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Use Case: Automated Malaria
Risk Mapping
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What is Earth Engine?

Google Earth Outreach




Earth Engine is Google's cloud platform for petabyte-scale

analysis of satellite imagery and other geospatial data.

earthengine.google.com/signup

&> Google Earth Engine



Google Earth Visualizations




2013: Global Landsat Forest Extent and Change, 2000-2012
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Data Library
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Operating NASA Earth Science Missions

Source: NASA
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Google

cats

Web Images Videos News Shopping More v Search tools

About 89,700,000 results (0.25 seconds)

Funny Cats Big Compilation 2015! [NEW] - YouTube
www.youtube.com/watch?v=eVo3LbVWjWc ~
- - Dec 2, 2014 - Uploaded by Funny Animals Channel
New Crazy compilation of 2014. ENJOY and SUBSCRIBE, Merry
Christmas!

Funny Cats Compilation [Most See] Funny Cat Videos Ever ..
www.youtube.com/watch?v=tntOCGkgt98 ~

Dec 30, 2013 - Uploaded by Forget Your Sadness

Get up to 40000 Instagram followers: http://imisland.us/instagram/
L LE ] Funny Cats Compilation [Most See] Funny ...

Funny Cats Sweet Cat - CUTE Video! - YouTube
www.youtube.com/watch?v=V_53FZBTuxk ~

May 22, 2013 - Uploaded by Funny Animals Channel

Sweet Kitty A cute little Funny kittens plays in his own, beautiful
pink world. Funny cats, funny cat, sweet cat ...

Funny cats and babies playing together - Cute cat & baby ...
www.youtube.com/watch?v=YDdueeBf7TMY ~
Dec 3, 2014 - Uploaded by Tiger Productions

e Cats can be very ignorant and mean but these cats are something
> 7:53 special. Just look how all this kitties like ..




The Earth Engine Public Data Catalog

Landsat4,5,7, 8 MODIS Terrain Land Cover Atmospheric
Raw, TOA, SR, ... Daily, LST, NDVI ... SRTM, GTOPO, GlobCover, NLCD, ... GHIRPS. NOAA
NED, ... ’ T

... and population (world pop & GPWv4?)
... and many more, updating daily!

> 200 public datasets > 4000 new images every day

> 5 million images > 5 petabytes of data



Import your own raster & vector datasets

©® © ®  E=oata » Anthropogenic Bior x tylere
€« C fn sedac.ciesin.columbia.edu/data/collection/anthromes/sets/browse w e aﬁ% OO =m & HB

“ EARTHDATA Data Discovery Community Science Disciplines

@/ SocioEcoNoMIC DATA AND APPLICATIONS CENTER (SEDAC)

A Data Center in NASA's Earth Observing System Data and Information System (EOSDIS) — Hosted by CIESIN at Columbia University

L] L)

A DATA~ MAPS ~ THEMES ~ RESOURCES ~ SOCIAL MEDIA ~ ABOUT ~ HELP

Anthropogenic Biomes Follow Us: # E3E ** | Share: 2
Collection Overview lofl
Prev | Next
Methods :
Data Sets (5) Anthropogenic Biomes of the World, v2 (2000) Anthropogenic Biomes of the World, v2 (1900)
Anthropogenic Biomes Anthropogenic Biomes
Map Gallery (35) . P > 3 Mg 4
Overview To provide information on Overview  —ememe— To provide information on
Map Services (5) Download anthropogenic transformation of Download ! anthropogenic transformation of
. Documents the biosphere c. 2000 for global Docunily A the biosphere c. 1900 for global
Citations (7) Maps 4 (7) Maps "
land use studies and research on #  Jand use studies and research on
(1) WMS (1) WMS
FAQs human-environment human-environment
interactions. interactions.
sedac.ciesin.columbia. ic-£ ﬁ feedback and support

Google Earth Outreach



Analysis Platform
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The Data Science Loop

“Often it turns out to be more efficient
to move the questions than to move

the data.”

Jim Gray
The Fourth Paradigm:
Data-Intensive Scientific Discovery

& Google Earth Engine

Setup Hardware

Download Data

Create Hypothesis

v

Code Algorithm

v

Process Data

v

Test Hypothesis

iterate



Help ~ matthancher ~

Get Link O Console |

Use print(...) to write to this

5 console.
ee.Algorithms

function createTimeBand(img)
var year = ee.Date(img 8ys
return ee.Image(year).byte().addBan

ee.Array ) .subtract(
ee.Classifier

oNouewN=E

ee.ConfusionMatrix

ee.Date // Fit a 1i h
collection = ee.ImageCollection(
ee.DateRange .select('stable lights')
.map(createTimeBand);
fit = collection.reducel(ee.Reducer.linearFit(\)):

ee.Dictionary

: <3 g » - ";- ) ., Y v, * J A N o s d ‘.,A AT
G- ale ‘ v . s ¥ " $ D ¢ i 2 /5 AR o
® ’ ’ \ ’ . RS Map data ©2015 Google, INEGI, ORION-ME | 500 km L | Terms of Use | Report a map error_



Original Image



Original Image
is divided into 256px sub-units.



Sub-units ar2 distributed



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.



Data Types & Geospatial Processing Functions

. Image - band math, clip, convolution, neighborhood, selection ...

. Image Collection - map, aggregate, filter, mosaic, sort ...

. Feature - buffer, centroid, intersection, union, transform ...

. Feature Collection - aggregate, filter, flatten, merge, sort ...

. Filter - by bounds, within distance, date, day-of-year, metadata ...

. Reducer - mean, linearRegression, percentile, histogram ....

. Join - simple, inner, outer, inverted ...

. Kernel - square, circle, gaussian, sobel, kirsch ...

. Machine Learning - CART, random forests, bayes, SVM, kmeans, cobweb ...

. Projection - transform, translate, scale ...

over 1000 data types and operators, and growing!
& Google Earth Engine



Google Earth Engine

IRl Example: CHIRPS Tutorial

Climate Hazards Group InfraRed Precipitation with Station data

» Private
» Shared (7)
- Examples

Image

i From Name

T Where Operator

Normalized Difference

I Expression

I HDR Landsat

K Hillshade

T Landcover Cleanup

T Reduce Region

i Bitwise And

Ik Canny Edge Detector
[ Center Pivot Irrigation...
i Clamp

I Connected Pixel Count
T Download Example

| From Name Landsat8
[ HSV Pan Sharpening
T Hough Transform

i Landsat MSS

LAV Y

Geometry Imports

1.5 Case study — Brazil

Taking Brazil for example, this tool shows the potential to analyze precipitation in various time
frames. The first chart and map shows the mean pentad precipitation amount averaging over the
full time series.

Pracipitation Full Time Series

ecipratir

New
tealand

K e [~ | smmeorsom =
oczethscisrtiocots (T KN N L3 | opecr (2 T
Imports (3 entries) @ Use print(...) to write to this console.
» var CHIRPS: ImageCollection "CHIRPS: Climate Hazards Group InfraRed Pre..
» var ROI: GeometryCollection Precipitation Full Time Series
r countries: Fusion Table "Countries.csv" (209 rows, 1 column) — precipitation
1 J/ Load the CHIRPS data
2 var CHIRI mageCollection('UCSB-CHG/CHIRPS/ ) - 60
3 //ldentify countr: £
4 var Brazil = lection('£t:1tdSwUL7 TOwd£y17KDbw-1d9omP 40
5 Map.addLayer(Brazil);
6 20
7 //Identify region of interest
8 var ROI 0
9 1985 1990 1995 2000 2005 2010 2015
10 // Select dates: the CHIRPS data is from 1981-01-01 to 201
11 var precip = CHIRPS.filterDate('1981-01-01', ‘2016-02-27
12 var T85 = Chart.image.series(precip, Brazil, ee.Reducer system: tine
13 or ip 1 Time S B Precipitation 1-Year Time Series
14 vAxis: (title: 'mn/pentad'}, . — precipitation
15 });
16 print(TS5);
= g ®
18 // Charts One Year §
19 var preciplyear=CHIRPS.filterDate('2015-01-01", '2015-12-31"); S
Brazil, ee.Reducer.mean(),1000, 'syste £
0
Jan 2015 Apr 2015 Jul 2015 Oct 2015
P — U s~ N s s
Ficwagua = x
= /i fom Sy (N R ATy R Layers Map  Satelite 2
L) A venezvela a9 ][ 295 /S N sudin BB,
ST e o= WP Y Laccadve Sea
Colombia Gultof G njﬁg_[‘f’_\ww*ﬁmm
2]
OR Congo {5
Tanzania
s
Angola 13k
Zambia_Lyyozambique
7
" Zimbabwe .
NS Madagascar ndian
gotmant>—( nan
5
South South s Of
Pacific Atlantic J o
Ocean South Afréa

Map data ©2016 Google, NEGI _ 500 km L
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earthengine.google.com/timelapse




Global Landsat Timelapse Animations

5 £~ ’

¥

1984

Columbia Glacier Retreat, 1984-2011 Saudi Arabia Irrigation, 1984-2012
r :Yi'}y'

¢ B S Google 1984
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Las Vegas Urban Growth, 1986-2012 Brazilian Amazon Deforestation, 1984-2012




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









Global Surface Water

Oct |Nov |Dec|Jan |Feb |Mar




&
o »

hi’gps:/?earthengine.google.com/timelapse/

"




2013: Glgbal Landsat Forest Extent anjg-(.,}.hangg, 2000-2012
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654,178 700 1,000,000 10,000 4

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



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

Science Home  Currentissue 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 f.T:) Read Full Text to Comment (0)
> Abstract
> Full Text REPORT
SEEME R 5 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 = i = ‘
S. V. Stehmans, 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 ~"Corresponding author. E-mail: mhansen@umd edu
' ’é?fer; Me When Article is ABSTRACT  EDITOR'S SUMMARY
|

* Post to CiteULik
e v 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
of 30 meters. The tropics were the only climate domain to exhibit a trend, with forest loss increasing by 2101

> Rights & Permissions

> Commercial 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:



® UMD/Google tree cover gain @
® UMD/Google tree cover loss ©

FOREST CHANGE  FOREST COVER

FORESTUSE  CONSERVATION PEOPLE  STORIES

Displaying loss with > 10%

canopy density.
TOTAL SELECTED AREA

18,309,579.848 ha

LOSS 2001-2012 with >10% canopy density

3,432,117.444 ha

GAIN 2001-2012

1,990,404.275 ha

HOvEa33d

-

This algorithm a ximates the

results by sampling the selected area.

Rasutt's es;e more accurate at closer
S,

Google carTope. Poweredby L%ﬂm”wnmlmﬁum



Indonesia Govt UKP4 utilizing GFW in law enforcement
Convening 7 Head of Provincial Police Force (1/2)...evidence, evidence, evidence

evidence

TT—
UKP4 dan 7 Kapolda Koordinasi Penanggulangan
Kebakaran Hutan

a0t 20 Segmecer X0

1% ’ﬁ

g X

Google sart!



Map-of-Life, habitat suitability modeling

@M

Detailed Map

Overview Habitat Distribution  Reserve Coverage

+ iz - - ; D
% Update map | . i 3 y = -
-

Sources Features » ULAANBAATAR

Snow leopard
Panthera uncia

> Eointobservations ’sai V}’
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> Exeertrangemaps 1 Qi wAMMQI -
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e

Point fitters 10f S selected
Uncertainty 5 selected

Byers 1selected

—————— |
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Metrics Examples References Contact Sponsors

g Climate Engine s«

http://clim-engine.appspot.com/

Map Layer Time Series @ HIDE TOGGLE | Map
Options Options MENU MENU

GET MAP LAYER

DPS (Dew Point Temperature) Total PreCipitation

Bl (Burning Index) | 1 1

ERC (Energy Release Componant) Data Source: METDATA/gridMET 4-km dataset (University of Idaho) 100 150 200 250 300 350
FM100 (100-HR Dead Fuel Moisture) Target Period: 2016-04-01 to 2016-05-31 Precipitation (mm)

FM1000 (1000-HR Dead Fuel Moisture) H

ETo (ASCE Grass Reference Evapotranspiraticn)
PDS! (Palm. Drought Sev. Ind.)

PPT (Precipitation)

PPT-ETe (Potential Weter Deficit)

RMIN (Min Rel. Humidity)

RMAX (Max Rel. Humidity)

SPH (Specific Humidity)

SRAD (Downward Radiation) b -

TMEAN (Mean Temperature) b MINNESOTA
TMIN (Min Temperature)

TMAX (Max Temperature)

VS (Wind Speed)

e——

Total OREGON

Colormap Options ~ Apply Mask ~ Download ~ Get Link RESET FORMS

o ¥
WASHINGTON
2

IDAK O’

Time Period ()

(Data:1979-01-01 to 2016-05-31)
Last 60 Days of Data

Start Date:
2016-04-01
End Date:

2016-05-31

GET MAP LAYER

8AYA 3
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Huntington and Morton, [BIEE{ElgaCEE (ol _lrisrtitutew

MIAMAULIPAS




Palmer drought severity index, difference from median

- e
Cogle Bahamas

Huntington and Morton, Desert Research Institute _ -
Google Earth Outreach http://clim-engine.appspot.com/




Simplified surface energy balanc
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Map &z

malaria atlas project OXFORD

UNIVERSITY OF

European I
Commission

Accessibility to Cities of 50k+
Surface Travel Time in Minutes

1000+




&«

> C https://play.dhis2.org/dev/dhis-web-mapping/
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Share ~ Table ~ [Ji Chart ~ ‘[El Map ~
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Legends v Layer stack / opacity

*I;azakhsta [ @ Event layer
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Vce:dp: Dakar Tombouclgu_ A F R ' C /= Yemen RS R, Google S
R . J E,F‘& BaDS oogle Streets
— ' : [7] & Google Hybrid
Earth Engine layer |X| jperia Somaha
. opia Facllity layer legend
Select layer from Google Earth Engine: :
Thematic layer 1 legend
Elevation N
Elevati Seychelles Thematic layer 2 legend
Luanda “Dar es Salaam
Population density 2010 Update 4 ,/ | | Thematic layer 3 legend
X Thematic layer 4 legend
Horizonte South ;lami'l‘:fa; =7z / TR O Earth Engine layer legend
) de Janeiro Windhoek, Botswane) 4

Atlantic

Ocean

1000 km|
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w @ ©

B n B a n @ Favorites +  Legends v

Earth Engine layer

Select layer from Google Earth Engine:

’ Elevation

]

SoUL,

o~

Share ~

Table ~ [l Chart ~

] Mapv‘ About~ Home =>>> Layer stack/ opacity

O Event layer

[] I Facility layer

[} (%) Boundary layer

["] €} Thematic layer 1

[ B3 Thematic layer 2

[} E) Thematic layer 3

["] ) Thematic layer 4

[«] Earth Engine layer |90
[T ;. OpenStreetMap

[v] ;. OSM Light | 100
[T] & Google Streets

[7] & Google Hybrid

Faclility layer legend

Thematic layer 1 legend
Thematic layer 2 legend
Thematic layer 3 legend
Thematic layer 4 legend

Earth Engine layer legend

Elevation
Metres above sea level.

om
500 m
1000 m
1500 m
2000 m
2500 m
[ 3000m
3500 m
4000 m
1 4500 m

Indian|@cean soom

NASA / USGS | JPL-Caltech, © OpenStrestMap, ® Cartopa | Data: NASA/ USGS /JPL-Caltech



Age in years 6
Mode of Discharge Died
Diagnosis (ICD-10) D649 Anaemia, unspecified

Organisation unit Benduma CHC
Event date 2015-09-27T00:00:00
Longitude -11.964538

Latitude 7.310560
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Share ~ Table ~ [Jl Chart ~ ] M Layer stack/ opacity

® OpenStreetMap, © CartoDB, WorldPop

Faclility layer legend

Thematic layer 1 legend
Thematic layer 2 legend
Thematic layer 3 legend
Thematic layer 4 legend

Earth Engine layer legend

Population density 2010

«
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»

Population in 100 x 100 m grid cells.
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100

Data: WorldPop



Takeaways

1. Cloud-based data warehouse for massive Earth Observation and derivative data
a. Environment, Climate, Population, etc.

2. Parallelized computation platform for global-scale analysis
a. Spatial statistics, raster math

3. Ability to integrate with existing tools and/or power new tools

Google Earth Outreach



Thank you!

Allie Lieber
Program Manager
Google Earth Outreach
allieber@google.com

earthengine.google.com
earth.google.com/outreach
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International Journal r.;fRemole Sensing Taylor & Francis
Vol. 34, No. 7, 10 April 2013, 2607-2654 Taybir & Franchs Group.

Training Data

Finer resolution observation and monitoring of global land cove
first mapping results with Landsat TM and ETM+ data

Peng Gong*®*_ Jie Wang®, Le Yu*, Yongchao Zhao®, Yuanyuan Zhao®, Lu Liang®,
Zhenguo Niu®, Xiaomeng Huang?®, Haohuan Fu?, Shuang Liu®, Congcong Li’,
Xueyan Lif, Wei Fu¢, Caixia Liu®, Yue Xu', Xiaoyi Wang®, Qu Cheng®, Luanyun Hu®,
Wenbo Yao®, Han Zhang?, Peng Zhu®, Ziying Zhao', Haiying Zhang®, Yaomin Zheng®,
Luyan Ji¢, Yawen Zhang?, Han Chen®, An Yan#, Jianhong Guo®, Liang Yu®, Lei ‘Wang®,
Xiaojun Liug, Tingting Shi¢, Menghua Zhu#, Yanlei Chen®, Guangwen Yang?,
Ping Tang®, Bing Xu', Chandra Giri’, Nicholas Clinton®, Zhiliang Zhu', Jin Cher/,
and Jun Chen*

Goaogle A
=5 Dam——  Temnsof Use

Google Earth Outreach




River morphology

Bryk et al. UC Berkeley

Google Earth Outreach
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Home Explore Tools Tutorials Success Stories  Grants  Resources

You want to change the
world. We want to help.

Street View in the Galapagos The HALO Trust clears landmines )Gl uses high-tech mapping tools
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