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Why Google Earth Engine??

» It provides planetary scale
analysis

» Powered by Google's cloud
infrastructure including
computing ability

» Aqua Monitor Tool and
LandSat water mask tool
(Deltares)

» Open source tool that
analyses satellite data and
visualises land and water
changes around the globe

» snows at a 30-meter resolution
where water is converted into
land and vice versa.

Contents lists available at ScienceDirect

9) Remote Sensing of Environment

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

Google Earth Engine: Planetary-scale geospatial analysis for everyone
Noel Gorelick **, Matt Hancher ®, Mike Dixon ®, Simon Ilyushchenko ?, David Thau ®, Rebecca Moore ®

12, Switzerland
i CA, 94043, USA

ABSTRACT

Google Earth E

is a cloud-based platform for planetary-scale geospatial analysis that brings Google"
sive compul

bilities to bear on a variety of high-impact societal issues including de

drought, disaster, disease, food security, water management, climate monitoring and environmental
Itis unique in the field as an integrated platform designed to empower not only traditional remote
entists, but also a much wider audience that lacks the technical capacity needed to utilize traditional supercom-
puters or large-scale commodity cloud computing resources.
© 2017 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

B Altmetric: 172 Citations: 19 More detail >

Commentary

Earth's surface water change over the past
30 years

Gennadii Donchyts B Fedor Baart, Hessel Winsemius, Noel Gorelick, Jaap Kwadijk & Nick van de

Giesen

Earth's surface gained 115,000 km? of water and 173,000 km? of land
over the past 30 years, including 20,135 km? of water and 33,700 km?
of land in coastal areas. Here, we analyse the gains and losses through

the Deltares Aqua Monitor — an open tool that detects land and water
changes around the globe.




The Earth Engine Data Catalog

Landsat & MODIS TerraBella Terrain & Weather &
Sentinel 250m daily <1m daily— Land Cover Climate

10-30m, 14-day weekly  NOAA NCEP o_M‘r-?
... and many more, updating daily! e

> 4000 new images every d'ay

> 5 million images , > 5 petabytes of data






o Gf_étan image
O Apply an algor_ith;rh to an image

.f Use library functions or script your own




What can Earth Engine
do?

® Getanimage

@ Apply an algorithm to an image
@ Filter a collection _
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@ G,fet'an image

O Apply an algorith;rh to an image
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O Get'an image

® Apply an algonthm to an |mage

[ Fllter a collection

@ Map an algorlthm over a collectlon
® Reduce a collectlon

« DEEIEN




What can Earth Engine
do?

Get an image
Apply an algorithm to an image
@ Filter a collection

Map an algorithm over a collection |
Reduce a collection

Compute aggregate statistics
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GEE and Remote Sensing Analysis

Landsat watermask tool methodology

thresholds
percentiles
defringing
monthly split

Select study period Landsat4,5,7,& 8 Change input 2o Calculate MDWI; classify §
satellite image from GEE parameters (optional) water and non water

Hg.gh: Above Nearest
Orainage (0 € HAND s )

Final results (permanent / Apply elevation mask (HAND) to Apply vegetation mask (NDVI) to Apply threshold on MNDWI
temporary water) remove false-positives due to hill remove false-positives over dark to identify non-water and
shades vegetation water areas

v Sensistivity analysis indicate max errorof 11 %,
associated with selection of water index threshold




GEE and Earth Engine Code editor

1@ var hand = ee.ImageCollection("u /
11 countries = ee.Featur eCollectmn : ,.'_ tToqC@ozz] WaZd51X@HoWaglFH"), 1/ AND SCRIPT
glef = ee.ImageCollection("GLCF
geametry olor: da3eee */ee. Geometly MultiPoint();

15~ function renderLandsatMosaic(options, dateIntervallndex) { | ma g e CoO | | a Tl on
var percentile = options.percentile; fro m d Iffere n.l.

var start = options.dateIntervals[dateIntervallndex][2];

var stop = options.dateIntervals[dateIntervalIndex][1]; LO ndSOT missions

var sharpen = options.sharpen; - var options = {

var smoothen = optiens.smoothen; d’.-'ti;:i"-,a'_; U:Ed for averaging and linear regression (the web site may use multiple intervals here)
. . . A atelntervals:

var filterCount = options.filterCount; [timeo[c], timeo[0].advance(tinea[1], 'renth’')],
ne@[@].advar [

/ start
var time@ = [ee.Date.fromyMD(2
var timel = [ee.Date.fromYMD(2

y contain less changes (used to compute results reperted in the paper)

var bands = ['swirl', 'nir’, [
var 18 = new ee.ImageCollection('LANDSAT/LCS L1T rDate(start, stop).filterBounds(countries). '85', '83'], bar ? -Date. From¥i 5 8]/ [2].adv rel] month")
var 17 = new ee.ImageCollection | _TOA 11*& Ba*e start, stop).filterBounds(countries). g4', '82'], bar L

var 15 = new ee.ImageCollection AT/LTS L .filterDate(start, stop).filterBounds(countries). ‘84", '82'], bar percentile: 15,

var 14 = new ee.ImageCollection AT/LT4_LIT filterDate(start, stop).filterBounds(countries). B4', '82'], bar

slopeThreshold:

slopeThresholdRatio: gatldaterTrend[hangeRatm( 4, 20 _.'),. Apply NOrmOliZed
slopeThresholdRefined: @ N Difference
//refine: true, // more expensive vegeTOTion |ndex

refine: false,

refineFactor: 5,
T (NDVI)
if(refine) { n.viFi ter: ©.88, // the highest NDVI value for water ° h |' d
S optaans.dsbg) ( Tinvisiiver: 3 The Normalize
kBuffervis = kBuffer.mask kBuff ~visualiz lette:['f ', '@Gossad’ ity:0.5 H
:::uzzz-P:sh?;aziﬂufz::\li;ier ek e prierrerd ' I opacsty n ndwiMinWater: // minimum value of NDWI to assume as water leference WOTer

//images = ee.ImageCo

} ndwiMaxLand: 2.5, // maximum value of NDWI to assume as land
' Index (NDWI)

var edgellater = getEdge(mask.mask(scale.gt(2))).visualize({palette: 'B8d3FF'} filterCount: 18,
var edgeland = getEdge(mask.mask(scale.1t(8))).visualize({palette: 'G87FE0'})

scale = scale.mask(maskRefined) E)\'pc't . iﬂ'age LtaD 'i'\JE({

var scaleRefined - scale.visualize({ image: trendl.changeVis,
min: -slopeThreshold * slopeThresholdRatio, I/ descri P_.' on:
5Crl

SZTEQ?FETQSfEDMj:ii??imigiéfaﬁm SUI’fOCG WOTeI’ .'Flculder: 'E-.;th Engine folder', Apply HAND
Hmc“y- showtdges 2 0.3 @ 1.0 ChOﬂge fileNamePrefix: '1387 2815 waterchange' ExporT image fo

| 3 // dimensions: , drive
results.push(scaleRefined) OlgOrIThm regign; CDUI"ItI"iES,

if(showEdges) {
results.push(edgellater, edgeland)

}

} else { crsTr an;‘""l.J
scale = scale.mask(mask) maxPixel

scale: 188,

var change = scale.visualize({ '{ shardsize: )
min: -slopeThreshold * slopeThresholdRatio, - . .
max: slopeThreshold * slopeThresholdRatio, L fileDimensions:
palette: ['@effee’, 'e@eeeea’, '@edsff'],

n

results.push(change);
options.refine = false;
options.debugMaplayers = false;
war Fr 1 = r = tarTr fantsmmey T@T -
417 - function computeAggregatedSurfaceWaterChangefrea(scale, options) { var trendl = renderiaterT Endl"'l""n}'l-"']-' _ .
/ add aggregated version of change Map.addLayer(trendl.changel 1}: '1987 - 2015 (water change, no refine)', true)

var changeAggregatedNatar‘ scale.gt(@).multiply(ee.Image.pixelarea())

= — 14

return {changeVis: ee.ImageCallection.fromImages(results).mosaic(), change: scale.toFloat()};




Changes in river morphology and surface
- 1995-2016 |

Sy « Green and blue colors
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~ represent areas where

surface water
changes occurred
during the last 20

years.

Green pixels show
where surface water
has been turned into
land (accretion, land
reclamation,
droughts).

Blue pixels show where
land has been -
changed into surface
water (erosion,
reservoir construction).
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Changes in River Morphology - |
- Disconnection of Secondary Channels -
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% Cloud Cover

LandSat Meta Data Analysis
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Land and water surface change

Annual land and water surface changes in study
area subset

« surface changes from
land to water tend to
dominate except floods

Area (km?)
N W
o O

(@)

2000 2001 2003 2005 2006 2008 2009 2010 2013 2014 « 2001 is highest with an
Land to water m Water to land Opproximc’rely area 40
km?

o

Annual land and water surface change in the
Lambezi delta
« Occurs mainly along

channel banks and islands
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Cioud cover (%)

Nr of images

default_startdate

Flood Analysis using LandSat Data

fault values for

default_enddate
default_timeslice
default_do_months
default_pcnt_perm
default_pcnt_temp
default_water_thresh
default_ndvi_thresh
default_hand_thresh
default_cloud_thresh
default_defringe
default_do_otsu

Script of
change

. input

-~ parameters

Tault value r L
default_quickscan_info
default_console_info
default_area_calc
default_cloudbust_test
default_prev_update
default_otsu_inspector

default_export_res =

minimum and maximum

min_mndwi_threshold
max_mndwi_threshold

Cloud cover from stored metadata

Meta data
information

Nov Jan 2008 Mar May Jul 2008
2007 2008 2008

Number of images per month

Jan Mar May Jul Sep Nov
Feb Apr Jun Aug Oct Dec

Marromeu

Meta data
information

Cinturao




Summary

» Big data at dnyone’s. fingertips

» strong implications on monitoring and resource management
capacities.

» Application for monitoring coastal erosion.
» Monitoring trans boundary impoundments

}Moni’roring hazards and preparation
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