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COPERN ICUS AN D ITS SENTI N E LS European Earth Observation Programme Copernicus: observing our planet for a safer world
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Earth Observation Data Archives .

B

6 Million Landsat images (1972-2017)
2 Petabytes stored on tapes at USGS




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

-Jim Gray (1944-2007) PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

Google Earth Engine
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Google Earth Engine FAQ TIMELAPSE DATASETS CASE STUDIES PLATFORM SIGN UP

A planetary-scale platform for Earth
science data & analysis

Powered by Google's cloud infrastructure

» WATCH VIDEO

Meet Earth Engine

Google Earth Engine combines a multi-petabyte catalog of satellite imagery and geospatial datasets with planetary-scale analysis capabilities and makes
it available for scientists, researchers, and developers to detect changes, map trends, and quantify differences on the Earth's surface.

**@

SATELLITE IMAGERY YOUR ALGORITHMS REAL WORLD APPLICATIONS
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Columbia Glacier Retreat, 1984-2011 Saudi Arabia Irrigation, 1984-2012

Googlez Google 1984

Dubai Coastal Expansion, 1984-2012 Brazilian Amazon Deforestation, 1984-2012
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32 years 000,000 2

of satellite data Landsat sce-r!-es analyzed quadrillion pixels

Elapsed time: days to build the mosaics



The Earth Engine Public Data Catalog

Our (long-term) mission: Organize all the world's Earth science data
and make it universally accessible and useful, with computation on top.

> 200 public datasets > 6000 new images every day
Today:
/ > 11 million images > 8 petabytes of data

Google



Massive scale of
Cloud-computation



Original Image



Original Image
IS divided into 256px sub-units.



Sub-units are distributed
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Sub-units are distributed
to separate machines where they can be processed in parallel.
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Thousands can be processed

simultaneously.



Result Is reassembled



Result Is reassembled
Into a finished image.



Global Forests:
Map, Measure, Monttor



SClenCC The World's Leading Journal of Original Scientific Research, Global News, and Commentary.

ScienceHome  Currentlssue  previous Issues  Science Express  Science Products My Science  About the Journal

Home = Science Magazine = 15 November 2013 = Hansen et al., 342 (6160): 850-853

- - Science 15 November 2013: < Prev | Table of Contents | Next >
Vol. 342 no. 6160 pp. 850-853 l

DOI: 10.1126/science. 1244693 5 Read Full Text to Comment (0)
* Abstract 21
> Full Text REPORT
e i) High-Resolution Global Maps of 21st-Century Forest Cover Change

> Figures Only
M. C. Hansenls, P. V. Potapov!, R. MooreZ, M. HancherZ, S. A. Turubanoval, A. Tyukavinal, D. ThauZ,

* Supplementary Materials 3 X ~ 5
S. V. Stehman3, S. J. Goetz%, T. R. LovelandZ, A. Kommareddy=, A. Egorov=, L. Chinil, C. O. Justicel,

J. R. G. Townshend!
* Save to My Folders + Author Affiliations
* Download Citation ~I"Corresponding author. E-mail: mhansen@umd edu
> Alert Me When Atticle is ABSTRACT  EDITOR'S SUMMARY
Cited

* Post to CiteULik
i i Quantification of global forest change has been lacking despite the recognized importance of forest

* E-mail This Page ecosystem services. In this study, Earth observation satellite data were used to map global forest loss (2.3
million square kilometers) and gain (0.8 million square kilometers) from 2000 to 2012 at a spatial resolution

> Rights & Permissions
of 30 meters. The tropics were the only climate domain to exhibit a trend, with forest loss increasing by 2101

’ Com.mercial Reprints and square kilometers per year. Brazil's well-documented reduction in deforestation was offset by increasing
E-Prints forest loss in Indonesia, Malaysia, Paraguay, Bolivia, Zambia, Angola, and elsewhere. Intensive forestry
* View PubMed Citation practiced within subtropical forests resulted in the highest rates of forest change globally. Boreal forest loss

due largely to fire and forestry was second to that in the tropics in absolute and proportional terms. These

Related Content results depict a globally consistent and locally relevant record of forest change.

Similar Articles In:



Forest Extent 2000

Forest Loss 2000-2012
~ Forest Gain 2000-2012

Both Loss and Gain

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

20

Find out what is happening
in forests right now

Join the community Analysis tool Stay updated
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UMD/Google tree cover loss (zoom in for most accurate viewing)

J (/£ Default

After citing Global Forest Watch on the floor, the
Philippines House of Representatives approved a new
bill prohibiting the destruction of mangrove forests.

lllegal deforestation in Peru was revealed using GFW'’s

monitoring systems.
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http://www.congress.gov.ph/press/details.php?pressid=8604
http://www.wri.org/blog/2015/06/zooming-%E2%80%9Csustainable%E2%80%9D-cocoa-producer-destroys-pristine-forest-peru

RESEARCH ARTICLE

CONSERVATION BIOLOGY 2016 © The Authors, some rights reserved;

exclusive licensee American Association for

TraCking Changes and preventing IOSS in critical the Advancement of Science. Distributed

under a Creative Commons Attribution
tiger ha bitat NonCommercial License 4.0 (CC BY-NC).
10.1126/sciadv.1501675
Anup R. Joshi,'* Eric Dinerstein,? Eric Wikramanayake,”> Michael L. Anderson,”? David Olson,”> Benjamin S. Jones,>

John Seidensticker,”* Susan Lumpkin,> Matthew C. Hansen,” Nigel C. Sizer,® Crystal L. Davis,®
Suzanne Palminteri,”> Nathan R. Hahn?

Sci. Adv. 2016;2:e1501675 1 April 2016

"This study was made possible by free availability of satellite
Imagery, cloud computing services, and interactive web tools. {
We were able to analyze 14 years of high-resolution |
global forest loss data across 76 landscapes that span 13 %
countries."

Photo: Dibyendu Ash, www.goingwild.com



Chasing deforestation through the clouds % Socioambiental

Google Earth Engine

Script SIRAD

Sistema de IndicagBo Radar de
Desmatamento utifizando imagens
Sentinel-1

Datas de andlise
a 20160801
2 20170100

B 2017.0401

¥ 2017.0630

1142:9 1243: 74344:1
Selecione a extensao do mosaico

Telacompleta = Aplicar datas ¢ cenro

Selecione um tipo de visualizagio

‘composicie mulisemporal VH 2

representa a média das
entre duas datas, Tons
icam alteragao da cobertura

Lineal deforestation feature growing deep into a
National Forest, identified by ISA in February
using their SIRAD app on ESA Sentinel-1 radar
data in Earth Engine.

GOOg|€ Confidential + Proprietary
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Food and Agriculture Organization

B Search in Media only

Home About FAO ~ In Action ~ Countries ~ Themes Media ~ Publications Statistics ~ Partnerships ~

HOME / MEDIA / NEWS ARTICLE [ f [w]c-in! Send < Print

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 FAO's José Graziano da
Silva and Google's Rebecca

Moore celebrate the
1 December, Paris - Google Maps and FAO have agreed to partnership formalization
| work closely together to make geospatial tracking and at COP21 in Paris.
mapping products more accessible, providing a high-
technology assist to countries tackling climate change and Related link
much greater capacity to experts developing forest and land- © FAO support to

emissions

use policies. Forest monitoring
and assessment

Digital technology tapping into satellite imagery is
revolutionizing the way countries can assess, monitor and
plan the use of their natural resources, including monitoring
deforestation and desertification.

Forest researchers in Viet Nam use laser
technologies to measure tree height and "For FAO, this is not just a partnership. This is a strategic

Hicness alliance," said FAO Director-General José Graziano da Silva,

noting it rombinec EAO'e clabhal effart to combat climate




The extent of forest in dryland biomes

Jean-Frangois Bastin“*", Nora Berrahmouni, Alan Grainger’, Danae Maniatis**, Danilo Mollicone’, Rebecca Moore®, C...
+ See all authors and affiliations
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View Full Text -

You are currently viewing the abstract.

Mapping the world's dry forests

The extent of forest area in dryland habitats, which occupy more than 40% of Earth's land
surface, is uncertain compared with that in other biomes. Bastin et al. provide a global
estimate of forest extent in drylands, calculated from high-resolution satellite images
covering more than 200,000 plots. Forests in drylands are much more extensive than
previously reported and cover a total area similar to that of tropical rainforests or boreal
forests. This increases estimates of global forest cover by at least 9%, a finding that will be
important in estimating the terrestrial carbon sink.

Science, this issue p. 635
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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

Image credit: New York
Times



" | Water Occurrence
S Global Surface
Water Explorer

Powered by Googie Earth Engine

Paper | Full Text

The European Commission's Joint Research Centre developed this new f

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

T ey

food security.

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

Bl Download Datasets
FAQ | Contact: jre-surfacewater@ec.europa.eu
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Processing 3 million scenes on one Processing 3 million scenes in
computer would have taken 1,212 years Google’s Earth Engine took 45 days

x 4";;\ x{;“h‘ JJQI b ¢ N
% A I e (-0
S £ A’Qgg : *—‘h
v \ “ .4{}[ ‘;1‘?}::.}‘133"" {:‘<v ) j'
v@rv e g(\:‘ X
5

o

8 rnece 1 %

LR s Ttk S

i » AT
, £8e

{ t f” ! x (e
’ 4""‘ s rﬁ_':‘ '}fg @&g‘éﬁ‘ \“ ;

Start your computer running just after Charlemagne conquers Saxony in 804... leave it
running 24 hours a day, 7 days a week and the water maps just might be ready today

Charlemagne at dinner; detail of a miniature from BL Royal MS 15 E vi, f. 155r (the "Talbot Shrewsbury Book"). Held and digitised by the British Library.
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Brmgmg the Power of Google io
Scnenhsis in ihe Lower Mekong

Introductio With GEE, people can get their questions answered virtually
Landscapes on Earth are changing at unprecedented levels. instantly. Work that usually takes months is now processed
For scientists, practitioners and environmental decision in seconds. Financial resources that would have been spent
makers, tracking these changes efficiently and accurately is on large servers and high-computing processors are
critical to protecting lives and livelihoods. While there are e‘xtr?me_ous and can instead. bem rerilloc.ated for other

https://www.servirglobal.net/Global/Articles/Article/2527/bringing-the-power-of-google-to-scientists-in-the-lower-mekong
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Coastal Risk Vanuatu

Predicted Coastal Flooding Resulting from Climate Change
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4 N United Nations B ]
V‘l C vV Framework Convention on
w Climate Change n .

Home CDM JI CCiNet TT:Clear Your location: Home > Secretariat > Momentum for Change

NEWSROOM MAPPING EXPOSURE TO SEA LEVEL RISE | TONGA, SAMOA, VANUATU AND PAPUA NEW GUINEA
Get News

on the Latest

climata Acﬁon Innovative ICT solutions are helping Pacific Island countries prepare fgr and adapt to sea level rise brought about be climate change. This
project provides the fundamental data, skills and tools at-risk communities need to make planning decisions. It trains government decision
makers to use online tools and flood maps to understand and mitigate the risks of sea level rise. Using these maps, governments can better
understand and communicate climate change risk to local communities and put adaptation plans in place.
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Documents & Decisions
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INDC Portal

Overview
Adaptation
Climate Finance

Mitigation

Technology



DISARM: Maps, Machine
Learning & Malaria

Problem: How to prioritize villages for
intervention and resource deployment, e.g.
bed nets?

UCSF and other orgs are using Earth
Engine to generate automated high-
resolution malaria risk maps in Zimbabwe
and Swaziland.

DiSARM'’s mobile app can be used by the
malaria programs and field teams to target
interventions. The goal is to make their
monitoring more efficient and effective, and
to eliminate malaria in Swaziland in the
next 3 years.

BILL&MELINDA
G/\T[:§ foundation

@ " Wan 2014

Total Popu : 285 972
Total Hshids: 57 173

A ¥ e oty B 3
Ry e R 7 . -
MALARIA BURDEN Ry , F s 5
LY e '. Iy
S AR §
5T Y g
& \ » e N o

Current maps used by the National Monthly risk maps generated by the
Malaria Control Program in DiSARM platform, powered by Earth
Swaziland. Engine. UCSF Global Health Group

Learn more at disarm.io
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