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We are hitting planetary
tipping points

For the first time in history,
the Amazon rainforest emitted
more carbon than it removed

Source: Nature (2021)



https://www.nature.com/articles/s41586-021-03629-6?utm_medium=affiliate&utm_source=commission_junction&utm_campaign=CONR_PF018_ECOM_GL_PHSS_ALWYS_PRODUCT&utm_content=productdatafeed&utm_term=PID100090912&CJEVENT=e2b60838a54111ec8267922e0a1c0e0d
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COPERNICUS AND ITS SENTINELS
Dz, @ Qiz. @ @I, @smmrT

nflict and disaster or f ent

European Earth Observation Programme Copernicus: observing our planet for a safer world

@ Marine Environmental Monitoring. @ Climate Change Monitoring. Earth Atmosphere Monitoring.

Land Surface Monitoring.
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SENTINEL-5P

SENTINEL-2

SENTINEL-1

+ Able o “see” through clouds and rain
+ Data delivery within 1 hour of acquisifion

» Aitbus Defence and Space developed
Cband radar instrument

SENTINEL-3

slution of 1kr

and thermal rediction emitted by the Earth
* Dotermines global sea surfoce femperatures
with an accuracy greater than 0.3 K

+ 13 speciral bands with 10, 20 or 60m resolution
and 290km swath width

« Global coverage of the Earth's lond
surfoce every 5 days « Airbus Defence and Space supplies

« Airbus Defence and Space prime contractor Microwave Radiometer

for satellites and instruments

* Measures water vapour, cloud water content

8/ X

environme pollute

« Improves climate models and weather forecasts

* Provides daka continuously during fiveyear gap
between the retirement of Envisat and the leunch
of Sentinek5

* Airbus Defence and Space prime contractor for
satellite and TROPOM! instrument

SENTINEL-4
oy SENTINEL-S

gas cor tio
* Spatial sampling is 8 km and spectral resolution between
0.12nm and 0.5nm
* Airbus Defence and Space prime contractor
for spectrometer

* Globol coverage of Earth’s atmosphere
with an unprecedented spatial resolution
# Airbus Defence and Space prime contractor

* Carried aboard EUMETSAT’s Meteosat Third for instrument

Generation (MTG) satellites

* Carried aboard EUMETSAT's MetOp Second
Generction satellites
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SENTINEL-6

* Global mapping of the sea surface
fopography every 10 days

* Enables precise observation of ocean currents
and ccean heat gtorage; vital for predicting
rises in sea levels

* Airbus Defence and Space prime
contractor for satellite
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Revolution begins: Explosion of Earth Observation “Big Data”

Big commercial & government satellites Constellations of small sats

But researchers and practitioners are not software engineers!
How can they access and process all this data?



Earth Engine Mission

Build the leading geospatial analysis
platform to advance planetary
sustainability and resilience to climate
change



A planetary-scale platform for Earth

science data & analysis

Powered by Google's cloud infrastructure

» Watch Video

P

Data Catalog

The world's largest archive of

open Earth data at your fingertips.
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Meet Earth Engine

\A N/

Computation Platform Collaborative Ecosystem

A powerful tool to analyze and 100,000+ monthly-active users
visualize Earth data at scale. (and growing).
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VIEW ALL DATASETS

Earth Engine Data Catalog

Climate and Weather

Geophysical




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

M. C. Hansen,'* P. V. Potapov,* R. Moore,”> M. Hancher,? S. A. Turubanova, A. Tyukavina,!
D. Thau,2 S. V. Stehman,3 S. J: Goetz,* T. R. Loveland,5 A. Kommareddy,6 A. Egorov,6 L. Chini,*
C. 0. Justice,* ]. R. G. Townshend?

15 NOVEMBER 2013 VOL 342 SCIENCE www.sciencemag.org

654,178 700 10,000 4

Landsat Terapixels Hours of CPUs Days to
Scenes of Data Computation Used Complete

Forest Extent 2000
Forest Loss 2000-2012

Forest Gain 2000-2012
B Both Loss and Gain

Global Forest Change, 2000-2012 Source: Hansen, Potapov, Moore, Hancher, et al. (Science, 2013) Powered by Google Earth Engine

glad.earthengine.app/view/global-forest-change


https://earthenginepartners.appspot.com/science-2013-global-forest
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Global Land
Analysis & Discovery



Monitoring matters! & - s FOREST

38 Indigenous territories in Peru saw a

51% reduction in deforestation

161 Mha of Congo Basin forests saw a

18% reduction in deforestation




500k+

Scientists around the
world

20,000+

SClentlflc papers (/ink)

Google Scholar results referencing "google earth engine" - Cumulative

B ToDate @ Projected (12x monthly average)

# Google Scholar Results (cumulative)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Remote Sensing of Environment
Volume 202, 1 December 2017, Pages 18-27

Google Earth Engine: Planetary-scale
geospatial analysis for everyone

SCienCe Home News Journals Topics Careers

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

M. C. Hansen'", P. V. Potapov', R. Moore?, M. Hancher?, S. A. Turubanova', A. Tyukavina', D. Thau, S. V. Stehman?, S. J. ...

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

Jean-Francois Pekel B8, Andrew Cottam, Noel Gorelick & Alan S. Belward

[ ]
SClence Home News Journals Topics Careers

Tracking the global footprint of fisheries

David A. Kroodsma'-*, Juan Mayorga®®, Timothy Hochberg', Nathan A. Miller*, Kristina Boerder5, Francesco Ferretti®, Alex ...


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%22google+earth+engine%22&btnG=

RESTORATION ECOLOGY

The global tree restoration potential

Jean-Francois Bastin'*, Yelena Finegold?, Claude Garcia®*, Danilo Mollicone?,
Marcelo Rezende?, Devin Routh’, Constantin M. Zohner’, Thomas W. Crowther"

The restoration of trees remains among the most effective strategies for climate change
mitigation. We mapped the global potential tree coverage to show that 4.4 billion hectares
of canopy cover could exist under the current climate. Excluding existing trees and
agricultural and urban areas, we found that there is room for an extra 0.9 billion hectares
of canopy cover, which could store 205 gigatonnes of carbon in areas that would naturally
support woodlands and forests. This highlights global tree restoration as our most effective
climate change solution to date. However, climate change will alter this potential tree
coverage. We estimate that if we cannot deviate from the current trajectory, the global
potential canopy cover may shrink by ~223 million hectares by 2050, with the vast majority
of losses occurring in the tropics. Our results highlight the opportunity of climate change
mitigation through global tree restoration but also the urgent need for action.

hotosynthetic carbon capture by trees is
likely to be among our most effective strat-
egies to limit the rise of CO, concentra-
tions across the globe (I-3). Consequently,
a number of international initiatives [such

measurements (data file S1) (8) of tree cover
across all protected regions of the world (fig. S1)
(9, 10). Using global environmental layers (table
S1) (1), we examined how climate, edaphic, and
topographic variables drive the variation in nat-
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mental conditions, with minimal human activity
(Fig. 2A). This work is directly underpinned by
our systematic dataset of direct tree cover mea-
surements (entirely independent of climate and
modeled remote sensing estimates) (13) across the
globe (fig. S1) (10).

Across the world’s protected areas (fig. S2),
tree cover ranged between peaks of 0% in dry
desert and 100% in dense equatorial forest, with
fewer values falling between these two extremes
(figs. S2 and S3). We paired these tree cover mea-
surements with 10 global layers of soil and climate
data (table S1) (Z1). Our resulting random forest
model had high predictive power [coefficient of
determination (R®) = 0.86; intercept = -2.05%
tree cover; slope = 1.06] (Fig. 1); rigorous k-fold
cross-validation (fig. S4A) (II) revealed that our
model could explain ~71% of the variation in tree
cover without bias (R? = 0.71; intercept = 0.34%
tree cover; slope = 0.99) (fig. S3, B and C). Our
k-fold cross-validation approach also allows us
to generate a spatially explicit understanding
of model uncertainty (figs. S5 and S6) (I1). Across
all pixels, the mean standard deviation around
the modeled estimate is ~9% in tree cover (28%

of the mean tree cover) (figs. S5 and S6) (II). As
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* CARBON - 1P - . " DATALAYERS

This shows an estimate of how much organic carbon currently exists in
the soil of this area and how much could exist if the soil is restored

Current organic carbon in soil (3) Show on map

578 tonnes

Potential organic carbon in soil (i)

613 tonnes

This shows the rate at which carbon is accumulating as biomass in live
plants
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http://restor.eco
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ALERTS
280 million

deforestation alerts

190 million

in the Amazon biome

3 million

hectares of validated
deforestation

1,000+

Property loans stopped
for detected violations
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Expanding MapBiomas to Indonesia

Success story - scaling MapBiomas land
cover detection and alerting tools regionally
in South - South collaboration

MapBiomas Indonesia consists of ten
Indonesian civil society organizations
(CSO’s) which are coordinated by Auriga
Nusantara and integrated into the
MapBiomas Global Network.

How Google Earth Engine supports
impact

“Google Earth Engine (GEE) ...is a key tool
in the MapBiomas process.”

-

Tutupan lahan

MAPBIOMAS
[INDONESIA]
Wilayah Transisi Bobot
Wilayah
‘ Negara w ‘
- Sub-Wilayah -
‘ Indonesia v ‘

[7J Pilih Beberapa Wilayah @

Legenda

Klik Di sini dan lihat deskripsi semua kelas.

Tampilkan Berdasarkan

Alami and Antropogenik

Level 1 Level 2

1. Hutan
2. Tumbuhan Non Hutan
3. Pertanian

4.Non Vegetasi

5. Tubuh Air

6. Citra Tertutup Awan

ili  STATISTIK

Level 3

v
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Leaflet | © OpenStreetMap contributors



OPEN=T

Accessible satellite-based evapotranspiration (ET) data for
improved water management

Whatis ET? | HowtouseData | Methodologies | Known Issues

= Filling the Biggest Data Gap
o in Water Management
e Year
Cl 23

Success story - fostering novel solutions that help decision
making

Local communities and water agencies across the west are
taking up and using historical and near real-time data from
OpenET.

How Google Earth Engine supports impact

“Not only does Earth Engine enable OpenET to produce high
resolution ET data at scale and make it readily available to
anyone who needs it; it also makes it possible for the scientific
community to easily compare approaches and standardize
inputs, leading to important advances in the science that serve to
continually improve the data over time.”

#GeoForGood23
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MAP OF LIFE

Indicators to identify and protect sufficient habitat to safeguard global
biodiversity

Success story - Indicators adopted in UN Global Biodiversity Framework
Species Habitat Index (SHI), Species Protection Index (SPI) and Species
Information Index (Sll) all adopted as complementary indicators in UN
Convention on Biological Diversity - Global Biodiversity Framework.

How Google Earth Engine supports impact

"This is the power of the indicators: they simultaneously provide national
metrics for tracking progress and provide locally specific, actionable
information.” Using EE & Cloud to generate Species Protection Index (SPI) for
mapping 40,000 species

YALE

BGC

CENTER




v English ~ Frangais Italiano  Portugués Pycckwii  Espaniol
\// Food and Agriculture Organization o oo
of the United Nations T e Q

About FAO ~ In action > Main topics Resources ~ Member countries ~ Get involved ~

Print Send Dm

Google and FAO partner to make remote sensing data more
efficient and accessible

Partnership enhances ability to assess changing forest and to estimate greenhouse gas emissions

FAQ's José Graziano da Silva and
Google's Rebecca Moore celebrate the
partnership formalization at COP21 in
Paris.

Related link

Ranchers in Azerbaijan compare a
satellite map with the situation on the

ground.

Cool tools

@ FAQ's Open Foris
@ Google Earth Engine

Forest researchers in Viet Nam use laser technologies to measure tree height and thickness.

ect Earth
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Cycle of impact

Research &
nonprofit
ecosystem

Sustainably
manage the

world’s resources

Government &
commercial
decision makers




Source: Unilever, NGIS

Sustainable sourcing with
satellite-derived insights:
Modeling palm ol
sourcing factors




_Source Carlos Souza Imazon
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Dynamic World: Near Real Time land cover data

Dataset and Al Model

01 Global Land Cover Dataset
02 10m resolution based on ESA Sentinel-2

03 Near Real Time: 2-5 day globally
for seasonal and recent events

04 Per-pixel probabilities across 9 classes

05 Free, Open License model & dataset

nature -\




Announcing new GeoAl-powered EE Dataset
Earth Engine > Cloud Score+

Comprehensive Sentinel-2 pixel quality assessment,
supporting flexible generation of clear S2 composites worldwide

Cloud Score+ S2_HARMONIZED V1 @z

DESCRIPTION BANDS MAGE PROPERTIES TERMS OF USE CITATIONS

Cloud Score+ is a quality assessment (QA) processor for medium-to-high resolution optical
satellite imagery. Cloud Score+ outputs do not explicitly provide labels, e.g., "cloud" and
‘cloud shadow". Instead, QA artifacts are defined on a continuous scale based on ground
occlusion with respect to solar radiation or the imaging sensor: if a ray incident to or
reflected from a ground pixel is absorbed or reflected by the atmosphere, the QA score is
lower. Functionally, Cloud Score+ provides a holistic per-pixel "usability” score that can be
thresholded to mask or even weight observations used for downstream tasks such as time

series analysis or classification
Dataset Availability
2022-01-01700:00:00 -
Dataset Provider

jle Earth Engine

The Cloud Score+ S2_HARMONIZED dataset is being operationally produced in parallel with
the harmonized Sentinel-2 L1C collection. This dataset includes two QA bands that grade the
usability of individual pixels with respect to surface visibility on a scale of [0, 1] where 0
represents "not clear" (occluded) while 1 represents "clear” (unoccluded) observations. The

Collection Snippet O
Ppet L cs band scores QA based on a spectral distance between the observed pixel and a

ee.ImageCollection("GOOGLE/CLOUD_

(theoretical) clear reference observation, while the cs_cdf band represents the likelihood an
SCORE_PLUS/V1/S2_HARMONIZED")

i observed pixel is clear based on an estimated cumulative distribution of scores for a given
Deecxampie location through time

Tags

Images in the Cloud Score+ S2_HARMONIZED collection have the same id and system:index
properties as the individual Sentinel-2 L1C assets from which they were produced such that

Cloud Score+ bands can be linked to source images based on their shared system:index

cloud google sentinel2-derived
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Earth Engine Google Developer Experts
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Preview: Publisher and Community Data Catalogs

Google Earth Engine > Data Catalog

Home View all datasets

Geoscience Australia O -

Geoscience Australia provides Earth observation service
Program objectives are to ensure continuity of access ta
priorities, promote use and value of satellite imagery wit
sensing science through extracting value and use of EO$
access to data, and provide national imagery coordinatic
Looking for another dataset not in Earth Engine yet? Let

Filter list of datasets

National Intertidal Digital Elevation
Model 25m 1.0.0

Browse by tags Landsat MODIS

Google Earth Engine > Data Catalog

Q_ Search ‘0- @ English ~

Sentinel Publisher Community API Docs

Q_ Search -®-

@
m
@
g
4

View all datasets Browse by tags Landsat MODIS Sentinel Publisher Community API Docs

Awesome GEE Community Catalog @& -

Awesome GEE Community Catalog consists of community-sourced geospatial datasets made available for use by the
larger Google Earth Engine community and shared publicly as Earth Engine assets. The project was started with the
idea that a lot of research datasets are often unavailable for direct use and require preprocessing before use. This
catalog lives and serves alongside the Google Earth Engine data catalog and also houses datasets that are often
requested by the community and under a variety of open licenses.

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

'~ Awesome GEE
5”4 Community
Catalog

~——

Filter list of datasets

GLOBathy Global lakes LandScan Population Data Global United States Drought Monitor

bathymetry dataset 1km




Learning Resources

D (87) EEFA Book - YouTube x

C O @ youtube.com/@eefabook3667/playlists ok x*»GO@ :
= OVoulube Search a ¢ ©® Q@
&) !
Home ’ B EEFA Book @
R % (@eefabook3667 950 subscribers 88 videos
a3 g

More about this channel >

Jeffrey A. Cardille e e s i M.

Morgan A. Crowley = sonty
David Saah : :

Nicholas E. Clinton Editors

4videos

Part A1: Human Applications  Chapter F5.2: Zonal Statistics  Chapter F5.1: Raster/Vector Chapter F5.3: Advanced Vector
Conversions Operations

Cloud-Based Remote 5 REEEE

Sensing with Google |
Earth Engine

Fundamentals and Applications

Welcome to Cloud-Based
Remote Sensing with Google
Earth Engine: Fundamentals
and Applications

This book is the product of more than a year of effort from
more than 100 individuals, working in concert to provide this
free resource for learning how to use this exciting technology
for the public good.

The book includes work from undergraduates, master's

students, PhD students, postdocs, assistant professors,
associate professors, and independent consultants.

LEARN MORE

http://eefa-book.org



The Indigenous Uru-eu-wau-wau people

use Google Earth as a tool to defend their
territory from illegal invasion
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“BURSTING WITH RIP-ROARING INTENSITY...
CAPTURES A HIGH-STAKES STRUGGLE
FOR SURVIVAL"

“URGENT, VISUALLY SPELLBINDING"

“RIVETING"

VARIETY

THE BATTLE FOR HOME

NATIONAL |
GEOGRAPHIC
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Thank you!

rmoore@google.com
earthengine.google.com

The Beatles - Revolution

/,

2 You say you want a revolution > We'd all love t

o change the world 2 |
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