “cashew”

owner: “Lee”

Id: 02
type: “rice”
owner: “Ann”

Id: 03
type: “mango”
owner: “Paola”

Id: 04
type: “Tea”

owner: “Paola”
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Rasters

Picture that can be “seen” as a 
table where each cell has a 
value

Rasters can be used to display 
very different information

Remote sensing & GIS Reminders

Tree cover (%) from the World Resources Institute (WRI)

100

0

%

Rasters

Picture that can be “seen” as a 
table where each cell has a 
value
Rasters can be used to display 
very different information

Remote sensing & GIS Reminders

Land Use Land Cover of Japan (JAXA HRLULC v21.11)
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Rasters

Picture that can be “seen” as a 
table where each cell has a 
value

Often more than one “band”
- Red, Green, Blue, …
- Canopy height, canopy height 

SD, …

Remote sensing & GIS Reminders

Rasters

Picture that can be “seen” as a 
table where each cell has a 
value

Often more than one “band”
- Red, Green, Blue, …
- Canopy height, canopy height 

SD, …

Remote sensing & GIS Reminders

GISGeography
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Vectors

Spatial features: shape with spatial information to 
draw it + descriptive information (attribute data)
Protected areas

Remote sensing & GIS Reminders

Vectors

Spatial features: shape with spatial information to 
draw it + descriptive information (attribute data)
Administrative units

Remote sensing & GIS Reminders
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Rasters and vectors can be combined

- Extract values at sites or region of interest

- Mask an area

- Delimiting training areas of image 
classification

In QGIS, R, python, …

Remote sensing & GIS Reminders

Google Earth Engine

What is GEE ?
Interface
Data
Importing data
Javascript in GEE
Data catalogue
Functions (apidocs)

Planet
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Google Earth Engine (GEE)
Cloud-based spatial data processing and 
analyses

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction

Google Earth Engine (GEE)
Cloud-based spatial data processing and 
analyses

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction

Michael DeWitt & Katie Friis – Geo For Good 2022

> 900 open datasets
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Google Earth Engine (GEE)

Importing, processing, analysing, and exporting 
based on programming languages (Javascript, 
python, R with rgee)

Collaborating, sharing scripts, setting up 
processing chains

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction

Google Earth Engine (GEE)

Little data is downloaded to the client unless we 
seek to visualize data

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction
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Google Earth Engine (GEE)

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction

Michael DeWitt & Katie Friis – Geo For Good 2022

Google Earth Engine (GEE)

Export: geotiff, .shp, tables, … 
In GEE: graph, maps, apps

Data catalogue

Programming interface

Servers (computing)

Visualizing and exporting

Google Earth Engine Introduction

Michael DeWitt & Katie Friis – Geo For Good 2022
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Examples

Combine numerous datasets
Global model

Google Earth Engine Introduction

Mo et al. (2023)

Examples

Google Earth Engine Introduction
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Creating a GEE account

Google Earth Engine Getting ready

Exporting data: check available space

Exported data is found in Google Drive
https://drive.google.com/drive/quota

Google Earth Engine Getting ready
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Interface

Google Earth Engine Getting ready

URL : code.earthengine.google.com

pnathanoj.github.io/someinfo/NTNU2025/introduction/ 

Interface

Google Earth Engine Getting ready

1 2 3

4
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Interface

Google Earth Engine Getting ready

Scripts : your scripts, shared scripts
Docs : functions, methods
Assets : imported external data

Interface

Google Earth Engine Getting ready

Code editor

Get link : share your script
Save : save the script
Run : run the script (ctrl+enter)
Reset : cleaning
Apps : EarthEngine Apps

31
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Interface

Google Earth Engine Getting ready

Results

Inspector : sample values in the 
map window
Console : print results and errors
Tasks : export, import

Interface

Google Earth Engine Getting ready

Map
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Interface

Google Earth Engine Getting ready

Map
Add vector data
Visualize data, results

Interface

Google Earth Engine Getting ready

Map
Add vector data
Visualize data, results
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Interface

Google Earth Engine Getting ready

Created a point

Interface

Google Earth Engine Getting ready

Created a point
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Interface

Google Earth Engine Getting ready

Tools ResultsProcessing

Processing + Results

Utiliser Google Earth Engine Interface

Programming

1) Create a folder to hold scripts
2) Create a new script
3) Test a few commands in Javascript

Case studies will be based on the github
website that will allow you to copy-paste 
command lines

Google Earth Engine Getting ready
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Programming

Create a repository (folder):
Script tab > New > Repository
Name it “NTNU2025”

Google Earth Engine Getting ready
1

Programming

Create a new script/file, name it “Intro”
Script tab > New > File

Google Earth Engine Getting ready
1
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Programming

Create a new script/file, name it “Intro”
Script tab > New > File

Click on the new created file to open it!

Google Earth Engine Getting ready
1

Programming

Open “Intro”

; indicates the end of a command line
// indicates that anything after does not need to be interpreted
‘’ or “” can both be used

To run the script:
Ctrl+Enter or

Google Earth Engine Getting ready

1
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Programming

Write the following

// this is a comment
var a1 = 234; // a1 is created

Run the script
The variable a1 was created and the value 234 was affected to this variable.

Google Earth Engine Getting ready

Programming

Write the following

// this is a comment
var a1 = 234; // a1 is created

Run the script
The variable a1 was created and the value 234 was affected to this variable.

! Reserved words can't be used to name variables (“var”, “max”, …) because 
they are already used elsewhere (functions, …).

Google Earth Engine Getting ready
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Programming

Add the following

var a1 = 234;
var a2 = ee.Number(a1);

Google Earth Engine Getting ready

Programming

Add the following

var a1 = 234; // Number object
var a2 = ee.Number(a1);

We used the function ee.Number() to create a new variable a that is an object 
of type “Number”.

“ee.” functions are specific to GEE: GEE combine usual Javascript functions 
with dedicated functions.

Google Earth Engine Getting ready
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Programming

Add the following

var a1 = 234; // Number object
var a2 = ee.Number(a1);

! Putting the 234 value in ee.Number() allows to create a variable that will be 
stored in the server (away) and not in the client (here).

Google Earth Engine Getting ready

Programming

Add the following

print(a1); // print the variable

And run the script

var a1 = ee.Number(123);
print(a1); // the value of a1 has changed
print(a1, ‘the value of a’);

Google Earth Engine Getting ready
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Programming

Add the following

print(a); // print the variable

And run the script

var a = ee.Number(123);
print(a); // the value of a has changed
print(a, ‘the value of a’);

Do not use spaces, special characters (市, é, $, …) when naming variables

Google Earth Engine Getting ready

Programming

Add the following

var a = ee.Number(234); 
var b = ee.Number(1000); 
var c = a.add(b); // 
print(c);
print(c.subtract(a))

And run the script

Google Earth Engine Getting ready
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Programming

Add the following

var a = ee.Number(234); 
var b = ee.Number(1000); 
var c = a.add(b); // 
print(c);
print(c.subtract(a))

And run the script

Google Earth Engine Getting ready

A command can contain several 
functions in a row:
a.add(b).add(b).add(b)
= a + b + b + b

Programming

Create two variables var1 = 32 and var2 = 45.5
Compute and print the value of var1/var2

Functions
+ .add()
- .subtract()
x .multiply()
/ .divide()

Google Earth Engine Getting ready
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Programming

How about Strings?

var site_1 = ee.String(‘Fushan Forest’)
print(site_1);

Google Earth Engine Getting ready

Programming

How about Strings?

var site_1 = ee.String(‘Fushan Forest’)
print(site_1);

pnathanoj.github.io/someinfo/NTNU2025/introduction/

Google Earth Engine Getting ready
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Programming

Lists & Arrays: store data in GEE
Write and run the following
var a = ee.Number(10);
var b = ee.Number(20);
var c = ee.Number(530);
var List1 = ee.List([a, b, b, a, c]);
var Array1 = ee.Array([a, b, b, a, c]);

print(List1); print(Array1);

Google Earth Engine Getting ready

[ and ] to contain the 
elements (values)

Programming

Lists & Arrays: store data in GEE
Possible to create list of lists, array of lists

var List2 = ee.List([[a, b, b, a, c], [a, c, c, c, a]]);
var Array2 = ee.Array([[a, b, b, a, c], [a, c, c, c, a]]);

Google Earth Engine Getting ready
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Programming

Lists & Arrays: store data in GEE
Arrays and lists are used differently

var List2 = ee.List([[a, b, b, a, c], [a, c, c]]);
var Array2 = ee.Array([[a, b, b, a, c], [a, c, c]]);

var Array3 = ee.Array([[a, b, b, a, c], [a, c, c, c, ‘yes’]]);

Google Earth Engine Getting ready

All elements should 
have the same length 
in an Array 

An array will only contain numerical values

Programming

Lists & Arrays: store data in GEE
Arrays and lists are used differently

An array can therefore contain a 
matrix: each column being a different 
list in the array, all columns have the 
same number of elements

Google Earth Engine Getting ready

0 1 2 3 4

0 1.20 0.20 3.45 -2.1 3.22

1 -0.30 -8.1 2.0 40.3 18.0

2 0 3.4281 -10.0 3.21 5.0

3 7.39 8.01 -0.47 0.18 0.26

4 -3.0 1.20 -0.4 -0.1 0.56
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Programming

Lists & Arrays: store data in GEE
Arrays and lists are used differently

Lists can be modified to add elements, remove some, etc.
Arrays can be used to change values, filter values, etc.

var Array1 = ee.Array([[a, b, b, a, c], [a, c, c, c, a]]);
var Array3 = Array1.gte([[1, 2, 3, 11, 40],[10, 15, 45, 0, 9]]);
print(Array3);

Google Earth Engine Getting ready

function gte (greater or equal) : the new 
value = 1 if true, 0 if false.

Programming

Lists & Arrays: store data in GEE
Arrays and lists are used differently

Lists can be modified to add elements, remove some, etc.
Arrays can be used to change values, filter values, etc.

var Array1 = ee.Array([[a, b, b, a, c], [a, c, c, c, a]]);
var Array3 = Array1.gte([[1, 2, 3, 11, 40],[10, 15, 45, 0, 9]]);
print(Array3);

Google Earth Engine Getting ready

function gte (greater or equal) : the new 
value = 1 if true, 0 if false.

61

62



02-12-25

32

Programming

Lists & Arrays: store data in GEE
Arrays and lists are used differently

Lists can be modified to add elements, remove some, etc.
Arrays can be used to change values, filter values, etc. 

Used for linear models, matrices.

Google Earth Engine Getting ready

Programming

To summarize:
ee.Number()
ee.String()
print(variable, ‘text’)
.add()
.subtract()
.multiply()
.divide()
ee.List()
ee.Array()

Google Earth Engine Getting ready
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Spatial data in GEE

Google Earth Engine Getting ready

Rasters

Resolution: size of the pixel
Extent: number of pixels
…

Vectors

Id: 01
type: “cashew”

owner: “Lee”

Id: 03
type: “mango”
owner: “Paola”

Id: 04
type: “Tea”

owner: “Paola”

Spatial data in GEE

Raster > Image or ImageCollection

Google Earth Engine Getting ready

Raster with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

Image with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

65

66



02-12-25

34

Spatial data in GEE

Raster > Image or ImageCollection

Google Earth Engine Getting ready

Raster with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

Image with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

the Image can have several properties 
(~metadata)

Spatial data in GEE

Raster > Image or ImageCollection

Google Earth Engine Getting ready

Raster with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

Image with 4 bands
(e.g., 2024/01/15)

b1
b2
b3
b4

2024/01/15

2024/01/30

2024/02/15

2024/03/01

2024/03/16

2024/03/31

…

ImageCollection

67
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Spatial data in GEE

Raster > Image or ImageCollection
WHRC Pantropical National Level Carbon Stock Dataset

Google Earth Engine Getting ready

Image with 1 band

b1: biomass / hectare 

Spatial data in GEE

Raster > Image or ImageCollection
OpenET SIMS Monthly Evapotranspiration v2.0

Google Earth Engine Getting ready

Image with 2 bands 
(monthly)
(e.g., 2023/01)

b1: evapotranspiration 
b2: number of clouds

ImageCollection

2022/01

2022/02

2022/03

2022/05

2022/06

2022/08

… 2008-2023 

2022/04

2022/07

Lot of data !
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Spatial data in GEE

Vectors > Feature or FeatureCollection

Google Earth Engine Getting ready

Vector with 4 attributes
(e.g., sample sites)

Feature with 4 attributes 
called “property”

id name date
1 'site1'

agb
'01-25' 52.6

id name date
1 'site1'

agb
'01-25' 52.6

Spatial data in GEE

Vectors > Feature or FeatureCollection

Google Earth Engine Getting ready

Vector with 4 attributes 
and 6 polygons
(e.g., sampling sites)

FeatureCollection with 4 
properties and 6 features

id name date
1 'site1'

agb
'01-25' 52.6

id name date
1 'site1'

agb
'01-25' 52.6

2 'site2' '01-28' 20.0
3 'site3' '01-26' 38.4
4 'site4' '01-25' 49.7
5 'site1' '03-15' 51.8
6 'site2' '03-15' 20.0

2 'site2' '01-28' 20.0
3 'site3' '01-26' 38.4
4 'site4' '01-25' 49.7
5 'site1' '03-15' 51.8
6 'site2' '03-15' 20.0

71
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Spatial data in GEE

Collections can be filtered based on their properties, and the 
Image or Feature location.

GEE functions do not work similarly on Image, Feature, 
ImageCollection, and FeatureCollection!

Google Earth Engine Getting ready

Data: 3 sources

Earth Engine Catalog
> 90 petabytes
Managed by Google

Earth Engine Community Catalog

Earth Engine Assets
Our data (private, shared)
Limite space

Google Earth Engine Getting ready

Simon Ilyushchenko, Peter Davis, Sam Roy – Geo for Good 2024
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Data: 3 sources

Earth Engine Catalog
> 90 petabytes
Managed by Google

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

Google Earth Engine Getting ready

Data: 3 sources

Earth Engine Catalog
> 90 petabytes
Managed by Google

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

Google Earth Engine Getting ready

Open all the links at

75
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Data: 3 sources

Google Earth Engine Getting ready

keywords

datasets

search

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

Time period

producer

code to import in script

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

Time period

producer

code to import in script

79
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

spatial resolution(“pixel size”, “scale”)

band names units min-max conversion factor (x Scale)

description

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

81
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

paste this in the 
code editor

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
Import the Image WorldClim Bio in a new variable called “dataset”

83
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
The band bio01 of dataset is selected and multiplied by 0.1 (the scale factor), according to 
the producer’s instruction. This is a new variable called annualMeanTemperature.

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
print(annualMeanTemperature);
We can look at the variable annualMeanTemperature.

85
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ... 
'yellow', 'red'],};
To visualize an Image, it is often better to set a color scale with minimum and maximum 
values. Between {} : a dictionary that states that the argument min = -23, etc.

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ... 
'yellow', 'red'],};
Map.setCenter(71.7, 52.4, 3);
This is not a new variable! We send an instruction to the Map, to focus to the 71.7 and 52.4 
coordinates with a zoom of 3.

87
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Functions of GEE are described in the apidocs!

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ... 
'yellow', 'red'],};
Map.setCenter(71.7, 52.4, 3);
This is not a new variable! We send an instruction to the Map, to focus to the 71.7 and 52.4 
coordinates with a zoom of 3.

Functions of GEE are described in the apidocs!

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ... 
'yellow', 'red'],};
Map.setCenter(71.7, 52.4, 3);
This is not a new variable! We send an instruction to the Map, to focus to the 71.7 and 52.4 
coordinates with a zoom of 3.

89
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Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ...
'yellow', 'red'],};
Map.setCenter(71.7, 52.4, 3);
Map.addLayer(annualMeanTemperature, visParams, 'Annual Mean 
Temperature');

Data: 3 sources

“Worldclim”

Google Earth Engine Getting ready

var dataset = ee.Image('WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01').multiply(0.1);
var visParams = {min: -23, max: 30, palette: ['blue', ... 
'yellow', 'red'],};
Map.setCenter(71.7, 52.4, 3);
Map.addLayer(annualMeanTemperature, visParams, 'Annual Mean 
Temperature');

91
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Google Earth Engine Getting ready

Map.addLayer(annualMeanTemperature, visParams, 'Name'); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', false); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', 0.5); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', false, 0.5); 

Map.addLayer(annualMeanTemperature, {}, 'Name', false, 0.5); 

Google Earth Engine Getting ready

Map.addLayer(annualMeanTemperature, visParams, 'Name'); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', false); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', 0.5); 

Map.addLayer(annualMeanTemperature, visParams, 'Name', false, 0.5); 

Map.addLayer(annualMeanTemperature, {}, 'Name', false, 0.5); 

Alternatively, precise the name of the arguments:
Map.addLayer({eeObject: annualMeanTemperature, 
visParams: visParams, 
name: 'Name',
opacity: 0.5});

93
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Google Earth Engine Getting ready

API Reference

https://developers.google.com/earth-engine/apidocs/
(left column > Client Libraries)

Detailed function documentation, code samples

Google Earth Engine Getting ready

API Reference

https://developers.google.com/earth-engine/apidocs/
(left column > Client Libraries)

Detailed function documentation, code samples

Also available in the left panel of 
the code editor, but less information
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Google Earth Engine Getting ready

API Reference

https://developers.google.com/earth-engine/apidocs/
(left column > Client Libraries)

Look at the function to clamp an Object of type Number

Google Earth Engine Getting ready

The Inspector Tool
1
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Data: 3 sources

Importing data

Google Earth Engine Getting ready

Shapefile (shp, zip, dbf, 
prj, shx, cpg, fix, qix, sbn, 
shp.xml) geotiff (tiff, tif, 
json, tfrecord, tfrecord.gz)

.nc, gpkg, …

3 Case Studies

1. Importing data, looking at temperature 
anomalies, and their relationships with 
vegetation status in mangroves of the US’ 
Southeast

2. Model potential species distribution based 
on external species PA data

3. Classify land cover
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Case Study 1
Low temperature: effects on 
the balance between 
mangroves and saltmarshes

Kyle C. Cavanaugh – Smithsonian magazine

Case Study 1
Low temperature: effects on 
the balance between 
mangroves and saltmarshes

Kang et al. (2025) focused on 2022-
2023 winter

Goals:
1. Import data
2. Produce the same map (→)
3. Identify mangroves
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Case Study 1
1. Minimum air temperature map

They used PRISM temperature data 
(only for the USA) for November 2022-
March 2023
+ states’ borders

Case Study 1
1. Minimum air temperature map

→ Open a new script

103
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Case Study 1
1. Minimum air temperature map

A dataset with US states boundaries?

Case Study 1
1. Minimum air temperature map

var FAOGAULL1 = ee.FeatureCollection('FAO/GAUL/2015/level1')
.filter(ee.Filter.eq('ADM0_NAME','United States of America'));

.filter() apply a filter to the 
FeatureCollection

ee.Filter.eq() this filter is of type eq (equal), 
it only keeps Feature with
ADM0_NAME property
= ‘United States of America’ 
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Case Study 1
1. Minimum air temperature map
PRISM daily dataset: AN81d

Case Study 1
1. Minimum air temperature map

var PRISM_Temp = ee.ImageCollection('OREGONSTATE/PRISM/ANd')
.filter(ee.Filter.date('2022-11-01', '2023-03-31'))
.select('tmin');

.filter() apply a filter to the ImageCollection
ee.Filter.date() date filter, it only keeps Images that were

recorded between two two dates
.select() this select the band tmin across all Images in the

ImageCollection
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Case Study 1
1. Minimum air temperature map

var PRISM_Temp = ee.ImageCollection('OREGONSTATE/PRISM/ANd')
.filter(ee.Filter.date('2022-11-01', '2023-03-31'))
.select('tmin');

.filter()
ee.Filter.date()

.select()

print('PRISM_Temp:', PRISM_Temp);

2023-01-12

2023-01-28
2023-02-18
2023-04-18

.filter() .select(   )

Case Study 1
1. Minimum air temperature map
Computing the minimum temperature value per pixel over the period
A reducer (max, mean, min, count…) is applied to the ImageCollection to 
produce a single Image

2023-01-12

2023-01-28
2023-02-18
2023-04-18

.filter() .select(   )

.min()
.reduce(ee.Reducer.min())

4 5

-1 10

0 5

6 10

25 3

0 10

0 5

-1 10
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Case Study 1
1. Minimum air temperature map
Computing the minimum temperature value per pixel over the period
var Temp_min = PRISM_Temp.reduce(ee.Reducer.min());
print('Temp_min:', Temp_min);

2023-01-12

2023-01-28
2023-02-18
2023-04-18

.filter() .select(   )

.min()
.reduce(ee.Reducer.min())

Case Study 1
1. Minimum air temperature map
To visualize these datasets, we first need to focus on the Southeast USA and 
produce the color gradient from Kang et al. (2025) for the minimum temperature

Map.setCenter(-82.295, 29.085, 7);

var TVis = {
min: -7,
max: 0,
palette: ['#1475B9', '#6E9ABD', '#AABEBD', '#E2E9BF’,
'#FFE3A4', '#FFA672', '#FE6F47', '#F72B22'],

};

Hexadecimal color values
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Case Study 1
1. Minimum air temperature map
We display the minimum temperature:
Map.addLayer(Temp_min, TVis, 'Min temperature gradient', false);

The false argument prevent the new layer to
automatically load, you need to select it in the
Layers tab of the map:

Case Study 1
1. Minimum air temperature map
We display the minimum temperature:
Map.addLayer(Temp_min, TVis, 'Min temperature gradient', false);

Some issue?
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Case Study 1
1. Minimum air temperature map
Kang et al. (2025) figure is using categories (-3 to -4), not linear values (-3.56, -3.62, …).
→ Convert decimal values (-3.56, -5,91) to integers (-3, -5).

Some issue?

Case Study 1
1. Minimum air temperature map
Map.addLayer(Temp_min.int(), TVis, 'Min temperature categories', 
false);
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Case Study 1
1. Minimum air temperature map
Map.addLayer(Temp_min.int(), TVis, 'Min temperature categories', 
false);

Case Study 1
1. Minimum air temperature map
We display the state borders:
var BorderVis = {

color: 'black',
width: 1.0,
fillColor: "#00000000"

};
Map.addLayer(FAOGAULL1.style(BorderVis), {}, 'States', false);

Means transparent in GEE
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Case Study 1
1. Minimum air temperature map
We display the state borders:

Case Study 1
1. Minimum air temperature map
To export the raster:
Create a polygon and name it “ROI”
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Case Study 1
1. Minimum air temperature map
To export the raster:
Create a polygon and name it “ROI”

Export.image.toDrive({
image: Temp_min.int(),
description: 'Tempmin',
folder: 'NTNU2025',
region: ROI,
scale: 4638,
crs: 'EPSG:4326'

});

Case Study 1
1. Minimum air temperature map
To export the raster:
Create a polygon and name it “ROI”

Export.image.toDrive({
image: Temp_min.int(),
description: 'Tempmin',
folder: 'NTNU2025',
region: ROI,
scale: 4638,
crs: 'EPSG:4326'

});
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Case Study 1
Conclusion

filter()
select()
reduce() + reducers
Map.setCenter()
Map.addLayer()
int()
Export.image.toDrive()

Case Study 2
Modeling potential species 
distribution based on 
species PA data

Jaguarondi, snowy owl, Betula spp. - Wiki
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Case Study 2
Modeling potential species 
distribution based on 
species PA data

Jaguarondi, snowy owl, Betula spp. - Wiki

→ Create a new script

Case Study 2
Modeling potential species 
distribution based on 
species PA data

Damaris Zurell – https://damariszurell.github.io/SDM-Intro/

Species distribution model
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Case Study 2
Presence-Absence (PA) data

Present

Absent

Species A in Region 1

In GEE: FeatureCollection with 
a property stating whether it is 
present or absent

ID Sp. Date Present Obs

1 A 2025 1 Marco

2 A 2025 0 Marco

3 A 2025 1 Lianchu

Case Study 2
Presence-Absence (PA) data

Present

Absent

Species A in Region 1

To model the Species A distribution across the 
entire Region 1:

Parameters that could explain Species A 
distribution such as
- Temperature
- Precipitation
- Topography
- Human presence
- Barriers
- …

For each point PA            , the parameters are 
sampled and used in a model produce a map 
of Region 1’s potential distribution of Species A
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Many approaches to model distribution…

GEE has only one function to model species 
distribution, and it requires PA data:
Maxent (Maximum Entropy)

Case Study 2
Presence-Absence (PA) data

Present

Absent

Species A in Region 1

Case Study 2
Presence-Absence (PA) data

https://osf.io/kwc4v/files > data > Records > test_pa > SAtest_pa.csv

Please download the file
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Case Study 2
Presence-Absence (PA) data

https://osf.io/kwc4v/files/osfstorage > data > Records > test_pa > SAtest_pa.csv

group siteid x y sa01 sa02 sa03 sa04 sa05 sa06
plant allpahua -73.4167 -3.95 0 0 1 0 0 0
plant alterdoc -54.9667 -2.5 0 0 0 0 0 0
plant altodem -73.8333 10.9167 0 0 0 0 0 0
plant amotape -80.6167 -4.15 0 0 0 0 0 0
plant anchicay -76.8333 3.75 0 0 0 0 0 0
plant antado -75.9167 7.25 0 0 0 0 0 0
plant araracua -72.3333 -0.4167 0 0 0 0 0 0 …
…

…

coordinates 30 species

Case Study 2
Importing external data into GEE

Rasters

Vectors

131
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Case Study 2
Importing external data into GEE

Rasters

Vectors

Folder name / file name

Case Study 2
Importing external data into GEE

Rasters

Vectors

Folder name / file name

x y

x y
-73.4167 -3.95
-54.9667 -2.5
-73.8333 10.9167
-80.6167 -4.15
-76.8333 3.75
-75.9167 7.25
-72.3333 -0.4167
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Case Study 2
Importing external data into GEE

Rasters

Vectors

Folder name / file name

x y

Case Study 2
Importing external data into GEE

Uploading step 
(takes time for large files)

Server processing step 
(no need to stay 
connected)

errorsok
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Case Study 2
Importing external data into GEE

Directly import it in the script

Rename table: 
testPA

Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent
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Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent

Case Study 2
Visualize PA data

Map.addLayer(speciesPA.filter('sa10 == 0'), 
{color: 'red'},
'Training data (sp. absent)');

Map.addLayer(speciesPA.filter('sa10 == 1'), 
{color: 'blue'},
'Training data (sp. present)');

Map.centerObject(speciesPA, 4);

Only Features for column sa10 = 0 
(species 10 is absent)

Only Features for column sa10 = 0 
(species 10 is absent)
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Case Study 2
Visualize PA data

Map.addLayer(speciesPA.filter('sa10 == 0'), 
{color: 'red'},
'Training data (sp. absent)');

Map.addLayer(speciesPA.filter('sa10 == 1'), 
{color: 'blue'},
'Training data (sp. present)');

Map.centerObject(speciesPA, 4);

Only Features for column sa10 = 0 
(species 10 is absent)

Only Features for column sa10 = 0 
(species 10 is absent)

Case Study 2
Visualize PA data

var trainingData = ee.FeatureCollection(speciesPA);
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Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent

Case Study 2
Parameters

Begonia spp. – Karl Magnacca

Mean temperature

Temperature variation

Minimum temperature

Precipitation

Elevation

Soil type

Slope

…

143

144



02-12-25

73

Case Study 2
Parameters

What are the bands for:
Annual mean temperature
Annual precipitation
Driest month precipitation
Temperature seasonality ?

Case Study 2
Parameters
var worldclim = ee.Image('WORLDCLIM/V1/BIO');
var annualMeanTemperature = worldclim.select('bio01')
.multiply(0.1);

var annualPrecipitation = worldclim.select('bio12');
var driestMonthPrecipitation = worldclim.select('bio14');
var temperatureSeasonality = worldclim.select('bio04')
.multiply(0.01); Scale
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Case Study 2
Parameters

var elevation = ee.Image('USGS/SRTMGL1_003')
.select('elevation');

Case Study 2
Parameters

var allData = ee.Image([elevation, annualMeanTemperature,
annualPrecipitation, driestMonthPrecipitation,
temperatureSeasonality]);

Combine in 
one Image
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Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent

Case Study 2
Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: trainingData, 
scale: 500});

print(trainingSample)
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Case Study 2
Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: trainingData, 
scale: 500});

print(trainingSample)

Case Study 2
Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: trainingData, 
scale: 500});

print(trainingSample)

can be exported as a 
shapefile or table (csv)
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Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent

Case Study 2
Training
Define the classifier that is used + train it with a sample
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Case Study 2
Training
Define the classifier that is used + train it with a sample

Case Study 2
Training
Define the classifier that is used + train it with a sample

amnh: American 
Museum of 
Natural History

Maxent: 
Maximum Entropy
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Case Study 2
Training

In GEE: Define the classifier that is used + train it with a sample

var classifier = ee.Classifier.amnhMaxent().train({
features: trainingSample,
classProperty: 'sa10',
inputProperties: allData.bandNames()

});

Sampled data (T°, PA, elevation…)
column (property) used to identify PA (0/1)

The names of the columns that are used as 
model parameters: temperature variables, 
elevation, precipitation

Case Study 2
Steps

Import 
external 
PA data

Import climate, 
topography, …
data

Combine in 
one Image

Sample values at 
PA data points: 
training sample

PA = 0
Temp = 13
Elevation = 143…

Train model Distribution 
probability 
map

Maxent - biodiversityinformatics.amnh.org/open_source/maxent/

Maxent
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Case Study 2
Predicting species distribution

var imageClassified = allData.classify(classifier);

Case Study 2
Predicting species distribution

var imageClassified = allData.classify(classifier);

print(imageClassified, ‘Classified’);

Map.addLayer(imageClassified, 
{bands: 'probability', min: 0, max: 1}, 
'Probability’);

Try with different species: sa01, sa02, …
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Case Study 2
Conclusion

filter()
sampleRegions()
bandNames()
ee.Classifier.amnhMaxent()
train()
classify()

Case Study 3
Land cover classification and 
vegetation trends

161
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Case Study 3
Land cover classification and 
vegetation trends

→ Create a new script

Case Study 3
Land cover classification and 
vegetation trends

Land use, land cover 
(LUCL) maps

Csilik et al. (2019)
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Case Study 3
Land cover classification and 
vegetation trends

Land use, land cover 
(LUCL) maps

Not always adapted: 
- classes
- spatial resolution
- period
- etc

Csilik et al. (2019)

Case Study 3
Land cover classification and 
vegetation trends

Different 
approaches

Based on user’s 
information (ground 
observations, other 
maps)

No information is 
needed from the user

Time consuming,
Replicability?

stack of 
data

Infrared
blue

red

delineate 
elements of 
the image

manual 
classification

supervised 
classification

partial

entire image

training set

unsupervised 
classification
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Case Study 3
Land cover classification and 
vegetation trends

Different 
approaches

Based on user’s 
information (ground 
observations, other 
maps)

No information is 
needed from the user

Time consuming,
Replicability?

stack of 
data

Infrared
blue

red

delineate 
elements of 
the image

manual 
classification

supervised 
classification

partial

entire image

training set

unsupervised 
classification

Case Study 3
Supervised classification

Spatial informationArea of interest Classes Model

Forests

Built-up

Crops

Water

Bare soil

etc.
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Case Study 3
Supervised classification

Spatial informationArea of interest Classes Model

Forests

Built-up

Crops

Water

Bare soil

etc.

Case Study 3
Area of interest

Use the geometry tool to create a polygon 
near Yilan
Rename it “study_site”
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Case Study 3
Area of interest

Use the geometry tool to create a polygon 
near Yilan
Rename it “study_site”

Main land cover classes:
- built-up
- water
- natural vegetation
- farms
- bare soil

Case Study 3
Land cover classes: “sample” points

Use the geometry tool to create new points 
for each land cover class

171

172



02-12-25

87

Case Study 3
Land cover classes: “sample” points

Use the geometry tool to create new points 
for each land cover class

WATER 0
BUILTUP 1
FARMS 2
NATURALVEG 3
BARESOIL 4

Case Study 3
Land cover classes: “sample” points

Use the geometry tool to create new points 
for each land cover class

WATER 0
BUILTUP 1
FARMS 2
NATURALVEG 3
BARESOIL 4
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Case Study 3
Spatial information

Case Study 3
Spatial information

var landsat = ee.ImageCollection('LANDSAT/LC08/C02/T1_L2')
.filterBounds(study_site)
.filterDate('2023-01-01', '2023-05-31')
.sort('CLOUD_COVER')
.first();

175

176



02-12-25

89

Case Study 3
Spatial information

var landsat_vis = {
bands: ['SR_B4', 'SR_B3', 'SR_B2'],
min: 7000,
max: 15000

}; 

Case Study 3
Spatial information

Map.centerObject(study_site, 12);
Map.addLayer(landsat, landsat_vis, 'L8 image');
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Case Study 3
Training data

var training_points = ee.FeatureCollection([WATER, BUILTUP, 
FARMS, NATURALVEG, BARESOIL]).flatten();

print(training_points);

Transforms a FeatureCollection
of FeatureCollection into a 
FeatureCollection

Feature of FeatureCollection
“WATER”

Case Study 3
Sampling

var bands = ['SR_B1', 'SR_B2', 'SR_B3', 'SR_B4', 'SR_B5', 
'SR_B6', 'SR_B7','ST_B10'];
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Case Study 3
Sampling

var sample = landsat.select(bands)
.sampleRegions({

collection: training_points,
properties: ['type'],
scale: 30

});

print(sample);

blue = 70
green = 20
red = 130

blue = 10
green = 170
red = 20

Case Study 3
Train model

water

bare soil

natural vegetation crops

NIR < 100

built up
red > 150

blue < 76

green > 243

Decision tree

samples
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Case Study 3
Train model

var classifier = ee.Classifier.smileCart().train({
features: sample,
classProperty: 'type',
inputProperties: bands

});

Case Study 3
Classification

var classification = landsat.select(bands)
.classify(classifier); 

var classification_vis = {
min: 0,
max: 4,
palette: ['green', 'red', 'blue', 'yellow', 'pink']

};

Map.addLayer(classification, classification_vis, 
'classificationsupervCART');
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Case Study 3
Classification

Case Study 3
Classification

Export the land cover map to Google Drive
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Case Study 3
Evaluating the classification

For each class (e.g., water)

• 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
=

50+35

100

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
=

50

50+5

• 𝑈𝑠𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
=

50

50+10

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

Observed values

Positive Negative

Positive 50 10

Negative 5 35
Predicted values 

(classification)

Case Study 3
Evaluating the classification

For each class (e.g., water)

• 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
=

50+35

100

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
=

50

50+5

• 𝑈𝑠𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
=

50

50+10

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

Observed values

Positive Negative

Positive 50 10

Negative 5 35
Predicted values 

(classification)
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Case Study 3
Evaluating the classification

For each class (e.g., water)

• 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
=

50+35

100

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
=

50

50+5

• 𝑈𝑠𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
=

50

50+10

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

Observed values

Positive Negative

Positive 50 10

Negative 5 35
Predicted values 

(classification)

𝑂𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟
= 100 − 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟

𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟
= 100 − 𝑈𝑠𝑒𝑟

Case Study 3
Evaluating the classification

For each class (e.g., water)

• 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑜𝑡𝑎𝑙
=

50+35

100

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
=

50

50+5

• 𝑈𝑠𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
=

50

50+10

Coefficient Kappa [-1; 1]

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

Observed values

Positive Negative

Positive 50 10

Negative 5 35
Predicted values 

(classification)

𝑂𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟
= 100 − 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟

𝐶𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟
= 100 − 𝑈𝑠𝑒𝑟
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Case Study 3
Evaluating the classification

Split of the dataset into:
- Training set
- Validation set

A new classification is produced using the training 
set and tested using the validation set.

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

blue = 70
green = 20
red = 130

Case Study 3
Evaluating the classification

Split of the dataset into:
- Training set (80%)
- Validation set (20%)

A new classification is produced using the training 
set and tested using the validation set.

Observed values

Positive Negative

Positive True positive False positive

Negative False negative True negative

Predicted values 
(classification)

Random selection

blue = 70
green = 20
red = 130
random = 0.6
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Random selection

Case Study 3
Evaluating the classification
var traintest = sample.randomColumn();
var train_group = 
traintest.filter(ee.Filter.lt('random', 0.8));
var test_group = 
traintest.filter(ee.Filter.gte('random', 0.8));

print(train_group);
print(test_group);

Case Study 3
Evaluating the classification

var classifier2 = ee.Classifier.smileCart().train({
features: train_group,
classProperty: 'type',
inputProperties: bands

});
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Case Study 3
Evaluating the classification

var confusion_matrix = test_group.classify(classifier2)
.errorMatrix({

actual: 'type',
predicted: 'classification'

});

Case Study 3
Evaluating the classification

print('Confusion Matrix:', confusion_matrix);
print('Accuracy:', confusion_matrix.accuracy());
print('Producer Accuracy:', 
confusion_matrix.producersAccuracy());
print('User Accuracy:', confusion_matrix.consumersAccuracy());
print('Kappa:', confusion_matrix.kappa());
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Case Study 3
Share of natural vegetation cover

Estimate the % of 
natural vegetation 
in the study area

Case Study 3
Share of natural vegetation cover

var classification2 = ee.Image(1).addBands(classification);

var vegcover = classification2.reduceRegion(
ee.Reducer.sum().group({groupField: 1}), study_site, 30);

print(vegcover, "vegcover");
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Case Study 3
Share of natural vegetation cover

var pixelcount_class = ui.Chart.image.byClass({
image: classification2,
classBand: 'classification',
region: study_site,
scale: 30,
reducer: ee.Reducer.count()

});
print(pixelcount_class);

Case Study 3
NDVI trends

Estimate the % of 
natural vegetation 
in the study area

Follow the NDVI 
change in 
cultivated areas
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Case Study 3
NDVI trends

var HLSL_1525 = ee.ImageCollection("NASA/HLS/HLSL30/v002")
.filterDate(‘2015-01-01', ‘2025-01-01')
.filterBounds(study_site)
.select(['B4', 'B5'])
.filter(ee.Filter.lt('CLOUD_COVERAGE', 50));

Case Study 3
NDVI trends

var HLSL_1525 = ee.ImageCollection("NASA/HLS/HLSL30/v002")
.filterDate(‘2015-01-01', ‘2025-01-01')
.filterBounds(study_site)
.select(['B4', 'B5'])
.filter(ee.Filter.lt('CLOUD_COVERAGE', 50));

- Compute NDVI for each Image between 2000 and 2024
- Focus only on the cultivated areas
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Case Study 3
NDVI trends

Using reflectance change at 
different wavelengths to monitor 
vegetation health:

visible
near 

infrareds mid infrareds

red

near infrared

Case Study 3
NDVI trends

Custom functions + map()
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Case Study 3
NDVI trends

Custom functions + map()

The function contains instructions to modify, create objects.
map() applies the function to each element of a collection, list.

01/15 01/30 02/15 …

ImageCollection

Case Study 3
NDVI trends

Custom functions + map()

The function contains instructions to modify, create objects.
map() applies the function to each element of a collection, list.

01/15 01/30 02/15 …

ImageCollection

01/15 01/30 02/15 …

New ImageCollection
function(Compute NDVI, …)
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Case Study 3
NDVI trends

var farmsfun = function(image) {
var imagemasked = image.updateMask(classification.eq(2));
var ndvi = imagemasked.normalizedDifference(['B5', 'B4'])
.rename('ndvi');

return imagemasked.addBands(ndvi);
};

element

NIR R

Case Study 3
NDVI trends

var farmsfun = function(image) {
var imagemasked = image.updateMask(classification.eq(2));
var ndvi = imagemasked.normalizedDifference(['B5', 'B4'])
.rename('ndvi');

return imagemasked.addBands(ndvi);
};

var HLSL_1525_NDVI = HLSL_1525.map(farmsfun);
print(HLSL_1525_NDVI, 'HLSL_1525_NDVI');
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Case Study 3
NDVI trends

var graph = ui.Chart.image.series({
imageCollection: HLSL_1525_NDVI.select('ndvi'),
region: study_site,
reducer: ee.Reducer.median(),
scale: 30

});
print(graph);

Case Study 3
NDVI trends

var graph = ui.Chart.image.series({
imageCollection: HLSL_1525_NDVI.select('ndvi'),
region: study_site,
reducer: ee.Reducer.median(),
scale: 30

});
print(graph);

Test other reducers (e.g. ee.Reducer.min(), …)
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Case Study 3
NDVI trends

var graph_trend = ui.Chart.image.series({
imageCollection: HLSL_1525_NDVI.select('ndvi'),
region: study_site,
reducer: ee.Reducer.median(),
scale: 30

}).setOptions({
trendlines: {0: {type: 'linear', color: 'red',
visibleInLegend: true}}

});
print(graph_trend);

Case Study 3
NDVI trends

var graph_trend = ui.Chart.image.series({
imageCollection: HLSL_1525_NDVI.select('ndvi'),
region: study_site,
reducer: ee.Reducer.median(),
scale: 30

}).setOptions({
trendlines: {0: {type: 'linear', color: 'red',
visibleInLegend: true}}

});
print(graph_trend);
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Important notes
Collaborating with GEE

- Sharing scripts
- Sharing data (assets)
- Sharing repositories
- Tracking script changes

Important notes
Collaborating with GEE

To share a script:
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Important notes
Collaborating with GEE

To share a repository
Owner/Writer/Reader

Important notes
Collaborating with GEE

To share a repository
Owner/Writer/Reader

Writer allows script 
editing
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Important notes
Collaborating with GEE

To share assets:

Important notes
Collaborating with GEE

To use other user’s assets:
var LCmap = ee.Image('projects/ee-jauneatemps/assets/pastoralism/OBSYDYA_OS_2023_L1_Awanla’)

Many datasets not included in the official GEE catalogue, introduced in peer-reviewed 
articles:
e.g. Monitoring road development in Congo Basin forests with multi-sensor satellite 
imagery and deep learning (Slagter et al., 2024)
And in other catalogues such as https://gee-community-catalog.org/projects/
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Important notes
Collaborating with GEE

Track changes (repository)

Important notes
Collaborating with GEE

Track changes (script)
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Important notes
Collaborating with GEE

Track changes (script)

Important notes
Collaborating with GEE: Import other functions

require

Use functions from other users, or developed by yourself
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Important notes
Collaborating with GEE: Import other functions

exports.maskS2clouds = function (image) {

  var qa = image.select('QA60');

  // Bits 10 and 11 are clouds and cirrus, respectively.

  var cloudBitMask = 1 << 10;

  var cirrusBitMask = 1 << 11;

  // Both flags should be set to zero, indicating clear conditions.

  var mask = qa.bitwiseAnd(cloudBitMask).eq(0)

      .and(qa.bitwiseAnd(cirrusBitMask).eq(0));

  return image.updateMask(mask).divide(10000);

}

Create a new script 
‘S2cloudmask’  in
‘NTNUGEE’ repository

Important notes
Collaborating with GEE: Import other functions

var cloudmaskfun = require(

    'users/jauneatemps/NTNUGEE:S2cloudmask');

var S2 = ee.ImageCollection('COPERNICUS/S2_HARMONIZED')

   .filterDate('2024-10-01', '2024-12-01')

   .filterBounds(geometry)

   .filter(ee.Filter.lt('CLOUDY_PIXEL_PERCENTAGE', 20))

   .map(cloudmaskfun.maskS2clouds);
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Important notes
Collaborating with GEE

- Scripts
- Data (assets)
- Repositories

- Reader / Writer

Git: https://earthengine.googlesource.com (other user’s scripts) 

Important notes
Spatial resolution and projection
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Important notes
Spatial resolution and projection

 

Important notes
Spatial resolution and projection

 

ICSM.gov.au; psu.edu
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Important notes
Spatial resolution and projection

GEE handle spatial resolution based 
on the user’s requirements:
- Display an image
- Extract a raster
- Compute statistics
- …

Specified using scale.
For example in ee.Image.reduceRegions

 

Important notes
Spatial resolution and projection

Pyramiding policy of GEE

Resampling:
- Mean (continuous variables)
- One of the existing values (discrete)
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Important notes
Spatial resolution and projection

Pyramiding policy of GEE

Resampling:
- Mean (continuous variables)
- One of the existing values (discrete)

Important notes
Spatial resolution and projection

Pyramiding policy of GEE

To display images on the map, or to 
compute statistics, GEE use the map’s 
zoom level to select a level of the pyramid, 
if no scale value is defined in the script!

The desired output will lead GEE to use a 
specific pyramid level.
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Important notes
Spatial resolution and projection

Pyramiding policy of GEE

If scale is used, GEE identify the closest 
pyramid level and then resample it to fit the 
scale.

Important notes
Spatial resolution and projection

Pyramiding policy of GEE

If scale is used, GEE identify the closest 
pyramid level and then resample it to fit the 
scale.
The default resample approach is nearest 
neighbor

documentation ArcGIS
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Important notes
Spatial resolution and projection

Pyramiding policy of GEE

If scale is used, GEE identify the closest 
pyramid level and then resample it to fit the 
scale.
The default resample approach is nearest 
neighbor

Image.resample('bilinear’) 
Image.resample('bicubic')

documentation ArcGIS

Important notes
Spatial resolution and projection

Open
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Important notes
Spatial resolution and projection
100m to 1000m resolution

Using .reduceResolution() and 
mean as the reducer

Without specifying a resampling 
method (= nearest neighbor)

100m

1000m

Important notes
Spatial resolution and projection

Spatial resolution and projection can be 
handled by GEE even if they are specified at 
the end of the script (e.g., statistics, export)
/!\ Displaying an Image with very high 
resolution can lead to errors: too much 
data
/!\ if you use reproject() based on an Image, 
it may be affected by the map’s zoom level
/!\ don’t use many reprojections

documentation GEE
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Important notes
Server and client

Objects are either EE objects or Javascript objects
EE objects: “ee.”

Important notes
Server and client

var clientString = 'string client'
print(type of client_string)

var serverString = ee.String('not a string')
print(type of server_string)

ee.x(content): the content is known by the client unless it is 
requested (using print() , etc)
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Important notes
Server and client

var clientString = 'string client'
print(type of client_string)

var serverString = ee.String('not a string')
print(type of server_string)

ee.x(content): the content is known by the client unless it is 
requested (using print() , etc)

getInfo() will pause code processing until the requested value is sent to 
the client

Important notes
Server and client

More efficient to have everything server-side

for i loops are not recommended
.map() instead

same for if else
ee.Algorithms.If() or Filter() instead
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Important notes
Server and client

Deferred execution

Michael DeWitt & Katie Friis – Geo For Good 2022

Landsat 8

Filter by date

Add NDVI band

Visualize as map

Composite: max(NDVI)

Landsat 8

Filter by date

Add NDVI band

Visualize as map

Composite: max(NDVI)

Classical GEE

Important notes
Server and client

Deferred execution

- Parallelization
- Efficient
- /!\ Displayed images

will depend on the
map zoom level, etc.

Michael DeWitt & Katie Friis – Geo For Good 2022

Landsat 8

Filter by date

Add NDVI band

Visualize as map

Composite: max(NDVI)

Landsat 8

Filter by date

Add NDVI band

Visualize as map

Composite: max(NDVI)

Classical GEE
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Important notes
Debugging

Important notes
Debugging

Syntax: missing (), {}, name 
of the arguments, …
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Important notes
Debugging

Important notes
Debugging tools

print()
Map.addLayer()
Inspector

collection.filter()
collection.limit()
collection.first()

Common errors: Image is actually an ImageCollection, missing 
bands, different names, …
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Important notes
Debugging tools

Not recommended
- Using loops and getInfo (client-side)
- Working with very large areas, numbers…
- Unecessary steps (converting values, …)

Important notes
Debugging tools

Not recommended
- Using loops and getInfo (client-side)
- Working with very large areas, numbers…
- Unecessary steps (converting values, …)

User Memory Limit Exceeded
Computation Timeout
Too Many Aggregations
Internal Server Error

Too much data to handle, etc.
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Important notes
Debugging tools

Not recommended
- Using loops and getInfo (client-side)
- Working with very large areas, numbers…
- Unecessary steps (converting values, …)

User Memory Limit Exceeded
Computation Timeout
Too Many Aggregations
Internal Server Error

Too much data to handle, etc.

Export rasters, smaller area…

Important notes
Debugging tools

- Read GEE’s error messages

- print(), export…

- Use search engines, many of the errors have already been 
reported and solved
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Important notes
Resources

Official 
website

- Guides

- Tutorials

- Detailed information (+ tutorials) about 
specific products such as Sentinel 1, Landsat

Important notes
Resources

Official 
website

- Guides

- Tutorials

- Detailed information (+ tutorials) about 
specific products such as Sentinel 1, Landsat

Forums
- Stackoverflow.com, gis.stackexchange.com

- Github

- …
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Important notes
Resources

Official 
website

- Guides

- Tutorials

- Detailed information (+ tutorials) about 
specific products such as Sentinel 1, Landsat

Forums
- Stackoverflow.com, gis.stackexchange.com

- Github

- …

Data producer 
websites, scripts 

- Github

- Data producer websites

- Research articles

- …

Important notes
Resources

Official 
website

- Guides

- Tutorials

- Detailed information (+ tutorials) about 
specific products such as Sentinel 1, Landsat

Forums
- Stackoverflow.com, gis.stackexchange.com

- Github

- …

Data producer 
websites, scripts 

- Github

- Data producer websites

- Research articles

- …
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Important notes
Resources
NEON network (USA)
https://www.neonscience.org/resources/learning-
hub/tutorials/intro-aop-gee-image-collections

Important notes
Publisher Data Catalogs https://developers.google.com/earth-
engine/datasets/publisher
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Important notes

1. Variable’s names reflecting the variable’s purposes
2. Run the script regularly, use print() to check the results
3. Carefully read the documentation (functions, data, …)
4. Online resources
5. Save often
6. Comment your code
7. LLMs can be useful but…

Thank you!

https://www.eefabook.org/

Online and free book 
with tutorials

Planet
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