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Introducao ao processamento e anilise de imagens
de satélites com Google Earth Engine (GEE)

Prof. Sérgio Souza COsta
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A Geoinformacao e sua relevancia
Geoinformacao e sua representacao
Google Earth Engine ?

Vantagens de usar google earth engine
Earth Engine Data Catalog

Earth Engine Code Editor

Earth Engine: Operacdes e Objetos
Geometrias

Feature e FeatureCollection

Image e ImageCollection

Continuar aprendendo
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A Geoinformacao e sua relevancia

Antes de irmos para o Google Earth
Engine, vamos entender alguns
conceitos basicos de geoinformacao,
para melhor compreender os tipos de
dados que sao manipulados por esta
ferramenta.

@& PPGC&TAMD
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A Geoinformacao e sua re

John Snow e a Cdlera na Londres de 1854.
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A Geoinformacao e sua relevancia

A geoinformacao (ou informacao geografica) € aquela que possui tempo e
espaco bem definidos (Longley et. al 2013).

» PPGC&TAMD
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A Geoinformacao e sua relevancia

A geoinformacao (ou informacao geografica) € aquela que possui tempo e
espaco bem definidos (Longley et. al 2013).

“A temperatura ao meio dia local na atitutde 34 graus e 35 minutos norte, longitude
120 graus 0 minutos oeste, era 19 graus Celsius” .

&' PPGC&TAMDb
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A Geoinformacao e sua relevancia

A geoinformacao (ou informacao geografica) € aquela que possui tempo e
espaco bem definidos (Longley et. al 2013).

“A temperatura ao meio dia local na atitutde 34 graus e 35 minutos norte, longitude
120 graus 0 minutos oeste, era 19 graus Celsius” .

“A altitude do Monte Everest é de 8848 metros”.

&' PPGC&TAMDb
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A Geoinformacao e sua relevancia

Primeira lei da geografia, Waldo Tobler

"Todas as coisas estdo relacionadas com todas as outras, mas coisas proximas estéo mais relacionadas do
que coisas distantes".

- Ou seja, os fendmenos sociais e ambientais nao ocorrem de modo aleatdrio no espago, a componente
espacial tem um importante papel nas suas ocorréncias.

Fonte: O “mundo do crime” e a “lei da favela”:
aspectos simbdlicos da violéncia de gangues na
regido metropolitana de Belo Horizonte
(https://journals.openedition.org/etnografica/4074)

PPGC&TAMDb
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Geoinformacao e sua representacao

Como representar a
informacao geografica
através de um sistema
computacional?

» PPGC&TAMD
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Geoinformacao e sua representacao

® O mundo real é extremamente complexo, s6 conseguimos capturar partes da realidade
através de modelos e abstracdes.

® Até mesmo a nossa linguagem pode ser compreendida como uma abstracdao ou um
modelo. Mesmo existindo uma infinidade de arvores, conseguimos distinguir uma arvore
guando vemos uma.

“Para resolver um problema é necessdrio escolher uma abstracdo da realidade”
(Almeida, 2010)

&' PPGC&TAMDb
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Geoinformacao e sua representacao

® O mundo real é extremamente complexo, so conguimos capturar partes da realidade
através de modelos e abstracdes.

® Até mesmo a nossa linguagem pode se ) uma abstragao ou um
modelo. Mesmo existindo uma infinid Lembrandoquea  gyimos distinguir uma drvore
quando vemos uma. observacao e a
medicao

desempenha um

“Para resolver um problema é neces.  Papelimportante o456 da realidade”
p
(Almeida, 2010) nessa abstragéo.
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Geoinformacao e sua representacao

What’s out

Fields (coverages)

Objects
The continuously changing landscape Mountains with names (Alps, Mont Blanc)
of the Earth (topography)
Fonte: Gilberto Camara @. PPGC&TAMDb
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Geoinformacao e sua representacao

Na literatura sdo aceitas duas visdes de dados geograficos:

® Objetos discretos (objects): representa o mundo como objetos com limites bem definidos
sobre um espaco vazio (Longley et. al 2013).
o Representado computacionalmente por dados vetoriais (.shp, .kml, geopackages)

e Campo continuo (fields): representa o mundo real como um numero finito de variaveis,
cada qual definida em cada posicao do espaco (Longley et. al 2013).
o Representado por dados matriciais (ou rasters), como as imagens de satélites.

&' PPGC&TAMDb
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Geoinformacao e sua representacao

Um exemplo comum de campos continuo (field) sdo as imagens de satélite, ja que o sensor de
satélite tem um valor para cada posicao imageada.

&' PPGC&TAMDb
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Geoinformacao e sua representacao

Um exemplo comum de objetos discretos sdao mapas geopoliticos, onde os limites sao definidos
e aceitos por acordos (inter)nacionais.
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Geoinformacao e sua representacao

Um exemplo comum de objetos discretos sdao mapas geopoliticos, onde os limites sao definidos
e aceitos por acordos (inter)nacionais.

Pereirao BO%Ota | ") Guiana :.-9 ’ ( FGuiana
] ; &l / . Francesa,
%" Colémbia ,
N N oo Veremos que o i
b Google Earth .
Quito I ) Ma%apa
® : Engine trabalha com
Equador _ 4 : ambaS Belgm 2 :
ilo e representacoes. Sacere
i ¥4 S AMAZONAS MARANHAO  GoTeresir
‘ PARA
; PIAUI
. AcRe Brasil .
s~ 1 5! & v o~ ‘.JTAm b
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Google Earth Engine ?

Google Earth Engine

) l/////,t,-j- : "
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Google Earth Engine ?

“The supply of geographic information from
satellite-based and ground-based sensors has expanded
rapidly, encouraging belief in a new, fourth, or “big data,”
paradigm of science that emphasizes international
collaboration, data-intensive analysis, huge
computing resources, and high-end visualization.”
Goodchild et al. (2012)

Next-generation Digital Earth

Michael F. Goodchild®", Huadong Guo®, Alessandro Annoni¢, Ling Bian?, Kees de Bie®, Frederick Campbell', r

Manfred Ehlers?, John van Genderen®, Davina Jackson", Anthony J. Lewis', Martino Pesaresi‘, Gabor Remete

Richard Simpson¥, Andrew Skidmore®, Changlin Wang®, and Peter Woodgate'

2Department of Geography, University of California, Santa Barbara, CA 93106; ®Center for Earth Observation and Digital E
=@ Academy of Sciences, Beijing 100094, China; “Joint Research Centre of the European Commission, 21027 Ispra, Italy; “Depar

Geography, University at Buffalo, State University of New York, Buffalo, NY 14261; ®Faculty of Geo-Information Science an
‘ Observation, University of Twente, 7500 AE, Enschede, The Netherlands; ‘Fred Campbell Consulting, Ottawa, ON, Canada k
9Institute for Geoinformatics and Remote Sensing, University of Osnabrick, 49076 Osnabriick, Germany; "D_City Network, N
Australia; ‘Department of Geography and Anthropology, Louisiana State University, Baton Rouge, LA 70803; Hungarian A:
Geo-Information, H-1122, Budapest, Hungary; “Nextspace, Auckland 1542, New Zealand: and 'Cooperative Research Center
Information, Carlton South 3053, Australia

“Often it turns out to be more efficient to
move the questions than to move the
data.” -Jim Gray (1944-2007)

&

FOURTH
PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

PPGC&TAMDb
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Contents lists available at ScienceDirect

Remote Sensing of Environment

journal homepage: www.elsevier.com/locata/rse

Google Earth Engine: Planetary-scale geospatial analysis for everyone

Noel Gorelick ™

henestrasse 110, Zurich 8002, Swit
i Mountain View, CA 9404.

ABSTRACT

m
Publisk

1. Introduction
Supercomputers and high-performance computing systems are be.
0 i 1) and large
ale cloud computing is univ vailable as a commodity. At the
e, petabyte-scale archives s ta have become
le from multiple U.: pvernment agencies including
the U.S. Geological Survey, and NOAA (Woodcock et al,, 2008
Loveland and Dwyer, 2012; N ni et al, 2011), as well as the Europe-
an Space Agency {Copem Data Acc ide va
of tools have & ped to facil sing of
eospatial data, including Terralib (Cimara e
hitman et )14), GeoSpark (Yu et

Unfortunately, taking full advantage of these resources still requires
considerable technical expertise and effort. One major hurdle is in basic
‘mation technolo
parsing ¢

jobs and job queues, CPUs, GPUs, and network
multitudes of geospatial data pro
This burden can put these
and operational users, r:
within many large remote-sensing datasets to remote-sensing experts
ess to high-performance computing resources.
ine is a cloud-based platform that makes it ea

Author(s). Publish

. Matt Hancher °, Mike Dixon ®, Simon Ilyushchenko ”, David Thau ®, Rebecca Moore !

hed E Inc. N 1 access article under the CC BY Ik

mmonsorngicens

al datasets, without having to suffer the IT pains currently sur

unding either. Additionally, and unlike most supercomputing centers,
Earth En; s also desig
their results to other researchers, policy makers, NGO
and even the general public. Once an algorithm has been de
on Earth Engine, users can produ lata products or deploy
interactive applications backed by Earth Engine’s resources, without
needing to be an expert in application de
or HTML.

2. Platform overview

Earth Engine consists of a multi-petabyte analysis-ready data catalo,
co-located with a high-performance, intrinsically parallel computation
service. It is accessed and controlled through an Interne! essible
application programming interface (API) and an associated web-based
i ive development environment (IDE) that enables rapid

yping and visualization of results.

The data catalog houses a large repository of publicly available
geospatial datasets, including observations from a variety of satellite
and aerial imaging ems in both optical and no tical wa
onmental variables, weather and climate forecasts and
hindcasts, land cover, topographic and socio-economic datasets. All of
this data is preprocessed to a ready-to-use but information-pr
form that allows efficient access and removes many barriers associated
with data management,

Users can access and analyze data from the public catalog as well as

rown private data using a libr f tors provided by the Earth

ine APL These operatc nented in a large parallel

lengths, en
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Vantagens de usar google earth engine

Processamento convencional (sem o GEE)

[ Download }

Processamento e andlise de g@ g ﬁ

dados através de um SIG

Y

Publicacao dos resultados
Armazenamento

&' PPGC&TAMDb
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Vantagens de usar google earth engine

Processamento como o GEE

Google Earth Engine i f dat
New Script * [ coten J e QY o [ et -]
+ dn- function createlicesrModellnpots(ing) < use print(...) to write ta
47 var tstarp = ee.Oateling.qet( sy:in " this console.
48 var tcle\ta = tstasp.dif sta :
3 uild an i cquatio @
58 < crrzan i O
51 var ing_fitsi i e
52 -adaBands (1) -
53 el ta.multiaTy (o¥ath.PT).sind 1) L P |
54 delta, miltioly (o¥ath.PL) cos {1} L :
55 p g select [ n 3w |
36 .toboublel); T ‘, P4
57 retum irg fitting; | .
58 )}
59 =
& /i to NOVT accerding to the t1tted redol )
61+ functisn predicthVT(ing) { U e =W
62 var tstarp = ee.Datel1vg.get('systen time start d); -
63 o .
& 5 > >
- ey Mep  Satelne

Exportacao para o
Google Drive —

Publicacao dos
resultados

PPGC&TAMDb
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Google Earth Engine =

Infraestrutura
computacional da
Google otimizada por
computagao paralela

Colecdo de imagens publicas
de sensoriamento remoto
na escala de petabytes

APlIs (JavaScript e Python) e
Ambiente de desenvolvimento “on H;l |

line”. |_____| |_____|
B

PPGC&TAMDb
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* BIG data: 40+ years of Landsat |



Google Earth Engine =

Colecdo de imagens publicas
de sensoriamento remoto
na escala de petabytes

* BIG data: 40+ years of Landsat |

APlIs (JavaScript e Python) e
Ambiente de desenvolvimento “on
line”.

Infraestrutura
computacional da
Google otimizada por
computagao paralela

=

= |

=

PPGC&TAMDb
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Earth Engine Data Gatalog

Landsat & Sentinel 1,2 MODIS Vector Data Terrain & Weather & Climate
10-30m, weekly 250m daily WDPA, Tiger Land Cover NOAA NCEP. OM|, ...

... and upload your own vectors and rasters

> 200 public datasets > 4000 new images every day

> 5 million images > 7 petabytes of data



Google Earth Engine
N 86
Q’Tp ® ~ v B Geometry Imports
A4
+
Jacé(pot A g
o ‘
West
Wengover —— 9
\ 30,
E(I)y
|
|
|
|
| 70/
[

reflectance

Procurar!

v Help + nclinton@google.com ~

Douglas

Layers Map Satellite

VNPO9GA: VIIRS Surface Reflectance Daily 500m and 1km
MODOCGA.006 Terra Ocean Reflectance Daily Global Tkm " 3

MYDOCGA.006 Aqua Ocean Reflectance Daily Global Tkm

USGS Landsat 8 Surface Reflectance Tier 1
USGS Landsat 8 Surface Reflectance Tier 2
USGS Landsat 4 Surface Reflectance Tier 1
USGS Landsat 4 Surface Reflectance Tier 2
USGS Landsat 5 Surface Reflectance Tier 1

more »
- |
Provo \
S \
\
\
\
: \
o Price ‘
15/ a ‘
\
\
UTAH ool
Richfield (70 ]

Moab
Q

} L d
I Scottsbluff
} o

|

- 1254
804

o
Laramie Cheyenne »=
[e]

50

——

Fort Cﬁns
o

Loveland |
o
Greeley

Bo%lder w

Denver

Glenwood O o
Springs ; Aurora
o Breck%nndge

Aspen COLORADO

€l

Grand
Junction
< Colorado
Springs
e}

Montrose <l A i
k B Canog City

Pueblo
(o)

——

20

Ste



Google Earth Engine =

Colecdo de imagens publicas
de sensoriamento remoto
na escala de petabytes

* BIG data: 40+ years of Landsat |

APlIs (JavaScript e Python) e
Ambiente de desenvolvimento “on
line”.

Infraestrutura
computacional da
Google otimizada por
computagao paralela

= |

=

PPGC&TAMDb
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Earth Engine Gode Editor

Google Earth Engine  Search places and datasets n e A

scips ey 05_reduce_region ey I TN K [ | inspector BT Tasks Profiler
o = ~  Use print(...) to write to this console.

~ Examples // Load a SRTM image.
~ Image var srtm = ee.Inage('USGS/SRTHGL1_003'); Reduction result: T
I 2 -
R bl // Open a shapefile with Brazil UF Object (1 property) IsoN
elevation: 284.8659958333018

var brasil = ee.FeatureCollection('users/rafaclkayser/UF');

Painel de scripts,
documentagdo,

1

2

3

| pr—— Debugging,
exemplos, I

2

18

19

20

var RS = brasil.filter(ee.Filter.eq('UFD W4', 'Rio Grande do Sul')); ¥ resultados
T mases; | Code Editor downlead

/1Apply @ reduce region function

var value = srtm.reduceRegion({ de image ns

reducer: ee.Reducer.mean(),

upload de

geometry: RS,
H scale: 30,
a rq u lvos maxPixels: 990000000
2B
WPxel Area 21
W Pixel Lon Lat 22 // Print the result (a Dictionary) to the console.
Py S——— > 23 print('Reduction result:’, value); v
. e = — s
A Vit Anieln Resistenciao déomentes U2 Posa Ul @ Forianspolis i B el s
e i @ el ) \ i
el etero Frtied \ @ 0 . Lages @)
phe == TN P 5 %
- Inserir -
: = e Displa g
geometria cicgma
@

Reconquta) (D

@ V"v- ¢ @
@ [nq:lv‘lv
@ .
! o IRy
foce : ‘
sagon welet g N S: i /code.earthengine.google.com/
;?m Santa Fe § »

PPGC&TAMDb
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Earth Engine Gode Editor

Go(;g|e Earth Engine  Search places and datasets
Scripts 05_reduce_region Get Link l
Wico ¢ 1
~ Examples 2 // Load a SRTM image.
~ Image 3 var srtm = ee.Image('USGS/SRTHGL1_093');
4
& = S // Open a shapefile with Brazil UF
. . 6 var brasil = ee.FeatureCollection('users/rafaelkayser/UF');
Painel de scripts, i
8 // Get only RS
~ 9 var RS = brasil.filter(ee.Filter.eq('UFD M1', 'Rio Grande do Sul'));
documentagdo, -
11 //Clip the image Code Editor
12 var RS_srtm = srtm.clip(RS);
exemplos, -
14 //Apply a reduce region function
15~ var value = srtm.reduceRegion({
upload de s
L [t
H 18 le:
arquivos i i e
20 }1);
WPxel Area 21 )
W Pixel Lon Lat 22 // Print the result (a Dictionary) to the console.
i, > 23  print('Reduction result:’, value);

L AP
e augi
oo &

- Inserir
geometria

i 2
e
&
]
San Justo apar
3 Migmer Sunchales f
Falda o
t Rafacla
\ Cordoba San Franci o @
Gracia o P~

Vara

(W] s )
Resistencia® aCorrientes 2 Posauds  Os'e
@)

N

Sotayisa
S b @ Mergades
Reconquista,

Help ~  rafael.nbkayser ~

| NI [ ] nspector BTN Tasks Profiler

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

Reduction result:
~object (1 property)
elevation: 284.8650958333018

<

Diferente de outros

Debugging,

resultados,

~~+nload
magens

ambientes online,

no code editor €

necessario salvar
explicitamente o teu
cbdigo. Nao se
esqueca disso :)

50N
ISON

code.earthengine.google.com/
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Earth Engine Gode Editor

Google Earth Engine

~ Private

~ BuiltAreasClassification
I BuiltUpAreasClassification
I BuiltUpAreasClassification2000
I BuiltUpAreasClassification2014
B BuiltUpAreasClassification2014_GujaratCaseStudy
I BuiltUpAreasClassification2014_PerCountry
I BuiltUpAreasClassification2014_PerCountryFixed
W BuiltUpAreasClassif 014_R:
I BuiltUpAreasClassif 14_R: _Play
I BuiltUpAreasClassification2014_Xu
I BuiltUpAreasClassificationCompare 14With00

W BuiltUpAreasClassifi \Train2014ApplyOs

[ BuiltUpAreasClassificationValidate

I BuiltUpAreasClassificationValidate 1400

I BuiltUpAreasClassificationValidate 1400_Generic
I BuiltUpAreasClassificationValidateMerged

i BuiltUpAreasClassificationValidate_2000_Generic

0/9|~|v]
1+
Narth
Pacific
Ocean
Honohulu
2 SLahaina
HAWAIL il
Google

24 var trainingDataset = ee.FeatureCollection( ft:1u-1)

25 .remsp([1, 2], class');
26 Map.addLayer (trainingDataset, {}, ‘training');

27

28 // Overlay the polygons on the imagery to get training.

29 var training = landsat72014.sampleRegions(trainingDataset, ['cl

31 // Train & CART
32 var trained = ee.

er with default paramet
ier.cart({}).train(training

image with the same bands used for training.

ee.Algorithms

-

ee.Array

ee.Classifier

-

ee.ConfusionMatrix

-

ee.Date

-

-

ee.DateRange

-

ee.Dictionary

-

ee.ErrorMargin

ee.Feature

-

ee.FeatureCollection

-

ee.Filter

-

ee.Geometry

Mexico City
xicoCity

‘, bands);

| Map | Sateliite |

G | IC&TAMb

Mag s ©2015 Google. INEGL, ORION-ME 500 kM bJ  Terms of Use
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Criando um novo projeto

4 olagee-EarthEngine Code Er X 4+

¢« >c

E Turmas

& code.earthengine.google.com

™M Gmail @ YouTube 9 Maps

Goodle EarthEngine

B 88 Docs Assets

~ Owner (2)

~ users/sergiocosta/minicurso Repository
B filtrando
B olagee Folder
B olaimagem
» users/sergiocosta/primeiro File
~ Writer

3 Diério de classe...

@ http/freplit/lan... 2 IBM AcademicPo... @ Google Cloud PL...

Search places and datasets...

<7 login

B Baixar O Genymobile/scrc... <% Login| AirDroid... @ Vysor @ Installing pgAdm...

EIe

O T 3 B S oot

1

<————— Cria novo repositdrio, que
o .
pode conter diretérios e
arquivos (que serdo os scripts)

No accessible repositories. Click Refresh to check again.

~ Reader

No accessible repositories. Click Refresh to check again.

~ Archive

No accessible repositories. Click Refresh to check again.

» Examples

@ ss

Click on the map to inspect the layers.

v e »O0¢

» | @@ Other bookmarks

onm §

< %

E¥ Fc20201

PPGC&TAMDb
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Um “Hello World’

i "Ola S3 is"
G print ( a Sao Luils
oogle B
e ooes |
Filter sci
v s = " S c08/C01/T1 TO C08 220062 20190504"
- owner @ ar saoluis = ee.Image ("LANDSAT/L Tl TOA/L
~ users/sergig
vemed Print (saoluis)
B olaimagel p u
~ users/sergid
pe ] M ddL r lui bands: ["B4", "B3", "B2" min: 0, max: 0.5
N ap.a ayer (saoluis, ands: , , , min: 0, max: O.
& novo2
B novo3
I script_srtf
Bitestes . .
A terOb t 1 8
me o Map.centerObject(saoluls,
~ Reader
No accessible
© X
™9 ~w i
(b3
n+ Garrafao o)
i Cencordia doNorte ==
== 5 Mée do Rio Maracagumé
Nova :
Esperanca Gov. Klunes Santa Helena.
do Piria : h
©ALTORIO Gl
GUAMA'
Quatros Bocass  sTomé-Acu (b
B Piheio ()
Nowaolnda SaolEento T o ade
o Maranhao I ; ericoacoara
L5 ALTOITURIAGU s Parnaiba Barra Grande Camocim Acaral
X Paragominas| bk Areguand , A = ltarema  [carai
a2 o
Col. Grzim @ @
e Viana 7 w2 Flecheros
2 oo 00 g vitgrialdo Sa"f%’rf“‘ = Paracuru
) 3 S&o Jodo 2 Mz lenee, oce Vicosa o Itapipoca -
B i Bom Jard o ° A Massapé ip
do Caru o, qa’s'"‘( S SentalQuitére dolcears B
antainés 22 o Maranhao Sobral .
Ulianopolis o ° { Tiangua 57 1apole Fortaleza
2 e 2 oS R
S 12 Ubajara Irauguba Maracanau
o a EspaSitine Piracuruca 4 o &y,
Vila/Arco-iris Santa Luzia Séo Mateus ! 0 o
e - do Maranhao Batalha = Séo Benedito £
Coroatd Afonso Cunha i Pacajus.
b o Sao Onofre ner taragi ozcatal Timbiras Coelho Neto Barras Piripiri S s s @ 7 e
(Google 5 9 g Saline A tociacin | Madine rarinafees @OA9) Gl | 20tom s 9 5 ‘Tw.iwnu m
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Um “Hello World”

Google Earth Engine Q  search places and datasets...

ERTS) Docs  Assets olaimagem

i i - = 1 //LC68 220062 26190504
Filter scripts... 2 =

~ Owner (2)
~ users/sergiocosta/minicurso i
B filtrando
B olaimagem BE0O :
~ users/sergiocosta/primeiro
B UntitledFile
[ novo
B novo2
B novo3
[ script_srtm
Btestes
~ Writer
No accessible repositories. Click Refresh to check again.
~ Reader

print ("0la Sdo Luis")

print (saoluis)
Map.addLayer (saoluis, {bands:

HFoo®mNOU AW

=

Map.centerObject(saoluis, 8)

- NovaOlinda
do Maranho :
ALTOITURIAGU! .

Get Link vl Save . Run vl Reset ~ Inspector

var saoluis = ee.Image ("LANDSAT/LC08/CO1/T

["Ba", "

Timbiras
<

1_TOA/LCO8_220062_20190504")

"1, min: @, max: 0.5})

o
Afonso Cunha

 coshoNeto

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

Ola S&o Luis

» Image LANDSAT/LCO8/C01/T1 TOA/LCO8 220062 20190504 (12 bands) JSON

JSON

Vilade,
Jericoacoaral

Camocim — Acarad’
e 1 E
‘ Itarema " Icarai

£

J
aj

Mapa  Satélite

e ' : (g * ;
aa‘mn ; b @ ‘
| a ‘.‘ i/

o raC&TAMD
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Google Earth Engine =

Colecdo de imagens publicas
de sensoriamento remoto
na escala de petabytes

* BIG data: 40+ years of Landsat |

APlIs (JavaScript e Python) e
Ambiente de desenvolvimento “on
line”.

Infraestrutura
computacional da
Google otimizada por
computagao paralela

= |

=

PPGC&TAMDb
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Infraestrutura Gomputacional + JavaScript

O Google Earth Engine Code Editor permite o acesso as funcionalidades
através de uma API (Application Programm Interface) através da linguagem
JavaScript.

Através dessa API, conseguimos usar toda a infraestrutura computacional,
dado que estas operacdes serao executadas do lado do servidor da Google.
Nesse minicurso, ndo entraremos em muitos detalhes da linguagem
JavaScript, mas veremos alguns exemplos para ajudar a entender as
possibilidades dessa ferramenta.

&' PPGC&TAMDb
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Infraestrutura Gomputacional + JavaScript

e O Google Earth Engine Code Editor permite o acesso as funcionalidades
através de uma API (Application Programm Interface) através da linguagem
JavaScript. ‘

e Através dessa API, conseguimos | utura computacional,
dado que estas operacoes serdo  Mesmo quem ndo ’ do servidor da Google.

e Nesse minicurso, ndao entraremos If>0nhece a s da linguagem
JavaScript, mas veremos alguns € égﬂzzgﬁirré ar a entender as

possibilidades dessa ferramenta. acompanhar os
exemplos.

&' PPGC&TAMDb
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Infraestrutura Gomputacional + JavaScript

e O Google Earth Engine Code Editor permite o acesso as funcionalidades
através de uma API (Application Programm Interface) através da linguagem
JavaScript. .‘

e Através dessa API, conseguimos | Ira computacional,
dado que estas operacdes serdo Pi;avggi:‘i‘pf"::szce ) servidor da Google.

e Nesse minicurso, nao entraremos APl ndo suportaos @ linguagem
JavaScript, mas veremos alguns € recursos do | entender as

possibilidades dessa ferramenta. JavaScript 6

&' PPGC&TAMDb
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Earth Engine:
Operacoes e
Objetos




Objetos JavaScript vs. GEE Objects

var number = 1; var number = ee.Number(1);
JavaScript object (client-side) Earth Engine object (server-side)
Suporta todos os tipos e Suporta os equivalentes aos
operacdes ja existentes da tipos do JavaScript, porém
linguagem JavaScript, como diversos outros que dao
numeros, strings, arrays e suporte ao processamento de
objetos. E suas operacdes. imagens de satélite

&' PPGC&TAMDb

. Ciéncia e Tecnologia Ambiental



Earth Engine Objects: Operacoes

var name = ee.Object(value).method ( argument1, argument2, ...)
.add()

.subtract()

-multiply() List of methods:

divide()
.pow()
log()

ee.Number __ 108100
.abs()

.sin()
-eq()
gt()
t()
.max()

.min()
e Earth Engine Objects

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

&' PPGC&TAMDb
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Earth Engine Objects: Operacoes

Scripts JDLLEE Assets m Get Link vl Save v. Run vl Reset vl Apps El GGl Console INESG

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

v~ ee.Number i var num = ee.Number(-10)

1
i 2
3
ee.Number(number) . i 4 fprint (num.abs|())
ee.Number.expression(expressi...
l}l:ll”” Rarse(input, radix)

add(right)
and(right)

aside(func, var_args)

asin()
atan()
atan2(right)

&' PPGC&TAMDb
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Earth Engine Objects: Operacoes

Scripts JDLLEE Assets m Get Link vl Save v- Run vl Reset vl Apps El GGl Console INESG
cCC. ViUl -

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

il
v ee.Number i 2 var num = ee.Number(-10)
3
ee.Number(number) i affprint (num.absl())
ee.Number.expression(expressi...
ee.Number.parse(input, radix)

Computes the absolute value of the input. ’

Arguments:
- this:input (Number): Cl |Cand0 na
The input value. Operagéo,

aparecera uma

Returns: Number .
breve descri¢do.

CLOSE

PPGC&TAMDb
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Earth Engine Objects

—

ee.String
ee.Number
ee.List

ee.Dictionary
var name =Object(va|ue) — ee.Date

v

Google Earth Engine &

ee.Geometry
ee.Image

&

ee.ImageCollection

Earth Engine Objects

&' PPGC&TAMDb
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Earth Engine Objects

—

ee.String
ee.Number Tipos de dados

ee.List geograficos
ee.Dictionary

var name =Object(va|ue) — reeDate
ee.Geometry

ee.Image
ee.ImageCollection

v

Google Earth Engine &

Earth Engine Objects

&' PPGC&TAMDb
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Tipos de dados geografico

Objetos discretos (objects) Campo continuo (fields)

* Geometry: ponto, poligono..
* Image: estrutura fundamental de

uma imagem raster (bandas,

. ' metatadata)

* Feature: estrutura vetorial associada
com propriedades aos objetos

A

* ImageCollection: cole¢do de imagens
(séries temporais, mosaicos)

* FeatureCollection: colegdo de
features (propriedades diferentes)

Earth Engine Objects @ 3 P PG C&TAm b
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Tipos de dados geografico

Objetos discretos (objects) Campo continuo (fields)

* Geometry: ponto, poligono..
* Image: estrutura fundamental de

uma imagem raster (bandas,

. ' metatadata)

A

* Feature: estrutura vetorial associada
com propriedades aos objetos

* ImageCollection: cole¢do de imagens
(séries temporais, mosaicos)

* FeatureCollection: colegdo de
features (propriedades diferentes)

Earth Engine Objects @ 3 P PG C&TAm b
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Geometrias

Simple geometries:

ee.Geometry.Point
ee.Geometry.LinearString
ee.Geometry.LinearRing
ee.Geometry.Rectangle
ee.Geometry.Polygon
ee.Geometry.Rectangle

Multiple geometries:

ee.Geometry.MultiPoint
ee.Geometry.MultiLineString
ee.Geometry.MultiPolygon

&' PPGC&TAMDb
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Geometrias

//criando um ponto (longitude e latitude)
var ponto = ee.Geometry.Point ([-44.308618, -2.5638451]);

// adicionando ao mapa como uma camada ("layer)
Map.addLayer (ponto, {},'Predio BICT'");

//zoom até esse ponto
Map.centerObject (ponto, 10);

&' PPGC&TAMDb
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Geometrias

olagee - Earth Engine Code Editor - Google Chrome — g 0
4 olagee-EarthEngine CodeEr X  + v
& > C @& codeearthengine.google.com Q < % u & 0O G H

¥Y Turmas ™ Gmail @3 YouTube @ Maps [E¥ Didrio declasse... @ http://replit/lan... 2 IBM AcademicPo... @ GoogleCloudPl... i login W Baixar €) Genymobile/scrc... € Login|AirDroid... @ Vysor @ Installing pgAdm... @ ss [ FC20201 » | I Other bookmarks
. S
GOOgIC Earth Englne Q Search places and datasets... (7 ]
Scripts LN Assets m Get Link vl Save - Run vl Reset vl Apps E Inspector [Fele ] LI B E T (&

o

union(right, maxError, proj) 1 //criando um ponto (longitude e latitude) Click on the map to inspect the layers.
withinDistance(right, distance, ... g var ponto = ee.Geometry.Point([-44.308618, -2.5638
» ee.Image 4 // adicionando ao mapa como uma camada ("layer)
5 Map.addLayer(ponto, ‘Predio BICT');
» ee.lmageCollection 6 A yer(p L )
» ee.Join I 7 //zoom até esse ponto
8 Map.centerObject(ponto, 10);
» ee.Kernel
» ee list - ‘ .

\ravao (ma10] - Pepital S Carrapatal s

|® , ~N W ﬂ[ \ Qu/iririti% & Alcé"n?tara Layers Mapa Satélite
/ { —
) s
Itatna : l’s\ﬁﬁ Pacodo

- L’umiar_/>35° José de
— Ribamar,

A

Apajatuba :ntal



Geometrias

4 olagee-EarthEngine CodeE X 4+

€« - C @& codeearthengine.google.com

i Turmas ™ Gmail @& YouTube

Google Earth Engine

Scripts LI Assets

union(right, maxError, proj)

withinDistance(right, distance, ...

» ee.lImage

» ee.lmageCollection

» ee.Join

» ee.Kernel

olagee - Earth Engine Code Editor - Google Chrome

9 Maps [ Didrio declasse... @ http//replit/lan... 2 IBM AcademicPo... @ Google Cloud Pl... login MW Baixar ) Genymobile/scrc... <€ Login| AirDroid...

Q. Search places and datasets...

Q < % U@

@ vysor @ Installing pgAdm... @ ss B FC20201  »

- 09

v

»0$ :

B8 Other bookmarks

om £

m Get Link vl : . Run vl Reset l Apps E WS el Console  Tasks

//criando um ponto (longitude e latitude)
var ponto = ee.Geometry.Point([-44.308618, -2.5638

// adicionando ao mapa como uma camada ("layer)
Map.addLayer(ponto, {},'Predio BIC

//zoom até esse po
Map.centerObject(p

I . Podemos desenhar

O~NOUEA WN =

» ee list
Favao - [MA-1U6 Pepit .
LI RVAR S Quiriritiua A uma geometrlla
- ' 4l usando as seguintes
. Itiua
+ peaimas ferramentas
b [MA-106] FMA106]
(308]
: e . el ; José de
A q;gb amar,
Peri Mirim
E

Click on the map to inspect the layers.

Carrapatal
‘ Mapa Satélite
'/ Predio BICT
| rA
E— L2
Ce
Axul
Itapera e

Apajatuba



Geometrias

*olagee - Earth Engine Code Editor - Google Chrome
4 *olagee-EarthEngine Code© X  +

« > c

FY Turmas ™M Gmail @3 YouTube @ Maps ¥ Dirio de classe...

@ code.earthengine.google.com

@ http//replit/lan... e 1BM AcademicPo... @ Google Cloud Pl... login MW Baixar () Genymobile/scrc... <€ Login|AirDroid... @ Vysor @ Installing pgAdm...

Q Search places and datasets...

Run vI Reset vl Apps E | Inspector

Google Earth Engine
H T |

union(right, maxError, proj) - Imports (1 entry) B
» var geometry: MultiPoint, O vertices

save + Console Tasks

withinDistance(right, distance, ..

Hedlimade 1 //criando um ponto (longitude e latitude) i

g 2 var ponto = ee.Geometry.Point([-44.308618, -2.563 -
» ee.lImageCollection 3

. 4 // adicionando ao mapa como uma camada ("layer) -

» ee.Join = LS o ,
DMV D v/ geometry B  roygondrawing. B  Exit Layers
+ b
— O

-
-
e s ¢ S

T
(g——% s

&e‘é\‘a

o

Rua 4 Quadra’7 Rua 4 Quadra 7 R, EpactC >
u

Rua 4 Quadra’7

Atalhos do teclado  Dados car dficos ©2022 20m L 1

Q < %
@ ss B Fc20201

- Click on the map to insp

Termos de Uso

- 00

v

v @ 0@ :

» | @ Other bookmarks

om £

Criamos uma
geometria similar ao
modo que era feito
no google maps e
google earth.

PPGC&TAmMb
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Geometrias

*olagee - Earth Engine Code Editor - Google Chrome _ o
4 *olagee-EarthEngine Code© X  + v
& > C @ code.earthengine.google.com Q < %) & 0 @ H
¥ Turmas ™ Gmail @ YouTube @ Maps [ Disriodeclasse... @ httpi//replit/lan... «& IBMAcademicPo... @ GoogleCloudPl... i login @M Baixar () Genymobile/scrc... <€ Login|AirDroid... @ Vysor @ Installing pgAdm... @ ss ¥ FC20201 » | B Other bookmarks

GO“‘ gle Earth Engine Q,  Search places and datasets... 0 n %2

Scripts LI Assets
union(right, maxError, proj)

- Imports (1 entry) B
# » var geométry: Polygon, 16 vertices B @&

withinDistance(right, distance, ...

» ee.lImage

Apos concluido ele
» ee.Join i — adiciona ao codigo
O 9| ~|v| B | ceometrykrpons — fonte. E podemos
+ renomear caso

— queiramos.

» ee.ImageCollection

// adicionando ao mapa como uma camada ("layer) -
® ¥

&e‘é\‘a
B
Rua 4 Quadra7 R, Epitacio ©

Rua 4 Quadra’7

Rua 4 Quadra’7

o o
- e PPGC&TAMb
Xm{@ Atalhos do teclado _Dados cartogréficos ©2022 20 m L 1 _Termos de Uso__Informar erro no mapa @ A
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Tipos de dados geografico

Objetos discretos (objects) Campo continuo (fields)

* Geometry: ponto, poligono..
* Image: estrutura fundamental de

uma imagem raster (bandas,

. ' metatadata)

* Feature: estrutura vetorial associada
com propriedades aos objetos

A

* ImageCollection: cole¢do de imagens
(séries temporais, mosaicos)

* FeatureCollection: colegdo de
features (propriedades diferentes)

Earth Engine Objects @ 3 P PG C&TAm b
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Feature e FeatureGollection

var geometry = /* color: #d63000 */ee.Geometry.Polygon (

[[[-44.30857307002567 ,
-44.309136333935314 ,
-44.30913901614441 ,
-44.30896199034422 ,

-44.30899685905992 ,
-44.30899149464285,
-44.308581116652945 ,
-44.30857575223475,
-44.30850065038013,
-44.30849528596195,
-44.30822974726169 ,
-44.30822706505259 ,
-44.30806613250699
-44.30806613250699
-44.30822706505259 ,
-44.30822706505259 ,

~

~

-2.5637561931339143 ],
-2.563756193133913 1,
-2.5638848102975693 ],
-2.5638901693457905 1,

-44.3089646725527 , -2.5639223236345225 ],

-2.5639544779220977 1,
-2.56402414554329 1,
-2.5640161069721255 7,
-2.5639973503051583 ],
-2.563994670781283 1,
-2.564018786495962 ],
-2.5640161069721255 1,
-2.5638928488698687 ]
-2.563900887442115 1],
-2.5638231812415877 ]
-2.5638178221931023 ]
]

4

4

-2.5637695907557285111) ;

var predioFeature = ee.Feature (geometry, {nome: "predio do bict" })

Map.addLayer (predioFeature)

Map.centerObject (predioFeature,

16)

PPGC&TAMDb
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Feature e FeatureGollection

4 *olagee-EarthEngine Coder X 4+ v

Q < & u »0¢ :
Y Turmas M Gmail @ YouTube 9@ Maps [ Disriodeclasse... @ httpi//replit/lan... & IBMAcademicPo... @ GoogleCloudPl... <7 login M Baixar () Genymobile/scrc... € Login|AirDroid... @ Vysor @ Installing pgAdm... @ ss ¥ FC20201 » | B Other bookmarks

& > C & codeearthengine.google.com

Go«:;;gle Earth Engine Q  search places and datasets... (7} ! | %ﬁ
Scripts [ Assets Get Link vl Save v. Run vl Reset vl Apps E [Inspector Console Tasks

Rua 4 Quadra 7

union(right, maxError, proj) i -~ Imports (1 entry) B »Point (-44.308626, -2.563731) at 2.
withinDistance(right, distance, maxErro... ~var geometry: Polygon, 17 vertices [ [ ~Objects
' ' typeainolydon L 1: Feature 8 (Pol 1
» ee.lmage »coordinates: List (1 element) vizayer &= heatune olygon, 1 p..
type: Feature
» ee.ImageCollection 1 dd3 19
» ee.Join i 2 var predioFeature = ee.Feature(geometry, {nome: "predio do bict"}) ~geometry: Polygon, 18 vertices
3 .
» ee.Kernel i 4 Map.addLayer(predioFeature) >E({g$‘&iﬁgtzg?nust (1 element)
. ) : F
yieeiList : 16 Map.centerObject(predioFeature, 16) H vproperties: Object (1 property)
» ee.Model nome: predio do bict
» ee.Number
» ee.PixelType
» ee.Projection
» ee.Reducer
» ee.String
=
@ Q ~v @ Geometry Imports (_g Layers Mapa Satélite ;
<
+ ? rA
z Ld
- 9
°
@
‘é\\’b ®
dra7 4 ‘\0‘7‘5"e s
Rua 4 Qua R. Epitac! z
®
R
X
A

PPGC&TAMb
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Feature e FeatureGollection

Carregando da base de dados do GEE

countries

Q

Copia esse
trecho de

olagee *

GetLink «

Save

Run ~ Reset vl Apps

1

Tables matching "countries"

LSIB 2017: Large Scale Intemational Boundary Polygons, Detaled
United States Department of State, Office of the Geographer
‘The United States Office of the Geographer provides the Large Scale International Boundary (LSIB) dataset. It is derived from two other datasets: a LSIB line...

FAO GAUL 500m: Global Administrative Unit Layers 2015, Country Boundaries

FAOUN
This version of GAUL dataset is simplified at 500m. The Global Administrative Unit Layers (GAUL) compiles and disseminates the best available information on.

FAO GAUL: Global Administrative Unit Layers 2015, Country Boundaries

FAOUN
The Global Administrative Unit Layers (GAUL) compiles and disseminates the best available information on administrative units for all the countries in the wo.

LSIB 2017: Large Scale Intemational Boundary Polygons, Simplified
=l United States Department of State, Office of the Geographer
‘The United States Office of the Geographer provides the Large Scale International Boundary (LSIB) dataset. The detailed version (2013) is derived from two ot...

FAO GAUL 500m: Global Administrative Unit Layers 2015, First-Level Administrative Units
FAOUN

SIS OPEN IN CATALOG

LSIB 2017: Large Scale International Boundary Polygons, Simplifie

g P =

TABLESCHEMA  TERMSOFUSE  FEATURE VIEW

The United States Office p#fhe Geographer provides the Large Scale International Boundary
(LSIB) dataset. Thgafailed version (2013) is derived from two other datasets: a LSIB line

/e World Vector Shorelines (WVS) from the National Geospatial-Intelligence
reflect U.S. policies on

vector file ang
Dataset Availability

2017-03-30T00:00:00 - 2017-03-
30700:00:00

Dataset Provider

however, the WVS coastline data is outdated and generally shifted from between several

Uited S Deparbmeniots hundred meters to over a kilometer. Each feature is the polygonal area enclosed by interior
. . erior coastlines where applicable, and many countries consist of

multiple features, fne per disjoint region.

Collection Snippet (O
ee.FeatureCollection("USDOS/L
SIB_SIMPLE/2017")

detailed LSIB, in this simplified dataset some disjointed regions of each

Compared with t
country have beefifeduced to a single feature. Furthermore, it excludes medium and

- resulting simplified boundary lines are rarely shifted by more than 100
ailed LSIB lines. Each of the 312 features is a part of the geometry of

See example smaller islands.

£ FeatureView Snippet (0 meters from the d

Untries described in this dataset.

ui.Map.FeatureViewLayer("USDO
S/LSIB_SIMPLE/2017 FeatureVie
w')

CLOSE IMPORT

codigo com o
ID

-

PPGC&TAMDb
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Feature e FeatureGollection

Carregando da base de dados do GEE

Google EarthEngine

\
countries 0 n %‘
il Click on the map to inspect the
Q SEDAOSECT i2 var paises = ee.FeatureCollection("USD0S/LSIB SIMPLE/2017") layers.
3
CLOUD ASSETS ii4 Map.addLayer (paises)|
» ee-sergiocosta §5
% i6 Map.centerObject(paises, 20)
LEGACY ASSETS

» users/sergiocosta

&' PPGC&TAMDb
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Feature e FeatureGollection

Carregando da base de dados do GEE

var paises =

Cocgle Farthngine &« | o0 EontyreCollection("USDOS/LSIB_SIMPLE/2017")

Q ADD A PROJECT ; 21, var p .
CLOUD ASSETS i i Map.a MapaddLayer(palses)
» ee-sergiocosta '2 Map
» users/sergiocosta M a p . Centero bject( palseS y 2 )

&' PPGC&TAMDb
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https://www.ibge.gov.br/geociencias/organizacao-do-territorio/malhas-territoriais/15774-malhas.html?=&t=acesso-ao-produto

Feature e FeatureGollection

Podemos incluir dados vetoriais adquiridos de outras fontes, no caso do Brasil, do
IBGE. Os dados suportados sao Shapefiles.

Upload a new shapefile asset

Google Earth Engine xQ

[Scripts_Docs =g | Source files = : : -
& DD A PROJECT terras_indigenas_funai_2010_limpo_poly_sirgas2000.shp

terras_indigenas_Ffunai_2010_limpo_poly_sirgas2000.dbF

Please drag and drop or select files for this asset.
Image Upload Allowed extensions: shp, zip, dbf, prj, shx, cpg, fix, qix, sbn or shp.xml.

terras_indigenas_funai_2010_limpo_poly_sirgas2000.shx
GeoTIFF (.if, tiff) or TFRecord (.tfrecord + json) ‘ Asset D O ‘ | terras_indigenas_Ffunai_2010_limpo_poly_sirgas2000.gmd

projects/ee-sergiocosta/assets/ ~ |Asset Name

Table Upload terras_indigenas_funai_2010_limpo_poly_sirgas2000.prj
Properties = e " - -
Shape files (.shp, .shx, .dbf, .prj, or .zip) Metadata properties about the asset which can be edited during asset upload [ terras_indigenas_funai_2010_limpo_poly_sirgas2000.cpg
and after ingestion. The "system:time_start" property is used as the primary date
CSV file (.csv) of the asset.

Add starttime  Addendtime  Add property

Image collection

Advanced options
Folder

Character encoding

HTE-R Qe

Selecione os 4 extensdes, que forma
um arquivo shape. Os 4 arquivos
poderiam estar zipados.

PPGC&TAMDb
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https://www.ibge.gov.br/geociencias/organizacao-do-territorio/malhas-territoriais/15774-malhas.html?=&t=acesso-ao-produto

Feature e FeatureGollection

Podemos incluir dados vetoriais adquiridos de outras fontes, no caso do Brasil, do

IBGE. Os dados suportados sao Shapefiles.

Inspector Console REEG

Manage tasks.

Search or cancel multiple tasks in the Task Manager (5.

* Ingest table: "projects/ee-sergiocosta/assets/terras_indigenas_funai_... v 3m

2 Ingest table: "projects/ee-sergiocosta/assets/wrs2" v 42m

Em tasks, ird mostrar sendo executado o
upload dos dados. Que podera ser
visualizado em Assets. Entdo click no
asset desejado para ver as informacdes.

(:) ADD A PROJECT

CLOUD ASSETS
v ee-sergiocosta
i MG_Municipios_2021
i MS_Municipios_2021
iiterras_indigenas_funai_2010_limpo_poly_...

LA AN ACOr-re

&' PPGC&TAMDb
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Feature

Asset details

Table: terras_indigenas_funai_2010_lim
po_poly_sirgas2000

~EHY
! \Jn X}

~ )

e A

_',_-A e

Thumbnail not available.

https://www.ibge.gov.br/geociencias/organizacao-do-territorio/malhas-territoriais/15774-malhas.html?=&t=acesso-ao-produto

DESCRIPTION FEATURES

No description.

TableiD ]

projects/ee-
sergiocosta/assets/terras indigenas f
unai_2016_limpo_poly sirgas2000

Date

\

DELETE

PROPERTIES

upload dos dados. Que podera ser
visualizado em Assets. Entdo click no

asset desejado para ver as informacdes.

e FeatureGollection

> outras fontes, no caso do Brasil, do

| scripts Docs OO |
(:) ADD A PROJECT

CLOUD ASSETS
v ee-sergiocosta
mMG Mumcnplos 2021

PPGC&TAMDb
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Feature e FeatureGollection

*olagee - Earth Engine Code Editor - Google Chrome

- 59
4 *olagee-EarthEngine Code - X + .
Q< x v@»=0$

& > C @ codeearthengine.google.com
@ Maps [ Disriodeclasse... @ http://replit/lan... i IBMAcademicPo... @ Google Cloud PL...

» | I Other bookmarks

om §
T W L L We] Moo R

S CHD LI Assets
Click on the map to inspect the layers.

W v
Qr VADDAPROJECT var tis = ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indigenas_funai

CLOUD ASSETS
~ ee-sergiocosta

i MG_Municipios_2021

MS_Municipios_2021

i terras_indigenas_funai_2010_limpo_poly_sirgas2000

Y Turmas ™M Gmail @3 YouTube < login M@ Baixar () Genymobile/scrc... <€ Login| AirDroid... @ Vysor @ Installing pgAdm... @ ss [ FC20201

Google EarthEngine  a  countries

Map.addLayer(tis)

Map.centerObject(tis, 6)

LEGACY ASSETS
~ users/sergiocosta
i brazilstates

sargews
Mapa  Satélite

Manaus  uacoatiara: Beracomine

Sy
‘Séo gebastido’

} <Carausri AMAZONAS

o
_ Séo Joad

’ o
£ - Atalhos do teclado | Dados cartogrficos I e Tuithes e

'; Ggl}g/ P e

PPGC&TAMDb
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Feature e FeatureCGollection

*olagee - Earth Engine Code Editor- Google Chrome - 0
4 *olagee-EarthEngine Code - X+ &
& > C @ codeearthengine.google.com Q<% v @» 0 :
By Turmas M Gmail € YouTube @ Maps [E¥ Didriodeclasse... @ httpy//replit/lan... «E IBMAcademicPo... @ Google Cloud Pl... login B8 Baixar () Genymobile/scrc... < Login| AirDroid... @ Vysor @ Installing pgAdm... @ ss [E§ FC20201 » | B Other bookmarks

Google Earth Engine Q  countries onm %

Erm ]
var tis =

CLOUD ASSETS eeFeatureCO”eCtIOn

~ ee-sergloc
i1 MG_Mu|

M5 Mo ("projects/eesergiocosta/assets/terras_indigenas_funai_2010_limpo_poly_sirgas2000");

i terras_i

LEGACY ASSET|
~ users/serg

=z Map.addLayer(tis);

o ¢ ~| Map.centerObiject(tis, 6);

+/ A = e ) TS 'd%cn v - Sau 3
B 30 30 .
= ﬂ& '. Ot re Manaus ‘acoa\lara * o e ;araggmma.
% th = 4
Iquitos: & Uruarg, ‘ ’ Sa& Inés.
9 . f ov Y /
s:;ogebasuao . "a“uba ;
NUALL
cCaravaril  AMAZONAS i
v

Sdo Joidg
a

A
- ailandia J
' > ARANHAO
varflf K
5 pegatiz
Paraugpebas . ‘

vagaing,

."v'
Redegdo L"g I LA

7

Tarapoto
o

Balsas
O gt

Pucallpa
2 Ip:

- it & |
‘Atalhos do teclado | Dados cartogréficos ©2022.Google | 100km L1 Termos de Uso

EGoogle:

PPGC&TAMDb

Ciéncia e Tecnologia Ambiental




Feature e FeatureGollection

Filtrando uma
FeatureCollection.

Cligue em uma feature para
verificar suas propriedades.

| Inspector [Fefe] 1 R F T S

vLayer 1: FeatureCollection (1 element)
~0: Feature 0000000000000000028d (Polygon, 25 properties)
type: Feature
id: 0000000000000000028d
» geometry: Polygon, 11024 vertices
vproperties: Object (25 properties)

ADR6: Redennao
AREAETNO7: VIII

CDOC19: Reg SPU
CODAREA24: 23001
CODAREAR5: 0

CODTI21: 23000
DATADOC16: 1989-03-07
DOCUMENT15: Registro SPU
EM_REVIS4: 0

ETAPA12: Concluhdo
EXTENSO017: Principal
FLUX020: 380

GIDO: 56

GRUPOS9: Kayapn
MUNICSPI11: Bannach, Cumaru do Norte, Ourilindia do Norte, Sao Fnlix do Xingu
NOME_ARE22: Kayap
NOME_TI23: Kayap
0BS_AREA2:

POPULANO8: 2515

REV3: 0

SIGLAl: TI

SITUACAO013: Regularizada
TIP018: 1

I UF10: PA 2 I "]b

5. Ciéncia e Tecnologia Ambiental



Google EarthEngine  Q  countries emn
m Get Link vl Save . Run l Reset v_ (LELEGGIEE Console RERTE

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

(:) 2004 i2 var tis = ee.FeatureCollection("projects/ee-sergiocosta/assets/terra:
3

>LOUD ASSETS 4
~ ee-sergiocosta i5 var tisPA = tis.filter(ee.Filter.eq('UF10', 'PA'))
 MG_Municipios_20... i 6 Map.addLayer(tisPA)

i1 MS_Municipios_20...
i terras_indigenas._f...

7
i 8 Map.centerObject(tisPA, 4))

_EGACY ASSETS
~ users/sergiocosta
i brazilstates

I 3

@ PPGC&TAMDb
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Feature e FeatureGollection

Google EarthEngine  Q  counties

LOUD ASSETS

~ ee-sergiocosta
i MG_Municipios_2|
i1 MS_Municipios_2
i terras_indigenas_f

_EGACY ASSETS
~ users/sergiocosta
i brazilstates

Inspector Tasks

var tis =
ee.FeatureCollection
("projects/ee-sergiocosta/assets/terras_indigenas_funai_2010_limpo_poly_sirgas2000");

var tisPA = tis filter(ee.Filter.eq('UF10', 'PA"));
Map.addLayer(tisPA);

Map.centerObject(tisPA, 4);

&' PPGC&TAMb
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Feature e FeatureGollection

.area()

.buffer()

.centroid()

.dissolve()

ee.Feature() — distance() ee.FeatureCollection()
.perimeter()

.union()

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

.aggregate()
filter()

filterBounds()
first()

.map()

.merge()

.sort()
.reducetolmage()

Working with vectorial data

&) PPGC&TAMb
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Feature e FeatureGollection

.area() | .aggregate() |
.buffer(_) filter()
.centroid() filterBounds()
.dissolve() . first()
ee.Feature() — distance{) ee.FeatureCollection() .map()
.perimeter() .merge()
.union() sort()
.reducetolmage()

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

Working with vectorial data

&) PPGC&TAMb
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Feature e FeatureGollection

Somando a populacdo de todas as terras indigenas do estado do Para

var tis = ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indigenas_funai_2010_limpo_poly_ sirgas2000")
var tisPA = tis.filter(ee.Filter.eq('UF10'", 'PA"))

// importante que essa propriedade seja do tipo number
print (tisPA.aggregate_sum("POPULATION"))

&' PPGC&TAMDb
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Feature e FeatureGollection

Aplica uma operacao em todas features

var function_name = function(feature) {
do something var criaBuffer = function (feature) {
return output; return feature.buffer(50000)

} }

var bufferPolos = polosPA.map(criaBuffer)

collection_name.map( function_name)

&' PPGC&TAMDb
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Feature e FeatureGollection

Criando 50km de buffer nos polos madeireiros, e verificando visualmente se interceptam com
as terras indigenas.

Google EarthEngine  Q  countries om §

. = 1 ~ Useprint(...) towrite
ers! 2 this gonsole.
~ ee.DateRange 3 var polosPA = ee.FeatureCollection("projects/ee-sergiocosta/assets/polos madeireiros_mma_poly sirgas2000")
i 4 .filter(ee.Filter.eq('UF4', 'PA"))

intersection(other) 5

i 6 var tisPA =

intersects(other) i ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indigenas_funai 2010 limpo_poly sirgas2000")
~ ee.Feature i 8 .filter(ee.Filter.eq('UF10', 'PA'))

9

intersection(right, maxError, proj) 10 - var criaBuffer = function (feature) {

intersects(right, maxError, proj) i }; return feature.buffer(50000)
~ ee.Filter ) 13
ee Filter.intersects(leftField, rightValu... i i‘; var bufferPolos = polosPA.map(criaBuffer)
~ ee.Geometry 16
i 17 Map.addLayer(bufferPolos, {color:'FFO000'})

~ ee.Geometry.BBox

intersection(right, maxError, proj)

Satélite

PPGC&TAMDb
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Feature e FeatureGollection

Criando 50km de buffer nos polos madeireiros, e verificando visualmente se interceptam com

terras indigenas
Google EarthEngine  Q  countries
inters ;
~ ee.DateRange 3 var polos
i 4 .filter
intersection(other) 5
i 6 var tisPA
intersects(other) 7 P
~ ee.Feature A .filter
intersection(right, maxError, proj) 13_ B —
intersects(right, maxError, proj) i E return
~ ee.Filter g 13
ee.Filter.intersects(leftField, rightValu... i 1‘5‘ var buffe
~ ee.Geometry 16
~ ee.Geometry.BBox i 17 Map.addlLa:
intersection(right, maxError, proj)

09~ v Bl e
0 e

Nova Olinda
@ doiNorte

var polosPA = ee.FeatureCollection("projects/ee-sergiocosta/assets/polos_madeireiros_mma_poly_sirgas2000")
filter(ee.Filter.eq('UF4', 'PA"))

var tisPA =
ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indigenas_funai_2010_limpo_poly_sirgas2000")
filter(ee.Filter.eq('UF10', 'PA"))

var criaBuffer = function (feature) {
return feature.buffer(50000)

}

var bufferPolos = polosPA.map(criaBuffer)

Map.addLayer(bufferPolos, {color:'FF0000'})
Map.addLayer(tisPA)

Plad
Rurépolis

PPGC&TAMDb
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Feature e FeatureGollection

Executando um algoritmo em uma colecao de feature

var function name = function (feature, valor anterior) ({
doSomething () ;
return valor; // usualmente o acumulador

}

collection. iterate (function name, valor inicial)

&' PPGC&TAMDb
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Feature e FeatureGollection

Executando um algoritmo em uma colecao de feature

var function name = function (feature, valor anterior) ({

Exemplo: somar as areas de todas

doSomething () ; . .
astenaS|nd@ena&

return valor; // usualmente o acumulador

}

collection. iterate (function name, valor inicial)

&' PPGC&TAMDb
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Somando as areas de todas as terras indigenas: primeira tentativa

Google Earth Engine Q. Search places and datasets... o -
2 oo o e T TS e D O
iterate = (:) gg * Useprint(...) towrite to this console.
» Owner (2) 52 9 . - : sy i
» Writer i 53 var tis = ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indigenas_ful area(maxError, proj) JSON
54
~ Reader i 55 var tisPA = tis.filter(ee.Filter.eq('UF10', 'PA')) Returns the area of the feature's default geometry...
No accessible repositories. Click Refresh to 56
check again. 57 - var soma_areas_ = function (feature, area) { Args:
« Archive 58 this:feature (Element): The feature from which th..
N ibl itories. Click Refresh t © 59 var x = feature.area + area; maxError (ErrorMargin, optional): The maximum amo..
oaccess-I eiepositones: lciheleshito 60 return x; proj (Projection, optional): If specified, the re..
check again. i6l } "type": "ArgumentRef",
» Examples (expand to search) 62 ) ) "value": "_MAPPING_VAR 0_1"
i 63 var x = tisPA.iterate (soma_areas , 0) 1)
64

~

65 print (x)
66

67 »

@ 9 ~ v B ceometrymports g T > r 3 Mapa Satélite

- : ZT 0 SUL

PGC&TAMDb
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Feature e FeatureGollection

Somando as areas de todas as terras indigenas: primeira tentativa

Google EarthEngine  a

Search places and datasets...

Scripts ]I I S
i NEW v S 50 i
» Owner (2 52
2 @ i 53 var tis = ee.FeatureCollection("projects/ee-sergiocosta/assets/terras_indi fur
» Writer 54
~ Reader i 55 var tisPA = tis.filter(ee.Filter.eq('UF10', 'PA')
No accessible repositories. Click Refreshto .. 56
check again. © 57~ var soma_areas_ = function (feature, area) {
~ Archive 28 N A t 1
59 var x = feature.area + area;
No accessible repositories. Click Refresh to 60 return x; ao entrarel em
check again. i 61
p = M detalhes nesse

» Examples (expand to search)

i 63 var x = tisPA.iterate (soma_areas , 0) . 7
gl minicurso. Mas essa é
o . possivelmente a parte

que pode parecer
complicado para quem
nao tem experiéncia
com computagao;

]

area(maxError, proj)

T T T T O | e B e

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

JSON

rea of the feature's default geometry...

‘e (Element): The feature from which th..
‘rrorMargin, optional): The maximum amo..
:ction, optional): If specified, the re..
~gumentRef",

_MAPPING VAR 6 1"

Satélite

ra
LJd

Mapa

PGC&TAMDb
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Feature e FeatureGollection

Somando as areas de todas as terras indigenas: primeira tentativa

Google Earth Engine Q_  Search places and datasets... e n @
VUGl Docs Assets Get Link vl Save v- Run vl Reset ~ LGl Console
Herate (D 2? Use print(...) towrite to this console.
52
:3‘:::: @ i 53 var tis = ee.FeatureCollection("projects/ee-sergiocosts i) JSON
54
~ Reader i 55 var tisPA = tis.filter(ee.Filter.eq('UF10', 'PA') . f the feature's default geometry...
No accessible repositories. Click Refreshto .. 56 Em resumo, nessa mlnha
check again. 57 - var soma_areas_ = function (feature, area) {
~Archive ;S8 abordagem’ estou usando ement): The feature from which th..
. — " 59 var x = feature.area + area; ‘argin, optional): The maximum amo..
No accessible repositories. Click Refresh to 60 return x; r = t d I d | gptll'.ongl): If)specified fhe e
check again. i g; } Ope a(f‘oes e Ipos 0 lado ,{Ref", !
» Examples (expand to search) i 63 Ivar X = tisPA.iterate (soma_areas , 0) dO Cllente PreCISO usar NC_VAR B 1
64 .
165 print (x) objetos do lado do
E7 , servidor. Para poder usar

VACE, - S a infraestrutura da Google Mopa e

— B ; "u

PGC&TAMDb
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Feature e FeatureGollection

Somando as areas de todas as terras indigenas.

Q_ Search places and datasets...

- m Get Link vl Save - Run l Reset vl Apps E HEETRGIAE Console REN S

+ Useprint(...) to write to this console.

57v var soma_areas = function (feature, area) {
i 58 var x = feature.area().add(area)
59 return x; metros
. g‘i ) 166165232448.96964
Il i 62 var x = tisPA.iterate (soma_areas, ee.Number(0)) I
i (653 print ("metros" X) bbbty
E ’ i
“ i 65 print ("kilometros”, x.getInfo() / 1000000) © 166165.23244896965
66
67

68 |
69
70

71 L
72
73 41 il ) »

L DTNy

PPGC&TAMDb
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Feature e FeatureGollection

Somando as areas de todas as terras indigenas.

Q  Searchplac| yar tig=

- ee.FeatureCollection
*
("projects/ee-sergiocosta/assets/terras indigenas funai 2010 limpo poly sirgas2000")

56
57 ~ var
i 58 vi var tisPA = tis.filter(ee.Filter.eq('UF10', 'PA'"))
59 r
60 ]
i 6l } var soma areas = function (feature, area) {
it gg var var x = feature.area().add(area)
- i64 prif return x;

67 }
68 | var x = tisPA.iterate (soma areas, ee.Number (0))

2l print ("metros" , x)
73 print ("kilometros"™, x.getInfo() / 1000000)

PPGC&TAMDb
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Tipos de dados geografico

Objetos discretos (objects) Campo continuo (fields)

* Geometry: ponto, poligono..
* Image: estrutura fundamental de

uma imagem raster (bandas,

. . ” metatadata)

* Feature: estrutura vetorial associada
com propriedades aos objetos

A

* ImageCollection: cole¢do de imagens
(séries temporais, mosaicos)

* FeatureCollection: colegdo de
features (propriedades diferentes)
o
Earth Engine Objects @ 3 PPGC&TAM b

. Ciéncia e Tecnologia Ambiental




&) 01_open_image - Earth i X \\ 5

€« C (0 D hitps//codeearthengine.googlecom,

Google Earth Engine  stm

SRTM Digital Elevation Data 30m

The Shuttle Radar Topography Mission (SRTM, see Farr et al Data availability (time)
2007) digital rch effort Feb 11,2000 - Feb 22, 2000
that obtain: ital elevation mo on a near-global scale

This SRTM V duct (U201CSRTM
NASA JPL at a resolution of 1 a

ion data is an international re:

This dataset has undergone a void-fil
source data (ASTER GDEMZ,
opposed to other versions that contain voids or have been void
filled with commercial sources. For more information on the
different v see the SRTM Quick Guide

Bands

Name ‘Unns ?Mh‘Mu Rnolmlonlnmrlpﬁon

elevation | Meters 30 meters |Elevation

PL public web
Lnasa.qov address) may be
misston. For more

Suggested citation(s)

en, PA

o Farr

E.. Crippen, R., Duren, R.

&

PPGC&TAMDb
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Google Earth Engine

Filter scripts... m (:)

~ Owner (2)
~ users/sergiocosta/minicurso
I filtrando
B olagee
B olaimagem
~ users/sergiocosta/primeiro
I UntitledFile
Bl novo
B novo2
B novo3
I script_srtm
i testes
» Writer
~ Reader

Q

Search places and datasets.

om £

ee * Get Link -l Save -. Run -I Reset -l Apps E
= -

10 - var

11

12}

13

14 var

15

16

17 Map

18 Map

19 */

20

21

22 var

23 var

24 Map

25 Map.
i 26 Map

27

28

criaBuffer = function (feature) {
return feature.buffer(50000)

bufferPolos = polosPA.map(criaBuffer)

.addLayer (bufferPolos, {color:'FF0000'})
.addLayer (tisPA)

minas = ee.FeatureCollection("projects/ee-sergiocosta/assets/MG Municipios 2021");
dataset = ee.Image('USGS/SRTMGL1 003');
.setCenter(-43.8605, -20.502, 10);

.addLayer(minas)

addLayer(dataset, {min: 800, max: 1400, palette:['0O0FFFF','00FF7F','7CFC0O"', '2E8B57"', 'FFD700', 'F4A460', 'A0522D', 'FFFFFF']}, 'SRTM');

Amb
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1 N
Go gle Earth Englne Q  Search places and datasets. 7Y : | %
a S 7
Filter scripts... (:) 10 ~ var criaBuffer = function (feature) {
11 return feature.buffer(50000)
~ Owner (2) 12}
s/ ewgiocostx miniueso R ——— iaBuff
B filtrando var bufferPolos = polosPA.map(criaBuffer)
B olagee

oamagem | Var minas = ee.FeatureCollection("projects/ee-sergiocosta/assets/MG_Municipios_2021");
el var dataset = ee.Image('USGS/SRTMGL1_003');
Rpojo Map.setCenter(-43.8605, -20.502, 10);

i novo2

B novo3 Map.addLayer(dataset, {min: 800, max: 1400,

bees | palette:00FFFF','00FF7F','7CFC00','2E8B57', FFD700', F4A460''/A0522D', 'FFFFFF']}, 'SRTM');

» Writer

il Map.addLayer(minas)

Layers Mapa Satélite

Amb
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Image e ImageGollection

Operacdes sobre Image e ImageCollection:

ee.Image

—_

.clip(geometry)
.expression(‘expression’)
.select(‘band name’)
.reduce(reducer)
.reduceRegion(reducer)
.get(‘property’)
.add(image2)
.subtract(image2)
.multiply(image2)
.divide(image2)
Ite(image?2)
.gte(image2)
.max(image2)
.min(image2)

ee.ImageColection -

filterBounds(geometry)
filterDate(start, end)
filterMetadata(name, operator,
value)

first()
.merge(collection2)
.reduce(reducer)
.select(list of bands)
.median()

.max()
.aggregate_min(property)

Working with raster data

@& PPGC&TAMDb
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*olagee - Earth Engine Code Editor - Google Chrome.
4 *olagee-EarthEngine Code - X =+
€ > C @ codeearthengine.google.com

¥4 Turmas ™M Gmail @ YouTube @ Maps [E¥ Diériodeclasse... @ http//replit/lan... «i IBMAcademicPo... @ GoogleCloudPl... < login 8 Baixar () Genymobile/scrc...

Google EarthEngine  Q  tandsat

Scripts JDLLSE Assets SEES m
Landsatz, Damnatz, Alemanha { ]
filterdat ' TCH
R RASTERS
iee FaatimeCollection USGS Landsat 8 Collection 2 Tier 1 TOA Reflectance
fiterDate(star}, end) USGS Landsat 8 Collection 2 Tier 1 and Real-Time data Raw Scenes
~ ee.ImageCollection USGS Landsat 9 Collection 2 Tier 1 TOA Reflectance
filterDate(start, end) USGS Landsat 7 Collection 2 Tier 1 and Real-Time data Raw Scenes
» Internal USGS Landsat 8 Collection 2 Tier 1 Raw Scenes
USGS Landsat 8 Collection 2 T&gr 1 and Real-Time data TOA Reflectance
USGS Landsat 9 Collection 2 Tier 1 Raw Scenes import »
USGS Landsat 7 Collection 2 Tier 1 Raw Scenes
more »
TABLES
MTBS Burned Area Boundaries
GLIMS 2021: Global Land Ice Measurements From Space Otta

GLIMS Current: Global Land Ice Measurements From Space

GLIMS 2016: Global Land Ice N From Space [dep
GLIMS 2017: Global Land Ice N From Space [dep
Nevaeh Estados

Vn;}séo . = . Unidos

USGS Landsat 9 Collection 2 Tier 1 Raw Scenes 2E E

DESCRIPTION BANDS IMAGE PROPERTIES TERMS OF USE

Landsat 9 Collection 2 Tier 1 DN values, representing scaled, calibrated at-sensor radiance.

Landsat scenes with the highest available data quality are placed into Tier 1 and are
considered suitable for time-series processing analysis. Tier 1 includes Level-1 Precision
Terrain (L1TP) processed data that have well-characterized radiometry and are inter-
calibrated across the different Landsat sensors. The georegistration of Tier 1 scenes will be
consistent and within prescribed tolerances [<=12 m root mean square error (RMSE)]. All
Tier 1 Landsat data can be considered consistent and inter-calibrated (regardless of
sensor) across the full collection. See more information in the USGS docs.

Dataset Availability
2021-10-31T00:00:00 -
Dataset Provider
USGS

Collection Snippet O

ee.ImageCollection("LANDSAT/LC
09/C02/T1")

See example

Tags
c2 global 19 landsat
Ic9 oli-tirs radiance 1l

tier1 usgs

CLOSE IMPORT

p

PPGC&TAMDb

Ciéncia e Tecnologia Ambiental

&




No caso do Landsat 9, teriamos 156836

var imagens = ee.ImageCollection('LANDSAT/LC09/C02/T1")
print("Quantidade de Imagens: ", imagens.size().getInfo())

HEHE=GIdN Console lRESS

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

Quantidade de Imagens: JSON
156836

&' PPGC&TAMDb
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Filtrando por data, as de janeiro de 2002 até 30 de outubro, teriamos 140556

var imagens = ee.lImageCollection('LANDSAT/LC09/C02/T1")
filterDate('2022-01-01',"2022-10-30")

print("Quantidade de Imagens: ", imagens.size().getinfo())

&' PPGC&TAMDb
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Filtrando por data, as de janeiro de 2002 até 30 de outubro. Restringindo ao
municipio de Sao Luis, teriamos 49

var saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA_Municipios_2021")
filter(ee.Filter.eq('CD_MUN', '2111300"))

var imagens = ee.ImageCollection('LANDSAT/LC09/C02/T1")
filterDate('2022-01-01",'2022-10-30")
filterBounds(saoluis)

print("Quantidade de Imagens: ", imagens.size().getInfo())

&' PPGC&TAMDb
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Agora vamos adicionar no mapa, a primeira imagem da colecao.

var saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA_Municipios_2021")
filter(ee.Filter.eq('CD_MUN', '2111300"))

var imagens = ee.ImageCollection('LANDSAT/LC09/C02/T1")
filterDate('2022-01-01','2022-10-30")

filterBounds(saoluis)

print("Quantidade de Imagens: ", imagens.size().getInfo())

var primeira = imagens. first ()

Map.addLayer (primeira, { 'bands': ['B4', 'B3', 'B2']})

&' PPGC&TAMDb
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Image e ImageGollection

Agora vamos adicionar no mapa, a primeira imagem da colecao.

var saoluis = ee.FeatureCollection("projects/e
filter(ee.Filter.eq('CD_MUN", '2111300"))

var imagens = ee.ImageCollection('LANDSA]
filterDate('2022-01-01",'2022-10-30")

filterBounds(saoluis)
print("Quantidade de Imagens: ", imagens.size().getinfo())
var primeira = imagens. first ()

Map.addLayer (primeira, { 'bands': ['B4', 'B3', 'B2']})

&' PPGC&TAMDb

. Ciéncia e Tecnologia Ambiental



Observe que esta € uma imagem com muita nuvem.

jle EarthEngine  a

35

| () | ADDAPROJECT

landsat

36
- a4 har saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA Municipios 2021")
i 38 .filter(ee.Filter.eq('CD MUN', '2111300'))
iocosta 39
Municipios_2021 ﬁ v?;:l%magezs(=zg;élggg;§ou;g;§m;é 5 ESNI?SAT/LCBQICBZ/TI' )
5 erDate(’ -01-01', " -10-30"
Munlgiplosi2021 i 42 .filterBounds(saoluis)
Vunicipios_2021 43
s_madeireiros_mma_poly_sirgas2000 * i 44 print("Quantidade de Imagens: “, imagens.size().getInfo())
vias_estaduais_snv_poly_sirgas2000 45 . i X
s_indigenas_funai_2010_limpo_poly... zg var primeira = imagens.first()
SETS 48 Map.addLayer(primeira, { 'bands': ['B4', 'B3', 'B2'1})
ergiocosta gg
Istates 51
B2
r monavayunie
" i
ik D HUE) Gov. Nunes Santa Helena
e i°‘”:Ii|sro RIO SEE P! fu
GUAMA' '_‘Sl
Pim‘l,eiro -~
o 3o
Nova Olinda by SR
do Maranhdo
ALTO TURIAGU Pz
nas
¥ Viana »
ZéDoca . | ?‘3 1
N % Vitéria/do A . Séao. Bgllnardo
1 i 5 . Luzila
[ Sé&o Joa . .
o Card, Bom Jardim - ’ Santa Quitéria
Santglgés ‘ e do Maranho.
CARU 3

’
Qanta l uzia ; QAn Materie

Espergn(ina

Piracuruca

+ Useprint(...) towritet

Quantidade de Imagei
49

Vicosa
do Ceard

Tiarggua‘
_ Ubajara

&

PPGC&TAmMb
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Usando o inspector, ao clicar na imagem temos algumas informacdes (metadados):

jle EarthEngine @ tandsat Inspector [eLTELI RN EE S

- I T =W = C2Yer 1 Image (17 bands)
l () | ADDAPROJECT 36 vajeCtS

37 har saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA Municipios 26

= B A R UEREE L layer 1: Image LANDSAT/LC09/C02/T1/LCO9 22006..

Municipios_2021 40 var imagens = ee.ImageCollection('LANDSAT/LCO9/CO2/T1") -t e . Ima e

Municipios_2021 . 41 .fjrlterDate( '2022-01-01', '2022-10-30") yp » g

Vunicipios 2021 ‘e id: LANDSAT/LC09/C02/T1/LCO9 220062 20220112
s_madeireiros_mma_poly_sirgas2000 * i 44 print("Quantidade de Imagens: “, imagens.size().getInfo()) = .

vias_estaduais_snv_poly_sirgas2000 45 ’ vers lon 1645067467365237

s_indigenas_funai_2010_limpo_poly..  * 46 var primeira = imagens.first()

SETS i :&71 Map.addLayer(primeira, { 'bands': ['B4', 'B3', 'B2']}) » bands LlSt ( 17 E1ements )
ergiocosta gg o
Istates 51
52
i“i GEH;:':‘? o G(:Y:,r fii::enes Santa Helena
SALTORION :;" COLLECTION CATEGORY Tl

GUAMA A0y

e i COLLECTION NUMBER: 2
| e e 7 o DATA_SOURCE_ELEVATION: GLS2000
, e » g \ DATE_ACQUIRED: 2022-01-12
S w;: 4 DATE PRODUCT GENERATED: 1642862814000
X e &bx’\‘méri;ﬁ Sao Beterds _z':»:;" 9619—!\1 ; ,-WES?EPT. MAr A AAnaAnan 5
ia S::égio ket % Mearim i | Luzilandia
santaines (22 o e ?donMaranhéo

‘o Tiangui

&)e PPGC&TAMDb
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Filtrando e ordenando por metadado. Podemos filtrar o ordenar pela cobertura de

nuvem.

var saoluis = ee.FeatureCollection ("projects/ee-sergiocosta/assets/MA Municipios 2021"
.filter (ee.Filter.eq('CD MUN', '2111300"))

var imagens = ee.ImageCollection ('LANDSAT/LC09/C02/T1")
.filterDate ('2022-01-01",'2022-10-30")

.filterBounds (saoluis)

.filterMetadata ('CLOUD COVER', 'less than', 20)

.sort ('CLOUD COVER' , true) ;

print ("Quantidade de Imagens: " , imagens. size () .getInfo ())
var primeira = imagens. first ()
Map.addLayer (primeira, { 'bands': ['B4', 'B3', 'B2']})

)

PPGC&TAMDb
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Nesse caso, a imagem com menor quantidade de nuvens, ndao era da mesma area
que estavamos olhando anteriormente.

e Salinpoll
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4 olagee - Earth Engine Code E

€& > C & codeearthengine.google.com

E¥ Turmas ™ Gmail & YouTube

Google Earth Engine

[Scripts I Assets
- ee.Dictionary
aside(func, var_args)
- ee.Feature
aside(func, var_args)
- ee.FeatureCollection
aside(func, var_args)

Q@ < & ¥ @ % 0

9 Maps Y Disrio declasse... @ http://replit/lan... e IBMAcademicPo... @ GoogleCloudPl... i login M Baixar ) Genymobile/scrc... <€ Login|AirDroid... @ Vysor @ Installing pgAdm... @ ss ¥ FC20201 » | @ Other

Q landsat e [ ¢ ]
l Run vl Reset ~ Apps E llnspector Console Tasks
= -

Get Link vl Save

i 38 .filter(ee.Filter.eq('CD MUN', 12111300'))
39 ~0Objects
vLayer 1: Image LANDSAT/LC09/C02/T1/LCO9 220062 20220909 (17 ban
type: Image
id: LANDSAT/LC09/C02/T1/LCO9_220062 20220909
version: 1662868908433514
»bands: List (17 elements)

40 var imagens = ee.ImageCollection('LANDSAT/LCO9/C02/T1")
41 .filterDate('2022-01-01','2022-10-30")

42 .filterBounds(saoluis)

43 .filter(ee.Filter.eq('WRS_PATH', 220))

44 .filter(ee.Filter.eq('WRS_ROW', 62))

45 .filterMetadata('CLOUD_COVER', 'less_than', 20)

46 .sort('CLOUD_COVER',true);

a7 10.43
filter(filter) i 48 print("Quantidade de Imagens: ", imagens.size().getInfo()) R_LAND-
filterBounds(geometry) 49 :
filterDate(start, end) RS var primeira = imagens.first() l COLLECTION NUMBER: 2
51 . ) o DATA SOURCE ELEVATION: GLS2000
filterMetadata(name, operator, value) i 52 Map.addLayer(primeira, { 'bands': ['B4', 'B3', 'B2']}) DATE ACQUIRED: 2022-09-09
Yeelittor & gi Map.addLayen(saoluis) DATE_PRODUCT GENERATED: 1662757272000
55 DATUM: WGS84
& EARTH_SUN_DISTANCE: 1.0072157

ee.Filter(filter)

‘o

e _—
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4 olagee-EarthEngine Code £ X 4+

€« >
Bwms | var saoluis = ee.FeatureCollection ("projects/ee-sergiocosta/assets/MA Municipios 2021" )
G .filter (ee.Filter.eq('CD MUN', '2111300"))

00g a

= var imagens = ee.ImageCollection ('LANDSAT/LC09/C02/T1")
-eeDictid . filterDate ('2022-01-01",'2022-10-30")
aside( .filterBounds (saoluis)
reefeatd  filter (ee.Filter.eq('WRS PATH', 220))
'eea:::teu .filter (ee.Filter.eq ('WRS ROW', 62))
aside] - filterMetadata ('CLOUD COVER', 'less_than', 20)
fiter - SOrt ('CLOUD_COVER' , true) ;

filterB|
fiterD] print ("Quantidade de Imagens: " , imagens.size () .getInfo ())
filterM
reefiter| Gar primeira = imagens. first ()
ee.Filt
@9"/‘\ Map.addLayer (primeira, { 'bands': ['B4', 'B3', 'B2']})
7| Map.addLayer (saoluis)
+goRio

Pinheiro - = y 'Sa

)} Sao Bento
v =

Ipixuna
do gara

Nova Olinda
do Maganhéo

ALTOITURIAGU -
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o
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Itarema |
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Recortando uma imagem com a operacao clip. E aproveitei, fui atrdas de uma
imagem com pouca huvem :)

Google Earth Engine

Scripts I8 Assets

~ ee.Dictionary
aside(func, var_args)

~ ee.Feature
aside(func, var_args)

~ ee.FeatureCollection
aside(func, var_args)
filter(filter)
filterBounds(geometry)
filterDate(start, end)
filterMetadata(name, operator, value)

~ ee.Filter

rtimento

Q

Jandsat (7} : | @

o34 -
35

~0Objects
36 ~Layer 1: Image LANDSAT/LC08/C01/T1/L..
37 var saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA Municipios 2021") type: Image
i 38 .filter(ee.Filter.eq('CD_MUN', '2111300')) id: MNDSAT/LC@S/C@I/TI/LCG8722@052-..
39 version: 1497497421503000

»bands: List (12 elements)
vproperties: Object (117 properties)
BPF _NAME OLI: LO8BPF2014072512331..

40 var imagens = ee.ImageCollection('LANDSAT/LCO8/CO1/T1')
41 .filterBounds(saoluis)

42 .filter(ee.Filter.eq('WRS PATH', 220))

43 .filter(ee.Filter.eq('WRS ROW', 62))

44 .filterMetadata('CLOUD COVER', 'less than', 20)

45 .sort('CLOUD_COVER',true);

46 —. =
47 print("Quantidade de Imagens: ", imagens.size().getInfo()) Egttggggn-ﬁﬁ;ggg"yl T1

48 || :

49 var primeira = imagens.first().clip(saoluis) A SX'?KN?’?IEELE?‘?‘IC’PF7261407917261469.“
2R , R e

e W
H Mapa  Satélite

Layers

I

ra
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var saoluis = ee.FeatureCollection ("projects/ee-sergiocosta/assets/MA Municipios 2021" )

.filter (ee.Filter.eqg('CD MUN', '2111300"))

var imagens = ee.ImageCollection ('LANDSAT/LCO08/CO1/T1")

Good | filterBounds (saoluis)
PO .filter (ee.Filter.eq('WRS PATH', 220))
veeDictio)  filter (ee.Filter.eqg('WRS ROW', 62))
asidelf  £41terMetadata ('CLOUD COVER', 'less_than', 20)

~ ee.Featul
asite -SOTt ('CLOUD COVER' , true) ;
~ ee.Featul
:;‘d?; print ("Quantidade de Imagens: " , imagens.size () .getInfo ())
1iter(
filterB
fitedy Var primeira = imagens. first () .clip (saoluis)

filterM

'ee'r'"e'j Map.addLayer (primeira, { min: 6000, max: 12000, 'bands': ['B4', 'B3', 'B2'1l})
M
o

rtimento

Itapera

Apajatuba
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Mapa de relevo, com os dados do SRTM.

*script_srtm - Earth Engine Code Editor - Google Chrome - o
& *script_srtm - EarthEngine Cc X | + )
& > C @ codeearthengine.google.com Q < & ¥ »= 0§ :

¥ Turmas M Gmail @ YouTube @ Maps [ Disrio declasse... @ httpy//replit/lan... <= IBMAcademicPo... @ GoogleCloudPl... i login B Baixar ) Genymobile/scrc... <€ Login|AirDroid... @ Vysor @ Installing pgAdm... @ ss [ FC20201 » | W Other bookmark:

Google Earth Engine Q  Search places and datasets... onm ﬁ
Y I T -] =W = 1= ] e

» users/sergiocosta

i it > Useprint(...) to write to this console.
N 2 ARDAEROJECT 2 var brasil = ee.FeatureCollection("projects/ee-sergiocosta/assets/BR _UF_2021");
i 3 var srtm = ee.Image("CGIAR/SRTM90 V4").clip(brasil)
CLOUD ASSETS 4
» ee-sergiocosta 5 Map.addLayer(srtm, { min:0, max:2500, palette:['00FFFF','00FF7F','7CFCO0', 2E8B57", FFD700"
6
LEGACY ASSETS i 7 Map.centerObject(brasil,4)
8
9
A

Satélite

PPGC&TAMDb
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https://www.embrapa.br/satelites-de-monitoramento/missoes/srtm

Mapa de relevo, com os dados do SRTM.

*script_srtm - Earth Engine Code Editor - Google Chrome
4 *script_srtm - EarthEngine Cc X =+ v
BT »= 0§ :

< Login| AirDroid... @ Vysor @ Installing pgAdm... @ ss ¥ FC20201 » | B Other bookmark

& > C @ code.earthengine.google.com
¥ Turmas M Gmail @ YouTube @ Maps [ Disriodeclasse... @ httpy//replit/lan... <& IBMAcademicPo... @ GoogleCloudPl... <7 login BN Baixar €) Genymobile/scrc...

Google Earth Engine Q  Search places and datasets... 0 n \@

[Scris_pocs [0
© | var brasil = ee.FeatureCollection("projects/ee-sergiocosta/assets/BR_UF _2021");

Veesegosa | VAr srtm = ee.Image("CGIAR/SRTM90_V4").clip(brasil)

» ee-sergiocosta

LEGACY ASSETS
¥ 3

Map.addLayer(srtm, { min:0, max:2500,
palette:['O0FFFF','OOFF7F','7CFCO00','2E8B57','FFD700','F4A460','/A0522D", 'FFFFFF']});

Map.centerObject(brasil,4)

@ PPGC&TAMDb
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https://www.embrapa.br/satelites-de-monitoramento/missoes/srtm

|ldentificando regides co .
var brasil =
ee.FeatureCollection("projects/ee-sergiocosta/assets/BR_UF_2021");
m var srtm = ee.Image("CGIAR/SRTM90_V4").clip(brasil)
pureameialiN 3 war sriagté Var srtmgto00 = srtm.gt(900);
SR ta et Map.addLayer(srtmgt900, {min:0, max:1, palette:["white", "red"]});

Map.centerObject(brasil,4)

GC&TAmMb
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Calculando a area de MG com mais de 900 metros de altitude.

Google Earth Engine Q  Search places and datasets... 0 . '
= o T e WIS B O] e g e

10 var brasil = ee.FeatureCollection("projects/ee-sergiocosta/assets/BR_UF_2021"); + Useprint(...) towrite to this console.

AREA i11 var mg = brasil.filter(ee.Filter.eq("SIGLA","MG"))
~ ee.Feature 12 .
i 13 var srtm = ee.Image("CGIAR/SRTMI0O V4").clip(mg) metros
area(maxError, proj) 14 var srtmgt9ee = srtm.gt(900); 133265073993.02136
~ ee.Geometry 12

16 var areasAltas = srtmgt900.updateMask(srtmgt900.neq(0))

~ ee.Geometry.BBox 17  .reduceToVectors( kilometros
18~ {
area(maxError, proj) 19 maxPixels: 62208000000, scale: 1000, geometryType: 'polygon', 133265.07399302136
~ ee.Geometry.LineString i gg il
area(maxError, proj) i 22 var x = areasAltas.iterate (soma_areas, ee.Number(0))
- ee.GeometryLinearRing | 23 Map.addLayer (areasAltas.draw({color: ‘006600, strokeWidth: 0}), {})
i 24 print ("metros" , x)
i 25 print ("kilometros", x.getInfo() / 1000000)

area(maxError, proj)
~ oa Ganmatry Multil inaSts

PPGC&TAMDb
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Calculando a area de MG com mais de 900 metros de altitude.

var brasil = ee.FeatureCollection("projects/ee-sergiocosta/assets/BR_UF 2021");
var mg = brasil.filter(ee.Filter.eq("SIGLA","MG"))

var srtm = ee.lmage("CGIAR/SRTM90_V4").clip(mg)
var srtmgt900 = srtm.gt(900);

var areasAltas = srtmgt900.updateMask(srtmgt900.neq(0))
.reduceToVectors(

{
maxPixels: 62208000000, scale: 1000, geometryType: 'polygon’,

1)

var x = areasAltas.iterate (soma_areas, ee.Number(0))
Map.addLayer(areasAltas.draw({color: '006600', strokeWidth: 0}), {})
print ("metros" , x)

print ("kilometros", x.getInfo() / 1000000)

[&TAMDb
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Indice de vegetacdo, NDVI

Google EarthEngine  Q  ranasar om §
EINe e e e e O
~ ee.Dictionary Sl < Click on the map to inspect the layers.
aside(func, var_args) I 36 var saoluis = ee.FeatureCollection("projects/ee-sergiocosta/assets/MA Municipios 2021")
i37 .filter(ee.Filter.eq('CD MUN', '2111300'))
~ ee.Feature 38 =
aside(func, var_args) 39 var image = ee.ImageCollection('LANDSAT/LCO8/CO1/T1 TOA")
s 40 .filterBounds(saoluis)
~ ee.FeatureCollection 41 .filterDate('2015-06-61', '2015-09-01')
i 42 .sort('CLOUD COVER')
aside(func, var_args) 5l tirst();
filter(filter) 44
ﬂlterBounds(geometry) :g var ndvi = image.normalizedDifference(['B5', 'B4']);
filterDate(start, end) 47 Map.addLayer(ndvi, {min: -1, max: 1, palette: ['blue', 'white', 'green']}, 'NDVI');
48
filterMetadata(name, operator, value) 49
~ ee-Filter 58 o

onm;‘(ﬁo -
do Mmﬂ“‘
|

Matinha
Py

4—\“+
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Indice de vegetacdo, NDVI

Google

Doc

var saoluis = ee.FeatureCollection ("projects/ee-sergiocosta/assets/MA Municipios 2021")

- ee.Dictionary .filter(ee.Filter.eqg('CD MUN', '2111300"))

aside(func]
~ ee.Feature

sidend var image = ee.ImageCollection ('LANDSAT/LC08/C01/T1 TOA")

~ ee.FeatureCa . .
sidend - L11terBounds (saoluis)

fiteriter) £ ]1terDate ('2015-06-01"', '2015-09-01")

filterBound

filterDate(§ ~ « sort ( ! CLOUD_COVER' )
filterMetad .first ( ) ;

~ ee.Filter

var ndvi = image.normalizedDifference(['B5', 'B4']);

Map.addLayer (ndvi, {min: -1, max: 1, palette: ['blue', 'white', 'green']}, 'NDVI');

g 2 - Agua Doce
« ‘duiMaranhéo s
OlindaNova, - g 7 " i

do Ma@ha&.”

I . GmetEn @
| & Matinha 4 ; Coqueiro @
(Bomctn o 1 7 i

)
H 4
Buriti oSt~
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Uso e cobertura da terra, imagem MODIS.

Q  MCD12Q1

RASTERS
MCD12Q1.006 MODIBLand Cover Type Yearly Global 500m import »
Oxford MAP: Malaria Atlas Project Fractional International Geosphere-Biosphere Programme Land... })
Reprocessed GLDAS-2.0: Global Land Data Assimilation System

MCD12Q1.006 MODIS Land Cover Type Yearly Global 500m B 2
A DESCRIPTION BANDS TERMS OF USE CITATIONS DoIs

The MCD12Q1 V6 product provides global land cover types at yearly intervals (2001-2016)
derived from six different classification schemes. It is derived using supervised
classifications of MODIS Terra and Aqua reflectance data. The supervised classifications
then undergo additional post-processing that incorporate prior knowledge and ancillary
information to further refine specific classes.

Documentation:

« User's Guide

Dataset Availability
2001-01-01T00:00:00 -

« Algorithm Theoretical Basis Document (ATBD)
Dataset Provider

NASA LP DAAC at the USGS EROS Center

Collection Snippet |0

ee.ImageCollection("MODIS/006/
MCD12Q1")

See example

« General Documentation

Tags
landcover mced12q1 modis

nasa usgs yearly

CLOSE IMPORT

&' PPGC&TAMDb
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Uso e cobertura da terra, imagem MODIS.

Google Earth Engine a  mcpi2o1

bove s g L o I W T D

) | ADDAPROJECT
i 27 var amazonia = ee.FeatureCollection("projects/ee-sergiocosta/assets/amazonia legal")
28
LOUDASSELS 29 var cover = ee.Image('MODIS/051/MCD12Q1/2012 01 01')
~ ee-sergiocosta 30 .select('Land Cover Type 1').clip(amazonia);
i MA_Municipios_2021 g;
'-"MG—Munfcfpllos-2021 33 - var igbpPalette = [
i1l MS_Municipios_2021 34 ‘'aec3d4', // water
fiiamazonia_legal 35 '152106', '225129', '369b47', '30eb5b', '387242', // forest
i polos_madeireiros_mma_poly_sirgasz2... gg ‘ﬁﬁig, );3aa(€?',d'b76031', 'd9903d', '9laf4e’', // shrub, grass
i - . : i wetlands
.rodov:gs_gstaduals_sr?v_poly_§|rgas2..4 38 'cdb33b', // croplands
iterras_indigenas_funai_2010_limpo_p... 39  'cc0013', // urban
40 '33280d', // crop mosaic
EGACY ASSETS 41 'd7cdcc', // snow and ice

~ users/sergiocosta 42 'f7e084', // barren
e T
Geometry Imports

PPGC&TAMDb
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Uso e cobertura da terra, imagem MODIS.

var amazonia = ee.FeatureCollection ("projects/ee-sergiocosta/assets/amazonia legal"
Google Earth -

T asse{ var cover = ee.lImage ('MODIS/051/MCD1201/2012 01 01' )

@ s .select ('Land Cover Type 1').clip (amazonia);

LOUD ASSETS

* ee-sergiocosta. var igbpPalette = |
i MA_Municipios_20| aec3d4’ , // water

1 MG_Municipios_20j
mMS_Municipios 20l ' 152106"', '225129', '369b47', '30ebbb', '387242', // forest

e iaros] '6a2325', 'c3aa69', 'H76031', 'd9903d', '91af40', // shrub, grass
u‘.rodovia’s_z‘estaduais '111149"', // wetlands

miterras_indigenas_f "cdb33b', // croplands

- ersisergiocosta | 'Cc0013', // urban

— '33280d4', // crop mosaic

'd7cdcc', // snow and ice

'£7e084', // barren

'6f6fef' // tundra

17

Map.setCenter (-52.229, -31.613, 5);
Map.addLayer (cover, {min: 0, max: 17, palette: igbpPalette}, 'IGBP classification' );

)

PPGC&TAMDb
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Exportando uma imagem

pVo2 * GetLink ~ ] Save ~ Run ~ JJ] Reset ~ ] Apps o Inspector Console RERS W
pvo2x | | | || | | | Ll L] | reeector Console Miverd .

46 '6f6f6f' // tundra Task Manager (#.

47 1;

48

49 b -

50 var para = amazonia.filter(ee.Filter.eq("sigla", "PA")) v <im
51 Il

52 -~ |ID: GTRMHZF5PWCP4W4BKBFNSD40

53 //export image to Google Drive " Phase: Completed

54 ~ Export.image.toDrive({ & L o

55 image: cover, Runtime: 42s (started 2022-11-01 17:41:24 -0300)

56 description: 'cobertura amazonia', Attempted 1 time

2 reglon: para.geometry(), Batch compute usage: 14.3947 EECU-seconds

58 folder: 'saida’,

59 maxPixels: 1e9 , Source Script Open in Drive

60 scale: 1000 !

61 1}); - I . -
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Exportando uma imagem

var para = amazonia.filter(ee.Filter.eq("sigla", "PA"))

Gettink -l S -l //export image to Google Drive (—
' ' t . 0

a7 1: £, Tomin Export.image.toDrive({

33 image: cover,

50 var para = amazonia.filter(ee.Filter.eq("sigla", "PA")) description: 'cobertura_amazonia', v <im

= region: para.geometry(),

53 //export image to Google Drive folder: 'saida’,

54 - Export.image.toDrive({ . .

55 image: cover, maXPIXG|S 199 y )

56 description: 'cobertura amazonia', .

57 region: para.geometry(), scale: 1000

58  folder: 'saida’, i

59 maxPixels: 1e9 ,

60 scale: 1000

61 1}); - I . -
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Image e ImageGollection

Visualizando a imagem exportada no QGIS

*Untitled Project — QGIS - o9

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

PeBRRE (PLLBPPRPRALBaLIOR %5 @
BEV./ARE D ——

.
taver ex ‘ V" Layer Exported: Successfully saved vector layer to /home/sergio/Downloads/saoluis.shp 0 ?
v @l ® T 2 2= b]

|0 - cobertura amazonia B
Band 1: Land_Cover_Type_1 (Palette)
0
| B
H: E
E]

Layers \ Browser

Statistics @®
v || €
Statistic Value
Selected features only 8 o |

Ctrl+K) sordinal| -6732999-1000197 | 9§ 4| 1:10441843 | ~ | @ lagnifie| 100% 12| otatic [0,0° 2| (V| Render @ unknowncrs @

¥

U mmmm——— s . e —
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Continuar aprendendo

Introducao ao Google Earth Engine

End-to-End Google Earth Engine (Full Course Material)
https://tutorials.geemap.org/ - API Python

GUIA PRATICO EARTH ENGINE - JAVASCRIPT - Playlist com curso basico completo
https://developers.google.com/earth-engine
https://www.youtube.com/c/SolvedScholar/

GEARS - Geospatial Ecology and Remote Sensing

Luis Sadeck

Analista em Google Earth Engine

&' PPGC&TAMDb
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https://www.google.com/intl/pt-BR_br/earth/outreach/learn/introduction-to-google-earth-engine/
https://courses.spatialthoughts.com/end-to-end-gee.html#hello-world
https://tutorials.geemap.org/
https://www.youtube.com/playlist?list=PLy3BKv9gmWkSlGN5LOLm6Cf53YTWYePKW
https://developers.google.com/earth-engine
https://www.youtube.com/c/SolvedScholar/
https://www.youtube.com/channel/UCPZMj2ykE9pgJGV1r0kXQMg/featured
https://www.youtube.com/user/luissadeck
https://www.youtube.com/playlist?list=PLvL9b_k8FRd_6qbPr6Efk5ZNIvsUcTy0Z

