Tutorial: Generate Cloud Free Landsat 8 Composite with GEE

Introduction

Google Earth Engine (GEE) is a cloud based geospatial analysis platform that allows users to analyze and visualize earth
surface data at the planetary scale. Since the GEE platform and data are built within Google’s infrastructure, the benefit
of using this environment is its ability to rapidly process large volumes of data. Although the GEE is powerful to analyze
the large data, the deposition of cloud in remotely sensed data is a major problem it prevents it from capturing the land
surface data. This can be specially challenging in Hawai‘i as it has cloud cover throughout the year especially along the
mountain ridge areas where humans cannot easily access due to dynamic topography such as cliffs. Having a cloud-free
mosaic imagery enhances the opportunities to effectively understand the land surface .

Objective

This tutorial will demonstrate how to create a cloud-free Landsat 8 composite for the island of O‘ahu in GEE using a GEE
code editor and Landsat 8 satellite imagery. Upon completion of the image processing the final cloud-free imagery will
be stored in your Google Drive. The entire processes are conducted within GEE’s platform using JavaScript and requires
a stable Internet connection.

The following web browsers are supported and were confirmed to work, Chrome, Chrome with Incognito mode, Firefox,
Microsoft Edge, and Safari browser on both Windows 10 PC, iMac Catalina and iPad Pro iOs 14.7.1. (as of September 1,
2021).
1. Go to https://earthengine.google.com/ or search Google Earth Engine in your preferred browser and login using
your UH email address or your GEE account if you already have a GEE account.
a. If youalready have a GEE account - skip to the step 3 on page 3.
b. If you need to create a GEE account - go to the next step

2. To create a GEE account, click “Sign Up” and login using your UH email account. Fill out the form and go through
GEE’s evaluation process.
See below to complete steps (a) to (i).

Your email address should appear here. If not, open a new web
Your UH email address page and log-out from Google and log-in using UH email.
Want to use a different account?

Full name ™
Please tell us your first and last name
' d) Select “Academia”
Affiliation/Institution nstitution type
https://manoa.hawaii.edu/ Academia >

t? Give a homepage Select the best description for your institution, or choose

Other and clarify

CaunizysReglon e) Enter country

United States v
Please tell us where you live f) Enter a reason

What would you like to accomplish with Earth Engine?

I wish to learn how to use Google Earth Engine and create a cloud free composite.

Please describe in a few sentences how you intend to use Earth Engine



https://earthengine.google.com/

g) Check here

Earth Engine mgy-¢hly be used for development, research, or educational purposes. It may not be used for
sustained cefmmercial purposes, but may be evaluated in a production environment.

| agree that my use of the Earth Engine services and related APIs is subject to my compliance with
the applicable Terms of Service. In particular, | acknowledge that creating multiple Earth Engine
accounts to circumvent quota restrictions is a violation of the Terms of Service.

[ ] 1am interested in commercial use of Earth Engine.

™

reCAPTCHA

Privacy - Terms

I'm not a robot
i) Click on “SUBMIT”

1
|

SUBMIT

After the submission of the form, you should see this. Then, check you UH email.

We're glad you're interested.

Keep an eye on your inbox for  Your UH email address — weil let you know when you're good to go.

KEEP EXPLORING | LOG OUT

You should receive an email like the image below.

Welcome to Earth Engine!

Greetings, Earth Engine Developer, and welcome! You now have access to:

+ The Earth Engine Code Editor - the primary Earth Engine development environment.

= The Earth Engine Developer docs - including our development guides, AP reference, and
and tutorials.

= The Earth Engine Explorer - a graphical user interface. No programming skills needed.

Mote that it may take a few days before this change is propagated through the system.
To get started with Earth Engine, we suggest you:

= Read our Frequently Asked Questions.
» Check out our Get Started guide, tutorials, and complete documentation.
« Visit the Earth Engine developers list.

It's great to have you on board. We look forward to seeing what you can do with Earth Engine!




Congratulations! Now, you are ready to use GEE code editor!
3. Open a GEE code editor and go to https://earthengine.google.com/ or search Google Earth Engine in your preferred

browser and login using your UH email address or your GEE account if you already have a GEE account.
Move your cursor on “Platform” and select “Code Editor” from the drop down

You should see the GEE code editor like the image below. There are three panels beside a map area.

‘ Google Earth Engine  Search places and dataset ESE
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4. Inthe left panel, there are three tabs. Select Script tab and click on NEW. In the drop down, click File. In the new
window, enter the username by your choice and click OK. At the pop up window enter “GEOGXXX_Lab” then click
the CREATE button. In the new window, enter the file name as “LabXX” and click OK.

B . Choose an Earth Engine username
Go g|e Earth Engine  Search places and datasets
SQripts Docs Asseis Choose a username to help others identify your Earth Engine

work, like scripts, apps, and assets. The username you choose

Filter scripts... (:) will be used to create your asset and script home folders.

~ Owner . Note that when you share your work, the username will be visible

~ Writer Repository to other users. You cannot change the name of your username

Read or home folder after it's created

T Reader

~ Archive Folder Your username will be linked to your signed-in account

» Examples permanently. We recommend that you set it to an online name
that you want to be visible to the Earth Engine community, such
as your email username or social media handle.

New repository “E”‘I I

@ -]

Git repositories created through this dialog can be shared with

other users
Create file
Changes pushed to this repository by other tools will be
reflected in the Code Editor.

Enter a name or path for the file: @
The repository names must be unique and cannot be changed

oo () ) | - E— | UnitedFie |

USEPS/_IIH II Enter description (optional):

Commit Message
C.-‘J-N;-;EI CREATE



https://earthengine.google.com/

5.

8.

In the Script tab, click your file that you created from the previous step and make sure the file name appears in the
center panel.

Go g|e Earth Engine Search places and datasets...

S0 6) Docs Assets
~
Filter scripts... m (:J .

~ Owner (1)
~ ysers/IN/ GE0G_XXX_Lab
Lab01

Enter code Map.setCenter(-157.8, 21.48, 10) to set the map center over O‘ahu using its longitude (-157.8), latitude
(21.48) and zoom level (10). Save and Run the code.

1 7 i p section
2 | Map.setCenter(-157.8, 21.48, 18);

3

Tip: You can add comments using double slashes // at the beginning. Use semicolon at the end of code.

In the search field right above the center panel, enter tiger 2018 and select TIGER: US Census Counties 2018. A new
window will pop up then click on the IMPORT.

[ tiger 2019 “
I

TABLES
| TIGER: US Census Counties 2018 |
TIGER: US Census States 2018

Note: The new window shows the data information including description, table schema, terms of use, and
citation. It is a good practice to understand the dataset.

Click table and rename it as counties

* Imports (1 entry) B
’ var‘m: Table TIGER/2818/Counties

1 // set Oahu in the center of the map section
2 Map.setCenter(-157.8, 21.48, 18);

In the same search field enter landsat 8 and click on more



’ landsat 8 “

RASTERS
USGS Landsat 8 Collection 1 Tier 1 and Real-Time data OLI Raw Scenes
USGS Landsat 8 Collection 1 Tier 1 and Real-Time data Raw Scenes
r USGS Landsat 8 Collection 1 Tier 1 OLI Raw Scenes
USGS Landsat 8 Collection 1 Tier 1 Raw Scenes import »
USGS Landsat 8 Collection 1 Tier 2 OLI Raw Scenes
USGS Landsat 8 Collection 1 Tier 2 Raw Scenes
USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance
USGS Landsat 8 Collection 1 Tier 1 and Real-Time data TOA Reflectance

T

T

13

A new window pops up showing all available datasets with Landsat 8 tag. Click USGS Landsat 8 Collection 1 Tier 1
Raw Scenes.

Search results matching "Landsat 8"

USGS Landsat 8 Collection 1 Tier 1 and Real-Time data OLI Raw Scenes -
USGS
Landsat 8 Collection 1 Tier 1 and Real-Time data OLI DN values, representing scaled, calibrated at-sensor radiance. Landsat scenes with the highest availabl...

USGS Landsat 8 Collection 1 Tier 1 and Real-Time data Raw Scenes
USGS
Landsat 8 Collection 1 Tier 1 and Real-Time data DN values, representing scaled, calibrated at-sensor radiance. Landsat scenes with the highest available da...

USGS Landsat 8 Collection 1 Tier 1 OLI Raw Scenes
USGS
Landsat 8 Collection 1 Tier 1 OLI DN values, representing scaled, calibrated at-sensor radiance. Landsat scenes with the highest available data quality are ...

USGS Landsat 8 Collection 1 Tier 1 Raw Scenes
USGS
Landsat 8 Collection 1 Tier 1 DN values, representing scaled, calibrated at-sensor radiance. Landsat scenes with the highest available data quality are plac...

USGS Landsat 8 Collection 1 Tier 2 OLI Raw Scenes
USGS
Landsat 8 Collection 1 Tier 2 OLI DN values, representing scaled, calibrated at-sensor radiance. Scenes not meeting Tier 1 criteria during processing are as...

USGS Landsat 8 Collection 1 Tier 2 Raw Scenes

Lnene

-

CLOSE OPEN IN CATALOG




Another window will pop up and display detailed information of the imagery. The dataset ID is located on the left
bottom as LANDSAT/LC08/C01/T1. Copy it.

USGS Landsat 8 Collection 1 Tier 1 Raw Scenes

ZA

DESCRIPTION BANDS IMAGE PROPERTIES TERMS OF USE

Landsat 8 Collection 1 Tier 1 DN values, representing scaled, calibrated at-sensor

radiance.

Landsat scenes with the highest available data quality are placed into Tier 1 and are
considered suitable for time-series processing analysis. Tier 1 includes Level-1 Precision
Terrain (L1TP) processed data that have well-characterized radiometry and are inter-

calibrated across the different Landsat sensors. The georegistration of Tier 1 scenes will

be consistent and within prescribed tolerances [<=12 m root mean square error (RMSE)].

Dataset Availability

2013-04-11T00:00:00 -
2021-09-05T00:00:00

Dataset Provider

All Tier 1 Landsat data can be considered consistent and inter-calibrated (regardless of

sensor) across the full collection. See more information in the USGS docs.

For more information, see Landsat 8 Handbook

9.

USGS

Collection Snippet |0

ce.ImageCollection ("LANDSAT
/LCc08/c0l/T1")

CLOSE IMPORT

Enter the code to specify the dataset ID (See below). Save and Run the code.
3

4 /f landsat 8 dataset
5 war landsat@ = "LANDSAT/LCBE/CE1,/T1";
&6

Note: A raw Landsat 8 dataset is required to create a cloud free composite.

10. Specify the timeframe. Follow the date format specified below. Save and Run the code.

6

7 // start and end date for creating cloud-free mosaic
8 wvar dateStart = '2817-81-81";

9 wvar dateEnd = '2020-12-31";

108

11. Specify location boundary using the county file that is imported at the step 3. Next, add the location boundary to

the map section. Save and Run the code.

le

11  // specify areas

12 wvar oahu = counties.filter(ee.Filter.eq( 'MAME", 'Honolulu®));

13 Map.addLayer(oahu, {color: ‘red'}); // display Oahu boundary from counties dataset
14




Geometry Imports

12. Narrow down the size of Landsat 8 Raw dataset using the timeframe and the location boundary data. Save and Run

the code.

14
15 // Create a Landsat 8 collection for oahu
16 war collectionOshu = ee.ImageCollection(landsat8)

17 .filterDate{dateStart, dateEnd)
18 .filterBounds{oahu);
13

13. At this point all preparation is done and now it is ready to use the cloud-free composite function to process the
Landsat 8 raw imagery. Add the code shown in the image below. Save and Run the code.

13

28 // Create a cloud-free composite with custom parameters
21~ var oshuComposite = ee.Algorithms.Landsat.simpleComposite({
22 ‘collection’: collectionOahu,

23 ‘percentile’: 58,

24 'cloudScoreRanges': 18,

25 'maxDepth’ 11088,

26 'asFloat': true

27 1)

28




Note: To understand ee.Algorithms.Landsat.simpleComposite(), click the Docs tab in the left panel. Enter
simplecomposite in the search field.

Type keywaords in the search field

A new window pops up to

show the description of the

03_cloudFree_final03_oa*u * function. Get |
L var gateeng 1
simpleComposite 18
) 11 1 areas
- ee.Algarithms 12 wpr“oahu = counties.filter(ee.Filter.eq{ 'MAME', Honolulu'});
- ee.Algorithms.Landsat 1 op.addLayer{oahu, {color: “red"}); /} display Oahu boundary from co

ee.Algorithms. Landsat.simpleComposite(collection, percentile, cloudScoreRange, maxDepth, asFloat)

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.

Arguments:

- collection (ImageCoellection):
The raw Landsat ImageCollection 1o composite

= percentile (Integer, default: 50):

The percentile value to use when compositing each band. . . .
— All five arguments are included in the code
- eloudScoreRange (integer, default: 10): —
ud 5 ( above.
The size of the range of cloud scores 1o accept per pixel.

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

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.

- asFloat (Boolean, default: false): o ——

Let’s take a look at the cloud-free image.

14. Add the code below to set the band combination assignment for RGB (Red, Green, and Blue) and add the image
layer to the map section. Save and Run the code.

28

22 // create a band combination assignment for RGB, then add the cloud free image to the map section
3@ wvar bandComb = ['B4', "B3', "B2']

31 Map.addLayer(oahuComposite, {bands: bandComb, max: @.3}, 'Oahu TOA composite’);

32

Notice, the area of the cloud-free composite mosaic is much greater than O‘ahu.

HAWAII



15. Enter the code below to clip the cloud-free composite mosaic using the O‘ahu variable that is created in the step 11.

Save and Run the code.

32

33 // Clip the cloud-free mosaic by a polygon and add it to the map section

34 wvar cloudFreeMosaicOahu = ocahuComposite.clip(oahu};

35 Map.addLayer(cloudFreeMosaicOahu, {bands: bandComb, max: @.3},'Ozhu TOA composite - clip');
36

Note: Now, there are three layers on the map. Mover the cursor over the Layer box in the map section and
uncheck Oahu TOA composite. Then, you can see the clipped cloud-free composite mosaic just for the
island of O‘ahu without any clouds!

v’ 0Oahu TOA composite - clip

I Oahu TOA composite I L d

" Layer1

16. Add the code below to export the cloud free composite to the Google Drive. Save and Run the code.

3B

37 // export the cloud-free mosaic to google drive (folder name with a date range)
38 wvar folder = '_GEE_cloudFree_Lab@l'

39|r| Export.image.toDrive({

4 image: cloudFresMosaicOahu,

41 description: "oahu_mossic_" + dateStart + '_' + dateEnd + '_resclution3ém’,
42 folder: folder,

43 scale: 3@, // spatial resolution in meter

a4 maxPixelz: 1213,

45 1);

46

Note: The folder name in the Google Drive is assigned as _GEE_cloudFree_Lab01. The cloud-free composite file is
named as oahu_mosaic2017-01-01_ 2020-12-31_resolution30m. Notice, the variables are replaced with
the values and “+” signs disappear. “+” sign is to connect each element. So, more elements can be added
to the file name. It is important to enclose the string within a pair of apostrophes. Refer

Export.image.toDrive() in the Docs.
Export.image.toDrive(image, description, folder, fileNamePrefix, dimensions, region, scale, crs, crsTransform, maxPixels, shardSize,

fileDimensions, skipEmptyTiles, fileFormat, formatOptions)

Creates a batch task to export an Image as a raster to Drive. Tasks can be started from the Tasks tab. "crsTransform’, "scale’, and "dimensions” are
mutually exclusive:

Arguments:

- image (Image):
The image to export.

- description (String, optional):
A human-readable name of the task. May contain letters, numbers, -, _ (no spaces). Defaults to "'myExportimageTask'.

- folder (String, optional):
The Google Drive Folder that the export will reside in. Note: (a) if the folder name exists at any level, the output is written to it, (b) if duplicate folder
names exist, output is written to the most recently modified folder, (c) if the folder name does not exist, a new folder will be created at the root,
and (d) folder names with separators (e.g. ‘path/to/file) are interpreted as literal strings, not system paths. Defaults to Drive root.

- fileNamePrefix (String, optienal):
The filename prefix. May contain letters, numbers, -, _ (no spaces). Defaults to the description

- dimensions (Number|String, optional):
The dimensions to use for the exported image. Takes either a single positive integer as the maximum dimension or "WIDTHXHEIGHT" where
WIDTH and HEIGHT are each positive integers.

- region | y.Li 9, Y. Pol) |String, optional):
A LinearRing, Polygon, or coordinates representing region to export. These may be specified as the Geometry objects or coordinates serialized as
a string. If not specified, the region defaults to the viewport at the time of invocation,

- scale (Number, optional):

Resolution in meters per pixel. Defaults to 1000.
- crs (String, optional):

CRS to use for the exported image.



Important: After running the code, the entire island of O‘ahu should be in the map view as GEE will export the
image as shown in the map view.

17. In the right panel, select Tasks tab and click RUN.

Inspector Console

M oahu_mosaic2017-07-01_2021-06... RUN

A new window pops up. You can change the folder or file name in this section before exporting. It may take more
than 5 minutes. If it continues running for more than 10 minutes, click Refresh.
Task: Initiate image export

Task name (no spaces) *

oahu_mosaic_2017-01-01_2020-12-31_resolution30m]|

nate Referen

EPSG:3857

temn (CRS

Scale (m/px)

30

DRIVE CLOUD STORAGE EE ASSET

Drive folder

_GEE_cloudFree_Lab01

Filename *

oahu_mosaic_2017-01-01_2020-12-31 _resolution30m

File format *
GEO_TIFF

18. The exported cloud-free composite mosaic looks like below if you open it in GIS or remote sensing software. This
mosaic is TOA (Top of Atmosphere) reflectance.

10



