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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
Please let me know when

How it works something is not well explained

' Copy-paste command
Using GEE ' lines from the webpage

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

Important notes )
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


mailto:jonathan.peereman@uliege.be
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Some applications

Commune de Gogounou
Site pilote de Bagou

Carte d'Occupation des Sols 2022
(chaine MORINGA - Niveau 1)

[ sites Obsydya

Occupation des sols du site de bagou
[ soja

[ Céréales

I Coton

I Racines et tubercules

[ Verger fruitier (Anacarde, Mangue)
[ Autre plantation arborée (Teck)
I Foréts et ripisylves

B Savane arborée

[ savane herbeuse et arbustive

. Biti

Sol nu
=1

0 10 20 km
Some applications o
identification of sacred sites: pracessing
OpenStreetMap ===» | “amenity” = “place of worship” — analysis
“religion” = “buddhist” or “shinto” J
55-m buffer to include
- - - - nearby area
Sacred forests of Ja pan JAXA 2020 LULC _ identification of sacred sites o — B

5 foresttypes | associated with forests:
sacred forests %

World Database of
Protected Areas__~>

buffer of 4.5 km around
each sacred forest from
which are masked all
sacred forests and a 300-m

ina outside buffer to avoid edge effects
I protected protected
: area areas
v & —
protected protected unprotected surrounding
areas of Japan sacred forests  sacred forests nonsacred
l I l forests
Analysis of the differences in forest Assessment of the role of sacredness on
area conservation according to: forest area conservation, forest height in
- protection status (yes/no) link with forest type, urban-rural setting,
- protection strictness (lenient/strict) and religious identity.
- protected and sacred or nonsacred
; . H H H
Global Forest ~ Global Human JAXA Canopy SRTM Digital Map of C. japonica
Change Settlement Layer Height Elevation Model plantations

ELEHAE



Remote sensing & GIS Reminders

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

02-12-25



Remote sensing & GIS

Remote sensing & GIS
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Reminders

Rasters

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

Spatial resolution: size of the
pixel

Reminders

Rasters

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

Spatial resolution: size of the
pixel
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Vectors

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

Vectors

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

° _/\

'd: 01 lt()j/;)g'z“rice”
type: “cashew” Kownér' “Ann”
owner: “Lee” ’

Id: 03 R \ Id: 04

type: “mango” type: “Tea”
owner: “Paola” owner: “Paola”



Remote sensing & GIS Reminders
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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

100
%

Remote sensing & GIS Reminders
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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

color | code category

1 water

2 urban

3 rice paddy
4 crop

5 grass

6 DBF

7 DNF

8 EBF

9 ENF
10 bare land
11 bamboo
12 solar panel

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

LA
Qﬁg? WORLD RESOURCES INSTITUTE

-

.Lénd Use Land Cover ofiJa

DA T ¥
-

pan (JAXA HRLULC v21.11)



Remote sensing & GIS Reminders
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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
SDh, ...

Remote sensing & GIS Reminders

14

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
SDh, ...

4250000

4200000

4150000

4100000

4050000

400000

450000

500000

02-12-25

550000

Blue band
0.45-0.51 pm

Green band
0.53-0.59 pm

Red band
0.63-0.69 pm

NIR band
0.85-0.88 pm

SWIR1 band
1.56-1.65 pm

SWIR2 band
2.1-2.29 pm

TIR band
10.6-11.2 pm

GISGeography
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Remote sensing & GIS Reminders
WDPAID 555593994,000000000000000
WDPA_PID 555593994
Vectors PA DEF 1
NAME Chachayalaishan
ORIG_NAME FEFBLEFFEEMEEERIRR
. . L . DESIG FEEEEERIRE
Spatial features: shape with spatial information to g:é:gﬂ; ;ﬂajprwfildme Habitat
. . . . . . ationa
draw it + descriptive information (attribute data) IUCN, CAT W
INT_CRIT Not Applicabla
Protected areas MARINE 0
REP_M_AREA 0
\ DEMoCRATIC GIS_M_AREA 0
wrrgron \ S REP_AREA 20,068110000000001
GIS_AREA, 20,071842017905698
MNO_TAKE Mot Applicable
N v Y R s NO_TK_AREA 0
% < A I A i STATUS Designated
v K Y STATUS_YR 2000
s L (Y GOV_TYPE Federal or national ministry or agency
) v ﬁ‘ &3 OWN_TYPE Not Reported
t Badd MANG_AUTH Forestry Bureau
4 MANG_PLAM Mot Reparted
VERIF State Verified
4 —— METADATAID 1877
g SUB LOC CN-T1

PARENT_ISO CHN
1503 TWN

[ .: }“‘4 -~ 2 p ’ .
‘ Y : R SUPP_INFO Not Applicable
¥ % ‘& . By CONS_OBJ Not Applicable

15

Remote sensing & GIS Reminders

Vectors

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

Administrative units * ben_admbnda_adm1_1m_salb_20190816

* adm1_name Borgou

b (Derived)

b [Actions)
OBJECTID_1 4
adm1_name Borgou
status Member State
adm(_name Benin
shape_Leng 7,73385771799
Typel Département
1503 BEM
Shape_Le 1 7,73385771799
Shape_Area 2,11000613453
adrmin1Pcod BlO4
admin0Pcod Bl

16



Remote sensing & GIS Reminders

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, ...

17

Google Earth Engine

Whatis GEE ?
Interface

Data

Importing data
Javascript in GEE
Data catalogue
Functions (apidocs)

18

Planet

02-12-25



Google Earth Engine Introduction

Google Earth Engine (GEE)

Cloud-based spatial data processing and
analyses

19

Google Earth Engine Introduction

Google Earth Engine (GEE)

Cloud-based spatial data processing and
analyses

20
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Data catalogue
Programmihg interface
Servers (computing)

Visualizing énd exporting

Data cétalogue e

Programmihg interface
Servers (cbmputing)

Visualizing ahd exporting

Michael DeWitt & Katie Friis — Geo For Good 2022

10



Google Earth Engine Introduction

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

21

Google Earth Engine Introduction

Google Earth Engine (GEE)

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

22
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d

Data cétalogue
Programmihg interface
Servers (cbmputing)

Visualizing énd exporting

nd

Data catalogue

Programmihg interface

Servers (c:omputing) @

Visualizing énd exporting

11



02-12-25

Google Earth Engine Introduction

Google Earth Engine (GEE)

Data catalogue

Programmihg interface

Servers (c:omputing) Q

Visualizing énd exporting

Michael DeWitt & Katie Friis — Geo For Good 2022
23

Google Earth Engine Introduction

Google Earth Engine (GEE)

Fer o

Data catalogue

FEbEES

Programmihg interface

§
—
—
-
—
—
—
—
—
—
—

H
£

Servers (cbmputing)
Export: geotiff, .shp, tables, ...

Visualizi | d ti
In GEE: graph, maps, apps isualizing and exporting

Michael DeWitt & Katie Friis — Geo For Good 2022
24

12
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Google Earth Engine Introduction

Article

Examples Integrated global assessment of the natural

forest carbon potential

Combine numerous datasets

https://doi.org/101038/s41586-023-06723-z  Forestsare a substantial terrestrial carbon sink, butanthropogenic changesin land

GlObal mOd el Received: 15 July 2022 use and climate have considerably reduced the scale of this system'. Remote-sensing

estimates to quantify carbon losses from global forests® *are characterized by
considerable uncertainty and we lack a comprehensive ground-sourced evaluation to
Published online: 13 November 2023 benchmark these estimates. Here we combine several ground-sourced® and satellite-

Accepted: 6 October 2023

Mo et al. (2023)

a b
R 804
>
& :
28! 404
A g
Carbon density (t ha™) S § 04
2250
200
~40
100 #
¥
0 4 - —
0 100 200
Total tree carbon
potential (Gt)
Google Earth Engine Introduction
Examples
g Global Land Q Earth Engine Apps

2 Analysis & Discovery

[ Pun swane | Global Forest Change

University of Maryland

Department of Geographical Sciences

-secies ansysis of Landsat images.
forest extent and change

growing seasan

cton copy URL

+Data Products

Forest Loss Year (2023 Highlight) &

|
B
Other Data Layers

2000 Percent Tree Cover

Background Imagery

Vear 2000 Bands 5/34 &

Example Locations

Wildfires in Canada +

13



Google Earth Engine Getting ready

Creating a GEE account

27

Google Earth Engine Getting ready

Exporting data: check available space

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

28

A Espace de stockage utili...

97 Go utilisés sur 100 Go

I/ Augmenter I'espace de -\I

\- stockage /

02-12-25
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Google Earth Engine Getting ready

Google EarthEngine @ search places and dotasets...

) -
@ M eejauneatemps )

T s e e i 08 I 3] i o

Filter scrpts. @ 1 Use print(. .. ) towrite to this console.
:u mer (1) Welcome to Earth Engine!

Writer Please use the help menu above (

» Reader (2) @) to learn more about how to

» Archive

> Examples

use Earth Engine, or visit our
help page for support.

URL : code.earthengine.google.com

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

coLoraDo.

Google Earth Engine Getting ready

Google EarthEngine Q.  search places and dotasets...

. -
© M ecjauneatemps ©3
ETae] Docs Assets GetLink < [l sove . mun - ] reset - aops E] Inspector [0 o) Tasks
Filter scripts... [#] 1 Use print(. .. ) towrite to this console.
» Owner (11
' wm.,[ ) Welcome to Earth Engine!
Please use the help menu above (
+ Reader (2)
» Archive

@) to learn more about how to
use Earth Engine, or visit our
* Examples help page for support.

covorapo

15


https://pnathanoj.github.io/someinfo/NTNU2025/introduction/
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Google Earth Engine Getting ready

Google EarthEngine @ search places and dotasets...

B

© B cejouncatemps T3
Y Y~~~ = o] Iy T

1

ST Docs  Assets

Use print(. .. ) towrite to this console.

Welcome to Earth Engine!

Please use the help menu above (
@) to learn more about how to
use Earth Engine, or visit our
help page for support.

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

=
Plan  saelie |
cotorano

Google Earth Engine Getting ready

Google EarthEngine Q.  search places and dotasets...
Filter scripts... (¥}

OB i =

Inspector [X=YY Tacks

Use print(. ... ) towrite to this consale.

! Owmer (11) come to Earth Engine!

Writer se use the help menu above (
+ Reader (2) @Yt Learn nore about how to
» Archive uslEarth Engine, or visit our
» Examples

Code editor [ e

Get link : share your script
Save : save the script

Run : run the script (ctrl+enter)
Reset : cleaning

Apps : EarthEngine Apps

Plan  Sateliie

3
|

Etats-Un
Colohabe | awans.

LokLanomA

Dallas
lor

16
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Google Earth Engine Getting ready

Google EarthEngine @ search places and dotasets... =

on ee-jauneatemps =3

C e e T ] — W= 1 — 1= |fo] P
Filter scrpts. @ 1 Use print(. .. ) towrite to this console.
:u mer (1) Welcome to Earth Engine!

Writer Please use the help menu above (
» Reader (2) ©) to learn more about how to
» Archive use Earth Engine, or visit our
> Examples S

Re S u lts help page for support.

Inspector : sample values in the
map window

Console : print results and errors
Tasks : export, import

— -

AensriANIEG a

i L sat

omio 5 elite |
N i

coLoRADO

Google Earth Engine Getting ready

. : -
Google EarthEngine @ search places and datasets... © M cejauneatemps &3
2 oo o s e e e i Y ] e B e
Er— I Use print(. . ) to write to this console.
» Owner (11
Wi an Welcome to Earth Engine!
Writer Please use the help menu sbove (
» Reader (2) @) to learn more about how to
» Archive use Earth Engine, or visit our
» Examples

help page for support.

Map

I Va— niowmsmd

§ nevaoa Etats-Unis
'] CoUORADD | camanel

CALIFORNIE 51 os Vodas

lLos Angeles . ;70w
Diego

LokLanomA

Dalla
—

34

17



Google Earth Engine

Google Earth Engine

Getting ready

Q  search places and datasets...

Saripts [Tl

Filter scripts... (]

+ Owner (1) o
» Writer

» Reader (2)
+ Archive
> Examples

sen——————— —— CCeEm oeocers o
:

Map
Add vector data

Visualize data, results

02-12-25

© B cejouncatemps T3

Inspector [RREATY Tasks

Use print(. .. ) towrite to this console.

Welcome to Earth Engine!

Please use the help menu above (
@) to learn more about how to
use Earth Engine, or visit our
help page for support.

coLoraDo.

Google Earth Engine

Google EarthEngine

Search places and datasets...

Getting ready

Fiter scripts.. ~ ] o

» Owmer (11)
» Writer

@ M ecjouncatemps T3

TN ETNE RS N BTN E | inspector BREY ek |

e A w B

Map
Add vector data
Visualize data, results

Use print(. .. ) towrite to this console.

Welcome to Earth Engine!

Please use the help menu above (
@) to learn more about how to
use Earth Engine, or visit our
help page for support.

36

5H v
L wevana

UTA "L cororano

CALIFORNIE 51 os Vodas

lLos Angeles . ;70w
Diego

18



Google Earth Engine

Google Earth Engine

= Imports (1 entry) @

Getting ready

» var geonmetry: Point (-115.77, 37.97) [ [

Filter scripts. [#]
> Owner (11)

» Writer

> Reader (2)

> Archive

> Examples

Created a point

Google Earth Engine

Google Earth Engine

Filter scripts. [#)

» Owner (11)
» Writer

» Reader (2)
> Archive

co1oRADG

Imports (1 entry) @
> var geonetry: Point (-115.77, 37.97) [ [

> Examples

Created a point

Etats-Unis
COLORADD awsis.

=W » var geometry: Poi

omio,

Sensy LA

cotiink ] soe I un - roeee - oo PG [FEEERSR0 console [REC S

cettnk [ save I mun - v - aone ] R Console RER S

wgs
e

New,Yor

02-12-25

© M cejauneatemps 3

Use print(...) o wiite to this console.

Welcome to Earth Engine!
Please use the help menu above (
@) to learn more about how to
use Earth Engine, or visit our
help page for support.

Plan  salite

@ B cejameatemps T

Use print(...) to write to this console.

Welcome to Earth Engine!
Please use the help menu above (
@) to learn more about how to
use Earth Engine, or visit our
help page for support.

Plan  Satclite

19
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Ctibigts Bardig|Eriganeh Engin&etting réatirface

Google EarthEngine @ search places and datosets.

© M eejauncatemps
Saripts [

povsow I e me O
Filter scripts. ] L Use print(. .. ) towrite to this console.

» Owner (11)

» Writer

» Reader (2)

» Archive

» Examples

Processing
Tools Results

o |

.
Plan  sateliie

Google Earth Engine Getting ready

40

Programming

1) Create a folder to hold scripts
2) Create a new script

3) Testafewcommands in Javascript

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

20



Google Earth Engine

Programming

Getting ready

Create a repository (folder):

Script tab > New > Repository
Name it “NTNU2025”

o‘

em
1.4
sifi
Heil
ent

41

Google Earth Engine

Programming

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

Repository

Folder

File

Getting ready

NEW « |of]

1
i
1
r
fi

42

Repository

Folder

File

<

02-12-25

New repository

Git repositories created through this dialog can be shared with
other users.

Changes pushed to this repository by other tools will be
reflected in the Code Editor.

The repository names must be unique and cannot be changed
later.

users/jauneatemps/ |NTNU2@25|

CANCEL CREATE

Create file

Enter a name or path for the file:
File Name
users/jauneatemps/NTNU2825 ~ | InTro

Enter description (optional):

Commit Message

21
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Google Earth Engine Getting ready

Programming

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

Click on the new created file to openiit!

Create file

L
©

Enter a name or path for the file:
File Name
. users/jauneatemps/NTNU2825 ~ | Intro
y Repository

Enter description (optional):
y Folder

Commit Message
¢ File /
CANCEL
fi

43

Google Earth Engine Getting ready

Programming a

Open “Intro”

iy
B):

; indicates the end of a command line

// indicates that anything after does not need to be interpreted
“lor“” can both be used

To run the script:

Ctrl+Enter or X @am P e |§||l

44

i1
Bl
i
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Google Earth Engine Getting ready

45

Programming
Write the following

// this 1s a comment
var al = 234; // a1 1s created

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

:Is-ue (E Aun -I*m -IAWEEII
L

Google Earth Engine Getting ready

46

Programming

Write the following

// this 1s a comment
var al = 234; // a1l 1s 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, ...).

02-12-25

23



Google Earth Engine Getting ready

Programming

Add the following

var al = 234;

var a2 = ee.Number(a1l);
47
Google Earth Engine Getting ready

48

Programming

Add the following

234; // Number object

ee.Number (al) ;

var a1

var a2

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.

02-12-25

24



Google Earth Engine Getting ready

49

Programming

Add the following

var af 234; // Number object

ee.Number (a1) ;

var a2

! 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

50

Programming

Add the following

print(al1); // print the variable J““{EE:E}“‘““[J!

And run the script

var al = ee.Number (123);
print(al1); // the value of a1 has changed

print(al, ‘the value of a’);

02-12-25

25



Google Earth Engine Getting ready

51

Programming

Add the following

print(a); // print the variable J&“QEE:E}MJN“[J!

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 (3, &, $, ...) when naming variables

Google Earth Engine Getting ready

52

Programming

Add the following

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

print(c.subtract(a))

Andrunthe script @&-« =351

02-12-25
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Google Earth Engine Getting ready
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Programming

Add the following

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

print(c.subtract(a))

A command can contain several
functions in a row:

a.add(b) .add(b) .add(b)
=a+b+b+b

And runthe script @,m T=N:11

Google Earth Engine Getting ready

54

Programming

Create two variables

Compute and print the value of

Functions

+ .add ()

- .subtract()
X .multiply()
/ .divide()

varl =32 and var2=45.5

vari1/var2

02-12-25
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Google Earth Engine Getting ready

Programming

How about Strings?

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

55

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/

56

02-12-25
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Google Earth Engine Getting ready

57

Programming

Lists & Arrays: store data in GEE

Write and run the following
ee.Number (10) ; [ and ] to contain the

var a =
elements (values)

var b = ee.Number (20) ;

var ¢ = ee.Number (530) ;

var List1 = ee.List([a, b, b, a, c]);

var Arrayl1l = ee.Array([a, b, b, a, c]);

print(List1); print(Array1);

Google Earth Engine Getting ready

58

Programming

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

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

02-12-25
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Google Earth Engine Getting ready

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]]);

ee.Array([[a, b, b, a, c], [a, ¢, c]]);

var Array2

All elements should
have the same length

. . . in an Array
An array will only contain numerical values

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

59

Google Earth Engine Getting ready

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 0 1 2 3 4

listin the array, all columns have the |9 1.20 0.20 3.45 -2.1 3.22

same number of elements 1 -0.30 |-8.1 2.0 40.3 18.0
2 0 3.4281 |-10.0 |3.21 5.0
3 7.39  |8.01 047 |0.18 |0.26
4 -3.0 1.20 -0.4 -0.1 0.56

60
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Google Earth Engine Getting ready

61

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.

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

var Array1

var Array3

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

Google Earth Engine Getting ready
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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.

ee.Array ([[\a,\\b,\\b,\&a,\c];~[a, ¢c, ¢, c, al]);
Array1.gte (R[ 1\ 2\ 3\\ 11,~40%,[10, 15, 45, @, 9]1]);
print (Array3);

var Array1

var Array3

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

31



Google Earth Engine Getting ready

63

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

64

Programming

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

Rasters

Resolution: size of the pixel

Extent: number of pixels

65
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Spatial data in GEE
Raster > Image or ImageCollection
b1
b2
b3
b4
Raster with 4 bands
(e.g.,2024/01/15)
66
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Vectors

Id: 01

type: “cashew” W K

owner: “Lee”

Id: 03 e \ Id: 04

type: “mango” type: “Tea”
owner: “Paola” owner: “Paola”

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

33
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~Image LANDSAT/LC@O8/C02/T1_L2/LCo:
type: Image
Spatia[ data in GEE id: LANDSAT/LC@8/Ce2/T1_L2/LC@
version: 1629837149647415
~bands: List (19 elements)
»@: "SR_B1", unsigned intle,
»1: "SR_B2", unsigned intile,

Raster > Image or ImageCollection »2: "SR_B3", unsigned int16,
»3: "SR_B4", unsigned intlé,

b1 b1 »6: "SR_B7", unsigned intl6,
»9: "ST_ATRAN", signed int16,

, signed intils,

»4: "SR_B5", unsigned intile,
b2 7 "SRfQAfAERDSOL", unsigned
»18: "ST_CDIST", signed intle
»13: "ST_EMSD", signed intl6,

»5: "SR_B6", unsigned intile,
: - »8: "ST_B1@", unsigned intie6,
ﬁ B b4 % ; »11: "ST_DRAD", signed intle,
b4 o »12: "ST_EMIS"

Raster with 4 bands Image with 4 bands »14: "ST QA", signed inti6, E
»15: "ST_TRAD", s?gned i..ntls,
(e.g.,2024/01/15) (e.g.,2024/01/15) ' 1? ::3&%;2::)Sjﬁzsgn;:‘fﬁ;

»18: "QA_RADSAT", unsigned in
~ properties: Object (92 propert
ALGORITHM_SOURCE_SURFACE_REF
ALGORITHM_SOURCE_SURFACE_TEVM

the Image can have several properties CLOUD_COVER: 23.83

~ CLOUD_COVER_LAND: @

( metadata) COLLECTION_CATEGORY: T1
COLLECTION_NUMBER: 2
DATA_SOURCE_AIR_TEMPERATURE:

NATA CAIIDFE CI CVATTAM. 21 €98
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/ImageCollection\

Spatial data in GEE :
A 2024/01/15

Raster > Image or ImageCollection -
A 2024/01/30

1 2024/02/15

<A 2024/03/01

Raster with 4 bands Image with 4 bands
(e.g., 2024/01/15) (e.g., 2024/01/15) g 2024/03/16

A 5024/03/31

-

68
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Spatial data in GEE

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

-

%‘ — ,  b1:biomass/ hectare

Image with 1 band

69
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ﬂmageCollection\

Spatial datain GEE
<A 2022/01
Raster > Image or ImageCollection &» 2022/02

OpenET SIMS Monthly Evapotranspiration v2.0
P yEvaporansplration¥ S 2022/03
< 2022/04
o < 2022/05
. b1: evapotranspiration

b2: number of clouds < 2022/06
Image with 2 bands <M 2022/07
(monthly) < 2022/08

(e.g., 2023/01)

Lot of data! \__---- 2008-2023 /

70
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Spatial data in GEE

Vectors > Feature or FeatureCollection

id name date agb id name date agb
1 'site1l’ '01-25' 52.6 — (o -~ 1 'site1l’ '01-25' 52.6
Vector with 4 attributes Feature with 4 attributes

(e.g., sample sites) called “property”

71
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Spatial datain GEE
Vectors > Feature or FeatureCollection
id name date agb id name date agb
1 'site1l' '01-25' 52.6 "_' ‘;‘\"1 'site1'  '01-25' 52.6
2 'site2' '01-28' 20.0 @ ® 2 site2r '01-28' 20.0
3 ‘'site3' '01-26' 38.4 4 &3 ‘'site3' '01-26' 38.4
4 'site4' '01-25' 49.7 4 ‘'sited' '01-25' 49.7
5 'site1l' '03-15' 51.8 5 'site1l' '03-15' 51.8
6 'site2' '03-15' 20.0 6 'site2' '03-15' 20.0
Vector with 4 attributes FeatureCollection with 4
and 6 polygons properties and 6 features
(e.g., sampling sites)
72
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73

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
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Data: 3 sources

Earth Engine Catalog
> 90 petabytes
Managed by Google

Earth Engine Community Catalog

.
Earth Engine Assets “ p

Our data (prlvate, Shared) ~ users/username
.. » subFolder
lelte Space fiimyVectorTable
B myGeoTiff

#'mylmageCollection

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

or:

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

75
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Getting ready
Data: 3 sources

Earth Engine Catalog
> 90 petabytes

Managed by Google

or:

i 1

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

open all the links at Introduction to GEE
76
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Google Earth Engine
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Data: 3 sources

datasets —»

keywords

Getting ready

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 privato use or sharing in your scripts.

Looking for another dataset not in Earth Engine yet? Let s know by suggesting a datasel

search = .o

Canada AAFC Annual Crop
Inventory

Allen Coral Atlas (ACA)

Geomorphic Zonation and Benthic

Habitat - v2.0

AHN Netherlands 0.5m DEM,
Interpolated

AHN Netherlands 0.5m DEM,
Non-Interpolated

02-12-25

AHN Nethertands 0.5m DEM, Raw
Samples

Starting in 2009, the Earth Observation
Team of the Science and Technology
Branch (STB) at Agrculture and Agri-
Food Canada (AAFC) began the process
of generating annuai crop type digtal
maps. Focusing on the Prairie Provinces
in 2000 and 2010, a Decision Tree (OT)
based methodology

The Alien Coral Alias dataset maps the
geomorphic 2onation and benthic habitat
for the work!'s shallow coral reefs at § m
pocel resolution. Also included fs a giobal
reet extent product that maps additional
reef areas unable 1o be expicity Included
in the geomorphic and

The AHN DEM Is a 0.5m DEM covering the
Netheriands. It was generated from LIDAR
data taken in the spring between 2007
and 2012, 1t contains ground level
samples wiih all other flems above ground
(such as buddings, bridges. trees elc )
removed. This version is

The AHN DEM s a 0. 5m DEM covering the
Netheriands. It was generated from LIDAR
data taken in the spring between 2007
and 2012 t contains ground level
samples with all other flems above ground
(such as buldings, bridges, trees etc )
removed. This version is

The AHN DEM Is 2 0 5m DEM covering the
Netherlands. it was generated from LIDAR
data taken in the spring between 2007
and 2012 This version contains both
ground level samples and flems above
ground leve (such as buildings, bridges.
trees etc) The point cloud

canads  crop

ocean  sentinel2-darved ahn  dem

landcover

Getting ready

Data: 3 sources

“Worldclim”

TerraClimate: Monthly Climate and  OpenLandMap Precipitation

Climatic Water Balance for Global
Terrestrial Surfaces, University of

TerraClimate is a dataset of monthly

climate and climatic water balance for

globalterrestrial surfaces. It uses

climatically aided interpolation, combining
I

geophysical  idar

worldclim

Monthly

Monthly precipitation in mm at 1 km
resolution based on SM2RAIN-ASCAT
2007-2018, IMERG, CHELSA Climate, and
WorldClim. Downscaled o 1 km resolution

igh-spa
normals from the WorldClim dataset, with
coarser spatial resolution, but time-varying
data from CRU Ts4.0 and the Japanese 55
year Reanalysis (JRASS).

climate  drought

evapotranspiration  geophysical

global  merced

(cubic splines) and an
average between WorldClim, CHELSA
Climate, and IMERG monthly product (see,
€g,"38-M0-

L.GIS.IMERG 20180601 VOSB.if’). 3x
higher weight is given

enviometrix  imerg  monthly

WorldClim BIO Variables V1

WorldClim V1 Bioclim provides bioclimatic
variables that are derived from the monthly
temperature and rainfall in order to
generate more biologically meaningful
values, The bioclimatic variables represent
annual trends (e.g. mean annual
temperature, annual precipitation),
seasonality (e.g, annual range in
temperature and precipitation), and
extreme
berkeley

ciimate  monthly

precipitation

weather

elavation

nethertands

ahn  dem elevation a0 dem slevation

geophysical  lidar  netheriands geophysical  lidwr  nethedands

WorldClim Climatology V1

WorldClim version 1 has average monthly
global climate data for minimum, mean,
and maximum temperature and for
precipitation. WorldClim version 1 was
developed by Robert J. Himans, Susan
Cameron, and Juan Parra, at the Museum
of Vertebrate Zoology, University of
California, Berkeley, in collaboration with ..

berkeley  climate  monthly
precipitation  temperature
weather

39
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Data: 3 sources ) )
Time period

Dataset Availability Tags
1960-01-01700:00:00Z~1991-01-01T00:00:00Z berkeley  climate  monthly  precipitation  temperature  weather  worldclim  bioclim
Dataset Provider coldest diurnal driest isothermality seasonality warmest wettest

University of California, Berkeley

Earth Engine Snippet \ p ro d ucer

ee.Image("WORLDCLIM/V1/BI0") [

"—— code toimportin script

Description Bands Terms of Use Citations

WorldClim V1 Bioclim provides bioclimatic variables that are derived from the monthly temperature and rainfall in order to generate more biologically meaningful values.

The bioclimatic variables represent annual trends (e.g., mean annual temperature, annual precipitation), seasonality (e.g., annual range in temperature and precipitation), and extreme or limiting
environmental factors (e.g., temperature of the coldest and warmest month, and precipitation of the wet and dry quarters).

The bands scheme follows that of ANUCLIM, except that for temperature seasonality the standard deviation was used because a coefficient of variation does not make sense with temperatures
between -1and 1.

WorldClim version 1 was developed by Robert J. Hijmans, Susan Cameron, and Juan Parra, at the Museum of Vertebrate Zoology, University of California, Berkeley, in collaboration with Peter Jones
and Andrew Jarvis (CIAT), and with Karen Richardsen (Rainforest CRC).
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Data: 3 sources . i
Time period

Dataset Availability Tags
1960-01-01T700:00:00Z2-1991-01-017T00:00:00Z el B B B - weather . bioclim
Dataset Provider coldest  diurnal  driest  isothermality  seasonality  warmest  wettest

University of California, Berkeley

Earth Engine Snippet \ p ro d U Ce I'

ee.Image("WORLDCLIM/V1/BIO") @

"~ code to importin script

Description Bands Terms of Use Citations

ariables that are derived from the monthly temperature and rainfall in order to generate more biologically meaningful values.

The bioclimatic variables represent annual trends (e.g., mean annual temperature, annual precipitation), seasonality (e.g., annual range in temperature and precipitation), and extreme or limiting
environmental factors (e.g., temperature of the coldest and warmest month, and precipitation of the wet and dry quarters).

The bands scheme follows that of ANUCLIM, except that for temperature seasonality the standard deviation was used because a coefficient of variation does not make sense with temperatures
between-1and 1.

WorldClim version 1 was developed by Robert J. Hijmans, Susan Cameron, and Juan Parra, at the Museum of Vertebrate Zoology, University of California, Berkeley, in collaboration with Peter Jones
and Andrew Jarvis (CIAT), and with Karen Richardson (Rainforest CRC).

80
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Dataset Availability
Data: 3 sourc

Dataset Provider
University of California, Berkeley

Earth Engine Snippet
ee.Image("WORLDCLIM/V1/BIO") [

“Worldclim”

Terms of Use

Description  Bands

Citations

Resolution

1960-01-01700:00:00Z-1991-01-01T00:00:002

Tags
berkeley  climate  monthly  precipitation  temperature  weather  worldclim
coldest  diumal  driest  isothermality  seasonality  warmest  wettest

.4« spatial resolution(“pixel size”, “scale”)

Bands
Name Units Min Max
bioB1 °C -29* 32
bioB2 °c 0.9* 21.4%
bio83 % 7 96*
bioB4 ‘C 0.62* 227.21%
bic85 °C -9.6* 49*
bioB6 °C -57.3% 25.8*
bic87 °C 5.3* 72.5*
band names| units min-max
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Earth Engine Snippet
ee.Image("WORLDCLIN/V1/BIO") [

Data:

“Worlc

Terms of Use Citations

Description  Bands

swle | escrption description
01 Annual mean temperature

01 Mean diumnal range (mean of monthly (max temp - min temp))

Isothermality (bio02/bio07 * 100y

001 Temperature seasonality (Standard deviation * 100)
0.1 Max temperature of warmest month

0.1 Min temperature of coldest month

01 Temperature annual range (bio05-bio06)

conversion factor (x Scale)

WorldClim V1 Bioclim provides bioclimatic variables that are derived from the monthly temperature and rainfall in order to generate more biclogically meaningful values.

The bioclimatic variables represent annual trends (e.g., mean annual temperature, annual precipitation), seasonality (e.g., annual range in temperature and precipitation), and extreme or limiting
environmental factors (e.g., temperature of the coldest and warmest month, and precipitation of the wet and dry quarters).

The bands scheme follows that of ANUCLIM, except that for temperature seasonality the standard deviation was used because a coefficient of variation does not make sense with temperatures

between-1and 1

WorldClim version 1 was developed by Robert J. Hijmans, Susan Cameron, and Juan Parra, at the Museum of Vertebrate Zoology, University of California, Berkeley, in collaboration with Peter Jones

and Andrew Jarvis (CIAT), and with Karen Richardson (Rainforest CRC).

Explore with Earth Engine
=

~

Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO');
var annualMeanTemperature = dataset.select('biod1').multiply(8.1);
var visParams = {
min: -23,
ma 5
palette: ['blue’, 'purple’, 'cyan', 'green’, ‘yellow', 'red'],

Map.setCenter(71.7, 52.4, 3);
Map .addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

82
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bioclim
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Data: 3 sources paste this in the
code editor
“Worldclim”

Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO0");
var annualMeanTemperature = dataset.select('bio®1').multiply(0.1);
var visParams = {
min: -23,
max: 309,
palette: ['blue', 'purple', 'cyan', 'green', 'yellow', 'red'],
i
Map.setCenter(71.7, 52.4, 3);
Map .addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');
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Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO");

var annualMeanTemperature = dataset.select('bio@1').multiply(8.1);
var visParams = {

min: -23,

max: 30,

palette: ['blue', 'purple', ‘'cyan', 'green', 'yellow', 'red'],
b
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

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

var dataset = ee.Image('WORLDCLIM/V1/BIO");
var annualMeanTemperature = dataset.select('bio®1').multiply(0.1);
var visParams = {

min: -23,

max: 30,

palette: ['blue’', 'purple', ‘'cyan', 'green', 'yellow', 'red'],
i
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

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.
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Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO");

var annualMeanTemperature = dataset.select('bio@1').multiply(8.1);
var visParams = {

min: -23,
max: 30,
palette: ['blue', 'purple', ‘'cyan', 'green', 'yellow', 'red'],
b
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

var dataset = ee.Image( 'WORLDCLIM/V1/BIO’);

var annualMeanTemperature=dataset.select('bio01"') .multiply(0.1);
print(annualMeanTemperature) ;

We can look at the variable annualMeanTemperature.

86
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Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO");

var annualMeanTemperature = dataset.select('bio®1').multiply(0.1);
var visParams = {

min: -23,
max: 30,

palette: ['blue’', 'purple’, 'cyan', 'green’', 'yellow', 'red'],
b
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

var dataset = ee.Image( 'WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01') .multiply(0.1);

var visParams = {min: -23, max: 30, palette: ['blue',
'vellow', '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.
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Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO");

var annualMeanTemperature = dataset.select('bio@1').multiply(8.1);
var visParams = {

min: -23,
max: 30,

palette: ['blue', 'purple', ‘'cyan', 'green', 'yellow', 'red'],
b
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

var dataset = ee.Image( 'WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01"') .multiply(0.1);

var visParams = {min: -23, max: 30, palette: ['blue',
'yvellow', '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.
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Functions of GEE are described in the apidocs!

Usage Returns

Map.setCenter(lon, lat, zoom) ui.Map

Argument Type Details

lon Number The longitude of the center, in degrees.
lat Number The latitude of the center, in degrees.
zoom Number, optional The zoom level, from 0 to 24.

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.
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Functions of GEE are described in the apidocs!

Usage Returns

Map.setCenter(lon, lat, zoom) ui.Map

Argument Type Details

lon Number The longitude of the center, in degrees.
lat Number The latitude of the center, in degrees.
zoom Numb The zoom level, from 0 to 24.

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.
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Code Editor (JavaScript)

var dataset = ee.Image('WORLDCLIM/V1/BIO");

var annualMeanTemperature = dataset.select('bio®1').multiply(0.1);
var visParams = {

min: -23,

max: 30,

palette: ['blue’', 'purple', ‘'cyan', 'green', 'yellow', 'red'],
i
Map.setCenter(71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean Temperature');

var dataset = ee.Image( 'WORLDCLIM/V1/BIO’);
var annualMeanTemperature=dataset.select('bio01') .multiply(0.1);

var visParams = {min: -23, max: 30, palette: ['blue',
'vellow', 'red'],};

Map.setCenter (71.7, 52.4, 3);

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean
Temperature') ;
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Usage Returns
Map.addLayer(eeObject, visParams, name, shown, opacity) ui.Map.Layer
Argument  Type Details

ee Collection|Feature|Image|RawMapld The object to add to the map.

Object

vis FeatureVisualizationParameters| The visualization parameters. For Images and ImageCollection, see ee.data.getMapld for valid
Params ImageVisualizationParameters, optional parameters. For Features and FeatureCollections, the only supported key is "color’, as a CSS 3.0

color string or a hex string in "RRGGBB" format. Ignored when eeObject is a map ID.

name String, optional The name of the layer. Defaults to "Layer N".

shown Boolean, optional A flag indicating whether the layer should be on by default.

opacity  Number, optional The layer's opacity represented as a number between 0 and 1. Defaults to 1.

Map.addLayer (annualMeanTemperature, visParams, 'Annual Mean
Temperature') ;
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Map.
Map.

Map

Map.
Map.

addLayer (annualMeanTemperature,

addLayer (annualMeanTemperature,

addLayer (annualMeanTemperature,

(
(
.addLayer (annualMeanTemperature,
(
(

addLayer (annualMeanTemperature,

Google Earth Engine Getting ready
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Map.
Map.
Map.
Map.
Map.

addLayer (annualMeanTemperature,

addLayer (annualMeanTemperature,

(

(

addLayer (annualMeanTemperature,

addLayer (annualMeanTemperature,
(

addLayer (annualMeanTemperature,

visParams,
visParams,
visParams,
visParams,
{}, 'Name'
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"Name') ;

"Name', false);
"Name', 0.5); X
"Name', false, 0.5);
, false, 0.5);

Map.addLayer(eeObject, visParams, name, shown, opacity)

Argument Type Details

eeObject Collection|Feature|lImage|RawMapld The object to ad

visParams FeatureVisualizationParameters| The visualization
ImageVisualizationParameters, optional parameters. For |

color string or a !

name String, optional The name of the
shown Boolean, optional A flag indicating
opacity Number, optional The layer's opaci

visParams, 'Name');

visParams, 'Name', false);

visParams, 'Name', 0.5); X

visParams, 'Name', false, 0.5);

{}, 'Name', false, 0.5); &

Alternatively, precise the name of the arguments:

Map.addLayer ({eeObject:

visParams: visParams,

name: 'Name',
opacity: 0.5}); &

annualMeanTemperature,

Map.addLayer (eeObject, visParai

Argument Type

eeObject Collection|Feature|lmage|R

visParams FeatureVisualizationParame
ImageVisualizationParamet

name String, optional
shown Boolean, optional
opacity Number, optional
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oogle Earth Engine

API Reference Home Guides Reference

https://developers.google.com/earth-engine/apidocs/

(left column > Client Libraries)

Detailed function documentation, code samples

~ Client Libraries

JavaScript/Python

ee Array
ee.Blob

-

-

ee.Classifier

-

ee.Clusterer

-

ee.ConfusionMatrix

-

ee.Date

-
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API Reference

https://developers.google.com/earth-engine/apidocs/

(left column > Client Libraries)

« Google Earth Engine Q  Search

1 1

Filter methods...

Detailed function documentation, code s¢

Also available in the left panel of
the code editor, but less information

-

ee.Algorithms

-

ee.Array
ee.Blob

-

ee.Classifier

-

ee.Clusterer

v

[ o PO S PR R
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API Reference

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

Look at the function to c/lamp an Object of type Number
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The Inspector Tool

zl Inspector e 5 SN =
Click on the map to inspect the layers.

49
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Data: 3 sources

Importing data .
P g Shapefile (shp, zip, dbf

prj, shx, cpg, fix, qix, sbn, /\
shp.xml) geotiff (iff, tif,

json, tfrecord, tfrecord.gz)

— X

.nc, gpke, ...

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

02-12-25
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Case Study 1

Low temperature: effects on
the balance between
mangroves and saltmarshes

(b)

101

102

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

02-12-25

DOI: 10.1111/1365-2745.14440

RESEARCH ARTICLE

Mangrove freeze resistance and resilience across a
tropical-temperate transitional zone

Yiyang Kang'® | David A. Kaplan?® | Michael J. Osland®®

86° W 82°W 80° W

30° N+

28° N1
P

Weather stations
4 National Data Buoy Center
O Global Historical Climatology Network

Baseline assessment only :
Gulf of Mexico

@ Fiot study and tagged trees
All assessments

* Plot study and tagged trees
* Tagged trees only
Minimum air temperature (C)

SB
26° N

AR EF P
W O W ¢
A

Al

Ao o 0.5 N N
)

7
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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

88° W 86° W

30° N+

28° N1

26° N1

PC

84° W 82° W

Weather stations
4 National Data Buoy Center

O Global Historical Climatology Network

Baseline assessment only
@ Plot study and tagged trees
All assessments

* Plot study and tagged trees

* Tagged trees only

Minimum air temperature ('C)

DB B IDIY DD
00 0 0T 0
PSP P2

Gulf of Mexico *®

02-12-25

80° W

26° N

Minimum air temperature (C)

AP 5 > B x NN
PN
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Case Study 1

1. Minimum air temperature map

A dataset with US states boundaries?

FAO GAUL: Global Administrative Unit Layers

2015, First-Level Administrative Units o -

Dataset Availability

2014-12-19T716:45:00Z~
2014-12-19T16:45:00Z

Dataset Provider
FAO UN

Earth Engine Snippet
FeatureCollection
ee.FeatureCollectio
n("FAO/GAUL/2015/

Case Study 1

1. Minimum air temperature map

var FAOGAULL1

Tags

borders

departments

gaul

infrastructure-

boundaries

provinces

states

02-12-25

Description Table Schema Terms of Use

Table Schema

Name Type Description
ADMO_CODE INT GAUL country code
ADMO_NAME STRING UN country name
DISP_AREA STRING Unsettled territory: 'Yes' ot
STATUS STRING Status of the country

2 Shape_Area DOUBLE Shape area
Shape_Leng DOUBLE Shape length
ADM1_CODE INT GAUL code of administrat
ADM1_NAME STRING Name of administrative ur
EXP1_YEAR INT Expiry year of the adminis
STR1_YEAR INT Creation year of the admir

ee.FeatureCollection('FAO/GAUL/2015/1level1")

.filter(ee.Filter.eq('ADMO_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

ADMO_NAME property

‘United States of America’

R o
é%l&iﬁ_, o
ﬂ_\
i\j

ADMO_NAME = ‘Mexico

---- ADMO_NAME = ‘United States of America’

}\J',.-—--- - ADMO_NAME = ‘Bahamas’
TN
\

oI

Filter 'ADMO_NAME’ = (United States of America’

L=l
.‘.&k ﬁ(’ \\
\J

-==*====- ADMO_NAME = ‘Cuba’
= |

FAQ GAUL level 1 datas
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PRISM Daily Spatial Climate Dataset AN81d
Case Study 1 i N )
Dataset Availability Cadence

1. Minimum air temperature map 1981-01-01T00:00:00Z~ 1Day
2025-08-23712:00:00Z

PRISM daily dataset: AN81d Tags
Dataset Provider
climate
s . PRISM / OREGONSTATE
Pixel Size
geophysic
4638.3 meters Earth Engine Snippet
ee.ImageCollection( oregonsta
Bands ?
OREGONSTATE/PRISM/
ANB1d") [ precipitati
Name Units  Min Max Pixel Size Description
ppt mm 0% 731.65* meters Daily total precipitation (including rain and melted snow)
tmean °C -40.37* 45.98*  meters Daily mean temperature (calculated as (tmin+tmax)/2)
[ tmin °C -47.56* 39.59* meters Daily minimum temperature ]
tmax °C -38.38* 54.13* meters Daily maximum temperature
tdmean °C -46.18* 31.61* meters Daily mean dew point temperature
vpdmin hPa 0* 69.86* meters Daily minimum vapor pressure deficit
vpdmax hPa 0* 142.42* meters Daily maximum vapor pressure deficit

* estimated min or max value

107

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

108
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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');

iy, 20230112 .
P izozs-m-zs}u P
| 2023-02-18 -
S 2023-04-18 X ! -
-filter () .select (<)

print('PRISM_Temp:', PRISM_Temp) ;

109

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

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

2023-01-12 S
P 22023-01-28}U Pl —
e 2023-02-18 > <4 -

S 2023-04-18 X Lo
' 4|5 o|s 25]3
.filter () .select (=) -1 |10 6 |10 0 |1o
%—I
0|5
10

110
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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);
.min()

.reduce (ee.Reducer.min())

2023-01-12

L8

2023-01-28 [ .
2023-02-18 -
2023-04-18 X P

) P

.filter () .select (=¥ )

111

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);

Minimum air temperature (C)

var TVis = { A S o F 59 NN
O QO O QO O O 7
/’\ /b ;0 /b‘ /(b /q/

N L
min: -7,

max: 0,

palette: ['#1475B9', '#6ESQABD', '#AABEBD', '#E2EO9BF’,
"#FFE3A4', '#FFA672', '#FEG6F47', '#F72B22'],

}s

Hexadecimal color values

112
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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',6 false);

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

Layers I Plan Satellite
Min temperature gradient a I

113

Case Study 1

1. Minimum air temperature map

We display the minimum temperature:

Map.addLayer (Temp_min, TVis, 'Min temperature gradient', false);

114
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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).

115

Case Study 1

1. Minimum air temperature map

Map.addLayer (Temp_min.int(), TVis, 'Min temperature categories'

false ) ; Minimum temperature (°C) Minimum temperature (°C)
}-7:-6]  ]-5-4] 1-3:-2] 1=

[ Y | [e(mmle] ]

Fe-7] 16-5]  14:-3] -2:-1]

116
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Case Study 1

1. Minimum air temperature map

Map.addLayer (Temp_min.int(), TVis, 'Min temperature categories',
false) ;

117

Case Study 1
1. Minimum air temperature map
We display the state borders:
var BorderVis = {
color: 'black',
width: 1.0,
fillColor: "#00000000"
s \\\\-—_____-MeanstmnspmentanEE

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

118
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Case Study 1

1. Minimum air temperature map
We display the state borders:

119

Case Study 1

1. Minimum air temperature map
To export the raster:

Create a polygon and name it “ROI”

120

02-12-25

60



121

122

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'
}) s

02-12-25

I masks [N

Search or cancel

multiple tasks in the

Task Manager[# or try the Tasks
Page in the Cloud Console[#

UNSUBMITTED TASKS

M Tempmin m
4

SUBMITTED TASKS :9:9.
M Tempmin

¥

& <Im

SUBMITTED TASKS
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Jaguarondi, snowy owl, Betula spp. - Wiki

124

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

02-12-25
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Case Study 2

Modeling potential species
distribution based on
species PA data

> Create a new script

Jaguarondi, snowy owl, Betula spp. - Wiki
125

Case Study 2

Modeling potential species
distribution based on
species PA data

02-12-25

Species distribution model

Biodiversity &
environmental data

gxaﬁ?g,f
igﬁ %5 presence/
Absence

Annual
temperature

Grassland
cover

126

=

SDMs Predicting potential
distribution

logit(w,) = o+ i BX,

Jj=1
Predicted presence

Z

o

©

Q

o

o

[}

§ """ e 2100
":“; // ,r’-a
o 3 e

8 Niche ‘ ”, ) W

3 wv’
Environment

Damaris Zurell - https://damariszurell.github.io/SDM-Intro/
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Case Study 2

Presence-Absence (PA) data

Species Ain Region 1

02-12-25

Present
Absent
In GEE: FeatureCollection with
a property stating whether it is
present or absent
1D Sp. Date Present | Obs
A 2025 1 Marco
A 2025 0 Marco
A 2025 1 Lianchu
127
Case Study 2
Presence-Absence (PA) data
To model the Species A distribution across the
entire Region 1:
Species Ain Region 1
Present Parameters that could explain Species A
distribution such as
Absent
- Temperature
- Precipitation
- Topography

128

- 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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Case Study 2

Presence-Absence (PA) data

Species Ain Region 1

Present

Absent

129

130

Case Study 2

Presence-Absence (PA) data

Biodiversity Informatics. 15, 2020, pp. 69-80

PRESENCE-ONLY AND PRESENCE-ABSENCE DATA FOR COMPARING
SPECIES DISTRIBUTION MODELING METHODS

Jane ELrru®, CarnerINE H. GRAHAM?, ROOZBEH VALAVI', MEINRAD ABEGG?, CAROLINE BRUCE?,
SIMON FERRIER', ANDREW FORD' TOINE GUISAN®, ROBERT J. HUMAN: LK HUETTMANN®,
Lucia LonMann’, BETTE LoSELLE', CRAIG MORITZ', JAKE OVERTC OWNSEND PETERSON',
STEVEN PHiLLps", KAREN RicHARDSON", STEPHEN E. WILLL Susan K. Wiser'?,
Tromas WoHLGEMUTH?, NIKLAUS E. ZIMMERMANN?

SA

02-12-25

Many approaches to model distribution...

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

Continental 12223.17 11(0) 1000 | vascular plants: 30
Brazil, Ecuador,

Colombia,

Bolivia, and Peru,

South America

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

Please download the file
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Case Study 2

Presence-Absence (PA) data

Biodiversity Informatics. 15, 2020, pp. 69-80

PRESENCE-ONLY AND PRESENCE-ABSENCE DATA FOR COMPARING %4 |Contnental | 1222317 IOl Lo00)vasaiar plani: 30
SPECIES DISTRIBUTION MODELING METHODS i
| Bolivia, and Peru,
| South America

Jang Evrra®, CarverINE H. GRAHAM?, ROOZBEH VALAVI', MEINRAD ABEGG®, CAROLINE BRUCE?,
SIMON FERRIER', ANDREW FORD®, ANTOINE GUISAN®, ROBERT J. HUMANS’, FALK HUETTMANN®,
Lucia LouMann’, BETTE LoisLLE", CRAIG MoRITZ!, JAKE OVERTON', A. TOWNSEND PETERSON",
STEVEN PHILLIPS", KAREN RICHARDSON", STEPHEN E. WiLLIAMs', Susan K. WisEr'",
TroMas WOHLGEMUTH?, NIKLAUS E. ZIMMERMANN?

https://osf.io/kwcdv/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
| J \ J
T T
coordinates 30 species

131

Case Study 2

Importing external data into GEE

Scripts Docs .t m
() | ADDAPROJECT ‘ .

Image Upload
GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json) Rasters
Table Upload
Shape files (.shp, .shx, .dbf, .prj, or .zip)
Vectors
CSV file (.csv)

Image collection

Folder

132
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Case Study 2

Importing external data into GEE

Rl LI Assets m
m () | ADDAPROJECT ‘ i

Image Upload

GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json)
Table Upload

Shape files (.shp, .shx, .dbf, .prj, or .zip)
Image collection

Folder
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Case Study 2

Importing external data into GEE

Scripts Docs Pt m
() | ADDAPROJECT ‘ .

Image Upload

GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json)
Table Upload

Shape files (.shp, .shx, .dbf, .prj, or .zip)
Image collection

Folder

134
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Upload a new csv asset

Source files
SELECT

Please drag and drop or select a file for this asset.
Allowed extension: csv.

SAtest_pa.csv |
Asset ID Asset Name
projects/ee-jauneatemps/assets/ ~ others/SA_spPA
\_'_l
Folder name / file name
Rasters
Vectors
Upload a new csv asset
Source files
SELECT
Please drag and drop or select a file for this asset.
Allowed extension: csv.
SAtest_pa.csv 1 1
Asset ID Asset Name
projects/ee-jauneatemps/assets/ ~ others/SA_spPA
\_'_l
Folder name / file name
Rasters

Vectors

-54.9667
-73.8333
-80.6167
-76.8333
-75.9167
-72.3333

+ Explanation

CRS

Geodesic
Infer geodesic from... =
2.5 + Explanation
10.9167
415 CSV delimiter CSV qualifier
3.75
7.25
-0.4167
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Upload a new csv asset

Case Study 2

Importing external data into GEE SELECT

Please drag and drop or select a file for this asset.
Allowed extension: csv.

Rl LI Assets m SAtest_pa.csv i

Source files

() | ADDAPROJECT l . Asset ID R
projects/ee-jauneatemps/assets/ ~ others/SA_spPA
Image Upload .
Folder name / file name
GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json) Rasters
Table Upload

Shape files (.shp, .shx, .dbf, .prj, or .zip) 0 ®
Vectors
@ + Explanation
Chs Geodesic

Image collection Infer geodesic from... =

+ Explanation

Folder
CSV delimiter CSV qualifier

CANCEL UPLOAD

135

Case Study 2

Importing external data into GEE

| Inspector [GRESIERID |

Search or cancel multiple tasks in the Task
Manager[# or try the Tasks Page in the Cloud
Console®

UNSUBMITTED TASKS X
Uploading step

1 (100.00%) SAt load . -
t( ) SAtest.pa uploa (takes time for large files)

. SUBMITTED TASKS ‘
Server processing step
(no need to stay % Ingest table: "projects/ee-jauneatemps/assets/other... <im
connected)
ok ‘ ‘ errors
SUBMITTED TASKS Ingest table: "projects/ee-jauneatemps/assets/other... <Im

t Ingest table: "projects/ee-jauneatemps/assets/other... v <1m Ingest table: "projects/ee-jauneatemps/assets/other... m

136
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Case Study 2

Importing external data into GEE

W— Directly importitin the script
() ADDAPROJECT & SAtest_pa

Getuink ~ [
* Im
s/ee-jaunea

B
brts (4 entri\s) B
» far testPA: Tabfe profects/e

Rename table:
testPA

sve - e e W20

t hers/testPA

137
Case Study 2
Steps
PA=0
Temp=13 .
Elevation = 143...
1
- - . - E -) Maxent — ==
Import Import climate, Combinein Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map
Maxent - biodiversityinformatics.amnh.org/open_source/maxent/
138
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Case Study 2
Steps

PA=0
Temp=13 .
Elevation = 143...

) =) \ ) Maxent )
g~ W -E

Import Import climate, Combine in Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map

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

139

Case StUdy 2 Only Features for column sa10 =0

Visualize PA data (species 10 is absent)

Map.addLayer (speciesPA.filter('sal10 == 0'),
{color: 'red'},
'"Training data (sp. absent)');
Map.addLayer (speciesPA.filter('sal0 == 1'"),
{CO-L(.)YE blue’}, . Only Features for column sa1l0=0
Training data (sp. present)'); (species 10 is absent)

Map.centerObject(speciesPA, 4);

140
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Case Study 2 Only Features for column sa10=0

Visualize PA data (species 10 is absent)

1]
1]
S

Map.addLayer (speciesPA.filter ('sal0
{color: 'red'},
'"Training data (sp. absent)');

Map.addLayer (speciesPA.filter('sal10 == 1'),
{color: 'blue'}, S
‘Training data (sp. present)');

Map.centerObject (speciesPA, 4);

141

Case Study 2
Visualize PA data

var trainingData = ee.FeatureCollection(speciesPA);

142

02-12-25
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Case Study 2
Steps

PA=0
Temp=13
Elevation = 143...

E - Maxent

-
B ]

Import Import climate, Combinein Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map
Maxent - biodiversityinformatics.amnh.org/open_source/maxent/
143
Case Study 2
Parameters
Mean temperature Elevation
Temperature variation Soil type
- Slope
Minimum temperature
Precipitation
Begonia spp. — Karl Magnacca
144
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Case Study 2 N

Pa ra mete rs 927.67 meters

Bands
WorldClim BIO Variables V1 0 - _
Name  Units Min Max Scale ;I::I Description
Dataset Availability
bioB1 °C -29% 32% 0.1 meters  Annual mean temperature

1960-01-01T00:00:00Z~
1991-01-01T00:00:00Z bicB2 °C 0.9* 21.4* 0.1 meters Mean diurnal rénge(meanofmamhly
(max temp - min temp))

Dataset Provider bioB3 % 7* 96* meters  Isothermality (bio02/bio07 * 100)
University of California, Berkeley bioB4 °C 0.62* 227.21* 0.01 meters Temperature seasonality (Standard
deviation * 100)
Earth Engine Snippet biocB5 °C -9.6%  49% 0.1 meters  Max temperature of warmest month
ee.Image("WORLDCLIM/V1/BIO") piges < -57.3% 258% 0.1 meters  Min temperature of coldest month
7
e bioB7 °C 5.3 72.5* 01 meters  Temperature annual range (bio05-bio06)
biocB8 °C -28.5% 37.8* 0.1 meters  Mean temperature of wettest quarter
What are the bands for' biocB9 °C -52.1*  36.6% 0.1 meters Mean temperature of driest quarter
Annual mean temperature )
L. ) biol@ °C -14.3% 383* 0.1 meters  Mean temperature of warmest quarter
Annual precipitation
. L. . bio11 °C -52.1%  28.9* 0.1 meters  Mean temperature of coldest quarter
Driest month precipitation
bio12 mm 0* 11401* meters Annual precipitation

Temperature seasonality ?

145

Case Study 2
Parameters
var worldclim = ee.Image( 'WORLDCLIM/V1/BIO"');

var annualMeanTemperature = worldclim.select('bi0o01")
.multiply(0.1);

var annualPrecipitation = worldclim.select('bi012");
var driestMonthPrecipitation = worldclim.select('bi0o14');

var temperatureSeasonality = worldclim.select('bi0o04")

.multiply (0.01); Scale

band 1 'bio01'----- 4. 75 (15 -1 7.5(1.5|-0.1
band 2 'bio02", . -10|10] 0 . “111]0
band 3 ‘bio03'- "4 e . =

[ ] select(‘biom’) 55119 -9 mu|t|p|y(01) 55|1.9]-0.9

- [-]

i 1o - ol each pixel value was
band 19 ‘bio19 multiplied by 0.1
Image with 19 Image with one band
bands named ‘bio01’
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NASA SRTM Digital Elevation 30m [ -
Parameters .o
Description Bands Terms of Use Citations
Bands
Name Units Min Max Pixel Size Description
elevation m -10% 6500% 30 meters Elevation Dataset Availability
* estimated min or max value 2000-02-11T00:00:002-2000-02-22T00:00:00Z

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

147

Case Study 2

Parameters

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

Combine in
one Image

148
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Case Study 2
Steps

PA=0
Temp=13
Elevation = 143...

- -) . =) E Maxent
Import Import climate, Combine in Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map

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

149

Case Study 2

Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: trainingData,

. . Usage Returns
scale: 500}%});
Image.sampleRegions(collection, properties, scale, projection, tileScale, FeatureCollection
geometries)
print(trainingSample) Argument  Type Details
this: image  Image The image to sample.
collection FeatureCollection The regions to sample over.
properties List, default; null The list of properties to copy from each input feature. Defaults to all non-system
properties.
scale Float, default: null A nominal scale in meters of the projection to sample in. If unspecified, the scale of the

image's first band is used.

projection Projection, default:  The projection in which to sample. If unspecified, the projection of the image's first band
null is used. If specified in addition to scale, rescaled to the specified scale.
tileScale  Float, default: 1 A scaling factor used to reduce aggregation tile size; using a larger tileScale (e.g., 2 or

4) may enable computations that run out of memory with the defaulit.

geometries Boolean, default: If true, the results will include a point geometry per sampled pixel. Otherwise,
false geometries will be omitted (saving memory).

150
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Case Study 2

Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: tralnlngData ’ ¥ FeatureCollection (152 elements, © columns)
scale: 500}); type: FeatureCollection

columns: Object (@ properties)
v features: List (152 elements)
. . . v 0: Feature ©00000LELELEL0CD0LOL1_B
print(trainingSample) type: Feature -
id: eeepoeeLEEEEEEEELER1_BO
geometry: null
~properties: Object (37 properties)
bioel: 26.1
bioB4: 5.5680000020800005
bio12: 198@
biol4: 33
elevation: 1
group: plant
sa@l: e
sa2: @
sa@3: e

ealid: O

Case Study 2

Sampling values at PA points

var trainingSample = allData.sampleRegions({
collection: tralnlngData, ~ FeatureCollection (152 elements, © columns)

scale: 500}): type: FeatureCollection
columns: Object (@ properties)
v features: List (152 elements)
. . . v 8: Feature ©00000EELELE00000001_8
print(trainingSample) type: Feature
: id: eeeeoeeeEEEREEEEEELE1_0
1 geometry: null
\ ~properties: Object (37 properties)
N bio@l: 26.1

.
~~. canbeexportedas a biod4: 5.5600000000000005
shapefile or table (csv) biol2: 1980
biol4: 33

elevation: 1
group: plant
safl: @
sag2: e
sae3: e

ealAs Q&

02-12-25

JSON

JSON
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Case Study 2
Steps

PA=0

Temp=13 .
Elevation = 143...

1
1
1
1

) =) - \ Maxent
el B -

Import Import climate, Combinein Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map

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

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

77
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Case StUdy 2 ~ ee.Classifier

amnhMaxent
Training confusionMatrix

. . . .. . decisionTree
Define the classifier that is used + train it with a sample -
decisionTreeEnsemble

explain

libsvm

load
minimumbDistance
mode

schema
setOutputMode
smileCart
smileGradientTreeBoost
smileKNN
smileNaiveBayes
smileRandomForest

spectralRegion

train
155

Case Study 2

Training

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

ee.ClassifieramnhMaxent 0 - Send feedback

On this page
Examples

Creates a Maximum Entropy classifier. Maxent is used to model species distribution probabilities using
environmental data for locations of known presence and for a large number of 'background’ locations. For
more information and to cite, see: https://biediversityinformatics.amnh.org/open_source/maxent/ and the
reference publication: Phillips, et. al., 2004 A maximum entropy approach to species distribution modeling,
Proceedings of the Twenty-First International Conference on Machine Learning. The output is a single band
named 'probability’, containing the modeled probability, and an additional band named ‘clamp’ when the
‘writeClampGrid' argument is true.

amnh: American

Museum of Usage

Returns
Natural History ee.Classifier.annhMaxent(categoricalNanes, outputFormat, sutoFeature, linear, Classifier
quadratic, product, threshold, hinge, hingeThreshold, 121qThreshold, lq2lqpt
Maxent: Threshold, addSamplesToBackground, addAllSamplesToBackground, betaMultiplier,
. betaHinge, betalqp, betaCategorical, betaThreshold, extrapolate, doClamp, write
Maximum Entropy ClampGrid, randomTestPoints, seed)

156
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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, -----------ooooooo . Sampled data (T°, PA, elevation...)

classProperty: 'sal1@',6 ——7"""""--- column (property) used to identify PA (0/1)
inputProperties: allData.bandNames/()
1
})s ;
1
N The names of the columns that are used as
model parameters: temperature variables, .
elevation, precipitation
157
Case Study 2
Steps
PA=0
Temp=13 .
Elevation = 143...
- - . -) E -) Maxent
Import Import climate, Combinein Sample values at Train model Distribution
external topography, ... one Image PA data points: probability
PA data data training sample map
Maxent - biodiversityinformatics.amnh.org/open_source/maxent/
158
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Case Study 2

Predicting species distribution

var imageClassified = allData.classify(classifier);

ee.lmage.classify 0- Send foedback

On this page

Examples
Classifies an image.

Usage Returns

Image.classify(classifier, outputName) Image

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()

161

Case Study 3 2

Land cover classification and
vegetation trends

Ouenou - Niveau LO

soudanien Soacdey

A
- o

@

&

uguinéen

Awanla

Ouenou - Niveau L1

Occupation  LO cultures Il végétation arbustive [l Batiou sols nus
du sol W vergers W foréts décidues W eau
L1 1 légumineuses | vergers (anacarde, mangue)
céréales I autres vergers (teck) W bati
B coton W foréts, foréts galeries sols nus
[l racines, tubercules | savanne arbustive W eau
W autres cultures W savanne décidue
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Case Study 3 2

Land cover classification and
vegetation trends

Ouenou - Niveau LO

soudanien Soaodou

Ouenou - Niveau L1

> Create a new script

Occupation  LO cultures I végétation arbustive B Batiou sols nus
du sol | vergers B foréts décidues B cau
L1 j légumineuses | vergers (anacarde, mangue)
céréales 1 autres vergers (teck) W bati
Il coton W foréts, foréts galeries sols nus
[l racines, tubercules ] savanne arbustive W eau
W autres cultures W savanne décidue
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Case Study 3 —

Land cover classification ar.. \f\_,///\
vegetation trends R \

13
=
36'1?'0'"
—
36"10'0"N

1 31 61 91 121 151 181 211 241 271 301 331 361
~NDVI  —GNDVI NDRE  —SAVI —NDWI

Wheat 2
10
08
Land use, land cover p 1.
z °
(LUCL) maps 94 5] B
02 o £
R
00 -
02 ~
: ~ g 04
" 1 31 61 91 121 151 181 211 241 271 301 331 361 ) :
. | ~NDVI —GNDVI  NDRE —SAVI —NDWI 102°35'0°W 102°300°W 102350'W 102°300°W
| 0 25 5 10 km
Fallow/lIdle cropland N
10
08
I comn I cotton wheat B atfalfa
fallow I grass double crop
02 VUV i
04
1 31 61 91 121 151 181 211 241 271 301 331 361
“NDVI —GNOVI NDRE  —SAVI  ——NDWI Csilik et al. (2019)
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Case Study 3

Land cover classification ar ..

vegetation trends

Land use, land cover
(LUCL) maps

Not always adapted:
- classes

- spatial resolution

- period

-etc

Case Study 3

Land cover classification and

vegetation trends

Different
approaches

Cotton

10 xort;'o'w

02-12-25

loz'qrn"w lOZ’!F'O'W

wz'sgn'w

04 wf\

O e ———— =N

o0n s

02 ° e e E

04 27
R

1 31 61 91 121 151 181 211 241 271 301 331 361

~NDVI  —GNDVI NDRE  —SAVI —NDWI

Wheat 2

36'5.'0'"

1 31 61 91 121 151 181 211 241 271 301 331 361 bt

36°10'0"N

36'50"N

- W,

102°25'0"W

~NDVI  —GNDVI NDRE  —SAVI —NDWI lo!"b'o'w 1or3§'o“w lﬂl’!b'o'w
,\ 0 25 5 10 km
Fallow/Idle cropland N
10
08
corn B cotton wheat W alfalfe
i . / fallow 0 grass double crop
04 e e /
02 o e —
\w_._.-—~"‘»\»_-,;__/ )
00
02 T VN T———— S
04

1 31 61 91 121 151 181 211 241 271 301 331 361
“~NDVI  —~GNDVI NDRE  —~SAVI  ——NOWI

Infrared
blue

red

stack of
data

v
\
\
\
<

unsupervised
classification

No information is
needed from the user

Csilik etal. (2019)

h ., delineate
elements of __

the image \
P v
:
M :
1 1
i
e manual
training set classification
\ Time consuming,
\
\ Replicability?
.
supervised
classification

Based on user’s
information (ground
observations, other
maps)
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Case Study 3

Land cover classification and
vegetation trends

stack of
Different data
approaches
167
Case Study 3
Supervised classification
@ rorests
I,,f =l & R . Built-up
Crops
. Water
4 Bare soil
- etc.
Area of interest Classes

168

02-12-25

-7 7, delineate
elements of

Infrared the image
blue L
red ‘
v
v
training set
\\
\
.
supervised

classification

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

Spatial information Model
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Case Study 3

Supervised classification

@ rorests
@ Built-up
Crops
@ water

Bare soil

etc.

Area of interest Classes

169
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Case Study 3

Area of interest

Use the geometry tool to create a polygon
near Yilan

Rename it “study_site”

02-12-25

Model

Spatial information

4
.~ Toucheng
Dl 1

&

Q&
<3
A
& =T
Q
&
i N
= A Rut  BH
Yuanshan=-_-yuanshan |

Township N
S48 X

g
Y sui

Township

ﬁ;" >

COMTE
DE YILAN

T
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Case Study 3

Area of interest

&S <
\1?—"“\) > @\g\ Tou
,"'*—“"g{\\«P‘g” SR

Use the geometry tool to create a polygon
near Yilan

Rename it “study_site”

Main land cover classes:

built-up
water

)
Dongshan

natural vegetation F SN

farms

"R

bare soil COMTE
DE YILAN

Case Study 3

Land cover classes: “sample” points

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

EXREK]

{ study_site

+new layer

Configure geometry import

Name
| WATER

Import as

#98ff00

FeatureCollection -

Properties

Property Value

lype  |[d L]
+ Property

KN -~ s
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Case Study 3

Land cover classes: “sample” points

T Toucheng
N

Y }}

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

l‘f'_ Q ) EE' 4 Geometry imports
e ‘_/f study_site .
| + \ [ +new layer I )

173

Configure geometry import -
\h“’;’«mTeER—\ o #98ff00
WATER 0 o 1 = 4
BUILTUP 1 Properties )
Property Value
FARMS 2 e |[d ' )
NATURALVEG 3 ey el | ko
El - i AN R
BARESOIL 4 e ) f &4%
Case Study 3

Land cover classes: “sample” points

Ve Toucheng

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

l?T 9 ) ;E' 4 Geometry imports
e { study_site .
‘ + | r +new layer I

WATER 0 v¢~v e

o R

617 00
Hig

BUILTUP 1 + P 1 Congirie
FAR M S 2 se;on 3, %ipin Rd :,:J;L;ZTZS:;:}S) .

NATU RALVEG 3 R NATURALVEG (21 pts) £ ok

BARESOIL 4 BARESOIL (22 pts) [ R
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Case Study 3

Spatial information

Description Bands

Pixel Size
30 meters

Bands

Name Units

SR_B1
SR_B2

SR_B3

SR_BS

175

Case Study 3

Spatial information

02-12-25

USGS Landsat 8 Level 2, Collection 2, Tier1 o- @ -

4 Al-generated Key Takeaways

Min  Max

1 65455
1 65455
1 65455
1 65455
1 65455

Scale

2.75e-05

2.75e-05

2.75e-05

2.75e-05

2.75e-05

0.2

0.2

0.2

0.2

0.2

Dataset Availability

2013-03-18T15:58:14Z~

Revisit Interval
16 Days

2025-09-30T13:38:04.421000Z

Dataset Provider

USGS

Earth Engine Snippet

Tags
cfmask  clow

satellite-imagery

ee.ImageCollection(“LANDSAT/LCB8/CB2/

Ti_12") &}

Pixel

size Wavelength

meters 0.435-0.451
pm

meters 0.452-0.512
pm

meters 0.533-0.590
pm

meters 0.636-0.673
pm

meters 0.851-0.879
pm

Description

Band 1 (ultra blue, coastal aerosol) surface reflectance

Band 2 (blue) surface reflectance

Band 3 (green) surface reflectance

Band 4 (red) surface reflectance

Band 5 (near infrared) surface reflectance

var landsat = ee.ImageCollection('LANDSAT/LC@8/C02/T1_L2")
.filterBounds (study_site)

.filterDate('2023-01-01",

.sort('CLOUD_COVER")
first();

176
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Case Study 3

Spatial information

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

Name Units Min  Max Scale Offset ::::' Wavelength Description

SR_B1 1 65455 2.75e-05 -0.2 meters 0.435-0.451 Band 1 (ultra blue, coastal aerosol) surface reflectance
pm

SR_B2 1 65455 2.75e-05 0.2 meters 0.452-0.512 Band 2 (blue) surface reflectance
pm

SR_B3 1 65455 2.75e-05 0.2 meters 0.533-0.590 Band 3 (green) surface reflectance
pm

SR_B4 1 65455 2.75e-05 -0.2 meters 0.636-0.673 Band 4 (red) surface reflectance
pm

SR_BS 1 65455 2.75e-05 0.2 meters 0.851-0.879 Band 5 (near infrared) surface reflectance
pm

177

Case Study 3

Spatial information

Map.centerObject(study_site, 12);
Map.addLayer (landsat, landsat_vis, 'L8 image');

178
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Case Study 3

Training data

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

1
1
1

print(training_points); \

) Transforms a FeatureCollection
of FeatureCollection into a
FeatureCollection

[0.0.0] [,0.] . %’ o%

. Feature of FeatureCollection [ [ ]

“WATER”

179

Case Study 3
Sampling

var bands = ['SR_B1', 'SR_B2', 'SR_B3', 'SR_B4', 'SR_B5',
‘SR_B6', 'SR_B7','ST_B10'];

Pixel

Name Units Min Max  Scale Offset size Wavelength Description

SR_B1 1 65455 2.75e-05 -0.2 meters 0.435-0.451 Band 1 (ultra blue, coastal aerosol) surface reflectance
pm

SR_B2 1 65455 2.75e-05 0.2 meters 0.452-0.512 Band 2 (blue) surface reflectance
pm

SR_B3 1 65455 2.75e-05 0.2 meters 0.533-0.590 Band 3 (green) surface reflectance
pm

SR_B4 1 65455 2.75e-05 -0.2 meters 0.636-0.673 Band 4 (red) surface reflectance
pm

SR_B5 1 65455 2.75e-05 0.2 meters 0.851-0.879 Band 5 (near infrared) surface reflectance
pm

180
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Case Study 3
Sampling
var sample = landsat.select(bands) blue = 70
.sampleRegions green =20
? e " L~ red =130

collection: training_points, /

properties: [ 'type'],
scale: 30

1)

print(sample) ;

Case Study 3

Train model

ee.Classifier
ee ClassifieramnhMaxent(cat...
ee.Classifier.decisionTree(tree...
ee Classifier decisionTreeEnse...
ee.Classifier.libsvmi{decisionPr...
ee Classifierload(id)
ee ClassifierminimumbDistanc...
ee.Classifier.smileCart(maxio...
ee Classifier.smileGradientTre...
ee. Clazsifier.smileKNN(k, sear...
ee Classifier.smileNaiveBayes...
ee.Clagsifier.smileRandomFor...
ee.Classifier.spectralRegion(c...
confusionMatrix()
explain()

L XY PS
LW '

.
S

AN blue=10
">~ green=170

@
i
-

red =20
¢
samples
®
]
NIR <100 |
md>1§0
.
blue <76
il ,
bare soi ‘ green > 243
natural vegetation
Decision tree
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Case Study 3

Train model

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

)

183

Case Study 3

Classification

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

var classification_vis = {

min: 0,

max: 4,

palette: ['green', 'red', 'blue', 'yellow', 'pink']
}s

Map.addLayer (classification, classification_vis,
'classificationsupervCART') ;

184
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Case Study 3

Classification

185

Case Study 3

Classification

Export the land cover map to Google Drive

186

93



02-12-25

Case StUdy 3 Observed values
. . . Positive Negative
Evaluating the classification g
Predicted values | Positive | True positive False positive
(classification) Negative | False negative | True negative
For each class (e.g., water) Observed values
Positive Negative
TP+TN 50+35 iti
« Accuracy = = Predicted values | POSTtive | 50 10
Total 100 (classification) | Negative | 5 35
TP 50
* Producer accuracy = =
TP+FN 50+5
TP 50
e User accuracy = =
TP+FP 50+10
187
Case StUdy 3 Observed values
Positive Negative

Evaluating the classification

Predicted values | Positive | True positive

False positive

(classification)

Negative | False negative

True negative

For each class (e.g., water)

Observed values

|}o§itive

| Negative

TP+TN _ 50+35

Predicted values

Positiva \L50 1 10

Total 100

(classification)

TP 50
TP+FN ~ 50+5

* Producer accuracy =

TP 50

e User accuracy = TPTFP — 50110

188

Negative “5 7\]&\
NS
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Case Study 3

Evaluating the classification

For each class (e.g., water)

TP+TN _ 50+35

Total 100

TP 50

* Producer accuracy =

TP 50

* User accuracy = TPTFP — 0110 -

189

Case Study 3

Evaluating the classification

For each class (e.g., water)

TP+TN _ 50+35

Total 100

TP 50

* Producer accuracy =

TP 50
e User accuracy = =

TP+FP  50+10 ~~-o____

Coefficient Kappa [-1; 1]

190

Predicted values | Positive | True positive
(classification)

Predicted values

(classification) | Negative “5 7\]&\
NS

TP+FN 5045

Predicted values | Positive | True positive
(classification)

Predicted values

(classification) | Negative “5 7\]&\
NS

TP+FN ~ 50+5

02-12-25

Observed values

Positive Negative

False positive

Negative | False negative | True negative

Observed values

|}o§itive | Negative

Positiva S50 | ——_]| 10

» Ommission error
= 100 — Producer

» Commission error
=100 — User

Observed values

Positive Negative

False positive

Negative | False negative | True negative

Observed values

|Mtive | Negative

Positiva \5\50'\\| 10

» Ommission error
= 100 — Producer

----» Commission error

=100 — User
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Case StUdy 3 Observed values

Positive

Negative

Evaluating the classification
Predicted values | Positive | True positive

False positive

(classification) Negative | False negative

True negative

Split of the dataset into:

L blue =70
- Training set
& green =20 «_
- Validation set red = 130 N

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

191

R

i,

Case StUdy 3 Observed values

Evaluating the classification Positive

Negative

Predicted values | Positive | True positive

False positive

(classification)

Negative | False negative

True negative

Split of the dataset into:
) . o blue =70
Training set (80%) green =20 -

- Validation set (20%) red=130
random =0.6

AY
\

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

-
-
.,

’

/7
/ Random selection '

W

192

\ e
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~
~
N
\

\
1

1
1

§
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Case Study 3

Evaluating the classification
var traintest = sample.randomColumn{() ;

var train_group =
traintest.filter(ee.Filter.1lt('random', 0.8));

var test_group =
traintest.filter (ee.Filter.gte('random', 0.8)); [ -
]
&,

print(train_group) ;

print(test_group);

\

/7
/ Random selection '

1
1

we

193

Case Study 3

Evaluating the classification

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

1)

194
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Case Study 3

Evaluating the classification

var confusion_matrix = test_group.classify(classifier2)
.errorMatrix({
actual: 'type',

predicted: 'classification'

})s
Computes a 2D error matrix for a collection by comparing two columns of a collection: one containing the
actual values, and one containing predicted values. The values are expected to be small contiguous
integers, starting from 0. Axis 0 (the rows) of the matrix correspond to the actual values, and Axis 1 (the
columns) to the predicted values.
Usage Returns
FeatureCollection.errorMatrix(actual, predicted, order) ConfusionMatrix
195
Case Study 3 Confusion Matrix:

vList (5 elements)

ro: [3,0,4,0,0]
»1: [0,2,0,0,0]

Evaluating the classification

. , . o . S »2: [1,0,7,0,0]
print('Confusion Matrix:', confusion_matrix); »3: [0,0,0,6,0]
print('Accuracy:', confusion_matrix.accuracy()); '4: [0,1,0,0,3]

print('Producer Accuracy:',
confusion_matrix.producersAccuracy()) ;

print('User Accuracy:', confusion_matrix.consumersAccuracy());

print('Kappa:', confusion_matrix.kappal()); - ee.ConfusionMatrix
ee.ConfusionMatrix(array, ord...
accuracy()
array()
censumersAccuracy()
fscore(beta)
kappa()
order()

producersAccuracy()

196
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Case Study 3

Share of natural vegetation cover

Estimate the % of

mmm) natural vegetation

in the study area

Case Study 3

Share of natural vegetation cover

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

N

—_—

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()

1)

print(pixelcount_class);

199

Case Study 3
NDVI trends

Follow the NDVI
—) change in

cultivated areas

200
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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.1t('CLOUD_COVERAGE', 50));

201

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

202
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Case Study 3
NDVI trends

Using reflectance change at
different wavelengths to monitor
vegetation health:

near infrared\
NIR — R ~_
NDV] = ———— "red
NIR + R
203
Case Study 3
NDVI trends

Custom functions + map ()

204

REFLECTANCE

02-12-25

Green
Vegetat

T T T I ] R b T [ T T T I T T

TSy [ PETEN VRS VIR IS SRS RN CREEN ST | S T

1

1 1 1 I 1 1 1 I 1 | S J 1 1

. \x

o
a

visible

1.0 1.5 2.0
AVRLENGTH (um)

near

. mid infrareds
infrareds
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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.

ImageCollection

[ A (115 A 130 Aoy A }

205

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.

ImageCollection

[ A 5 A3 Ao A }
- = . “mame e

. function(Compute NDVI, ...)
New ImageCollection

[ 01/15 01/30 02/15 }

206
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Case Study 3

NDVI trends _element

.
-,
’
’
’

7

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

.rename('ndvi'); .

\}

return imagemasked.addBands (ndvi) ; Nﬁ?

}s

\
1
1
1
1
R

207

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) ;

}s

var HLSL_1525_NDVI = HLSL_1525.map(farmsfun) ;
print (HLSL_1525_NDVI, 'HLSL_1525_NDVI');

208
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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

1)
print(graph);

209

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(), ...)

210
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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',
visiblelInlLegend: true}}

print(graph_trend) ;

211

Case Study 3 .
NDVI trends ::AL /m /Ah /A\ AA - AA
var graph_trend = ui.Chart.imer \/ \/ WJ \J \\//\J \J ﬁK

)

imageCollection: HLSL_1525_.,

01
J4 206 J 207 J 2018 J4 2019 J 2020 J 2021 J 2022 J4 2023 J 2024 J 0

region: study_site,
reducer: ee.Reducer.median(),
scale: 30

.setOptions({

trendlines: {0: {type: 'linear',6 color: 'red',
visiblelInlLegend: true}}

print(graph_trend) ;
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Important notes
Collaborating with GEE

Sharing scripts

Sharing data (assets)

Sharing repositories

Tracking script changes

213

Important notes

02-12-25

IGetLink 'l - Run

Collaborating with GEE

To share a script:

vl Reset ~ I

Get Link (shareable snapshot)

’ Get Link vI . Run vI Reset vI Apps E m
] |

The 'Get Link' URL is now in the address bar. Any Earth Engine user with the link can
use it to view the code snapshot.

Note: To give others access to assets in the code snapshot, you may need to share

them.
https://code.earthengine.google.com/450ee6dadaa3f6d122911577¢195
d518 0 &
i 4
i
["] Disable auto-run [“] Hide the code pane

1c
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Important notes
Collaborating with GEE

To share a repository
Owner/Writer/Reader Filter scripts...

» Owner (11)
v Writer
Reader (3)
Archive
Examples

-

ki

-

215

Important notes
ing wi
Collaborating with GEE I Docs | Assets

Filter scripts... (:) ‘

Share Repo: users/jauneatemps/course ~ Owner (11)
~ users/jauneatemps/course B
» test Configure

jauneatemps@gmail.com B UP 02 Casl1 4
Email or domain Reader ~  ADD ACCESS

Reader
D Anyone can read

Writer ===~ 7777 T T~

Users with access to the repository can-aua o the Code Editor using: Tteell -
https://code.earthengine.google.com/?accept_repo=users/jaune 0 T erter a l.l.OWS SC rl pt

atemps/course oy
editing
Clone the Git repository by running the following command in a terminal:

git clone https://earthengine.googlesource.com/users/jauneatem 0

ps/course
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Important notes _
ipts Docs [¥9 |
Collaborating with GEE msite.awanla
il site_bagou
il site_gbanlin
To share assets: i site_ndali |

iii site_parakou
iii site_soaodou
» sacredforests

Share Table: projects/ee-jauneatemps/assets/pastora...

Email or domain Reader ~  ADD ACCESS
Reader

[ Anyone can read
Writer

Users with access 1o the asset can view o e Code Editor via this link:

hitps://coge earthengine google.com/?asset=projects/ee-jaune )

atemps/assets/ipastoralism/site parakou

217

Important notes
Collaborating with GEE

To use other user’s assets:

var LCmap = ee.Image('projects/ee-jauneatemps/assets/pastoralism/OBSYDYA_0S_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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https://gee-community-catalog.org/projects/
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Important notes

. . ~ Owner (11)
Collaborating with GEE

¥ users/jauneatemps/course

[ R ——

Track changes (repository)

Revision history:

Time Auther Message
A30 A0 feeeaiemps  Updated UP_G3 deendis (ackded |
P T A S s -
4301630 jweeaionps  Updaied UP_03 defecsonchangsme.

Updated UP_03_detrending (scses 3
Updaled UP_03 detrending (scded 1.
Updned UP_03_de i

e ————
Updated UP_03_deirending (sckiod |
Updated UP_03_detrending (sces 1
Updated UP_03 detrending (scked 2 -
Upoted UP_ 03 detrenin (scked 3
Updaled UP_013_ et (400 1 .
Updated UP_03_ denvendin sk |
Updated UP_03_ detmanding (30 2
Updaied UP_03_deironding (sckiod 2
Updated UP_03_detrending (s 1
Updated UP_03 detrending (scked 1 -
Uptted UP_03 detrending (scked 1
Updated UP_ 03 detrendina (4330 0
Updaed UP_03_detvendin (s 5
eI ————
Updatod UP_03_deirending (sckiod |
Updated UP_03_detrending (dsistod
Updted UP_03_ detrending(sced 1
Updaled UP_03_detrending (sckied 3 -
Upoted UP_ 03 et (acked 2

:nding (added 1 ...
ctionchangeme... Revert
ctionchangeme...

219

Im o]0 rtant notes Revision history: UP_03_detectionchangement
Collaborating with GEE

Time Author Message
Jan 30, 10:36 jauneatemps Updated UP_03_detectionchangeme...
Jan 30, 10:30 jauneatemps Updated UP_03_detectionchangeme... Compare
. Jan 27,17:20 Jjauneatemps Updated UP_03_detectionchangeme...
Tra c k c h an ge S (S cri pt) Jan 27,17:15 Jjauneatemps Updated UP_03_detectionchangeme... \
lam AT Aman S, e e e diim AA e aiao Lol 1
< Jan 30,10:30 vs latest commit /
TP G g =TT YT
58 58 ’
51 51 var thresholdGain = 9.05;
52 52 var thresholdloss = -0.05;
53 53
54 54 var diffClassified = ee.Image(8);
55 55
56 56 var diffClassified = diffClassified.where(deltanDVI.lte(thresholdLoss), 2);
57 57 var diffClassified = diffClsssified.where(deltahDVI.grs(thresholdGain), 1);
58 58
59 53 var methodealternative = deltaNOVI.gte(thresholdGain).where(deltaNOVI.lte(thresholdLoss),
68 68

61 61 var changevis = {
6262  palette: 'blue,red’,

63 63 min: 1,

6288 max: 2

65 85 };

66 €6

67 67 Map.addLayer (diffClassified. selfMask(),

68 68 changevis,

69 69 ‘change classified by threshald'};
70

71 Map.addLayer(methodealternative. selfMask(),
72 changeVis,
73 “change classified by threshold 2');
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Im portant notes Revision history: UP_03_detectionchangement
Collaborating with GEE

Time Author Message
Jan 30, 10:36 Jjauneatemps Updated UP_03_detectionchangeme...
Jan 30, 10:30 jauneatemps Updated UP_03_detectionchangeme... | Compare
Tl’a c k c h anges (SC I’i t) Jan 27,17:20 jauneatemps Updated UP_03_detectionchangeme... \
g p Jan 27,17:15 jauneatemps Updated UP_03_detectionchangeme...
< [JSAS0I0E0] - vs latest commit /
e e i —Crevipemarcerr—rera=
50 50 ’
51 51 var thresholdGa: H
52 52 var thresholdloss = -8.85;
53 53
54 54 var diffClassified = ee.Image(e);
55 55
56 56 var diffClassified = diffClassified where(deltalDVI.1te(thresholdLoss), 2);
57 57 var diffClassified = diffClassified.where(deltalDVI.gte(thresholdGain), 1);
58 58
59 59 var ve = deltahOVI.gte(thresholdGain) .where(deltaNDVI.1ta(thresholdioss),
60 60
61 61 var changevis = {
62 62 palette: 'blue,red’,
63 63 min: 1,
6164 max: 2
65 65 )3
66 65
67 67 Map.addLayer(diffClassified. selfMask(),
68 &8 changevis,
69 69 "change classified by threshold');
78

71 Map.addLayer(methodealternative. selfMask(),
72 changevis,

73 ‘change classified by threshald 2');
7

7

76
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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 functio

Harmonized Sentinel-2 MSI: MultiSpectral Instrument, Level-1C 0 -

Disponibilité des ensembles de données Intervalle de nouvelle visite
2015:06:27T00.00.002-20250131T17:26:432 5jours

Fournisseur densembles de données Tags
ur éenne/ESA/Copericus

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

Extrait Earth Engine
ee. InageCollection("COPERNICUS/
S2_MARNONIZED") 3

exports.maskS2clouds = function (image) {

var ga = 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 = qga.bitwiseAnd (cloudBitMask) .eq(0)
.and(ga.bitwiseAnd (cirrusBitMask) .eq(Q)) ;
return image.updateMask (mask) .divide (10000) ;

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)

225

Important notes

Spatial resolution and projection

226
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https://earthengine.googlesource.com/

Important notes

Spatial resolution and projection

Boston Common & Public Garden

ii
o

MODIS, 250m

06
Kilometers L - o S ———

227

Important notes

Spatial resolution and projection

No distortion

Earth surface

Mast distortion Most distortion

228
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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.

ee.lmage.reduceRegions 0- &

Apply a reducer over the area of each feature in the given collection.

The reducer must have the same number of inputs as the input image has bands.

Returns the input features, each augmented with the corresponding reducer outputs.

Forexample in ee.Image.reduceRegions sage

Image.reduceRegions(collection, reducer, scale, crs, crsTransform, tileScale)

Important notes

Spatial resolution and projection
Pyramiding policy of GEE
Resampling:

- Mean (continuous variables)

- One of the existing values (discrete)

| Level 4
Blur and & 1/16 resolution

subsample Lovel s
Blur and ’ 1/8 resolution

subsample | Level 2
1/4 resolution

Blur and
subsample
Level 1
1/2 resolution
Blur and
subsample
Level 0
Original

image

02-12-25
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Important notes

Spatial resolution and projection
Pyramiding policy of GEE
Resampling:

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

231

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.

232

Upload a new image asset

Source files
SELECT

Please drag and drop or select files for this asset
Allowed extensions: tff, if, json, tfrecord or tfrecord.gz

Asset ID

projects/ee-jauneatemps/assets/ ~ Asset Name

Properties

Metadata properties about the asset which can be edited during asset upload
and after ingestion. The “system:time_start” property is used as the primary date
of the asset.

Addstarttime  Add end time

Advanced options

MEAN "9

None " @

-arn more about how uploaded files are processed.

ANCE UPLOAD

Level 4
Blur and 1/16 resolution

subsample Lovel s
Blur and ’ 1/8 resolution

subsample | Level 2
1/4 resolution

Blur and
subsample
Level 1
1/2 resolution
Blur and
subsample
Level 0
Original

image

02-12-25
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Important notes

Spatial resolution and projection —

1/16 resolution
Level 3

1/8 resolution

Blur and
subsample

Blur and
subsample >

Pyramiding policy of GEE Level 2
1/4 resolution
Blur and

subsample

If scale is used, GEE identify the closest f " 1/252\;?’:&0“
pyramid level and then resample it to fit the Blurand L
scale. subsample
Level 0
—— ' Original

image

Landsat-8, 30m
=

MODIS, 250m

233

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

3|3 |44
4|3

scale. 413 4|4

The default resample approach is nearest 41234

n elgh bor Raster dataset Nearest Neighbor Bilinear
resampling Interpolation

documentation ArcGIS

234
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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. 43|44

The default resample approach is nearest _ 4123 |4

nelghb or Raster dataset Nearest Neighbor Bilinear
resampling Interpolation

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

documentation ArcGIS

Important notes

Spatial resolution and projection

Open

236
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Important notes
Spatial resolution and projection
100m to 1000m resolution

Without specifying a resampling =]
method (= nearest neighbor) E -
e |
> A a
1000m

p 2, R L
100m — >
Using .reduceResolution() and a
mean as the reducer

237

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 unitScale()
resolution can lead to errors: too much l
data

reproject()

/\if you use reproject() based on an Image,
it may be affected by the map’s zoom level

Reproject

Map display

documentation GEE

/"\ don’t use many reprojections

238

119



02-12-25

Important notes
Server and client

\

/ Y
i N o
! \\~ -
K -
1
1
1

\

\

\

Objects are either EE objects or Javascript objects

\
\
\
AY

EE objects: “ee.”

239

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 contentis known by the clientunlessitis

requested (usingprint () , etc)

240
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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 contentis known by the client unlessitis
requested (usingprint() , etc)

will pause code processing until the requested value is sent to

getinfo() the client

241

Important notes

Server and client
More efficient to have everything server-side

foriloops are not recommended

.map () instead

same for ifelse
ee.Algorithms.If () orFilter () instead

242
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Important notes

Server and client

Deferred execution

243

Important notes

Server and client
Deferred execution

- Parallelization
- Efficient

- /N\ Displayed images
will depend on the

map zoom level, etc.

244

Classical

-
Landsat8

Filter by date

| AddNDViband |

l

02-12-25

—

CompOSIte max(NDVI)

Composite: max(NDVI)

=

Classical

-
Filter by date

Add NDViband |

l

[ Add NDVI band |

Filter by date

-
Landsat 8

Michael DeWitt & Katie Friis — Geo For Good 2022

—

Composne max(NDVI)

Composite: max(NDVI)

e

[ Add NDVI band |

Filter by date

—
Landsat8

Michael DeWitt & Katie Friis — Geo For Good 2022
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Important notes

Debugging
¢Ic
1]
ceees vee ¢--3 ={Line 2: carte0S2 is not defined
sewom . o
=ro:oo syntaxError: Unexpected token (3:5)/
Layer 2: Layer error: Image.remap: From and to
same length.
245

Important notes
Debugging

8 * var carteOSremap = carte0S.remap({
9 from: fromList,
10 to: tolist,
11 defaultValue: ©
Biz b;
| Expected '}' to match '{' from line 8 and instead saw ')'.
Expected ')' and instead saw ';'.
|Missing semicolon.

Syntax: missing (), {}, name

of the arguments, ...
8 * var carteOSremap = carteOS.remap({

&9 fromList,

M\ Ao me dal S~
4 |Expected ':' and instead saw ', ".
a- TN
246
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Important notes
Debugging

~* var carteOSremap = carteOS.remap({
from: [Ffromlist,
to: tolist,
defaultValue: ©

1)

Line 9: fromlist is not defined

247

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, ...

248
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Important notes
Debugging tools

Not recommended
- Using loops and getlinfo (client-side)
- Working with very large areas, numbers...

- Unecessary steps (converting values, ...)

249

Important notes
Debugging tools

Not recommended
- Using loops and getlinfo (client-side)
- Working with very large areas, numbers...

- Unecessary steps (converting values, ...)

User Memory Limit Exceeded
Computation Timeout

Too Many Aggregations Too much data to handle, etc.

Internal Server Error

250
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Important notes
Debugging tools

Not recommended
- Using loops and getlinfo (client-side)
- Working with very large areas, numbers...

- Unecessary steps (converting values, ...)

User Memory Limit Exceeded

Computation Timeout

Too Many Aggregations Too much\ data to handle, etc.

N
N

Internal Server Error “---- Export rasters, smaller area...

251

Important notes
Debugging tools

- Read GEE’s error messages
- print(), export...

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

252
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Important notes

Resources

Official

/ website

Discover

Praduct overview

Get started
Earth Engine access

Authentication and initialization
» Quickstarts

Video tutorials
» Development enviranments.

Concepts
Client versus server

Pracessing environments
Computation overview

Deferred execution

Scale

Prajections

Resampling and reducing resolution

Analyze data

Ahisere and mathads misnisw

253

Important notes

Resources

Official

/ website

254

- Guides
- Tutorials

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

Ragister for Earth Engine

processing powered by Google's

Guides  Reference  Support  Community  Data Catalog

Welcome to Google Earth
Engine

Google Earth Engine is a geospatial processing
service. With Earth Enaine, you can perform geospatial
processing at scale, powered by Gooale Cloud

Platform. The purpose of Earth Engine s to:

- Provide an interactive platform for geospatial
algorithm development at scale

« Enable high-impact, data-driven science

« Make substantive progress on global challenges
that involve large geospatial datasets

Gat Started!

- Guides
- Tutorials

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

Stackoverflow.com, gis.stackexchange.com
Github

02-12-25
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Important notes

Resources

Official

/ website

\x Data producer

websites, scripts

255

Important notes

Resources

Official

/ website

\x Data producer

websites, scripts

256
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Guides
Tutorials

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

Stackoverflow.com, gis.stackexchange.com
Github

Github

- Data producer websites

Research articles

Guides
Tutorials

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

Stackoverflow.com, gis.stackexchange.com
Github

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

257

258
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Vegetation Cover
i [_|tow/NoVegetation 3
[ shrubs / Trees
TN

i
1 - In situ collected data NEON AO
’ s o oS

= 2 et s

Important notes

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

Publisher Data Catalogs

FOREST DATA

Legend

[ 0
I s ver
| Developed

129


https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
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https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
https://www.neonscience.org/resources/learning-hub/tutorials/intro-aop-gee-image-collections
https://developers.google.com/earth-engine/datasets/publisher
https://developers.google.com/earth-engine/datasets/publisher
https://developers.google.com/earth-engine/datasets/publisher
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Important notes

Variable’s names reflecting the variable’s purposes
Run the script regularly, use print() to check the results
Carefully read the documentation (functions, data, ...)
Online resources

Save often

Comment your code

No g ~obd

LLMs can be useful but...

259

Thank you!

https://www.eefabook.org/

Online and free book
with tutorials

Planet
260
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