ADVANCED GIS AND REMOTE SENSING
(IRGN 490)

Ran Goldblatt
Lecture 9:

Google Earth Engine API-1
Images and Image Collections

https://code.earthengine.google.com/



Google Earth Engine Coder (API)
e Used to run algorithms on georeferenced imagery and vectors.

* Includes a library of functions that can be applied to imagery for display and
analysis.

* \ector datasets (feature collections) are used via Google Fusion Tables.

e MUCH more control on the analysis process



The Application Programming Interface (API) of Google Earth Engine (EE) https://code.earthengine.google.com/

GO gle Earth Eng|ne Help - ranrang -
GetLlnkl . Run lResel -E Inspector [ELETE) Tasks

«  Use print(...) to write to this console.

~ Private trainingDataset = ee.FeatureCollection('ft: IIPZWSL13D 1 ABSMTiuX_DLr-Qllg-pLg").
= 1, 2], [@, 1], 'class’);

~ BuiltAreasClassification (trainingDataset, {},

B BuiltUpAreasClassification

b BuiltUpAreasClassification2000 // Overlay the polygons on the imagery to get training.

b BuiltUpAreasClassification2014 var training = landsat72014.sampleRegions(trainingDataset,
B BuiltUpAreasClassification2014_GujaratCaseStudy / Train a CART classifier h default parameters.

b BuiltUpAreasClassi 2014_PerCountry var trained = ee.Classifier.cart/d a(training,

W BuiltUpAreasC! 1_PerCountryFixed i
b BuiltUpAreas/ RandomPoints

B BuiltUpAreas 2 RandomPoints_Play

B BuiltUpAreas: Xu

B BuiltUpAreasCi ipare14With00

B BuiltUpAreasClass.. sirain2014ApplyOnPreviousYears
I BuiltUpAreasClassificationValidate conn. 1£(200);

b BuiltUpAreasClassificationValidate 1400 fied.whe rgeClusters.lt(208),1)
i BuiltUpAreasClassificationValidate1400_Generic ayer(smalltlusters,{}, "smallClusters’, false);
W BuiltUpAreasClassificationValidateMerged - e Smieoo Ao _Zi_s __ieo_aicn.
b BuiltUpAreasClassificationValidate_2000_Generic

ing');

Classify the image with g
var classified landsat72@14
// Compute
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BT Console [lET

Use print(...) to write to this console.

e
1

|3
~ Shared (14
» CoralBleaching
» EconomicActivityAndNTL
- IRGN490_Goldblatt |
» APIT
» API2
+ New folder
+ New file
» NTL_Research
» SandBox
» SemiAridEcosystems
» UrbanByNTLInWork
» VietnamProject
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Scripts () Assets
ee.DateRange

-

-

ee.Dictionary

-

ee.ErrorMargin

-

ee.Feature
ee.FeatureCollection

-

ee.Filter

-

-

ee.Geometry

-

ee.lmage

~ ee.ImageCollection
ee.ImageCollection(args)
ee.ImageCollection.fromimages(images)
ee.ImageCollection.load(id, version)
aggregate_array(property)
aggregate_count(property)
aaaregate count distinct(propertv)

el e lAssets]

I C

» users/rgoldblatt
~ users/slums
This folder is empty.
+ New folder
+ New image collection

New Script
1

New Script
1

Get Link

Get Link

Run

Reset

-

Inspector [:LELICY Tasks
Use print(...) to write to this console.

Inspector [«.1,:L1) Tasks
Use print(...) to write to this console.




Yo 1n ) ‘Docs  Assets

L&) Does  Assets

B India_builtUp_areas_Accuracy_PerAgroClimaticZones...
B India_builtUp_areas_Accuracy_PerAgroClimaticZones...
B India_builtUp_areas_Accuracy_PerAgroClimaticZones...

B India_builtUp_areas_ExportBandValues_L7

B India_builtUp_areas_ExportBandValues_L7_Compute...

B India_builtUp_areas_ExportBandValues_L8
B India_builtUp_areas_L7_VisualClassification

B India_builtUp_areas_L7_VisualClassification_Compar...
B India_builtUp_areas_L7_Visualize_Temporal_UrbanSp...

B India_builtUp_areas_L8_VisualClassification
B India_builtUp_areas_OQverallAccuracy_FiveFoldsFixed
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed

B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..
B India huililIn areas Snectralsianature | 8

B India_builtUp_areas_Accuracy_PerAgroClimaticZones...
B India_builtUp_areas_Accuracy_PerAgroClimaticZones...
B India_builtUp_areas_Accuracy_PerAgroClimaticZones...

B India_builtUp_areas_ExportBandValues_L7

B India_builtUp_areas_ExportBandValues_L7_Compute...

B India_builtUp_areas_ExportBandValues_L8
B India_builtUp_areas_L7_VisualClassification

B India_builtUp_areas_L7_VisualClassification_Compar...
B India_builtUp_areas_L7_Visualize_Temporal_UrbanSp...

B India_builtUp_areas_L8_VisualClassification
B India_builtUp_areas_OQverallAccuracy_FiveFoldsFixed

B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_OverallAccuracy_FiveFoldsFixed_...
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..
B India_builtUp_areas_QverallAccuracy_FiveFoldsFixed_..

-

India_builtUp_areas_L8_VisualClassification * (£x |
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T ey e Y
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* Imports (1 entry) B
» var geometry: Polygon, 4 vertices

// Use these bands for prediction.
var bands = ['B1', 'B2', 'B3', 'B4', 'B5', 'BG', 'B7', 'B8', 'B9', 'B18', 'B11'];

var landsat8 = ee.ImageCollection('LANDSAT/LC8 L1T').filterDate('2014-01-081", '20814
var landsat8simpleComposite = ee.Algorithms.Landsat.simpleComposite(landsat8);
Map.addlLayer(landsat8simpleComposite,{}, "landsat8simpleComposite’)

[/ [/f call the feature collections.
// var agroClimaticZoneForTest = ee.Filter.eq('AgroClimaticZone',13);

J// var fullDataset =
// ee.FeatureCollection('ft:15JV_YOrfllLegloitshZBahK44BSscfAPJh_S3@wd').filter(agra
// 'class');

/f [// define the classifiers to be used.
// var randomForest = ee.Classifier.randomForest({'numberOfTrees': 10});
// var cart = ee.Classifier.cart({});

India_builtUp_areas_L8_VisualClassification * Get Link

[« =< L = WV, I R UV I R )

* Imports (1 entry) B
» var geometry: Polygon, 4 vertices

// Use these bands for prediction.
var bands = ['B1', 'B2', 'B3', 'B4', 'B5', 'BG', 'B7', 'B8', 'B9', 'B18', 'B11'];

var landsat8 = ee.ImageCollection('LANDSAT/LC8 L1T').filterDate('2014-01-081", '20814
var landsat8simpleComposite = ee.Algorithms.Landsat.simpleComposite(landsat8);
Map.addlLayer(landsat8simpleComposite,{}, "landsat8simpleComposite’)

/f [/f call the feature collections.
// var agroClimaticZoneForTest = ee.Filter.eq('AgroClimaticZone',13);

J// var fullDataset =
// ee.FeatureCollection('ft:151V_YOrfllLegloitshZBahK44BSscfAPJh_S30wd').filter(agrc
[/ "class');

// f// define the classifiers to be used.
// var randomForest = ee.Classifier.randomForest({'number0fTrees': 10});

/1 var carpgiandaFEEisa g Reitate Sensing | Winter 2017 |
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Console Tasks
» Point (72.9547, 23.4292) at 153m/px

v Pixels

+ landsat8simpleComposite: Image (11 bands) [

B1:
B2:
B3:
B4:
B5:
B6:
B7:
BS&:
BO:

Ble: 204
2e3

B11:

» Objects

37
33
3e
29
79
64
46
29
2]

¥ Older tasks
~ Completed

& HCM_LU_Functionallity

(2 oM LU Fonctoaliy Medanvaies |
| accuacyAssesementiith GUE BU Mexi.. |
| accuacyAssesementith GUE BUUSA |
| accuacyssesementith GUE BUIndia__|
| accuacyssesementith GUE BU Mexi.. |
| accuacyAssesementith GUE BUUSA |
| accuacyssesementith GUE BU Mexi.. |
|12 accuacyAssesementith GUE BUUSA |
|18 accuacyAssesementith GUE BU India__|

& accuacyAssesementWith_GUE_BU_Mexi...
I8 accuacyAssesementWith_GUE_BU_USA
I® accuacyAssesementWith_GUE_BU_India
IE accuacyAssesementWith_GUE_BU_Mexi...
I8 accuacyAssesementWith_GUE_BU_USA
IE accuacyAssesementWith_GUE_BU_Mexi...
& accuacyAssesementWith_GUE_BU_USA
& accuacyAssesementWith_GUE_BU_India

M IndiaTestGrid20_011917B

M IndiaTestGrid20_011917

MedianValues

A N T T e L N U N N

B India huililIn areas Snectralsionature | 8 i i | || | || _



Let's begin...
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Google Earth Engine

~ Private
A

print('hello class!'); hello class!

United States
COLORADO

KANSAS  11iSSOURI

JavaScript statements

e JavaScript statements have a pair of parentheses
* They end with a semicolon

* Anything between single quotes is called a 'string'.
e Strings:
e Used to print out readable information.
* Define sets of characters that name datasets or parts of datasets

print('hello class



Image and Image collection = Rasters

Images
* Pixels with associated values.
* Animage can have multiple bands
 Each band in an image contains:
e A name »Point (-115.1038, 37.6273) at 611m/px
e Pixel value ever 1: Tnage (7 bands) (B
* Resolution 3 66 comor I8
* Projection 5. 7 e s o

b Objects

Advanced GIS and R



Image collection

* Collections/
Mosaics of EE images

* Example:
* A collection of all L8 images
in a given time period
* Each image collection has
an |D.

.-G Console [RETS S

Use print(...) to write to this console.

v ImageCollection LANDSAT/LCE8 L1T 8DAY TOA (124 elements, 12

ImageCollection

id: L“HDQATHLIP LlT DAH

o
L
o
o
o
o
o
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o
o
o
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o
o
ag
L=
o
=
d

Image

LANDSAT/LCS
LANDSAT/LCE

Lunnn THLEE_
LANDSAT/LCS_
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11T 8
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L1~t |134 Elﬂmpntfi
LANDSAT/LCS8 L1T 8DAY TOA/2
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“Calling” Image Collections
Option 1

Google Earth Enging

Landsat 7 annual TOA percentile composites import »
Landsat 7 Annual TOAR : “omposite
Landsat 7 Annual NDVI (
Landsat 7 Annual
Landsat 7 Annual EVI Com
K BuiltUpAreasClas a Landsat 7 Annual NDWI C

B BuiltUpAre
B Builtup!/

B BuiltUpAre
B Buil

B BuiltUpAre
B Builtu

B BuiltUpAre

B BuiltUpAre

B Builtup!/

B BuiltUpAre

B BuiltUpA : ationCompare14With00

B BuiltUpAreasClz ai 4ApplyOnPrev
B Buil

IDAHO

PENN o
New York

MO N

Searching and importing images

One method to access images and image collections:
“search” and import the dataset. No need to know the ID.

Dominican
4Republic
) Puens Rice

Help ~

ranrang -




Landsat 7 annual TOA percentile composites

These 1-year composites were created from all Landsat 7 images  Data availability (time)

in the specified composite period, excluding images marked with a  Jan 1, 1999 - Dec 31, 2014

negative sun elevation in their metadata. The composites were

created using the ee Algorithms.Landsat simpleComposite() Provider

method with its default settings. Reflectance ([0,1]) in bands B1, Google

B2, B3, B4, B5, and B7 is scaled to 8 bits ([0,255]) and

temperature in band B6_VCID_2 is converted to units of Kelvin- Tags

100. landsat, usgs, annual, global, 17, 1e7, etm, toa,
percentile

ImageCollection 1D
LANDSAT/LET_TOA_1YEAR

Google Earth Engine | EIEEzmmm

~ Private =
Landsat 7 Annual TOA Reflectance Composite

~ AdvancedGISCourse

i BrazilMinesForestCover
~ BuiltAreasClassification
B BuiltUpAreasClassification
i BuiltUpAreasClassification2000

Landsat 7 Annual NDVI Composite
Landsat 7 Annual Raw Composite
Landsat 7 Annual EVI Composite
Landsat 7 Annual NDWI Composite

B BuiltUpAreasClassification2014
B BuiltUpAreasClassification2014_
B BuiltUpAreasClassification2014_+
B BuiltUpAreasClassification2014_f more »

B BuiltUpAreasClassification2014_(

K BuiltUpAreasClassification2014_f )

B BuiltUpAreasClassification2014_PerCountryFixed

B BuiltUpAreasClassification2014_PerCountryFixedApplyPreviousYear
[ BuiltUpAreasClassification2014_PerCountryFixedWithConfProb

B BuiltUpAreasClassification2014_RandomPoints

i BuiltUpAreasClassification2014_RandomPoints_Play

K BuiltUpAreasClassification2014_Xu

B BuiltUpAreasClassificationCompare14With00

B BuiltUpAreasClassificationTrain2014ApplyOnPreviousYears

B BuiltUpAreasClassificationValidate

Landsat 7 Annual BA|l Composite
Landsat 7 Annual Greenest-Pixel TOA Reflectance Composite

PE
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s This image collection has a name:
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Google Earth Engine  landsat8 32

E: Inspector [le. T R 1T

Click on the map to inspect the layers.
n: ImageCollection "Lands

e e ]

on: ImageCollection "Landsat 8 32-Day TOA Reflectance Composit...

Classification\ 3te14:\[] Generic
£ir o A

Variables

e Variables store values that make the code more readable.
* Must begin with a letter (ora Sor )
e They are CASE-sensitive

The first time you use a given variable, start with the word var.

— Cron | reser -

v Jmpsgts (1 entry) B
Ad 1d JA: ImageCollection "Landsat 8 8-Day TOA Reflectance Composite"” (12 bands)

T— You can choose the name of the variable!

Advanced GIS and Remote Sensing | Winter 2017 |
Ran Goldblatt




The print() statement can be used to get information about
the added image collection:

print(landsat8TOA);

New Seript [ | e 0] [ console 2

T Imports
P war land ITOA reCollection "Landsa
ection LANDSAT/LCS_L1T_8DAY _TOA (124 elements, 12 bands)

Tmacalrallartdinn
o

print(la

/LCS_L1T_SDAY_TO

Image LANDSAT/LCS L1T_8SDAY TG
Image LANDSAT/LCS_L1T_SDAY_TO
Image LANDSAT/LCS L1T SDAY TOA
Image LANDSAT/LCS L1T_SDAY_TOA/
Image LANDSAT/LCS_L1T_8SDAY TG
Image LANDSAT/LCS L1T_SDAY_TOA/
Image LANDSAT/LCE L1T_SDAY TC
Image LANDSAT/LCS L1T_SDAY_TOA/
Image LANDSAT/LCS L1T_SDAY TC
LANDSAT/LCS_L1T_SDAY_TO
LANDSAT/LCE_L1T_SDAY_TO
LANDSAT/LCS_L1T_SDAY T
LANDSAT/LCS_L1T 8DAY
LANDSAT/LCS_L1T_S8DAY T
LANDSAT/LCS_L1T_8DAY_TO
LANDSAT/LCS_L1T_8DAY_
LANDSAT/LCS_L1T SDAY TO

« L AMREAT L S0 1L AT ORAY TAA

DO OO0 00 0

This image collection has a name:{LANDSAT/LE8: LT, 8DAY _TOA




Another method to add images and image collections:

ee.ImageCollection()

This function “tells” EE that a given ID is a name of an image collection:
LANDSAT/LC8 L1T 8DAY TOA is an Image collection- Access it as a parameter.

ee.ImageCollection('LANDSAT/LC8 L1T _8DAY _TOA')

1 war landsat8T( ee.ImageCollection("LANDSAT/LCE_L1T_8DAY_TOA'); Use print(...) to write to this console.
2 print(landsat

~ImageCollection LANDSAT/LCS_L1T_8DAY _TOA (124 elements, 12 bands)

var something = ee.ImageCollection() . 3 Ie
. Image

[ IR BT gyt

0 o ®
@

print(landsat8TOA);



Let's search for another image collection:

Google Earth Engine

Landsat 7 annual TO,

Landsat 7 Annual NDVI
Landsat 7 Annual
Landsat 7 Annual

Landsat 7 Annual

Landsat 7 annual TOA percentile composites

Data
Jan 1,

import usi ith Provider

tance Compos

San Franc
b
IFORNIA™_ o
Los Angeles
o
San Diego.

o
Housfon

FLORIDA

., etm, to

var landsat7TOA = ee.ImageCollection('LANDSAT/LE7 TOA 1YEAR');
print(landsat7TOA);



Get Link inspector [o.LELIY Tasks

1 war landsat7TOA = ee.ImageCollection('LANDSAT/LE7 TOA IYEAR'); Use print(...) to write to this console.
2  print{landsat7T0A);]|

TImageCollection LANDSAT/LE7_TOA 1YEAR (16 elements, 7 bands)
type: ImageCollection

var Iandsat7TOA = id: LANDSAT/LE7 TOA_1YEAR

version: 1449779677892000

. 1 1 Fbands: List (7 elements)
ee.|magECO|leCt|0n( LAN DSAT/LE7 TOA lYEAR ); T features: List (16 elements)
- - »@: Image LANDSAT/LE7_TOA_1YEAR/1999 (7 bands)
prlnt(landsat7TOA)- »1: Image LANDSAT/LE7 TOA_1YEAR/200@ (7 bands)
’ F2: Image LANDSAT/LE7_TOA_1YEAR/2881 (7 bands)
F3: Image LANDSAT/LE7_TOA_1YEAR/2882 (7 bands)
F4: Image LANDSAT/LE7_TOA_1YEAR/2883 (7 bands)
F5: Image LANDSAT/LE7_TOA_1YEAR/2884 (7 bands)
F&: Image LANDSAT/LE7_TOA_1YEAR/2885 (7 bands)
F7: Image LANDSAT/LE7_TOA_1YEAR/2886 (7 bands)
»8: Image LANDSAT/LE7_TOA_1YEAR/2007 (7 bands)
FG: Image LANDSAT/LE7_TOA_1YEAR/20888 (7 bands)
»10: Image LANDSAT/LE7_TOA_1YEAR/2009 (7 bands)
»11: Image LANDSAT/LE7_TOA_1YEAR/2018 (7 bands)
»12: Image LANDSAT/LE7_TOA_1YEAR/2011 (7 bands)
»13: Image LANDSAT/LE7_TOA_1YEAR/2012 (7 bands)
F14: Image LANDSAT/LET TOA 1YEAR/2813 (7 bands)
v15: Image LANDSAT/LEY TOA 1YEAR/2814 ~Fhands)
type: Image

id: LANDSAT/LE7_TOA 1YEAR/2814

version: 1423755895111888

Fbands: List (7 elements)

Fproperties: Object (1 property)

Fproperties: Object (21 properties)

The Image collection includes features = Images

Every image in Earth Engine has a name. Example:
LANDSAT/LE7_TOA_1YEAR/2014




The image ID that we want to call: LANDSAT/LE7 _TOA 1YEAR/2014

We need to explicitly tell Earth Engine that LANDSAT/LE7 TOA 1YEAR/2014 is an
image.

We will use the function: ee.Image()
“Take the name of the image and access it as a parameter”.

var landsat7TOA2014 = ee.Image('LANDSAT/LE7_TOA_1YEAR/2014");
print(landsat7TOA2014)-

Now Saript* [ [ roe - J%] [ Console R

1 var landsat7T0A2814 = ee.Image('LANDSAT/LE7 TOA 1YEAR/2814°); Use print(...) to write to this console.
2 print(landsat7TOA2814]) ;

~Image LANDSAT/LE7 TOA 1YEAR/2814 (7 bands)
type: Image
11 LHHDHAT LE? _TOA_1YEAR/2814
one 1423795895111a88
ands: List (7 Hlem-:antz.}
¥ properties: Object (1 property)

Advanced GIS and Remote Sensing | Winter 2017 |
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Adding an image to the map:

Map.addLayer(something);

This statement says that we want the Map.addLayer() function
to add something to the map.

var = ee.Image('LANDSAT/LE7 _TOA_1YEAR/2014");
Map.addLayer( );

Google Earth Engine

What is wrong with the visualization?



Many images in Earth Engine have one or more bands.
For example, images from the Landsat 7 satellite include:

Band 1 - blue T
Band 2 - green o
Band 3 - red
Band 4 - Near Infrared | ;
Band 5 - Short-wave Infrared ) Point (-115.1038, 37.6273) at 611m/px
~Pixels
Band 6 - Thermal Infrared F ayor 1: Image (7 bands) ()
Bl: 47
Band 7 - Short-wave Infrared B2:
B3:
ﬂﬂﬂ E‘_il 76
B6_VCID_2: 208
EY: B&
kObjects

Googls




How does EE map the values in the image bands to colors on the map?

One band: value O is rendered as black and value 255 as white, with a linear gray
gradient in between.

255

0

More than one band:

EE takes the first three bands and maps the first to , the second to ,and the
third to The value of the pixel determines the intensity of the color.

EE

B4

B5 Advanced GIS and Remote SensSinSHmu.
Ran Goldblatt



The Map.addLayer() function can take a second parameter {} which describes
how the image

Map.addLayer(ee.Image('LANDSAT/LE7 TOA_1YEAR/2014'),
{}
);

The format of this second parameter (visualization factor) is:
{ : value, : value, ..., : value}

each string describes one
For example: 'min’, 'max’, 'bands"’.

We want to add a /ist of bands to visualize:
Map.addLayer(ee.Image('LANDSAT/LE7 TOA_ 1YEAR/2014'),
{ - ['B3', 'B2', 'B1']}

);



A visualization of a single Landsat image in Earth Engine.

ode.earthengine.google.com

GO Qle Earth Englﬂe Help ~ ranrang -

Inspector [&1ELIEY Tasks

rint(...) to write to this console.

~ Private

Map.addLayer(ee.Image('LANDSAT/LE7 TOA_1YEAR/2014"),
{'bands': ['B3', 'B2', 'B1']}
);




Selecting specific band(s) in an Image
select('band name’)

Map.addLayer(ee.Image('LANDSAT/LE7 _TOA_1YEAR/2014')
select('B3'));

Which is the same as:

var L7 = ee.Image('LANDSAT/LE7 TOA_1YEAR/2014');
var B3 L7 =L7.select('B3');
Map.addLayer(B3 L7);



var L7 = ee.Image('LANDSAT/LE7_TOA 1YEAR/2014');
var B3_L7 = L7.select('B3’);
Map.addLayer(B3_L7);

Google Earth Engine b (e

Google

| 5k i Wil Terms of Use | Report amap error |



Let's call another image collection:

Google Earth Engine [andsat 8 3

Landsat 8 32-Day Raw Co
Landsat 8 32-Day NDWI C
Landsat 8 32-Day EVI Co

Landsat 8 32-Day NBRT Compo
& BuiltUpAreasClassification2000 Landsat 8 32-Day NDSI Compo:
itUpAreasClassification2014
B BuiltUpAreasClassification2014 Landsat 8 32-Day BAl Composite

B BuiltUpAy lassification2014_ = e Comonete
B BuiltUpAreasClassification2014_ L "Day TUA Reflectance Compasite

B BuiltUpA lassification2014_t
itUpAreasClassification2014

: BU?ITL'lpf:'Wa Ia? WC?HGH:'_HJJ Landsat Path Row WRS-2_bound_world (22000 rows, 3 columns)

BuiltUpAreasClassification2014.F These Landsat 8 composites are made from Level L1T Data availability (time)
B BuiltUpAreasClassification2014_PerCountryFixed orthorectified sc . _ mputed top- -of-atmosphere Apr7, 2013 - Dec 1
B BuiltUpA lassification2014_PerCountryFixedApplyPreviousYear (TOA) reflectance. See Chander et al. (2009) for details on the
b BuiltUpAreasClassification2014_PerCountryFixedWithConfProb TOA computation. Provider

Google

Landsat 8 32-Day TOA Reflectance Composite

These composites are created from all the scenes in each 32-day

period beginning from the first day of the year and continuing to Tags

the 3562nd day of the year. The last composite of the year, landsat. us L Ie8 ol tirs,
beginning on da Il ov erlapthe first composite of the ’

following year by All the images from each 32-day period ImageCollection 1D

are included in the cr:urupcwne with the most recent pixel as the LANDSAT/LCS LAT AY TOA

composite value.

IEN ¢
Filter an image collection only for scenes in a specific date
(second half of 2014)



GO gle Earth Engine Help = ranrang -

un lReset 'E Inspector [o.LELIEY Tasks

«  Use print(...) to write to this console.

var trainingDataset = ee.FeatureCollection( ' ft:lu-IJPzWSL13DuPL1Qz8A85SMTipX DLr-Qllg-pLg').
.remap([1, 2], [@, 1], 'class’);
Map.addLayer(trainingDataset, {}, 'training’);

* Private
~ BuiltAreasClassification

B BuiltUpAreasClassification
B BuiltUpAreasClassification2000 // Overlay the polygons on the imagery to get training.
5] BuiltUpAreasClassification2014 var training = landsat72@14.sampleRegions(trainingDataset, ['class'], 3@)
W BuiltUpAreasClassification2014_GujaratCaseStudy // Train a CART classifier with default parameters.
B BuiltUpAreasClassification2014_PerCountry H var trained = ees.Classifier.cart({}).train{training,
B BuiltUpAreasClassification2014_PerCountryFixed ;
B BuiltUpAreasClassification2014_RandomPoints
B BuiltUpAreasClassification2014_RandomPoints_Play
B BuiltUpAreasClassification2014_Xu
B BuiltUpAreasClassificationCompare 14With00
Bl BuiltUpAreasClassificationTrain2014ApplyOnPreviousYears
Ik BuiltUpAreasClassificationValidate
W BuiltUpAreasClassificationValidate1400 Ee_Mgnritth
B BuiltUpAreasClassificationValidate1400_Generic
W BuiltUpAreasClassificationValidateMerged EE‘.AITHH'
B BuiltUpAreasClassificationValidate_2000_Generic

9~

'// Classify the image with the same bands used for training.

ee.Classifier Map | Satelite

¥ ge.ConfusionMatrix

ee.Date
ee.DateRange
ee.Dictionary
ee.ErrorMargin
ee.Feature
ee.FeatureCollection
ee.Filter

ee.Geometry

Honolulu
alahaina k :
HAWAIL aHila MEI'%? City - ?Fr‘:minl':rl:_an
epublic
Puerte Rico

Map data ©2015 Google, INEGI, ORION-ME | 500 km L——1 | Terms of Use




|f||terDaTe J; var landsat /s = ee.ImageCollection( ' LANDSAT/LCS_L

~ ee.Date
aside(func, var_args)
~ ee.Dictionary
aside(func, var_args)
~ ee.Feature

aside(func, var_args)

filterDate()

~ ee.Geometry
~ ee.Geometry.LineString
aside(func, var_args)
~ ee.Geometry.LinearRing
aside(func, var_args) Arguments:

~ ee.Geometry.MultiLineString - th:s:cnllectinn (Collection):
The Collection i e,

- opt_end (Date/Number|String, optional):

fi Ite r D a te ( ) m e th O d O n a n i m a ge CO | | e Ct i O n - The end date as a Date object, a string representation of a date, or milliseconds since epoch.

Returns: Collection

Each action on an image collection is a method.
A method is applied on an image collection by
.methodName(arguments) after the image collection

ee.imageCollection.filterDate( , date2)

'2014-06-01', '2014-12-31"
YV NINAZD D'



ee.ImageCollection('LANDSAT/LC8 L1T 32DAY_TOA')
filterDate('2014-06-01', '2014-12-31");

Which is the same as:

var L8 = ee.ImageCollection('LANDSAT/LC8 L1T 32DAY_TOA');

var L8 _SecondHalf = L8.filterDate('2014-06-01', '2014-12-31");




All together:
var L8 = ee.ImageCollection('LANDSAT/LC8 L1T 32DAY _TOA');

var L8 SecondHalf14 = L8.filterDate('2014-06-01', '2014-12-31");
Map.addLayer(L8 SecondHalf14, {'bands': ['B4', 'B3', 'B2']}, ');

Google Earth Engine




Reducers

Advanced GIS and Remote Sensing | Winter 2017 |
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* Landsat 8 visits the same spot on the Earth every 16 days.
* Overa , there will be approximately

* Each pixel on the map is derived from a stack of pixels
(a pixel from each image in the collection).

 The default behavior is to select the most recent pixel- the one from the recent
scene in the stack.

 We can alter this behavior by using a reducer

For example: pick the median value in the stack.




Reducers

var imageCollection = ee.ImageCollection()

var minVal = imageCollection.min()

var maxVal = imageCollection.max()

var meanVal = imageCollection.mean ()
var medianVal = imageCollection.median ()
var firstVal = imageCollection.first ()

var sumVal = imageCollection.sum ()




var L8 32Days = ee.ImageCollection('LANDSAT/LC8 L1T_32DAY_TOA");

var L8 SecondHalf14 = L8 32Days

filterDate('2014-06-01', '2014-12-31"). ;

Map.addLayer(L8 SecondHalf14, {'bands': ['B4', 'B3', 'B2']}, 'landsat 8 at 2014' );

by &7 : _ “ r's : m;w:
#
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Creating a TOA calibrated composite of “raw” Landsat scenes

USGS Landsat 8 Raw Scenes (Orthorectified)

Landsat 8 DN values, representing scaled, calibrated at-sensor Data availability (time)
radiance, orthorectified scenes only. Apr 11, 2013 - Nov 21, 2016

This dataset contains the following bands: Provider
USGS

B1: Coastal aerosol (0.43 - 0.45 pym)

B2: Blue (0.45 - 0.51 ym)

B3: Green (0.53 - 0.59 pm)

B4: Red (0.64 - 0.67 pm)

B5: Near Infrared (0.85 - 0.88 uym)

B6: Short-wave Infrared 1 (1.57 - 1.65 pm)

B7: Short-wave infrared 2 (2.11 - 2.29 pm)

B&: Panchromatic (0.50 - 0.68 pm)

B9: Cirrus (1.36 - 1.38 pm)

B10: Thermal Infrared 1 (10.60 - 11.19 pm)

B11: Thermal Infrared 2 (11.50 - 12.51 pm)

BQA: Data quality assessment band

Tags
landsat, usgs, 18, Ic8, oli, tirs, radiance

The panchromatic band B8 has a spatial resolution of 15 meters
per pixel, and all other bands have a spatial resolution of 30
meters per pixel, although the thermal bands B10 and B11 are
generated from sensor data whose native resolution is 100 meters
per pixel.

For more information, see Landsat 8 Handbook




Creating a composite of “raw” Landsat scenes:

D1 B0 =

Take the collection of the raw scenes

Apply TOA calibration

Assign a cloud score to each pixel

Select the lowest possible range of cloud scores at each point
Compute per-band percentile values from the accepted pixels.

Reminder:
Top of Atmosphere Reflectance (%)

Consider the angle and distance between
the sun, surface and satellite.

Advanced GIS and Remote Sensing | Winter 2017 |
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ee.Algorithms.Landsat.simpleComposite(raw image collection)

Google Earth Engine

“ Al Ham)

Scripts 1Ll Assets m Get Link l . Run lResel 'E Inspector [&£)50E) Tasks

1

~ ee.Algorithms

» ee.Algorithms.FMask

» ee.Algorithms.GeometryConstructors

~ ee.Algorithms.Landsat
ee Algorithms.Landsat. TOA(input)
ee Algorithms.Landsat.calibratedRadiance(image)
ee. Algorithms.Landsat.pathRowLimit(collection, maxScenesPerPat...
ee. Algorithms.Landsat.simpleCloudScore(image)
ee.Algorithms.Landsat.simpleComposite(collection, percentile, clou...
ee.Algorithms.Landsat.surfaceReflectance(scene, precomputed, sur...

» ee.Algorithms.SAD

» ee Alaorithms Test
@ Q PVARY WASHINGTON MONTANA
+ OREGON

WYOMING

Use print(...) to write te this console.

' Computes a Landsat TOA composite from a collection of raw Landsat scenes. It applies standard TOA calibration and
then assigns a cloud score to each pixel using the SimpleLandsatCloudScore algorithm. It selects the lowest possible
range of cloud scores at each point and then computes per-band percentile values from the accepted pixels. This
algorithm also uses the LandsatPathRowLimit algorithm to select only the least-cloudy scenes in regions where more
than maxDepth input scenes are available.

NEVADA Unitet

UTAH
San Francisco COLORADO
o]

CALIFORNIA olLas Vegas
Los Angeles
na ARIZONA

San Diego NEW MEXICO
o

%
%
o

Arguments:

- collection (ImageCollection):
The raw Landsat ImageCollection to composite.

N - percentile (Integer, default: 50):
The percentile value to use when compositing each band.

- cloudScoreRange (Integer, default: 10):
The size of the range of cloud scores to accept per pixel.

- maxDepth (Integer, default: 40):
An approximate limit on the maximum number of scenes used to compute each pixel.

- asFloat (Boolean, default: false):
If true, output bands are in the same units as the Landsat. TOA algorithm; if false, TOA values are converted to uint8 by
multiplying by 255 (reflective bands) or subtracting 100 (thermal bands) and rounding to the nearest integer.

\Refuens) lMags,d Remote Sensing | Winter 2017 |



var image = ee.Algorithms.Landsat.simpleComposite(

{collection: //The raw Landsat ImageCollection to composite.

percentile: //The percentile value to use when compositing each band. default: 50
cloudScoreRange: // Range of cloud scores to accept per pixel. default: 10
maxDepth: //Maximum number of scenes used to compute each pixel. default: 40

asFloat: // Units of output bands (true: same as the Landsat.TOA algorithm; false:
convert to uint8: multiply the reflective bands by 255, subtract 100 from the thermal
bands, round to the nearest integer. default: false

}
)




Example:
var L8 Collection = ee.ImageCollection('LANDSAT/LC8_L1T');

var L8Filtered = L8 Collection.filterDate('2014-10-01', '2014-12-31");
var L8 Median = L8Filtered.median();

Map.addLayer(L8 Median, {'bands': ['B4', 'B3', 'B2'], min: 6000, max:17000}, 'landsat 8
median val' );

var I8 Composite= ee.Algorithms.Landsat.simpleComposite({
collection: L8Filtered,
asFloat: true

1);

Map.addLayer(/8 Composite, {'bands': ['B4', 'B3', 'B2'], min: 0, max:0.3}, 'landsat 8

Advanced GIS and Remote Sensing | Winter 2017 |
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And after (simple composite)....
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Google Earth Engine | TN

Inspector [*:LECIE) Tasks

Use print(...} to writ
Landsat 7 Annual NDVI Compaosite

Landsat 7 32-Day NDVI Compe
Landsat 7 ¢ :
Landsat 7 Annual Greenest-Pixel TOA Refl ice Composite

ee.Algorithms
ee.Array
ee.Classifier

Re E e s a e from Level L1T orthorectified sc g the computed top-of- Data availability (time)
ee.Date mosp flec X d Difference Vegetation Ind ener ed from the Near-IR and Red Jan 1, 1999 - Nov 17, 20
2 f each ¢ i ue from -1.0 to 1.0.
ee.DateRange o . <t rec —_— S ) I:r;:n\:l:er
L " o

Dicti fi f the y inui : d the 1 composit t beginning cnnd Iy N
ee.Dictionary D np i b fi period are

H inc i L -omp 5 it most > > L E te va .
ee.ErrorMargin posite value

ee.Feature
ee.FeatureCollection
ee.Filter

ee.Geometry

We will:

 Add the collection

* Filter by date

* Find the maximum ndvi value
 Visualize it. LANDSAT/LE7_L1T_32DAY_NDV




var ndvi32Day= ee.ImageCollection('LANDSAT/LE7 L1T 32DAY_NDVI');
var filtered2000 = ndvi32Day

filterDate('2014-01-01', '2014-12-31"). ;
Map.addLayer(filtered2000);

The image is displayed in gray

Advanced GIS and Remote Sensing | Winter 2017 |
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Palettes

* Palettes define the color scheme an image.

* A palette is a comma delimited string of colors, stretched
over a band's maximum and minimum pixel values.

The string ' "is black

'FFFFFF' is white http://www.w3schools.com/colors/colors_names.asp
' "is red

' ' is green

"is blue.

We need to add a visualization parameter (just as we did with
‘bands’) that will specify a palette



var collection = ee.ImageCollection('LANDSAT/LE7 L1T _32DAY_NDVI');
var filtered2000 =

collection.filterDate('2014-01-01', '2014-12-31").max();
Map.addLayer(filtered2000, );

OOFFOO

Why is the entire image green?

-1 +1
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var collection = ee.ImageCollection('LANDSAT/LE7 L1T 32DAY_NDVI');
var filtered2000 = collection.filterDate('2014-01-01', '2014-12-31").max();
Map.addLayer(filtered2000,

{'palette':'000000, OOFFOO0', }

);
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DEMO

https://code.earthengine.google.com/
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print(‘hello class!’);



Navigate to: El centro, California
Search for: landsat 7 annual TOA Percentile composites
Copy the ID of the image collection: LANDSAT/LE7 TOA_ 1YEAR

Call this image collection and print it to the console:

il

var landsat7TOA = ee.ImageCollection('LANDSAT/LE7 TOA_ 1YEAR');
print(landsat7TOA);

5. Copy the image ID of the 2014 image.
Call it, print it, and add it to the map:

var landsat7TOA2014 = ee.Image('LANDSAT/LE7 _TOA_1YEAR/2014');
print(landsat7TOA2014);
Map.addLayer(landsat7TOA2014);



Define the bands for the visualization:

var landsat7TOA2014 = ee.Image('LANDSAT/LE7 _TOA_1YEAR/2014');
Map.addLayer(landsat7TOA2014,

{'bands': ['B3', 'B2', 'B1']}

);



1. Search for: Landsat 8 32-Day TOA Reflectance Composite.

Copy the ID of the collection (LANDSAT/LC8 L1T 32DAY_TOA)

3. Filter by date to the second half of 2014, and add this image to
the map

D

var landsat8 32Days =
ee.ImageCollection('LANDSAT/LC8 L1T 32DAY_TOA');

var landsat8 SecondHalf14 = landsat8 32Days
filterDate('2014-06-01', '2014-12-31");

Map.addLayer(landsat8 SecondHalf14,
{'bands': ['B4', 'B3', 'B2']}, 'landsat 8 at 2014');



1. Define a variable for Band 2 (Blue)
2. Add Band 2 to the map

var landsat8 32Days =
ee.lImageCollection('LANDSAT/LC8 L1T 32DAY_TOA');

var landsat8 SecondHalf14 = landsat8 32Days
filterDate('2014-06-01', '2014-12-31");

Map.addLayer(landsat8 SecondHalf14,
{'bands': ['B4', 'B3', 'B2']}, 'landsat 8 at 2014');

var L8 Band2 = landsat8 SecondHalf14.select('B2');
Map.addLayer(L8 Band2,{}, 'band 2');

Advanced GIS and Remote Sensing | Winter 2017 |
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Calculate the median value of this collection and add it to the map

var L8 32Days =
ee.ImageCollection('LANDSAT/LC8 L1T 32DAY_TOA');

var L8 SecondHalf14 = L8 32Days
filterDate('2014-06-01', '2014-12-31")

var L8_SecondHalf14Median = L8_SecondHalf14.median();

Map.addLayer(L8_ SecondHalf14, {'bands': ['B4’, 'B3', 'B2']},
'landsat 8 ' );

Map.addLayer(L8 SecondHalf14Median, {'bands': ['B4', 'B3', 'B2']},
'landsat 8 median');



Simple composite of Landsat scenes

var L8 Collection = ee.ImageCollection('LANDSAT/LC8 L1T');

var L8Filtered = L8 Collection.filterDate('2014-10-01', '2014-12-31");

var L8Median = L8Filtered.median();

Map.addLayer(L8Median, {'bands': ['B4', 'B3', 'B2'], min: 6000, max:17000});
var image = ee.Algorithms.Landsat.simpleComposite({

collection: L8Filtered,
asFloat: true

1);

Map.addLayer(image, {'bands': ['B4', 'B3', 'B2'], min: 0, max:0.3}, 'landsat 8
Median Witner 2014' );



1. Search for the ID of Landsat 7 32-Day NDVI Composite

LANDSAT/LE7 L1T 32DAY_NDVI
2. Filter by date (2014 and 2000) and extract the max NDVI value

var ndvi32Day= ee.lmageCollection('LANDSAT/LE7 L1T 32DAY_NDVI');
var filtered2014 = ndvi32Day.filterDate('2014-01-01", '2014-12-31").max();
var filtered2000 = ndvi32Day.filterDate('2000-01-01", '2000-12-31").max();

Map.addLayer(filtered2014, {}, 'max ndvi 2014");
Map.addLayer(filtered2000, {}, 'max ndvi 2000");



Add a visualization parameter:

var ndvi32Day= ee.lmageCollection('LANDSAT/LE7 L1T 32DAY_NDVI');
var filtered2014 = ndvi32Day.filterDate('2014-01-01", '2014-12-31").max();
var filtered2000 = ndvi32Day.filterDate('2000-01-01', '2000-12-31").max();

Map.addLayer(filtered2014, {'palette':'000000, OOFF00'}, 'max ndvi 2014');
Map.addLayer(filtered2000, {'palette':'000000, OOFF00'}, 'max ndvi 2000');



Define the minimum and maximum value for visualization
var ndvi32Day= ee.lmageCollection('LANDSAT/LE7 L1T 32DAY_NDVI');

var filtered2014 = ndvi32Day.filterDate('2014-01-01', '2014-12-31").max();
var filtered2000 = ndvi32Day.filterDate('2000-01-01', '2000-12-31").max();
Map.addLayer(filtered2014,

{'palette':'000000, OOFFOO', 'min': 0.5, 'max': 0.7}, 'max ndvi 2014");

Map.addLayer(filtered2000,
{'palette':'000000, OOFFOO0', 'min': 0.5, 'max': 0.7}, 'max ndvi 2000");



Exercise:

Navigate to any region and present 2 Landsat images for the rainy season of
2013 and one for 2016, using the median value of the composite
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