Caroline Baumann - Jet Propulsion Laboratory, California Institute of Technology

SHARPENING CODE - MAC

ECOSTRESS TUTORIALS
This tutorial will show you how to use the ECOSTRESS Sharpening code on MacOS.
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Prerequisites

Before you start this tutorial, make sure you have an Earthdata Login, Visual Studio Code
downloaded and set up, and a Python Environment to work with. You also need
ECOSTRESS LST data downloaded on your computer for this tutorial. If you do not have
ECOSTRESS data downloaded, you can either download it before starting this tutorial or
you can follow the Sharpening APl Code tutorial that uses and API to download both
ECOSTRESS and Sentinel-2 data. If you need help setting any of these up or downloading
ECOSTRESS data, please visit https://ecostress.jpl.nasa.gov/tutorials where you can

follow along with the provided tutorials before proceeding with this one. This tutorial will
walk you through an example of sharpening images of Dodger Stadium in summer of 2024,
but you can follow along with whatever area and time of interest you want.


https://ecostress.jpl.nasa.gov/tutorials

What is Sharpening and what is an API?

In remote sensing, image sharpening refers to enhancing the spatial resolution of satellite
images in order to make them look more detailed. We use high resolution images to train a
machine-learning model which is then used to sharpen low resolution images. In this code,
70-meter resolution ECOSTRESS data will be sharpened with 20-meter Sentinel-2 data.
This tool uses an API (Application Programming Interface) to download Sentinel-2 data that
will be used to sharpen ECOSTRESS LST images that you already have downloaded on your
computer.

What is Copernicus Data Space?

Copernicus Data Space is a European Space Agency platform that provides open data
from the Copernicus Earth observation satellites, including Sentinel-2 data. We need a
Copernicus Data Space login in order to create and use the Sentinel Hub API. An API, or
Application Programming Interface, is a tool that allows your code to request and retrieve
data from a server or database automatically.

CREATING A COPERNICUS LOGIN

1. Start by going to https://dataspace.copernicus.eu/ or by searching the web for

Copernicus Data Space and clicking on the first link. On the website, click the
green profile icon.

@ % dataspace.copernicus.eu (=]

e (opemicus @esa

Explore the
Copernicus Data
Space Ecosystem

2. This will take you to the login page. If you already have an account, you can log in
and move on to the next section of the tutorial. If you do not have an account, click
the green register button.

Register and create an account for free in

Login to access your account 60 seconds

@ Access a variety of Earth observation data
@ Manage your personal settings

@ Follow your credits and orders



https://dataspace.copernicus.eu/

3. Fill out all of the required fields with your personal information, including marking
off the check boxes at the bottom of the screen. When you are done, click the green
register button.

Gpermcus Cesa SuPPORT

Create a personal
account

Complete the form below to create a new account. After submission you
will receive a verification mail to confirm your subscription and login to
your personal account

Register form

* Re: ields

| REGISTER

4. The window will now display Thank you for signing up and prompt you to verify your
email. Open your email and look for the verification email.

News @ Dashboard Cases Events Gallery Videos About

Pr— -
. Gpemcus Cesa EXPLORE DATA ANALYSE DATA EcosYSTEM ((corsmicusaronsen @) ( sueror v ) ()

Thank you for signing up.

5. Click the blue Verify email address button which will direct you back to the
Copernicus Data Space website.

Verify email inbox x S
Data Space < > 5.00> 10:22AM (Sminutesago) & @ €

tome ~

Dear Caroline ,

Thank you for creating an account on the Copernicus Data Space Ecosystem. Please click the button below to verify your email address and confirm your registration. After confirmation, you will be able to login and access the data

Verify email address

This link will expire within 1 hour,
If you didn't create this account, just ignore this message.

More information about the available data and services can be found in the documentation and FAQ.

Kind regards,

The Copemicus Data Space Ecosystem support team

B (opemncus (‘cesa




6. Inthe new window, click where it says Click here to proceed. It will then let you
know that your email address has been verified.

Confirm validity of e-mail address

Confirm validity of e-mail address

Your email address has been verified.

Your email addréss_ﬁés been verified.

What is pyDMS?

pyDMS is a Python library that implements the Data Mining Sharpened (DMS) algorithm,
that is used to sharpen low resolution satellite imagery using high resolution data. We want
to use this in our code, so we need to download and install it. We can download it from
GitHub, which is an online platform used to store and share code.

DOWNLOADING CODE AND PYDMS FROM GITHUB

1. To access the pyDMS package and the code used in this tutorial, go to
https://github.com/ECOSTRESS-Tutorials/ECOSTRESS-Sharpening-Tutorial.

= O ECOSTRESS-Tutorials /| ECOSTRESS-Sharpening-Tutorial Q Type (/] to search
<> Code ( Issues I9 Pullrequests () Actions [ Projects [0 wiki @ Security |22 Insights £} Setting
¥ ECOSTRESS-Sharpening-Tutorial Pubiic S EditPins v @ Watch 3
¥ main ~ ¥ 1Branch © 0 Tags Q Gotofile t + <> Code ~
% carolinerbaumann Updated sharpening code for tutorial £7916€8 - last week <) 15 Commits
0 pyDMS_main Updated code, readme, requirements, and folder na... last month
—— DS Store — —



https://github.com/ECOSTRESS-Tutorials/ECOSTRESS-Sharpening-Tutorial

2. Atthe topright, click the green button that says <> Code. In the dropdown select
Download ZIP. A zip file containing everything in the GitHub repository will begin

downloading.

Clone ®

HTTPS  GitHub CLI

efor

https://github.com/ECOSTRESS-Tutorials/ECt (O
rpen

Clone using the web URL.
efor

ofor 3 Open with GitHub Desktop

eforI [Z) Download ZIP

efore the presentation 3 weeks ago

3. Once the zip file has been downloaded, double click on it to un-zip it. This new
folder will now function as your project folder. You can move it wherever you would
like, but I am going to move mine to my documents.

C YO | < Downloads 88 ¢ 82 v » Q
@ Recents . ) E
4 Applications | SN | o
= Desktop ECOSTRESS- ECOSTRESS-
Sharpen...ial-main Sharpen...main.zip
B Documents 11 items 3 MB
© Downloads
< iCloud Drive
& OneDrive
® Red
& Macintosh HD > & Users > [ baumann > [8 Downloads
e L200E

What is an OAuth client?

An OAuth client requests access to data on behalf of the user without needing their
password. Instead, OAuth creates a secure token, or temporary key, that can be used to
access the data for as long as you allow it. This ensures that your account details stay safe

when downloading data.




CREATING A NEW OAUTH CLIENT

1. Open Visual Studio Code and get connected to your project folder by selecting File

> Open Folder. In the pop-up finder window, select your project folder and click
Open.

& Code File Edit Selection View Go Run Td

New Text File ®N
New File... AXEN
New Window SEN
New Window with Profile >

Open...
Open Folder...

Open Workspace from File...
Open Recent

Add Folder to Workspace...
Save Workspace As...
Duplicate Workspace

Save

2. Inthe EXPLORER tab on the left, hover over the project folder and click the new file

icon.

EXPLORER

ECOSTRESS-SHARPENING-T... [5. [ET U &
pyDMS_main
Common_sharpening_errors.pdf

= ecostress_sharpening_spec.txt

ecostress_sharpening.yml
DEADNDAME mAd

3. Name this new file .env and press enter.

EXPLORER

v ECOSTRESS-SHARPENING-T... [3 B3 O &
> pyDMS_main
.env|
Common_sharpening_errors.pdf
= ecostress_sharpening_spec.txt

ecostress_sharpening.yml

4. Next, in a browser window, go to https://dataspace.copernicus.eu/ or by search for
Copernicus Data Space and log in. Then, click the green profile icon.



https://dataspace.copernicus.eu/

5. Inthe new window, find the box that says Dashboards and click the link that says
Sentinel Hub.

Dashboards

Monitor your usage across the
different services.

openEO Algorithm Plaza
Sentinel Hub

6. Inthe Dashboard window, click User Settings in the bottom right.

( Opernicus Dashboard

#2 Dashboard

& Configuration Utility il ’ & Refrest

lut  Usage

C Copernicus Browser Configured (;gr;;;ed Snce 0Ly Remaining
Processing Units
Monthly 30000 1 29999
Overage o 0 0 0
Requests
Monthly 30000 1 29999
Overage o 0 0 0

7. Look for the box titled OAuth clients and click the green +Create button.

OAuth clients @

Active Inactive

No clients.




8. Inthe pop-up, type in a Client name. This name is just a way to identify the client for
your organization and clarity. For example, | am going to name mine
ECOSTRESS_Sharpening. Once you have entered a name, press the green +Create
button.

+ Create a new OAuth client

Client name:

ECOSTRESS_Sharpening
———

Supported flow:

Client Credentials v

Expiry date:
20 January 2025, 23:59 (UTC) Client will expire in 90 days Never expire

Client will be used by a single-page application

X Close <+ Create

©

A pop-up will appear with your Client ID and Secret. Do not close this window
because you will not be able to view it again once it is gone! Navigate back to Visual

Studio Code and open the .env file that you created. In the .env file, type:
a. OAUTH_CLIENT_ID=your-client-id
b. OAUTH_CLIENT_SECRET=your-client-secret

EXPLORER

ECOSTRESS-SHARPENING-TUTORIAL-MAIN
> pyDMS_main C NT_ID=your-client-id
CLIENT_SECRET=your-client-secret
Common_sharpening_errors.pdf
ecostress_sharpening_spec.txt

' ecostress_sharpening.yml

README.md
requirements.txt
Setting_up_for_pyDMS.pdf
sharpening_ecostress_dev_spec.txt

I' sharpening_ecostress_dev.yml
Sharpening_ECOSTRESS_S2_APLl.ipynb
Sharpening_ECOSTRESS_S2.ipynb




10. Replace your-client-id with the Client ID that was given in the Copernicus Data
Space OAuth creation by copying and pasting. Do the same with your-client-
secret. Save your .env file. You can now close the OAuth pop-up window.

o New OAuth client created

ECOSTRESS_Sharpening

Client ID: I ——
Clientsecret:

Make sure to copy your new personal OAuth client secret now. You will not be able to see it

) again!

X Close

HOW TO INSTALL THE REQUIRED PACKAGES FOR YOUR ENVIRONMENT

1. Ifyou followed the creating an environment tutorial, you will need to install a few
more packages to the ECOSTRESS environment you created. If you are working with
a different environment, or using the ECOSTRESS environment from a previous
tutorial, you can look at the different packages installed within your environment to
see what you have and what you need.
a. Todo this, open the terminal and type mamba activate followed by the
name of your environment. Press enter to run. You will know your
environment has been activated when its name shows up in parentheses.

[ BON ) {3 baumann — -zsh — 80x24

%

Last login: Tue Oct 22 13:22:49 A8
(base) baumann@MT-212254 ~ %Imamba activate ECOSTRESS

(ECOSTRESS) baumann@MT-212254 ~ 7%
E——




b. Then type conda list and press enter to run. This will list all the packages in
your environment.

[ BN ) T2 baumann — -zsh — 80x24
Last login: Tue Oct 22 13:22:49 on ttysees

(base) baumann@MT-212254 ~ % mamb, a OSTRESS
(ECOSTRESS) baumann@MT-212254 ~ %

c. Compare this to the list of packages on the requirements.txt document that
you downloaded from the GitHub as part of the main project folder. Take
note of which ones you still need to install.

ece B8 baurmann —-zsh— 8028 B |

tzdata 2024b hc8bSes8_e  conda-forge | eve < ECOSTRESS-Sharpening-Tutori.. 83 & =, O~ Q
uc-micro-py 1.0.3 pyhd8edlab_@  conda-forge
uri-template 1.3.0 pyhd8edlab_@  conda-forge
uriparser 0.9.8 héaefe2f_®  conda-forge | -
urllib3 2.2.3 pyhd8ed1ab_e canda—for:e © Recents — 1 ‘
wewidth 0.2.13 pyhd8edlab_@  conda-forge A Applications °3 <
webcolors 24.8.0 pyhd8edlab_@  conda-forge e
webencodings 8.5.1 pyhd8ed1ab_2 conda-forge (=) Desktop Common_sharpe ecostress_sharpe ecostress_sharpe  puDMS_main README.qd | requirements.txt
websocket-client 1.8.0 pyhd8edlab_@  conda-forge (® Documents ning_errors.pdf i g.ymi
wheel 0.44.0 pyhd8edlab_@  conda-forge -
widgetsnbextension 4.0.13 pyhd8edlab_@  conda-forge © Downloads 1
xarray 2024.9.0 pyhd8edlab_1  conda-forge H
xerces-c 3.2.5 h197e74d_2 b b <
xorg-libxau 1.0.1 = conda-forge | & icloud Drive Setting_up_for_p sharpening_ecost sharpening_ecost Sharpening_ECO ~ Sharpening_ECO
xorg-libxdmep LT hee291cd_e conda-forge | yDMS.pdf ress_dev_spectxt  ress_devyml  STRESS..Plipynb STRESS_S2.ipynb
xyzservices 2024.9.0 pyhd8edlab_@  conda-forge | © Onebrive
xz 5.2.6 h775f41a_@  conda-forge
yaml 0.2.5 hedssaf4_2  conda-forge
zeromq 4.3.5 he4ceba3_6  conda-forge O el
zipp 3.20.2 pyhd8edlab_@  conda-forge
z1ib 1.3.1 hd23fc13_2  conda-forge ® Orange
zstandard 0.23.0 py312h7122b8e_1  conda-forge —
zstd 1.5.6 h915ae27_6  conda-forge -
(ECOSTRESS) baumann@MT-212254 ~ % I | o Green & Macintc = = = I~
-

2. Toinstall the remaining packages, first make sure that your environment is
activated (its name should be listed at the start of the terminal command line in
parentheses). If it is not activated, type mamba activate followed by the name of
your environment and run it.

[ O J T2 baumann — -zsh — 80x24
Last login: Tue Oct 22 13:22:49 gon 5

(base) baumann@MT-212254 ~ %lImamba activate ECOSTRESS!
(ECOSTRESS) baumann@MT-212254 ~"7%
—

10




3.

Then, type mamba install -c conda-forge followed by the name of all the packages
you need to install. If you used the Creating an Environment ECOSTRESS tutorial,
you can copy and paste this into the terminal and run it to get all the remaining
packages installed:

mamba install -c conda-forge gdal libgdal shapely geopandas sentinelhub numba

python-dotenv

4.

[ ON ) T3 baumann — -zsh — 80x24

Last login: Tue Oct 22 13:39:49 on ttyso0es
(base) baumann@MT-212254 ~ % mamba activate ECOSTRESS

(ECOSTRESS) baumann@EMT-212254 ~ % WELIERERESEN TR T [ EES o} f RN [ ERRR BT To [ ERREY ETe)
ely geopandas sentinelhub numba python-doteny

a. However, itis bestto list the packages in your own environment and make
sure you are missing the same ones as me. If you are missing different ones,
you can modify the command accordingly.

It may ask you to Confirm changes y/n for which you can type y and press enter.

(o @ baumann — python « mamba install -c conda-forge gdal libgdal shapely g...

+ sentinelhub 3.11.1 pyhd8edlab_0 conda-forge
Cached

Downgrade:

- numpy 2.1.2 py311h394b0bb_0 conda-forge
Cached
+ numpy 2.0.2 py311h394bobb_0 conda-forge
Cached

Summary:

Install: 125 packages
Downgrade: 1 packages

Total download: 3MB

onfirm changes: [Y/n] ylI




5. Itshould look something like this when it is done:

(] (] 7 baumann — -zsh — 80x24

aws-c-s3 97.7kB @ 33.4kB/s @.6s
cryptography 1.4MB @ 436.0kB/s ©.4s
shapely 535.5kB @ 167.9kB/s ©.3s
aws—checksums 70.9kB @ 21.4kB/s 0.4s
numpy 7.4MB @ 2.2MB/s 1.9s
aws-c-http 164.1kB @ 48.7kB/s @.2s
aws-sdk-cpp 2.8MB @ 667.5kB/s 1.0s
postgresql 4.8MB @ 975.8kB/s 1.6s
libjx1 1.3MB @ 264.2kB/s 0.8s
libglib 3.7MB @ 734.5kB/s 1.7s
aws-c-compression 18.0kB @ 3.5kB/s 0.1s
aws-c-mqtt 164.4kB @ 31.7kB/s ©.2s
aws—c-common 226.6kB @ 43.4kB/s ©.2s
imagecodecs 1.7MB @ 296.0kB/s ©.6s
tiledb 4.0MB @ 641.9kB/s 1.0s
gdal 1.7MB @ 259.5kB/s 4.9s
scikit-learn 9.5MB @ 831.4kB/s 8.1s
Downloading and Extracting Packages:

Preparing transaction: done

Verifying transaction: done

Executing transaction: done

(ECOSTRESS) baumann@MT-212254 ~ % [

HOW TO INSTALL PYDMS

1. Open the terminal and activate your environment by typing mamba activate
followed by the name of your environment.

. |
[ JON J {2 baumann — -zsh — 80x24

Last login: Tue Oct 22 14:08:.40

(base) baumann@MT-212254 ~ %dimamba activate ECOSTRESS

(ECOSTRESS) baumann@MT-21225

————————————————

2. Then, change the directory to the pyDMS_main folder by typing the command cd
followed by a space and the path to the folder.

[ ON ) {3 baumann — -zsh — 80x24

Last login: Tue Nov 19 09:56:45 on ttys@es4
(base) baumann@MT-212254 ~ % mamba activate ECOSTRESS

(ECOSTRESS) baumann@MT-212254 ~ % cd [V YA LTI EL YA It LR YA o Ry L R E R 4 b1
ng-Tutorial-main/pyDMS_main




a. To copy the path to the folder, go to View > Show Path Bar. Then in your
finder, navigate to the folder. Find where the folder is listed in the path bar on
the bottom of the window. Right click it and select Copy “pyDMS_main” as

Bt vView Go Window Hel .
— P [ JoN ) < > ECOSTRESS-Sharpening-Tuto... 383
v as Icons Favorites
as List @ Recents — 3 1
as Columns A Applications © <
as Gallery (S Desktop Common_sharpe ecostress_sharpe ecostress_sharpe README.md  requirements.txt
D e ning_errors.pdf  ning_spec.txt ning.yml
Use Groups ® Downloads . 2 '
Sort By > H
Locations < td td
Clean Up o . . . .
iCloud Drive Setting_up_for_p sharpening_ecost sharpening_ecost Sharpening_ECO Sharpening_ECO
yDMS.pdf ress_dev_spec.txt ress_dev.yml STRESS...PLipynb STRESS_S2.ipynb
Clean Up By > & OneDrive
Show Tab Bar Tags
Show All Tabs
Hide Sidebar +
) - Macintos ers > @@ baumanr> me > OSTRESS-Sharpening-Tutorial-main > BECENENGET
Show Preview 2 - i . - - ~ Open in New Tab
N = Show in Enclosing Folder
Hide Toolbar

Get Info

Copy “pyDMS_main” as Pathname

Open in Terminal

Show Path Bar
Show Status Bar
Folder Actions Setup...

) 29 - e New Terminal at Folder
Customize Touch Bar... o o . New Terminal Tab at Folder

Customize Toolbar...

3. Then, in the terminal type python setup.py install and run it. Now you have an
environment set up to run the downscaling code with.

o O 2 pyDMS_main — -zsh — 80x24

Last login: Tue Nov 19 09:56:45 on ttys@e4

(base) baumann@MT-212254 ~ % mamba activate ECOSTRESS

(ECOSTRESS) baumann@MT-212254 ~ % cd /Users/baumann/Documents/ECOSTRESS-Sharpeni]
ng-Tutorial-main/pyDMS_main

(ECOSTRESS) baumann@MT-212254 pyDMS_main % [JAGEIEETER ) AELELL:RNE

13




SETTING UP AND RUNNING THE CODE

1. InVisual Studio Code, open the Sharpening_ ECOSTRESS_S2.ipynb Jupyter
Notebook. At the top of the file there is a lot of information about how the code
works that you can read if you are interested. Scroll down to the block of code that
is used to import libraries. Click into the code and press Shift + Enter to run it.

a. Atthe top of the window, a pop up will appear prompting you to select a
kernel to run your code with. Click on Python Environments ...

< Select Kernel

|Type to choose a kernel source

Python Environments...

Existing Jupyter Server...

b. Selectthe ECOSTRESS environment that you created, or another one if you
have a different one you want to use.

Select a Python Environment

~+ Create Python Environment
base (Python 3.10.14) /usr/local/Caskroom/mambaforge/base/bin/python
ECOSTRESS (Python 3.11.9) /usr/local/Caskroom/mambaforge/base/envs/ECOSTRESS/bin/python

Python 3.12.4 /Library/Frameworks/Python.framework/Versions/3.12/bin/python3
Python 3.9.6 /usr/bin/python3

c. Youwillknow itis done running when a green check mark appears on the
bottom left of the cell.

Config, DataCollection, , SentinelHubRequest, BBox, bbox_to_dimensions, CRS, M
import r
mport m
t make_axes_locatable
on

14




2. The next section of code sets up all the directories (dir) to input and output
locations. In the ECOSTRESS-Sharpening-Tutorial-main folder, | suggest making
separate folders for each of the required directories. You can do this by right
clicking in the Finder window, selecting New Folder, and naming the folder.

[ NN < ECOSTRESS-Sharpening-Tutorial-main 8¢ % . O~ Q
@ Recents —_—
== ! ¥
A Applications hd < <
= Desktop Common_sharpe ecostress_sharpe ecostress_sharpe  pyDMS_main README.md requirements.txt
(| Documents ning_errors.pdf  ning_spec.txt ningyml
S : ) [ Nowroor ]
. >Q >Q ’a Get Info
& iCloud Drive Setting_up_for_p sharpening_ecost sharpening_ecost Sharpening_ECO Sharpening_ECO  VieW >
yDMS.pdf  ress_dev_spectxt ress_devyml  STRESS..PLipynb STRESS_S2.ipynb Use Groups
© OneDrive
Sort By >
- Clean Up
Clean Up By >
Show View Options
< Scan For Threats
— — — p— —
s2_output_folder QC_dir cloud_dir Ist_dir dst_dir

a. S2_output_folder - a folder to store the Sentinel-2 images that the API will
download. Leave this empty for now.
b. QC_dir-afolder with all of the QC files that you downloaded. If you do not
have QC files, you do not need this folder.
c. cloud_dir-afolder with all of the cloud mask files that you downloaded.
d. lst_dir-afolder with all of the raw LST files that you downloaded
i. Alternatively, if you already scaled your LST files, you can put them in
a folder called lst_dir_sc
e. dst_dir - a destination folder where your sharpened images will be saved.
4. Next, copy the path to these folders and paste them into the code next to their
associated variable.
Example:

s2_output_folder =

QC_dir =

cloud_dir = 1]

lst_dir =

1st_dir_sc =

dst_dir =




5. Next, scroll down to the section of the code under OAuth Copernicus Data Space.
If you followed this tutorial and set up your OAuth in a .env file, you should be able
to press Shift + Enter to run this block of code. If you set up your OAuth in another

way, you may need to adjust the code accordingly.

config = SHConfig()
config.sh_base_url = 'h

config.sh_token_url = 'f is.eu/auth/r

load_dotenv()
config.sh_client_id = os
config.sh_client_secret

etenv('OAUTH_CLIENT_ID')
os.getenv('OAUTH_CLIENT_SECRET"')

0.0s

ealms/CDSE/protocol/openid

connect/token"

®, Python

6. Scrolldown to the next block of code under Set the parameters for Sentinel-2
data to be downloaded and find the variable titled aoi_coords_wgs_84. We need
to set this variable equal to the coordinates of a bounding box for our study area. To
get these coordinates, click on the link in the code or search the web for

bboxfinder.com.

©0® O booxinder X +

tSecure  bboxfinder.com/#0.000000,0.000000,0.000000,0.000000

g

-

2486 2,2
000000,0.000000, 0000000, 0. 000000

i
% [)2.774177,32.590376

222.577386, -68.185011,226.125739,83. 385764

7. Onthe website, zoom into your area of interest on the map. Then click the draw a
shape icon. Click on the map to create a box around your area of interest and click

on the first point you made to close the box.

7,
) -118.266012,34.059777
) -118.238503,34.072806

01001 © trox o .
€ 5 © @ AmWosecus bboxfider.com#34 084907 -118.254312,34.083534,-118.222168
+ Por + a
71
X8 9
.
o A
.
v <
oy
® - L]
™ o
4+ 3
o 3957
z X ) 4
@,
4 +
| o ol
EP5G:4326 - WoS 54 | ERSG:3857 - WGS 84 / Pseuds Marcator
T s 1

[ o]
L
[ ]
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8. Then, atthe bottom of the screen, copy the coordinates listed after Box. Go back to
Visual Studio Code and Paste these coordinates into the variable.
Example:

P S -
|F| hon Ia. e rra \‘(\
) e R 3o bR A=W EPSG:4326 - WGS 84 . EPSG:3857 - WGJ

-118.255369,34.064221 5620, 130 =W 15

Eh -118.254312,34.064907,-118.222168,34.083534
Eb -118.266012,34.059777,-118.210995,34.085833
Center Eh -118.238503,34.072806

aoi_coords_wgs_84 = (-118.254312,34.064907,-118.222168,34.083534)

9. Next, you can set the resolution of the Sentinel 2 data by adjusting the variable
called s2_res. For now, | will leave it at 20.

10. Finally, we need to change the interval variable to represent the start and end date
for which we are interested in getting data. Make sure to enter these dates in the
“YYYY-MM-DD” format.

Example:

interval = ("2024-06-01", "2024-08-31")

11. Once all of the variables are set, run this block of code by pressing Shift + Enter.

aoi_coords_wgs_84 = (-118.254312,34.064907,-118.222168, 34.083534)
s2_res = 20

aoi_bbox = BBox(bbox = aoi_coords_wgs_84,crs=CRS.WGS84)
aoi_size = bbox_to_dimensions(aoi_bbox, resolution = s2_res)

print(f"Image shape at {s2_res} m resolution: {aoi_size} pixels")

if (aoi_size[0]1>2499 or aoi_size[1]>2499) :
raise(ValueError("The box is limited to 2500 pixels in each direction, try again with a smaller bounding box."))

interval = ("2024-06-01", "2024-08-31")

v 10.0s Python

Image shape at 20 m resolution: (150, 101) pixels




12. Run the next three blocks of code including:
a. Download the S2 image with the previously defined parameters.

Download the S2 image with the previously defined parameters.

evalscript_all_bands_u20

,"B04","B05", 5", ""BO7", "B11","B12"],

b. Preprocessing the QC files

Preprocessing the QC files

The QC files are coded in 16 bits and thus can't be easily seen as a mask file. For convience, we write new Quality Flag (QF) files that
represents only the last two bits of the QC files. Then, there are only four possible values:

0 when the pixel is of best quality, 1 for nominal quality, 2 if a cloud is detected and 3 if the pixel is not produced. In the downscaling process,
pixels with the last two values will be disregarded.

For more information on the QC files : htt E J € 423/E( if (section 2.4)

file -listdir(QC_di
file.endswith('QF. ) file.endswith('.
file_qc .path. join(QC_dir, file)
t o.open(file_qc,'r') as f_gc :

qc_img[qc_im

c. Scaling the ECOSTRESS LST to normal Kelvin scale. However, if you used
pre-scaled images, you can skip running this block of code.

Scaling the ECOSTRESS LST to normal Kelvin scale.

The LST product is actually scaled at 0.02, the GIS software takes that scale in account before display so you might not see it if you directly
display on QGIS or ArcGIS. However, in Python it's easier to apply the scale directly rather than reading the metadata that contains the same
information. The newly scaled files will be stored in a subdirectory in the LST folder.

Skip this cell if your ECOSTRESS LST data is already scaled (multi day aggregate for instance).

lst_dir_sc = os.path.join(1lst_dir, 'sc
f .path.exists(lst_dir_sc) :
.mkdir(lst_dir_sc)

or file 5. listdir(lst_d

13.You are now ready to sharpen your images! There are four different options of code
blocks that you can run depending on your desired extent and if you have QC files
or not. Read this section of the code and decide which option is best for your data:

Sharpening ECOSTRESS Imagery | Upsampling using pyDMS

The preprocessing is now over. Let's sharpen using pyDMS. There are 4 different options for how to sharpen the imagery depending on the
presence of Quality Control files and the desired extent. Choose whatever option is best for your usecase.

Option 1: Sharpening with Cropping to Match ECOSTRESS Extent and Quality Validation
« Choose this when you want the S2 image cropped to the ECOSTRESS extent and need to ensure image quality (e.g., low cloud cover).
Option 2: Sharpening with full Sentinel-2 Extent and Quality Valiation

« Choose this if you need the sharpened image to cover the full extent of the high-resolution S2 image, even if it adds NaN padding
around the ECOSTRESS data. This will also validate data quality using QC and cloud masks.

Option 3: Sharpening with Cropping to Match ECOSTRESS Extent

« Choose this when you only need the S2 image cropped to the ECOSTRESS extent without additional quality checks. (Ex: you already
filtered that data for good imagery)

Option 4: Sharpening without Extent Adjustment and Quality Validation

« Choose this option when the S2 and ECOSTRESS images are already aligned spatially, and you still want to validate data quality using
QC and cloud masks before sharpening.




14. Once you have decided which block of code is best for your data, scroll down to
that section, click into the code block, and press Shift+Enter to run it. You should

get a list of outputs that looks something like this:

Training regressor...
Homogeneity CV threshold: .24
Number of training elements for is 1560 representing 100% of avaiable low-resolution data.

Sharpening. ..
Saved MEM

Residual analysis...

Saved MEM

Saved MEM

Saved MEM

Saved MEM

LR residual bias: 0.05418410629351299

LR residual RMSD: 2.451492: 8197

Saving output...

Saved

Saved

2.120285987854004 seconds

Trai ess

s for is 1560 representing 100% of avaiable low-resolution data.

-01_2024-08-31.tif: TIFFReadDirectory:Sum of Photometric type-related color channels and ExtraSamples doesn't match SamplesPerPixel. Defining mon-color channels as Ext

Warning 1: S2_20m_2
Warning 1: TIFFReadDirectory:Sum of Photometric type-related color channels and ExtraSamples doesn't match SamplesPerPixel. Defining non-color channels as ExtraSamples.

15.You now have sharpened ECOSTRESS imagery! In order to see an image plotted of
the sharpened scenes, you can run the block of code under the Display section.

Display

Plot one random sharpened image

clipped_files = [f for f in os.listdir(dst_dir) if "clipped.tif" in f and “clipped_residual.tif" not i

if not clipped_files:
print("No valid clipped files found in the destination directory.")

else:

a. Example of Plot one random sharpened image:

Display of ECO2LSTE.001_SDS_LST_doy2024213195056_aid0001_sharp_S2_clipped. 324
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