Introduction to Google Earth Engine
Training at CSC 11.-12.2.2019

Ulpu Leinonen | Project Researcher
University of Turku, Department of Geography and Geology
ulpu.leinonen@utu.fi



Objectives of this training

This training will introduce the participants to handling satellite
Imagery and other geospatial data in Google Earth Engine (GEE) cloud

platform.

Course Expected Learning Outcomes

The participant masters the basic use of the JavaScript Code Editor in
GEE and is able to understand, modify and apply scripts to find,
display, process, analyze, and download satellite imagery using the
Code Editor. After taking the course the participant knows where to
find resources to continue the learning process, and is able to evaluate
the use potential (and limitations) of GEE for their own projects.

NB: This is not a remote sensing / geospatial data theory training; if
you are new to the topic, some selt-learning will be necessary.



Schedule

« Monday 11.2.2019 — Introduction to Google Earth Engine

9:00-10:30 Introduction to Google Earth Engine and GEE data types

10:30-10:45 Coffee break

10:45-12:15 Module 1: Introduction to GEE Code Editor

12.15-13:00 Lunch

13:00-14:30 Module 2: Accessing satellite imagery in GEE: Images and Image Collections
14:30-14:45 Coffee break

14:45-16:00 Module 3: Working with vector data in GEE

 Tuesday 12.2.2019 - More advanced features of GEE

9:00-10:30 Module 4: Charts and custom Ul Layouts

10:30-10:45 Coffee break

10:45-12:15 Module 5: Image Classification

12.15-13:00 Lunch

13:00-14:30 Module 6: Arrays and time series

14:30-14:45 Coffee break

14:45-16:00 Module 7: Leftovers, wrap-up and how to continue from here.




Signing up to GEE

» earthengine.google.com/signup

* The sign up means you request a
access to all the features of the
API

« Google account is needed,
because then you can export data
and outputs straight in to your
Google Drive

Help =  ulpu.mar

Help forum ) to wWr

le.
Data Catalog

Shortcuts
Feature tour
Send feedback

Suggest a dataset

Google Earth Engine


https://earthengine.google.com/signup

About me (and you)

* Project Researcher at University of
Turku, Geographer

* Working in higher education
development%HEI—ICI) project as a
project coordinator and trainer of
remote sensing and GIS issues,
collaborating with four Tanzanian
partner universities.

» Background at FAO Forestry
Department; work with satéllite
imagery based forest mapping.

* And you?



Acknowledgements

* Google Earth Engine Team

 Earth Engine user guide and training material (available at
https.//developers.google.com/earth-engine/)
 Earth Engine Beginning Curriculum
 Earth Engine Intermediate Curriculum
* Introductory Remote Sensing Code Labs

* Google Earth Engine User summit materials (available at

https://events.withgoogle.com/google-earth-engine-user-
summit-2017/)



https://developers.google.com/earth-engine/
https://events.withgoogle.com/google-earth-engine-user-summit-2017/

About Google Earth Engine



Operating NASA Earth Science Missions
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Credit of the slide: Nicholas Clinton /_Gt__)ogle Earth Outreach goo.gl/31Viyw



"Often it turns out to be more efficient
to move the questions than to move
the data.”

-Jim Gray (1944-2007)

GO gle Earth Engine Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw
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What started with viewing satellite imagery in Google
Earth was taken further..

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



https://earthengine.google.com/

Google Earth Engine

» A free planetary-scale platform for Earth science that
allows users to run geospatial analysis on data which is
readily in Google's infrastructure

* "Big Data" analysis and visualization platform
* Inherently parallel system
e Designed for scientists, not software engineers
* Goals: make 1t easy, enable non-traditional users

Credit of the slide: Noel Gorelick / Google Earth Outreach goo.gl/9sYsqwW


https://earthengine.google.com/
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The Earth Engine Public Data Catalog

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

Landsat and MODIS Terrain Land Cover Atmospheric
Sentinel Daily, NBAR, LST, ... SRTM, GTOPO, NED, ... GlobCover, NLCD, ... NOAA NCEP OMI, ...
Raw, TOA, SR, ..

... and many more, updating daily!

> 200 public datasets

> 5 million images > 5 petabytes of data

GO gle Earth Engine Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw


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

How does it work?

Geospatial
Datasets

Google Earth Engine

Requests

Results

N/

-

_ij:f%"||"“‘||||!|i“|lii|||‘||‘|

mosaic

filter

ocal_min

join

reduce
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Storage and parallel computing

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw

Algorithmic
primitives




‘After Earth Engine




TIMELAPSE

Watch the world change over the course of nearly three
decades of satsiiite photography
Pictured: The megacity of Dubai grows in the desert, fom 1984 to today

Credit of the slide: Nicholas Clinton / Google Earth Outreach gog,gl/3 RViyw


https://earthengine.google.com/timelapse/
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29 years 2,068,467 909

of satellite data landsat scenes analyzed terabytes of data

More than 2M hours of computation over 66,000 computers

Elapsed time: ~1 _5 days to build the mosaics



High-Resolution Global Maps of
21st-Century Forest Cover Change

M. C. Hansen,'* P. V. Potapov,® R. Moore,® M. Hancher,? 5. A. Turubanova,® A. Tyukavina,®
D. Thau,? 5. V. Stehman,? 5. ). Goetz,* T. R. Loveland,® A. I(n:lmmalrennlrl:ly,‘S A. Egurov," L. Chini,*
C. 0. Justice,! ]. R. G. Townshend?

15 NOVEMBER 2013 VOL 342 SCIENCE www.sciencemag.org

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw

[ Imagery ©2015 TemaViewics | 20 00 - | Temms of Use


https://earthenginepartners.appspot.com/science-2013-global-forest

& > C M nttps//www.globalforestwatch.org/map
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@ Tree cover gain
FOREST
CHANGE

Maldives
g * Tree cover loss

LAND COVER @ Tree cover loss

Displaying Tree cover loss with > 30%v
K canopy density

Displaying Tree cover lossv

Tree cover loss is not always deforestation.

>

2001 2003 2006 2009 2012 2015 205

:: Tree cover - 2010 {6 X
@® Treecover

Displaying Tree cover with > 30%v
canopy density

Displaying Tree cover for 2010 v
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https://www.globalforestwatch.org/map




High-resolution mapping of global surface water
and its long-term changes

Jean-Francois Pekel', Andrew Cottam’', Noel Gorelick? & Alan S. Belward'
doi:10.1038/nature20584
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Image credit: New York Times Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw
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Global Surface
Water Explorer

European
Commission

Powered by Google Earth Engine
Paper | Full Text

The European Commission's Joint Research Centre developed this new
water dataset in the framework of the Copernicus Programme. This maps
the location and temporal distribution of water surfaces at the global scale
over the past 32 years and provides statistics on the extent and change of
those water surfaces. The dataset, produced from Landsat imagery
(courtesy USGS and NASA), will support applications including water
resource management, climate modelling, biodiversity conservation and
food security.

Note: Click anywhere on the map to obtain temporal profile charts for
that location.

B Download Datasets

FAQ | Contact: jre-surfacewater@ec.europa.eu
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Earth Engine platform



GEE platform

» https://earthengine.google.com/

 There are several ways to interact with the platform:

* The Explorer is a lightweight web app for exploring the data catalog
and running simple analyses.

« The Code Editor is a web-based IDE for writing and running scripts.

 The client libraries provide Python and JavaScript wrappers around the
web API.

A planetary-scale platform for

Earth science data & analysis


https://earthengine.google.com/

GEE interfaces used in this training

Explorer

* Easy to use non-
programming GUI

» Satellite data search &
viewing, running pre-defined
computations (on specific
data sets), drawing vectors

e Limited capabilities for
analysis.

Java Script Code Editor

* An interactive environment
for developing Earth Engine
applications.

» Run batch tasks, create your
own functions, use any data
set available in the data
catalogue

* For this class we are using the
JavaScript API, but instructions
about accessing GEE using
Python are available on the
GEE website.



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

Interfaces: GEE Explorer

Goggle Earth Eng|ne Search Places, Keywords. Tables, or Az ,, J ' Send feedback ulpu.lei@gmail.com ~
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https://explorer.earthengine.google.com/

Interfaces: Java Script Code Editor

Scripts
= MaiZe_seiitine_2

B NDVI_SH

B Pemba_LS57

& Pemba_QualityMosaic

B Pemba_SimpleComposite

I Pemba_SimpleFilterLS8
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2 // Developed by Erik Lindquist (Erik.Lindquist@fao.org), adjusted by Antonia Ortmann (Antonia.Ortme
3 // No warranties of any kind
4
5 // Script originally written by Erik Lindquist (with help from several other EE developers) erik.]
6 // Google Earth Engine Javascript to:
7 // 1) collect and correct for (some) sun-sensor-target anomalies all available Landsat pixels covet
8 // 2) produce best pixel mosaics for a range of time
9 // 3) produce a classification based on training data
10
11 Function to correct for the latitudinal component of sun-sensor-target geometry per pixel
12 // From the wenfgage landsat.usgs.gov/Landsat8_Using_Product.php
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https://code.earthengine.google.com/

Data structures in GEE



Types of spatial data: vector vs. raster

* Vector data consists of points, lines and polygons: represents
individual spatial features (such as roads, bus stops or parks)

 Raster data is continuous grid type of data that consists of cells
(=pixels), each with a specific value = remote sensing data sets




What are RS images?

A remote sensing image Is a raster
saved in digital data storage as a
grid (matrix) of numbers.

The intensity value , 1.e. "brightness”
of the object is recorded in pixels =
grid cells

Images are composed of one or
more bands.

In GEE, each band can have its own
name, data type, scale, mask and
projection.

Each image has metadata stored as
a set of properties.

Landsat 8
September 11, 2015

|
10 Miles a



Image spectral bands (channels)

» The remote sensing instruments are built to register radiation in specific

wavelength ranges = spectral bands

Reflectance (%)

Visible | Near-

Mid-infrared

T | T T T T T T T T >
05 07 09 11 13 15 17 19 21 23 25

Wavelength (um)

WWW.Seos-project.eu

Pan
Coastal '
Blue -
Green [
Yellow
Red |

Red Edge |
NIR1 |
NIR2

The 8 spectral bands of WorldView-2

350

450

550

650 750
Wavelength (nm)

850

950

1050

https://www.satimagingcorp.com/satellite-sensors/worldview-2/




If you're new to remote sensing:

* Video 1. A look at the different types of remote sensing techniques:
https://youtu.be/rA VClLzvbvM (NASA)

* Video 2. Understanding the remote sensing data:
https://youtu.be/39nnjy5HLIw (Hexagon Geospatial)

 Natural Resources Canada offers a comprehensive tutorial at
http://www.nrcan.gc.ca/earth-sciences/geomatics/satellite-imagery-air-
photos/satellite-imagery-products/educational-resources/9309



https://youtu.be/rA_VCLzvbvM
https://youtu.be/39nnjy5HLIw
http://www.nrcan.gc.ca/earth-sciences/geomatics/satellite-imagery-air-photos/satellite-imagery-products/educational-resources/9309

Data Structures in GEE

Feature (vector):
Line / Point / Polygon

Contains: a list of properties

e.g. a polygon might have
ID: 23

type : park

Area m2: 340

Credit of the slide: Noel Gorelick / Google Earth Outreach goo.gl/9sYsqW

TNC Ec
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Data Structures in GEE

Feature
Image (raster)
Stack of Georeferenced bands
Each band has its own:
Mask, Projection, Resolution
Contains: a list of properties, including:

Date, Bounding-box

Credit of the slide: Noel Gorelick / Google Earth Outreach goo.gl/9sYsqW



Data Structures in GEE

Feature
Image
Collection
“Bag” of Elements:
Table of Features

Directory/stack of Images
- Which you can Filter, Sort,

Join, Map, Reduce...

Credit of the slide: Noel Gorelick / Google Earth Outreach goo.gl/9sYsqwW



Data Structures in GEE

Other fundamental data structures in Earth Engine include e.g.
Dictionary,

List,

Array,
Geometry,
Date,
Number,

String...

Google Earth Engine



What can you do with Earth
Engine?



What can you do with Earth Engine?

* Get an Image

* Pick your: Projection, resolution,
bands, bounding-box, visualization

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



What can you do with Earth Engine?

* Apply an algorithm to an image
 Ready functions or script your own.

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



What can you do with Earth Engine?

* Filter a collection of images
* Time, Space & Metadata search

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



What can you do with Earth Engine?

* Map an algorithm over a
collection

» Apply a function to each element of a
collection

« A "For Each" operation

Examples
Compute area of each feature
Cloud cover of each image

Mosaic for each month
Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw




What can you do with Earth Engine?

» Get an Image
* Apply an algorithm to an image
* Filter a collection of images

* Map an algorithm over a collection

* Reduce a collection
» "Aggregation”

Example:
Median-pixel composite

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



What can you do with Earth Engine?

» Get an Image

* Apply an algorithm to an image

* Filter a collection of images

* Map an algorithm over a collection
* Reduce a collection
« Compute aggregate statistics

Example:
Summed area over all features

Credit of the slide: Nicholas Clinton / Google Earth Outreach goo.gl/31Viyw



Data sets used in this training

Landsat,, Sentinel-2, MODIS, Hansen Global Forest Cover Change, SRTM
elevation data, etc.



Landsat programme

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

 Landsat programme since 1972, NASA

 Currently: Landsat 7 and 8, 16 day revisit time, 30m resolution
 Landsat products in GEE: Surface Reflectance, TOA, Raw images

* 3 categories for each satellite:
* Tier 1 (T1) - Data that meets geometric and radiometric quality requirements
 Tier 2 (T2) - Data that doesn't meet the Tier 1 requirements

* Real Time (RT) - Data that hasn't yet been evaluated (it takes as much as a
month).


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

Landsat 4-7 bands

Bands

Resolution

Wavelength

Description

B1
B2
B3
B4
B5

B6_VCID_1

30 meters

30 meters

30 meters

30 meters

30 meters

30 meters

B6_VCID_2 30 meters

B7

B8

BOA

30 meters

15 meters

0.45-0.52 pm
0.52-0.60 pm
0.63-0.69 pm
0.77-0.90 pm
1.55-1.75 pm

10.40-12.50
um

10.40-12.50
um

2.08-2.35 um

0.52- 0.90 pm

Blue

Green

Red

Near infrared
Shortwave infrared 1

Low-gain Thermal Infrared 1. This band has expanded dynamic range and lower radiometric resolution (sensitivity), with less saturation at high Digital Number (DN)
values. Resampled from 60m to 30m.

High-gain Thermal Infrared 1. This band has higher radiometric resolution (sensitivity), although it has a more restricted dynamic range. Resampled from 60m to
30m.

Shortwave infrared 2
Panchromatic

Landsat Collection 1 QA Bitmask (See Landsat QA page)



Landsat 8 bands

Bands

B1

B2

&

B5

Bé

B7

B8

B9

B16

B11

BQA

Resolution

30 meters

30 meters

30 meters

30 meters

30 meters

30 meters

30 meters

15 meters

15 meters

30 meters

30 meters

Wavelength

0.43-0.45 pm
0.45-0.51 pm
0.53 - 0.59 pm
0.64 - 0.67 pm
0.85-0.88 pm
1.57 - 1.65 pm
2.11-2.29 pm
0.52 - 0.90 pm
1.36-1.38 pm
10.60-117.19 pm

11.50-12.37 pm

Description

Coastal aerosol

Blue

Green

Red

Near infrared

Shortwave infrared 1

Shortwave infrared 2

Band 8 Panchromatic

Cirrus

Thermal infrared 1, resampled from 100m to 30m
Thermal infrared 2, resampled from 100m to 30m

Landsat Collection 1 QA Bitmask (See Landsat QA page)



Sentinel-2

* https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS S2

* Since 2015, ESA/ EU Copernicus programme

« Two polar-orbiting satellites, Sentinel-2A and 2B, 10-60 m
resolution

10 days revisit time at the equator with one satellite, 5 days with
2 satellites under cloud-free conditions - 2-3 days at mid-
latitudes

* The Sentinel-2 data in GEE contain 13 UINT16 spectral bands
representing TOA reflectance scaled by 10000

* No known JavaScript solution for the calculation of surface reflectance
* Ingestion of the Level 2A (surface reflectance) imagery soon?



https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S2

Sentinel-2 bands

Bands

Name

B1
B2
B3
B4
B5
B6
B7
B8
B8a
B9
B18
B11
B12
QA1@
QA26
QA68

Scale

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.0001

Resolution

60 meters
10 meters
10 meters
10 meters
20 meters
20 meters
20 meters
10 meters
20 meters
60 meters
60 meters
20 meters
20 meters
10 meters
20 meters

60 meters

Wavelength

443.9nm (S24) / 442.3nm (52B)
496.6nm (S2A) / 492.1nm (S2B)
560nm (S2A) / 559nm (S2B)
664.5nm (S2A) / 665nm (S2B)
703.9nm (S2A) / 703.8nm (S2B)
740.2nm (S2A) / 739.1nm (S2B)
782.5nm (S2A) / 779.7nm (S2B)
835.1nm (S2A) / 833nm (S2B)
864.8nm (S2A) / 864nm (S2B)
945nm (S2A) / 943.2nm (S2B)
1373.5nm (S2A) / 1376.9nm (S2B)
1613.7nm (S2A) / 1610.4nm (S2B)

2202.4nm (S2A) / 2185.7nm (S2B)

Description

Aerosols

Blue

Green

Red

Red Edge 1
Red Edge 2
Red Edge 3
NIR

Red Edge 4
Water vapor
Cirrus

SWIR1

SWIR 2
Always empty
Always empty

Cloud mask



Exercise: GEE platform and Explorer

* Browse to https://earthengine.google.com

* Get to know the different sections of the platform

» See what’s in the Data Catalogue — Especially Landsat-8,
Sentinel-2, SRTM, MODIS, and Hansen Global Forest Change

* Focus on the data sets that are unfamiliar to you.
* .. Then let's have a look at the Explorer together!


https://earthengine.google.com/

