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Getting Started


Getting Started:


	About the Multi-Mission Algorithm and Analysis Platform (MAAP)

	An overview of the MAAP platform

	Setting up your account and workspace
	Signing up for an Earthdata Login account

	Signing up for a new MAAP account

	Logging in

	Creating a workspace

	Jupyter Interface overview

	MAAP Storage Options





	Writing and Managing Code with MAAP
	Helpful Templates while developing Algorithms in MAAP

	Working with code repositories like GitHub and GitLab

	Customizing your workspace environment

	Using maap.py to access MAAP functionality from Python notebooks





	Running Algorithms at Scale
	Register an Algorithm

	Run the Algorithm as a Job and Monitor it












            

          

      

      

    

  

    
      
          
            
  
About the Multi-Mission Algorithm and Analysis Platform (MAAP)

The MAAP platform is designed to combine data, algorithms, and computational abilities for the processing and sharing of data related to NASA’s GEDI, ESA’s BIOMASS, and NASA/ISRO’s NISAR missions. These missions generate vastly greater amounts of data than previous Earth observation missions. There are unique challenges to processing, storing, and sharing the relevant data due to the high data volume as well as with the data being collected from varied satellites, aircraft, and ground
stations with different resolutions, coverages, and processing levels.

MAAP aims to address unique challenges by making it easier to discover and use biomass relevant data, integrating the data for comparison, analysis, evaluation, and generation. An algorithm development environment (ADE) is used to create repeatable and sharable science tools for the research community. The software is open source and adheres to ESA’s and NASA’s commitment to open data.

NASA and ESA are collaborating to further the interoperability of biomass relevant data and metadata. Tools have been developed to support a new approach to data stewardship and there is a data publication workflow for organizing and storing data and generating metadata to be discoverable in a cloud-based centralized location. The platform and data stewardship approaches are designed to ease barriers and promote collaboration between researchers, providers, curators, and experts across NASA
and ESA.

This guide aims to help users get started with using the platform for searching, visualizing, accessing, processing, querying, and sharing biomass relevant data to the MAAP. These data, collected from satellites, aircraft, and ground stations, are organized into collections and granules. Collections are a grouping of files that share the same product specification. Granules are the individual files which are independently described, inventoried, and retrieved within a collection. Granules
inherit additional attributes from their containing collection. Explanations of the various functions available in MAAP to use in the ADE will also be explored.




            

          

      

      

    

  

    
      
          
            
  
An overview of the MAAP platform

The MAAP is a cloud-based system to write science-analysis code and then run it at scale. This lets you keep all of the input and output data “in the cloud”. It is composed of a few parts:

[image: MAAP Overview Diagram]


	The Algorithm Development Environment (ADE) is a tool that helps with the development of algorithms in a consistent, standardized environment that helps with the development and testing of algorithms and facilitates large scale data processing. MAAP’s primary user interface is Jupyterlab, where code is written and tested before pushed to the large scale data processing system. Code is stored and checked out from Git-based repositories, including Github and MAAP’s own code repository
subsystem.


	The Data Processing System (DPS) is where registered algorithms (see Algorithm Catalog) can be run at scale in the cloud. The MAAP system provides a Jupyter GUI to run Jobs, or the maap.py library can be used to run a batch of Jobs in a loop using Python. The DPS also has monitoring capabilities, and again the MAAP system provides a Jupyter GUI to help monitor Jobs. This can also be done using maap.py in Python.


	The Algorithm Catalog, where your algorithms from the ADE can be registered and compiled for use by the DPS. The MAAP system provides API and GUI tools to help you register and view your algorithms.


	The Code Repository is a git-based repository to store user code. It is also used to store the configuration files necessary for building algorithms to store in the algorithm catalog and for execution in the DPS.


	Input data comes from a few Data Catalogs. Currently there is a MAAP STAC Catalog [https://stacspec.org/en/about/] and the NASA CMR Catalog [https://www.earthdata.nasa.gov/eosdis/science-system-description/eosdis-components/cmr]. More information can be found in the search tutorials section [https://docs.maap-project.org/en/latest/technical_tutorials/search/catalog.html].







            

          

      

      

    

  

    
      
          
            
  
Setting up your account and workspace

Learn how to sign up for an account and access the MAAP.


Signing up for an Earthdata Login account

The MAAP offers accounts for NASA users through Earthdata Login [https://urs.earthdata.nasa.gov/]. Before accessing the MAAP as a NASA user, you will need to create an Earthdata Login account. Anyone can register for an Earthdata Login profile here: https://urs.earthdata.nasa.gov/users/new.



Signing up for a new MAAP account

Once registered, you can register for a MAAP account by navigating to the MAAP ADE at http://ade.maap-project.org. On your first visit, select the “URS” login button shown here:

[image: ADE Login]

If this is your first visit to the MAAP, you will be asked to agree to the MAAP Terms of Use:

[image: MAAP Terms of Use]

Once registered, you should be redirected back to the MAAP ADE showing a disabled account message similar to this:

[image: ADE Access Denied]

At this point, a MAAP administrator will approve your account, which will grant you access to the MAAP ADE. Access is only granted to known users in the biomass science community and other projects directly related to MAAP. To check on the status of your pending account, contact the MAAP team at support@maap-project.org.


Note

Once your MAAP account is approved, you will receive an email notification using the address of your Earthdata Login account to let you know that your access is enabled.





Logging in


	Navigate to https://ade.maap-project.org/ in Chrome or Firefox. You should be redirected to a page that looks like this: [image: MAAP Project log in]


	Click the “Login with EarthData Account” button. If this is your first time logging in, you should be redirected to an EarthData Login page that looks like this: [image: Login with EarthData]


	Enter your “EarthData Login” account credentials here and click “Log in”. You should see a temporary page that says “Redirecting”, followed by the MAAP showing your Workspaces (which will be empty to start): [image: MAAP Jupyter logging in]






Creating a workspace

Workspaces are effectively a JupyterLab “computer in the cloud”. To get started with Jupyter you need to create a workspace.


	In the top-left corner of the MAAP dashboard, under “NASA MAAP”, click “Get Started”. You should see a menu that looks like this: [image: Choose a workspace stack]


	Select “Basic Stable”. This is called a “Stack” and represents a type of cloud compute environment that will be set up. If you are interested in seeing more about each Stack, the adjacent link in the left-hand area is where you can see the configuration of each Stack in detail. After choosing “Basic Stable”, you will see a loading screen that looks like this – wait for it to finish loading. [image: Loading Basic Stable]


	Once the workspace has loaded, you should see a Jupyter interface that looks like this (note: You will see fewer environments and items in your root directory — this is normal! You may also see some notifications in the bottom right that look like errors about SSH Keys and other things; that is normal as well. You will also see one asking if you would like to take a guided tour.). [image: New Workspace View]






Jupyter Interface overview

When you first log in you may see a notification in the bottom right about a guided tour. Feel free to view the tour, which will give you a quick overview of the Jupyter user interface. You can also find the MAAP Tour in the Help menu at any time. [image: MAAP Tour Notification]

In addition to typical JupyterLab menu bar and sidebar [https://jupyterlab.readthedocs.io/en/stable/user/interface.html] configuration:


MAAP Jupyter Menus

[image: Jupyter Menus]


	Git: Open repo in terminal, init, or clone repo.


	Jobs: Users may submit jobs through the submit tab and view their jobs through the view tab.


	Help: The help menu has several customized extensions and references to the MAAP documentation.






MAAP Jupyter Sidebar

[image: Jupyter Sidebar]


	File Browser


	Running Terminals & Kernels


	Git Repo Interface (if this folder is a Git repo)


	Collaborators


	Table of Contents


	Extension Manager






MAAP Blue Sidebar


	Workspaces: See workspaces, share them, as well as configure settings


	Stacks: See available platforms for workspaces & required memory


	Administration: Control the configuration & policies for your installation.


	Organizations: allow groups of developers to collaborate with private & shared workspaces. Resources & permissions are controlled & allocated within the organization by admin.


	Profile (bottom, labeled with your name): See account info, logout







MAAP Storage Options

[image: Jupyter annotated folders]


My root folder (fast cloud storage)


	Your Jupyter home directory (~) is mounted to /projects. Files in here persist across sessions and exist across your workspaces.


	Use this for code-related items, smaller data storage (such as Jupyter Notebooks, Python/ R/ Markdown files, etc.)


	Git is more likely to behave predictably here compared to other storage


	This is also the place to make persistent conda environments (covered in another section), but make sure to not make a conda env inside a git-tracked folder, or if you do add it to the .gitignore. If git is tracking an env, it could cause your workspace to crash.






	Uses local (to Jupyter) file system; generally faster and more reliable for “normal” file operations, but expensive






Large file storage: my-private-bucket

~/my-private-bucket is an S3 bucket with persistent storage, but accessible only to you and others in a shared workspace.


	Use for large data storage


	It will be slower than the root folder to copy and move files, which is why it is not ideal for storing smaller files that need to be read or written quickly (e.g. Jupyter Notebooks)






Sharing files: my-public-bucket and shared-buckets

~/my-public-bucket is an S3 bucket with persistent storage. It is the same as ~/shared-buckets/<my_username>/ — anything you put in here will be accessible to other users via ~/shared-buckets/<my_username> as a read-only file. Likewise, to find shared files from another user, look in ~/shared-buckets/<their_username>.


	Use for large data storage for files that you want to share across workspaces


	Public and shared buckets are not recommended for Jupyter Notebooks




[image: Storage options diagram]



Mounting your MAAP workspace on your local computer

If you prefer to work on your local computer, or to drag-and-drop copy files from your computer to/from MAAP, you access the workspace via SSH. The process for doing this is in the system guide.






            

          

      

      

    

  

    
      
          
            
  
Writing and Managing Code with MAAP

Writing and editing code in the MAAP is done in a Jupyter workspace.

Code is version-controlled using git, which may be GitHub or MAAP GitLab. Jupyter also provides a GUI widget to help with code push/pull as a sidebar tool. Git is intended to help with collaborative code development and version-control.


Note

If you have not used Github or git before, it is highly recommended that you get acquainted with it [https://docs.github.com/en/get-started/quickstart/hello-world]. For a quick reference to git commands there is a Git Cheat Sheet [https://training.github.com/] in a variety of languages.



To assist connections to the MAAP system from a Jupyter notebook, a helper library called maap.py provides Python-native calls to the underlying RESTful MAAP API. Often a separate Jupyter notebook is used to run and monitor jobs with API calls. When working with Jupyter notebooks, a manual save must be done to create a checkpoint. Checkpoints are an emergency backup of the notebook and are different than the automatic saving of the notebook. Jupyter notebook checkpoints bloat git
unnecessarily, so you can add the following to your .gitignore file to prevent this:

.ipynb_checkpoints
*/.ipynb_checkpoints/*





For more information on .gitignore files, see here [https://docs.github.com/en/get-started/getting-started-with-git/ignoring-files].

[image: Writing code overview in context diagram]


Helpful Templates while developing Algorithms in MAAP


	This algorithm repository example [https://github.com/MAAP-Project/dps-unit-test] is a good starting point for a new algorithm, as it contains the various accessory files that facilitate running the algorithm at scale


	Which templates will help you? Let the development or documentation team know!


	For example: conda.yml with some default packages, run_script.sh






Working with code repositories like GitHub and GitLab


Connecting to Github using a Personal Access Token

Set personal access token: https://docs.github.com/en/authentication/keeping-your-account-and-data-secure/creating-a-personal-access-token



Clone a Repository with GitHub

Here is an example repository you can use for this getting started guide: https://github.com/MAAP-Project/dps-unit-test


	Copy the Github clone link from https://github.com/MAAP-Project/dps-unit-test [image: Copy .git link]


	Open the built-in Jupyter Github UI to the left of the file browser. Choose “Clone a Repository” and paste in the .git link you copied from the Github repository. You can also access this menu through the Git tab at the top of the Jupyter window. [image: Clone a Repository] [image: Paste .git link]


	You should see a new folder created with the repo you cloned. If you browse to that folder and open up the Jupyter Github UI again, it will show you some info about that repo. [image: Algorithm folder was created] [image: Browse to folder] [image: Look at Github UI]


	If you want to make changes to the code and have your own copy of it to register, clone the code into a public repository in Github or in MAAP Gitlab.




To open the IPython Notebook, go to a section directory and double-click on appropriate “.ipynb” file. For more information about the using Git in Jupyterlab, see https://github.com/jupyterlab/jupyterlab-git .



The MAAP GitLab Code repository

After creating your MAAP account, you can create a code repository by navigating to the MAAP GitLab account at https://repo.maap-project.org. This GitLab account is connected to your ADE workspaces automatically when signing into the ADE.

You can then follow the same steps above to clone a repository from the MAAP GitLab.




Customizing your workspace environment

Your Jupyter workspace has a set of pre-installed libraries, depending on which Stack you selected. If you need libraries that are not pre-installed, we suggest using an environment manager; conda is pre-installed to help with this.

Full documentation on configuring conda may be found in the System Reference Guide.



Using maap.py to access MAAP functionality from Python notebooks

The MAAP platform offers a variety of functionality to run and monitor large-scale processing jobs. Access to the functionality is gained via the underlying RESTful MAAP API [https://api.maap-project.org/api/]. In a Python notebook, you will typically use this API via a helper library called maap.py, which will make using MAAP platform features easy, using Python syntax. For example, registering algorithms, running batches of jobs, monitoring jobs, or accessing data.

Much of the maap.py functionality is documented in the Technical Tutorials section and in-context in the Science Tutorials. The maap-py Github page [https://github.com/MAAP-Project/maap-py] has additional usage documentation.





            

          

      

      

    

  

    
      
          
            
  
Running Algorithms at Scale

In order to run algorithms in the scaled-up cloud compute environment, they must first be “registered” in the Algorithm Catalog. This will make them available to other MAAP users, clearly define their inputs and outputs, and prepare them to be run easily in the Data Processing System (DPS).

[image: Running Algorithms overview in context diagram]


Register an Algorithm

To register an Algorithm that can be run in the DPS, the code should be placed in a public Git repo (either Github or Gitlab).


	Open the Launcher -> Register Algorithm tool in the MAAP Extensions section [image: Register Algorithm tool in Launcher]


	First you fill in the public code-repository information.





	The Repository URL is the .git URL.


	Repository Branch is used as a version when this algorithm is registered.


	The Run and Build Commands must be the full path of the scripts that will be used by the DPS to build and execute the algorithm. Typically these will be the repository_name/script_name.sh, as demonstrated in this screenshot: [image: Register Algorithm repository information]





	Once that is complete “Add General Information”.





	The Algorithm Name will be the unique identifier for the algorithm in the MAAP system.


	Algorithm Description is additional free-form text to describe what this algorithm does.


	Disk Space is the minimum amount of space you expect—including all inputs, scratch, and outputs—it gives the DPS an approximation to help optimize the run.


	The Container URL is a URL of the Stack (workspace image environment) you are using as a base for the algorithm. In this example we use: https://mas.maap-project.org/root/maap-workspaces/base_images/vanilla:v3.0.1 [image: Register Algorithm general information]





Container URLs

To find another Container URL, go to: https://repo.maap-project.org/root/maap-workspaces/container_registry (choose Packages and Registries > Container registry if you go to the main maap-workspaces area). Find your base Stack and dig in until you can copy the link of the specific version of Stack that you need, as demonstrated in these screenshots: [image: Container registry] [image: Container vanilla] [image: Container copy link]


	Fill in the Input section. There are File Inputs and Positional Inputs (command-line parameters to adjust how the algorithm runs). In our example we have on File Input called input_file. For each input you can add a Description, a Default Value, and mark whether it’s required or optional.




Input files are copied into /inputs in the working directory of your job.

[image: Register Algorithm file inputs]


	When it looks good, press Register Algorithm at the bottom of the page. A few seconds later you should see a modal dialog with a link to the algorithm registration process. [image: Register Algorithm submitted]


	If you open that link in a new page or tab, you can monitor the progress of registration and see any error messages. By opening it in a new tab/window you can keep the Register Algorithm tool open and re-submit with the same values to correct any errors.




Here is an example error message: [image: Register Algorithm error]

If the process continues without failing (this may take some time) you will ultimately see “Job succeeded”: [image: Register Algorithm success]


	Now that the algorithm has registered, you will see it in the View & Submit Jobs tool in the Algorithm drop-down menu. It will be labeled with the name you put into the Algorithm Name field in the registration form you just submitted (in this example, rob_test_registration with version/branch main)




[image: Jobs UI with new Algorithm]




Run the Algorithm as a Job and Monitor it

MAAP is configured to run up to 4,000 concurrent jobs. There are two additional ways to run a job: via the Jobs UI in the Launcher, or via a call to the maap-py Python library.

The Jobs UI will let you run and monitor jobs easily. You can find full documentation in the system reference guide for the Jobs UI or using maap-py with Python in the System Reference Guide FAQs.

[image: job_ui_access]

Some alternative methods of running the job are found below.


	Click DPS/MAS Operations menu -> Execute DPS Job


	Select your algorithm from the dropdown


	A new popup will ask for inputs; if it doesn’t take inputs, the popup will say so.


	Click OK again to view the ID for the job just submitted.




OR

Import the maap-py library: if in Jupyter, click the small blue MAAP button in the top left corner to automatically insert code. If using a script, add these lines manually at the top of your notebook:

from maap.maap import MAAP
maap = MAAP()





Pass your algorithm’s name, version, required inputs, and username to the function maap.submitJob (identifier is job- algo_name:algo_version) Check result: maap.getJobResult()





            

          

      

      

    

  

    
      
          
            
  
Science Examples


Science Examples:


	HLSL30 Search and Composite
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Creating an AOI

	Accessing the HLS Data

	Reading in HLS Data and Creating Composite

	Display Results





	GEDI_L2A Search and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Search for GEDI_L2A Data

	Explore

	Visualize





	GEDI_L2B Search and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Search Data Using an AOI

	Search using the EarthData Search Integration

	Inspect and Filter through the Data

	Create the Subset and Display the Data





	GEDI_L3 Search and Download
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Download file from ORNL DAAC S3

	[Optional] Visualization using Rasterio

	[Optional] Overlay Raster Layer on top of Folium Map





	GEDI_L4A Subset and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	[Optional] Install Python Packages

	Obtain Username

	Define the Area of Interest

	[Optional] Visually Verify your AOI

	Submit a Job

	Get the Job’s Output File

	[Optional] Visually Verify the Results

	Generate Contour Lines

	Plot the Contour Lines in Folium





	GEDI_L4B Search and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Importing Packages

	Search for the Collection and Associated Granules

	Accessing and Downloading the Granule from ORNL DAAC S3

	Plot the Data





	ICESat-02 ATL03 Subset and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Decide on a Subset of ATL03 Data

	Search for Granules

	Read the H5 File

	Subset the Data by Required Columns

	Show the Subset Data in a Dataframe

	Visualize Photon Heights





	ATLAS/ICESat-02 ATL08 Access and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Importing and Installing Packages

	Accessing the Data

	Exploring the Data

	Visualizing the Data





	NISAR Access and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Import and Install Packages

	Download NISAR Data

	Explore the Data

	Convert the Data

	Visualize





	AfriSAR Search and Visualize
	Run This Notebook

	About the Data

	Additional Resources

	Import and Install Packages

	Search for AfriSAR AGB Data

	Download the Granule File

	Read and Visualize





	LVIS Access and Explore
	Run This Notebook

	Importing Packages

	Creating a Data Directory for this Tutorial

	About the Dataset

	Searching the Collection

	Searching and Downloading a Granule

	Validating the Downloaded Product

	About the Dataset

	Searching the Collection

	Searching and Downloading a Granule

	Validating the Downloaded Product

	About the Dataset

	Searching the Collection

	Searching and Downloading a Granule

	Validating the Downloaded Product

	About the Dataset

	Searching the Collection

	Searching and Downloading a Granule

	Validating the Dataset

	About the Dataset

	Searching the Collection

	Searching and Downloading a Granule

	Validating the Product

	References





	ESA CCI v4 Access and Visualize
	Run This Notebook

	About The Dataset

	Additional Resources

	Importing and Installing Packages

	Accessing and Filtering the Items

	Creating an AOI

	Accessing the Subset for further Processing





	Open Source Science
	Open-Source Science and MAAP

	Open Sourcing Code

	Submitting to the MAAP Zenodo Community












            

          

      

      

    

  

    
      
          
            
  
HLSL30 Search and Composite

Authors: Nathan Thomas (GSFC/UMD), Sumant Jha (MSFC/USRA), Aimee Barciauskas (DevSeed), Alex Mandel (DevSeed)

Date: December 19, 2022

Description: In this tutorial, we will search the LPDAAC for Harmonized Landsat Sentinel-2 (HLS) 30m optical imagery that intersects an AOI. We will filter the catalog based on a cloud cover % and build a maximum-NDVI (Normalized Difference Vegetation Index) composite image, including a suite of popular indices, which will help give us an in-depth look at vegetation health.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

Harmonized Landsat Sentinel-2 30m

Harmonized Landsat Sentinel-2 (HLS) was developed in response to a greater need for moderate-to-high resolution imagery to track various short-term landcover changes. Data are gathered by the Landsat-8 and Landsat-9 satellites, which carry the Operational Land Imager (OLI), as well as the Sentinel-2A and Sentinel-2B satellites, which carry the Multi-Spectral Instrument (MSI). With combined measurements from both the Landsat and Sentinel satellites, HLS imagery has global coverage with a spatial
resolution of 30m and a temporal resolution of 2-3 days. (Source: HLS Overview Page [https://lpdaac.usgs.gov/data/get-started-data/collection-overview/missions/harmonized-landsat-sentinel-2-hls-overview/])

Note about HLS datasets: The Sentinel and Landsat assets have been “harmonized” in the sense that these products have been generated to use the same spatial resolution and grid system. Thus, the HLS S30 and L30 products can be used interchangeably in algorithms and are “stackable”. However, the individual band assets are specific to each provider.



Additional Resources


	HLSL30 v002 Dataset Landing Page [https://lpdaac.usgs.gov/products/hlsl30v002/]


	Landsat 8 Bands and Combinations Blog [https://www.l3harrisgeospatial.com/Learn/Blogs/Blog-Details/ArtMID/10198/ArticleID/15691/The-Many-Band-Combinations-of-Landsat-8]


	HLSS30 v002 Dataset Landing Page [https://lpdaac.usgs.gov/products/hlss30v002/]


	Sentinel 2 Bands and Combinations Blog [https://gisgeography.com/sentinel-2-bands-combinations/]


	Harmonized Landsat Sentinel-2 (HLS) User Guide [https://lpdaac.usgs.gov/documents/1326/HLS_User_Guide_V2.pdf]






Importing and Installing Packages

We will begin by installing any packages we need and importing the packages that we will use.

If needed the following packages should be installed:


[1]:





# cleanup data: removes data files that should be replaced
!rm -rf ./local-s3.json
!rm -rf ./sample.json

if False:
    !conda install -c conda-forge pystac-client -y
    !conda install -c conda-forge rio-tiler -y







Prerequisites


	geopandas


	folium


	pystac-client


	rio_tiler





[ ]:





# Uncomment the following lines to install these packages if you haven't already.
# !pip install geopandas
# !pip install folium
# !pip install pystac-client
# !pip install rio_tiler







We will now import a suite of packages that we will need:


[3]:





from maap.maap import MAAP
maap = MAAP(maap_host='api.maap-project.org')
import geopandas as gpd
import folium
import h5py
import pandas
import matplotlib
import matplotlib.pyplot as plt
from shapely.geometry import Polygon
from pystac_client import Client
import datetime
import os
import rasterio as rio
import boto3
import json
import botocore
from rasterio.session import AWSSession
from rio_tiler.io import COGReader
import numpy as np
import matplotlib
import matplotlib.pyplot as plt













/opt/conda/lib/python3.7/site-packages/geopandas/_compat.py:115: UserWarning: The Shapely GEOS version (3.11.1-CAPI-1.17.1) is incompatible with the GEOS version PyGEOS was compiled with (3.8.1-CAPI-1.13.3). Conversions between both will be slow.
  shapely_geos_version, geos_capi_version_string








Creating an AOI

To begin we will create a polygon in a forested area in Virginia, USA. We will do this by providing a number of lat/lon coordinates and creating an AOI.


[4]:





lon_coords = [-80, -80, -79., -79, -80]
lat_coords = [39, 38.2, 38.2, 39, 39]

polygon_geom = Polygon(zip(lon_coords, lat_coords))
crs = 'epsg:4326'
AOI = gpd.GeoDataFrame(index=[0], crs=crs, geometry=[polygon_geom])
AOI_bbox = AOI.bounds.iloc[0].to_list()







We can visualize this polygon using a folium interactive map.


[5]:





m = folium.Map([38.5,-79.3], zoom_start=9, tiles='OpenStreetMap')
folium.GeoJson(AOI).add_to(m)
folium.LatLngPopup().add_to(m)
m








[5]:






Make this Notebook Trusted to load map: File -> Trust Notebook
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GEDI_L2A Search and Visualize

Authors: Nathan Thomas (GSFC/UMD), Sumant Jha (MSFC/USRA), Samuel Ayers (UAH)

Date: March 9, 2023

Description: This tutorial aims to provide information and code to help users get started working with the Global Ecosystem Dynamics Investigation (GEDI) Level 2A (GEDI_L2A) product using the MAAP. We will search for the data within NASA’s Common Metadata Repository (CMR) and plot the orbit path.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

GEDI L2A Elevation and Height Metrics Data Global Footprint Level

This dataset provides Global Ecosystem Dynamics Investigation (GEDI) Level 2A (L2A) data, which has the purpose of providing waveform interpretation and extracted products from the GEDI L1B waveforms. These products include ground elevation, canopy top height, and relative height (RH) metrics. GEDI is attached to the International Space Station (ISS) and collects data globally between 51.6° N and 51.6° S latitudes at the highest resolution and densest sampling of any light detection and ranging
(lidar) instrument in orbit to date; specifically, GEDI L2A data has a spatial resolution of 25m. (Source: GEDI L2A Dataset Landing Page [https://lpdaac.usgs.gov/products/gedi02_av002/])



Additional Resources


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=GEDI02_A]


	LPDAAC - Getting Started with GEDI L2A v2 Data in Python [https://lpdaac.usgs.gov/resources/e-learning/getting-started-gedi-l2a-version-2-data-python/]


	The GEDI Website [https://gedi.umd.edu/]


	GEDI_L2A v2 User Guide [https://lpdaac.usgs.gov/documents/998/GEDI02_UserGuide_V21.pdf]






Importing and Installing Packages

We will start by importing the packages which will allow us to search for, access, explore, and visualize GEDI_L2A product data.

Note: This Jupyter notebook utilizes the folium package. If you do not have this installed, uncomment the line and run the following code block.


[ ]:





# !pip install folium







For this tutorial, we will import boto3, folium, h5py, pandas, and exists from os.path as shown in the following codeblock.


[2]:





# Install packages
import boto3
import folium
import h5py
import os
import pandas as pd
from maap.maap import MAAP
from os.path import exists









Search for GEDI_L2A Data

To search for data from the GEDI_L2A product using NASA’s CMR, we invoke the MAAP constructor, setting the maap_host argument to 'api.maap-project.org'.


[ ]:





# Invoke the MAAP using the MAAP host argument
maap = MAAP(maap_host='api.maap-project.org')







Now we can use the searchGranule function to find granule data within the collection, using the collection short name “GEDI02_A”. Note that we can use searchGranule’s cmr_host argument to specify a CMR instance external to MAAP and the readable_granule_name argument to find granules matching either granule UR or producer granule id (please see the API documentation [https://cmr.earthdata.nasa.gov/search/site/docs/search/api.html] for more information). In order to download
data from NASA’s CMR, we will set a variable to the first result from the results we obtained.


[4]:





# Search for granule data using CMR host name and collection short name, and readable_granule_name arguments
results = maap.searchGranule(
    cmr_host='cmr.earthdata.nasa.gov',
    short_name='GEDI02_A',
    readable_granule_name = "GEDI02_A_2021272190541_O15849_04_T03030_02_003_02_V002.h5")







We’ll go ahead and create a new data directory (if it doesn’t already exist), and download the first result into it.


[12]:





# set data directory
dataDir = './data'

# check if directory exists -> if directory doesn't exist, directory is created
if not os.path.exists(dataDir):
    os.mkdir(dataDir)

# Download first result
filename = results[0].getData(dataDir)







If desired, the print function can be utilized to see the file name and directory.


[13]:





# Print file directory
print(filename)













./data/GEDI02_A_2021272190541_O15849_04_T03030_02_003_02_V002.h5








Explore

Now that we have downloaded the data, let’s look into what it contains.


[14]:





# Create variable containing info from the file we downloaded
gediL2A = h5py.File(filename, 'r')







GEDI_L2A data has data for 8 different beams. Let’s create a list of beam names to help explore the data.


[15]:





# Create list of beam names
beamNames = [g for g in gediL2A.keys() if g.startswith('BEAM')]
beamNames








[15]:







['BEAM0000',
 'BEAM0001',
 'BEAM0010',
 'BEAM0011',
 'BEAM0101',
 'BEAM0110',
 'BEAM1000',
 'BEAM1011']






Now let’s explore the information available for one of the beams (in this case ‘BEAM0000’).


[16]:





# Get list of objects in the data pertaining to 'BEAM0000'
beam = beamNames[0]
gediL2A_objs = []
gediL2A.visit(gediL2A_objs.append)
gediSDS = [o for o in gediL2A_objs if isinstance(gediL2A[o], h5py.Dataset)]
[i for i in gediSDS if beam in i][0:20]








[16]:







['BEAM0000/ancillary/l2a_alg_count',
 'BEAM0000/beam',
 'BEAM0000/channel',
 'BEAM0000/degrade_flag',
 'BEAM0000/delta_time',
 'BEAM0000/digital_elevation_model',
 'BEAM0000/digital_elevation_model_srtm',
 'BEAM0000/elev_highestreturn',
 'BEAM0000/elev_lowestmode',
 'BEAM0000/elevation_bias_flag',
 'BEAM0000/elevation_bin0_error',
 'BEAM0000/energy_total',
 'BEAM0000/geolocation/elev_highestreturn_a1',
 'BEAM0000/geolocation/elev_highestreturn_a2',
 'BEAM0000/geolocation/elev_highestreturn_a3',
 'BEAM0000/geolocation/elev_highestreturn_a4',
 'BEAM0000/geolocation/elev_highestreturn_a5',
 'BEAM0000/geolocation/elev_highestreturn_a6',
 'BEAM0000/geolocation/elev_lowestmode_a1',
 'BEAM0000/geolocation/elev_lowestmode_a2']








Visualize

Now that we’ve seen the various labels within the /BEAM0000 group, let’s use this information to visualize the GEDI orbit path for our scenes. To start, we shall get samples for various shots, the beam number, longitude, latitude, and quality flags. We can use these samples to create and display a pandas dataframe.


[19]:





# Set variables for shot, beam number, longitude, latitude, and quality flag samples
lonSample, latSample, shotSample, qualitySample, beamSample = [], [], [], [], []
lats = gediL2A[f'{beamNames[0]}/lat_lowestmode'][()]
lons = gediL2A[f'{beamNames[0]}/lon_lowestmode'][()]
shots = gediL2A[f'{beamNames[0]}/shot_number'][()]
quality = gediL2A[f'{beamNames[0]}/quality_flag'][()]
for i in range(len(shots)):
    if i % 100 == 0:
        shotSample.append(str(shots[i]))
        lonSample.append(lons[i])
        latSample.append(lats[i])
        qualitySample.append(quality[i])
        beamSample.append(beamNames[0])

# Create a pandas dataframe containing the sample information
latslons = pd.DataFrame({'Beam': beamSample, 'Shot Number': shotSample, 'Longitude': lonSample,
                         'Latitude': latSample, 'Quality Flag': qualitySample})

# Display the dataframe
latslons








[19]:
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GEDI_L2B Search and Visualize

Authors: Samuel Ayers (UAH), Sumant Jha (MSFC/USRA), Anish Bhusal (UAH), Alex Mandel (DevSeed), Aimee Barciauskas (DevSeed)

Date: December 19, 2022

Description: In this tutorial, we will use the integrated Earthdata search function in MAAP Algorithm Development Environment (ADE) to search for GEDI L2B data for an area of interest. We will then download some of this data and read its attributes in preparation for some analysis. We will perform a spatial subset on the data to reduce data volumes, and then make some basic plots of our data.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

GEDI L2B Canopy Cover and Vertical Profile Metrics Data Global Footprint Level V002

This dataset provides Global Ecosystem Dynamics Investigation (GEDI) Level 2 (L2) data, which has the purpose of extracting biophysical metrics and consists of Canopy Cover and Vertical Profile Metrics. These metrics are derived from the L1B waveform, and include canopy cover, Plant Area Index (PAI), Plant Area Volume Density (PAVD), and Foliage Height Diversity (FHD). GEDI is attached to the International Space Station (ISS) and collects data globally between 51.6° N and 51.6° S latitudes at
the highest resolution and densest sampling of any light detection and ranging (lidar) instrument in orbit to date; specifically, GEDI L2B data has a spatial resolution of 25m. (Source: GEDI L2B CMR Search [https://cmr.earthdata.nasa.gov/search/concepts/C1908350066-LPDAAC_ECS.html])



Additional Resources


	GEDI_L2B Version 2 Dataset Landing Page [https://lpdaac.usgs.gov/products/gedi02_bv002/]


	GEDI Level 2 Version 2 User Guide [https://lpdaac.usgs.gov/documents/998/GEDI02_UserGuide_V21.pdf]


	The GEDI Website [https://gedi.umd.edu/]






Importing and Installing Packages

We will begin by installing any packages we need and importing the packages that we will use.

Prerequisites


	geopandas


	folium





[ ]:





# Uncomment the following lines to install these packages if you haven't already.
# !pip install geopandas
# !pip install folium








[38]:





from maap.maap import MAAP
maap = MAAP(maap_host='api.maap-project.org')
import geopandas as gpd
import folium
import h5py
import pandas
import matplotlib
import matplotlib.pyplot as plt
import shapely
import os









Search Data Using an AOI

We will search and download GEDI L2B data using the bounding box of a vector AOI. Firstly, an AOI over the Shenandoah National Park will be created and then we will plot its location on a map.


[39]:





# Using bounding coordinates to create a polygon around Shenandoah National Park
lon_coords = [-78.32129105072025, -78.04618813890727, -78.72985973163064, -79.0158578082679, -78.32129105072025]
lat_coords = [38.88703610703791, 38.74909216350823, 37.88789051477522, 38.03177640342157, 38.88703610703791]

polygon_geom = shapely.geometry.polygon.Polygon(zip(lon_coords, lat_coords))
crs = 'epsg:4326'
AOI = gpd.GeoDataFrame(index=[0], crs=crs, geometry=[polygon_geom])







We can get the bounding box of the AOI so we can use it as a spatial limit on our data search. GeoPandas has a function for returning the spatial coordinates of a bounding box:


[40]:





# Get the bounding box of the shp
bbox = AOI.bounds
# print the bounding box coords
print('minx = ', bbox['minx'][0])
print('miny = ', bbox['miny'][0])
print('maxx = ', bbox['maxx'][0])
print('maxy = ', bbox['maxy'][0])













minx =  -79.0158578082679
miny =  37.88789051477522
maxx =  -78.04618813890727
maxy =  38.88703610703791






Let’s look at our AOI on an interactive map using folium.


[41]:





m = folium.Map(location=[38.5, -78], zoom_start=9, tiles='CartoDB positron')
geo_j = folium.GeoJson(data=AOI, style_function=lambda x: {'fillColor': 'orange'})
geo_j.add_to(m)
m








[41]:






Make this Notebook Trusted to load map: File -> Trust Notebook
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GEDI_L3 Search and Download

Authors: Anish Bhusal (UAH), Sumant Jha (MSFC/USRA), Jamison French (DevSeed), Aimee Barciauskas (DevSeed), Alex Mandel (DevSeed)

Date: February 8, 2023

Description: In this tutorial, we will search for GEDI L3 data in NASA’s Earthdata Search, and then download a GeoTIFF file from the ORNL DAAC S3. We will then visualize the GeoTIFF file, which consists of canopy heights.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

GEDI L3 Gridded Land Surface Metrics, Version 2

This dataset provides Global Ecosystem Dynamics Investigation (GEDI) Level 3 (L3) gridded mean canopy height, standard deviation of canopy height, mean ground elevation, standard deviation of ground elevation, and counts of laser footprints per 1-km x 1-km grid cells globally within -52 and 52 degrees latitude. GEDI is attached to the International Space Station (ISS) and collects data globally between 51.6° N and 51.6° S latitudes at the highest resolution and densest sampling of any light
detection and ranging (lidar) instrument in orbit to date.

GEDI L3 data products are gridded by spatially interpolating Level 2 footprint estimates of canopy cover, canopy height, Leaf Area Index (LAI), vertical foliage profile and their uncertainties. Level 2 data contains terrain elevation, canopy height, RH metrics and Leaf Area Index (LAI). The raw waveforms are collected by GEDI system and processed to provide canopy height and profile metrics. These metrics provide easy to use and interpret information about the vertical distribution of canopy
material.

Source: GEDI L3 Gridded Land Surface Metrics, Version 2 Data Set Landing Page [https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1952]

[image: Canopy]

Source: https://gedi.umd.edu/data/products/

Figure: Sample of GEDI lidar waveform (left). The light brown area under the curve represents the return energy from the canopy, while the dark brown area signifies the return from the underlying typography. The black line is cumulative return energey, starting from the bottom of the ground return (normalized to 0) to the top of canopy (normalized to 1). The diagram on the right shows the distribution of trees that produced the waveform.



Additional Resources


	GEDI L3 Gridded Land Surface Metrics, Version 2 User Guide [https://daac.ornl.gov/GEDI/guides/GEDI_L3_LandSurface_Metrics_V2.html]


	GEDI Overview Page, LPDAAC [https://lpdaac.usgs.gov/data/get-started-data/collection-overview/missions/gedi-overview/]






Importing and Installing Packages

This tutorial assumes you’ve all packages installed. If you haven’t already, uncomment the following lines to install these packages.


[ ]:





# !pip install geopandas
# !pip install contextily
# !pip install backoff
# !pip install folium
# !pip install geojsoncontour








[16]:





from maap.maap import MAAP
import pandas as pd
import folium
from rasterio.plot import show
import rasterio
import boto3
import os







After importing necessary packages, the next step is to initialize MAAP constructor using api.maap-project.org as maap_host argument.


[17]:





maap = MAAP(maap_host="api.maap-project.org")







Now, the next step is to seach granules from the CMR. To generate following query, you can use EarthData search feature from MAAP ADE. Refer to this tutorial [https://docs.maap-project.org/en/latest/science/GEDI/SearchGEDI.html] for more info.


[18]:





results=maap.searchGranule(cmr_host='cmr.earthdata.nasa.gov',concept_id="C2153683336-ORNL_CLOUD", limit=1000)







The above query gives 1000 results by default. The number of necessary results can be changed using limit argument. We can view the GranuleUR from results using:


[19]:





[result['Granule']['GranuleUR'] for result in results]








[19]:







['GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_stddev_2019108_2020287_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_counts_2019108_2020287_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_counts_2019108_2021104_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_mean_2019108_2020287_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_stddev_2019108_2020287_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_stddev_2019108_2021104_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_stddev_2019108_2021104_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_mean_2019108_2020287_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_mean_2019108_2021104_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_mean_2019108_2021104_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_stddev_2019108_2021216_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_mean_2019108_2021216_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_stddev_2019108_2021216_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_mean_2019108_2021216_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_counts_2019108_2021216_002_02.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_mean_2019108_2022019_002_03.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_counts_2019108_2022019_002_03.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_mean_2019108_2022019_002_03.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_elev_lowestmode_stddev_2019108_2022019_002_03.tif',
 'GEDI_L3_LandSurface_Metrics_V2.GEDI03_rh100_stddev_2019108_2022019_002_03.tif']






Before downloading a particular tif, let’s catch the collection and file name for first item in results:


[20]:





granule_ur=results[0]['Granule']['GranuleUR'].split(".")
collection_name=granule_ur[0]
file_name=granule_ur[1]








[21]:





print(f"collection name: {collection_name} | file_name: {file_name}")













collection name: GEDI_L3_LandSurface_Metrics_V2 | file_name: GEDI03_elev_lowestmode_stddev_2019108_2020287_002_02








Download file from ORNL DAAC S3

To download the file from the source, temporary s3 credentials are required for maap package. You can explicitly request s3_cred_endpoint for the credentials. The code below wraps that request to get credentials and download the file to your workspace.


[22]:





def get_s3_creds(url):
    return maap.aws.earthdata_s3_credentials(url)

def get_s3_client(s3_cred_endpoint):
    creds=get_s3_creds(s3_cred_endpoint)
    boto3_session = boto3.Session(
            aws_access_key_id=creds['accessKeyId'],
            aws_secret_access_key=creds['secretAccessKey'],
            aws_session_token=creds['sessionToken']
    )
    return boto3_session.client("s3")

def download_s3_file(s3, bucket, collection_name, file_name):
    os.makedirs("/projects/gedi_l3", exist_ok=True) # create directories, as necessary
    download_path=f"/projects/gedi_l3/{file_name}.tif"
    s3.download_file(bucket, f"gedi/{collection_name}/data/{file_name}.tif", download_path)
    return download_path








[23]:





s3_cred_endpoint= 'https://data.ornldaac.earthdata.nasa.gov/s3credentials'
s3=get_s3_client(s3_cred_endpoint)








[24]:





bucket="ornl-cumulus-prod-protected"
download_path=download_s3_file(s3, bucket, collection_name, file_name)
download_path








[24]:







'/projects/gedi_l3/GEDI03_elev_lowestmode_stddev_2019108_2020287_002_02.tif'






Now, we have the file in our local workspace. It’s time to visualize it using rasterio package



[Optional] Visualization using Rasterio

The downloaded file is too big to read and visualize directly so we might need to scale it down and view it as a small thumbnail.


[25]:





def show_thumbnail(path):
    src=rasterio.open(path)
    oview = src.overviews(1)[0]
    thumbnail = src.read(1, out_shape=(1, int(src.height // oview), int(src.width // oview)))
    show(thumbnail)








[26]:





show_thumbnail(download_path)












[image: ../../_images/science_GEDI_GEDI_L3_27_0.png]






[Optional] Overlay Raster Layer on top of Folium Map

To properly visualize the canopy heights, we need to display the TIF image on the map. The TIF image file may be too memory and compute-intensive for the kernel causing the process to exit.


[27]:





# tif=rasterio.open(download_path)
# arr=tif.read()
# bounds=tif.bounds








[28]:





#import numpy as np

# x1,y1,x2,y2=bounds
# bbox=[(bounds.bottom, bounds.left), (bounds.top, bounds.right)]
# m=folium.Map(location=[14.59, 120.98], zoom_start=10)
# img = folium.raster_layers.ImageOverlay(image=np.moveaxis(arr, 0, -1), bounds=bbox, opacity=0.9, interactive=True, cross_origin=False, zindex=1)
# m
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GEDI_L4A Subset and Visualize

Authors: Chuck Daniels (DevSeed), Jamison French (DevSeed), Anish Bhusal (UAH), Sumant Jha (MSFC/USRA), Alex Mandel (DevSeed)

Date: November 14, 2022

Description: In this tutorial, we will use a GeoJSON to create an area of interest (AOI) and use it in MAAP’s GEDI Subsetter. We will then visualize the output file created by the subsetter by plotting elevation contours.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

GEDI L4A Footprint Level Aboveground Biomass Density, Version 2

This dataset provides Global Ecosystem Dynamics Investigation (GEDI) Level 4 (L4) data, which has the purpose of providing mean aboveground biomass density (AGBD) and consists of the GEDI_L4A and GEDI_L4B collections. GEDI L4A contains predictions of AGBD and estimates of the prediction standard error. GEDI is attached to the International Space Station (ISS) and collects data globally between 51.6° N and 51.6° S latitudes at the highest resolution and densest sampling of any light detection and
ranging (lidar) instrument in orbit to date; specifically, GEDI L4A data has a spatial resolution of 25m. Source: GEDI_L4A Version 2 User Guide [https://daac.ornl.gov/GEDI/guides/GEDI_L4A_AGB_Density_V2_1.html]



Additional Resources


	GEDI_L4A Version 2 Data Set Landing Page [https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2056]


	The GEDI Website [https://gedi.umd.edu/]


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=GEDI_L4A]


	GEDI Subsetter DOI: 10.5281/zenodo.10019412 [http://doi.org/10.5281/zenodo.10019412]






[Optional] Install Python Packages

This notebook contains some cells marked as optional, meaning that you can use this notebook without necessarily running such cells.

However, if you do wish to run the optional cells, you must install the following Python packages, which might not already be installed in your environment:


	geopandas: for reading your AOI (GeoJson file), as well as for reading the job output (GeoPackage file containing the subset)


	contextily: for visually verifying your AOI


	backoff: for repeatedly polling the job status (after submission) until the job has been completed (either successfully or not)


	folium: for visualizing your data on a Leaflet map


	geojsoncontour: for converting your matplotlib contour plots to geojson





[ ]:





# Uncomment the following lines to install these packages if you haven't already.
# !pip install geopandas
# !pip install contextily
# !pip install backoff
# !pip install folium
# !pip install geojsoncontour







A job can be submitted without these packages, but installing them in order to run the optional cells may make it more convenient for you to visually verify both your AOI and the subset output produced by your job.



Obtain Username


[18]:





from maap.maap import MAAP

maap = MAAP(maap_host="api.maap-project.org")
username = maap.profile.account_info()["username"]
username













WARNING:maap.maap:Unable to load config file from source maap.cfg
WARNING:maap.maap:Unable to load config file from source ./maap.cfg
WARNING:maap.maap:Unable to load config file from source /projects/maap.cfg







[18]:







'smk0033'








Define the Area of Interest

You may use either a publicly available GeoJSON file for your AOI, such as those available at geoBoundaries [https://www.geoboundaries.org], or you may create a custom GeoJSON file for your AOI. The following 2 subsections cover both cases.


Using a geoBoundary GeoJSON File

If your AOI is a publicly available geoBoundary, you can obtain the URL for the GeoJSON file using the function below. You simply need to supply an ISO3 value and a level. To find the appropriate ISO3 and level values, see the table on the geoBoundaries site [https://www.geoboundaries.org/index.html#getdata].


[19]:





import requests


def get_geo_boundary_url(iso3: str, level: int) -> str:
    response = requests.get(
        f"https://www.geoboundaries.org/api/current/gbOpen/{iso3}/ADM{level}"
    )
    response.raise_for_status()
    return response.json()["gjDownloadURL"]


# If using a geoBoundary, uncomment the following assignment, supply
# appropriate values for `<iso3>` and `<level>`, then run this cell.

# Example (Gabon level 0): get_geo_boundary("GAB", 0)

# aoi = get_geo_boundary_url("<iso3>", <level>)









Using a Custom GeoJSON File

Alternatively, you can make your own GeoJSON file for your AOI and place it within your my-public-bucket folder within the ADE.

Based upon where you place your GeoJSON file under my-public-bucket, you can construct the URL for a job’s aoi input value.

For example, if the relative path of your AOI GeoJSON file under my-public-bucket is path/to/my-aoi.geojson (avoid using whitespace in the path and filename), the URL you would supply as the value of a job’s aoi input would be the following (where {username} is replaced with your username as output from the previous section):

f"https://maap-ops-workspace.s3.amazonaws.com/shared/{username}/path/to/my-aoi.geojson"`





If this is the case, use the cell below.


[20]:





#aoi = f"https://maap-ops-workspace.s3.amazonaws.com/shared/{username}/langtang_np.geojson"

#for your convenience you can use this geoJSON file but if you have your own geojson, use the commented link as example format
aoi = f"https://maap-ops-workspace.s3.amazonaws.com/shared/anisbhsl/langtang_np.geojson"







This example uses the AOI of Gosaikunda Lake region inside Langtang National Park. You can also create your own GeoJSON file for your AOI using sites like geojson.io [https://geojson.io/]

[image: Gosaikunda]




[Optional] Visually Verify your AOI

If you want to visually verify your AOI before proceeding, you may run the following cell, if you have the geopandas and contextily Python packages installed.


[21]:





try:
    import geopandas as gpd
    import contextily as ctx
except:
    print(
        "If you wish to visually verify your AOI, "
        "you must install the `geopandas` and `contextily` packages."
    )
else:
    aoi_gdf = gpd.read_file(aoi)
    aoi_epsg4326 = aoi_gdf.to_crs(epsg=4326)
    ax = aoi_epsg4326.plot(figsize=(10, 5), alpha=0.3, edgecolor="red")
    ctx.add_basemap(ax, crs=4326)












[image: ../../_images/science_GEDI_GEDI_L4A_15_0.png]






Submit a Job

When supplying input values for a GEDI subsetting job, to use the default value for a field (where indicated), use a dash ("-") as the input value.


	aoi (required): URL to a GeoJSON file representing your area of interest, as explained above.


	doi: Digital Object Identifier (DOI) of the GEDI collection to subset, or a logical name representing such a DOI. Valid logical names: L1B, L2A, L2B, L4A


	columns: Comma-separated list of column names to include in the output file.


	query: Query expression for subsetting the rows in the output file.


	limit: Maximum number of GEDI granule data files to download (among those that intersect the specified AOI). (Default: 10000)




It is recommended to use maap-dps-worker-32gb queues when submitting a job with a large aoi.


[22]:





inputs = dict(
    aoi=aoi,
    doi="L4A",
    lat="lat_lowestmode",
    lon="lon_lowestmode",
    beams="coverage",
    columns="agbd, agbd_se, sensitivity, geolocation/sensitivity_a2, elev_lowestmode",
    query="l2_quality_flag == 1 and l4_quality_flag == 1 and sensitivity > 0.95 and `geolocation/sensitivity_a2` > 0.95",
    limit=10,
    temporal="-",
    output="gedi_subset.gpkg"
)

result = maap.submitJob(
    identifier="gedi-subset",
    algo_id="gedi-subset",
    version="0.6.0",
    queue="maap-dps-worker-32gb",
    username=username,
    **inputs,
)

job_id = result.id
job_id or result








[22]:







'72fca5ba-935a-49a2-802f-1dcfd3a5628c'








Get the Job’s Output File

Now that the job has been submitted, we can use the job_id to check the job status until the job has been completed.


[23]:





from urllib.parse import urlparse


def job_status_for(job_id: str) -> str:
    return maap.getJobStatus(job_id)


def job_result_for(job_id: str) -> str:
    return maap.getJobResult(job_id)[0]


def to_job_output_dir(job_result_url: str) -> str:
    return f"/projects/my-private-bucket/{job_result_url.split(f'/{username}/')[1]}"







If you have installed the backoff Python package, running the following cell will automatically repeatedly check your job’s status until the job has been completed. Otherwise, you will have to manually repeatedly rerun the following cell until the output is either 'Succeeded' or 'Failed'.


[24]:





try:
    import backoff
except:
    job_status = job_status_for(job_id)
else:
    # Check job status every 2 minutes
    @backoff.on_predicate(
        backoff.constant,
        lambda status: status not in ["Deleted", "Succeeded", "Failed"],
        interval=120,
    )
    def wait_for_job(job_id: str) -> str:
        return job_status_for(job_id)

    job_status = wait_for_job(job_id)

job_status













INFO:backoff:Backing off wait_for_job(...) for 0.9s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 18.1s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 49.5s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 6.8s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 42.4s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 26.7s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 86.6s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 117.0s (Accepted)
INFO:backoff:Backing off wait_for_job(...) for 17.9s (Running)
INFO:backoff:Backing off wait_for_job(...) for 95.7s (Running)







[24]:







'Succeeded'







[25]:





assert job_status == "Succeeded", (
    job_result_for(job_id)
    if job_status == "Failed"
    else f"Job {job_id} has not yet completed ({job_status}). Rerun the prior cell."
)

output_url = job_result_for(job_id)
output_dir = to_job_output_dir(output_url)
output_file = f"{output_dir}/gedi_subset.gpkg"
print(f"Your subset results are in the file {output_file}")













Your subset results are in the file /projects/my-private-bucket/dps_output/gedi-subset/0.6.0/2023/06/27/20/05/21/764642/gedi_subset.gpkg








[Optional] Visually Verify the Results

If you installed the geopandas Python package, you can visually verify the output file by running the following cell.


[26]:





try:
    import geopandas as gpd
    import matplotlib.pyplot as plt
except:
    print(
        "If you wish to visually verify your output file, "
        "you must install the `geopandas` package."
    )
else:
    gedi_gdf = gpd.read_file(output_file)
    print(gedi_gdf.head())
    sensitivity_colors = plt.cm.get_cmap("viridis_r")
    gedi_gdf.plot(markersize = 0.1)













                                            filename  \
0  GEDI04_A_2020064181434_O06951_02_T04323_02_002...
1  GEDI04_A_2020064181434_O06951_02_T04323_02_002...
2  GEDI04_A_2020064181434_O06951_02_T04323_02_002...
3  GEDI04_A_2020064181434_O06951_02_T04323_02_002...
4  GEDI04_A_2020064181434_O06951_02_T04323_02_002...

   geolocation/sensitivity_a2  sensitivity  elev_lowestmode    agbd_se  \
0                    0.959091     0.959091      3256.992432  11.047880
1                    0.968629     0.968629      3282.666748  11.057747
2                    0.962079     0.962079      3314.994141  11.052886
3                    0.962610     0.962610      3351.686035  11.045983
4                    0.968436     0.968436      3436.938721  11.047858

         agbd                   geometry
0  169.741974  POINT (85.34628 28.06473)
1  235.977890  POINT (85.34667 28.06512)
2  189.141037  POINT (85.34705 28.06550)
3  180.132187  POINT (85.34742 28.06589)
4  191.731232  POINT (85.34817 28.06666)











[image: ../../_images/science_GEDI_GEDI_L4A_24_1.png]






Generate Contour Lines

Create a lat, lon mesh grid with elevation as a depth parameter. As shown in the plot above, the lines don’t seem smooth. So we can apply linear or ‘cubic` interpolation to smoothen those missing points.


[27]:





geometry = gedi_gdf["geometry"]
elevation=gedi_gdf["elev_lowestmode"]








[28]:





lon = geometry.x
lat = geometry.y








[29]:





import numpy as np

x=np.linspace(min(lon), max(lon), 1000)
y=np.linspace(min(lat), max(lat), 1000)








[30]:





from scipy.interpolate import griddata

x_mesh, y_mesh = np.meshgrid(x,y)







You may experiment with nearest, linear, and cubic interpolation methods to see which gives more smooth results.


[31]:





#grid the elevation
z_mesh = griddata((lon, lat), elevation, (x_mesh, y_mesh), method='linear')








[32]:





colors=['blue','royalblue', 'navy','pink',  'mediumpurple',  'darkorchid',  'plum',  'm', 'mediumvioletred', 'palevioletred', 'crimson',
         'magenta','pink','red','yellow','orange', 'brown','green', 'darkgreen']
levels=len(colors)
contourf = plt.contourf(x_mesh, y_mesh, z_mesh, levels, alpha=0.5,  colors=colors, linestyles='None', vmin=elevation.min(), vmax=elevation.max())












[image: ../../_images/science_GEDI_GEDI_L4A_32_0.png]




[image: ContourPlot]

Now we need to plot this contour into an interactive map for better visualization.



Plot the Contour Lines in Folium

You may need to install geojsoncontour, mapclassify, and folium, if you don’t already have them installed. We need to convert this contourf into geoJSON format.


[33]:





import folium
from folium import plugins
import branca
import geojsoncontour








[34]:





geojson = geojsoncontour.contourf_to_geojson(
    contourf=contourf,
    min_angle_deg=3.0,
    ndigits=5,
    stroke_width=1,
    unit='ft',
    fill_opacity=0.1,
)








[35]:





#create map view
m = folium.Map([lat.mean(), lon.mean()], zoom_start=12, tiles="OpenStreetMap")

folium.GeoJson(
    geojson,
    style_function=lambda x:{
        'color': x['properties']['stroke'],
        'weight':    x['properties']['stroke-width'],
        'fillColor': x['properties']['fill'],
        'opacity':   0.5,
    }
).add_to(m)

cm = branca.colormap.LinearColormap(colors, vmin=elevation.min(), vmax=elevation.max()).to_step(levels)
cm.caption='Elevation (in m)'
m.add_child(cm)

#legend
plugins.Fullscreen(position='topright', force_separate_button=True).add_to(m)








[35]:







<folium.plugins.fullscreen.Fullscreen at 0x7f356182c4c0>







[36]:





m








[36]:
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GEDI_L4B Search and Visualize

Authors: Nikita Susan (UAH), Aimee Barciauskas (DevSeed), Sumant Jha (MSFC/USRA), Alex Mandel (DevSeed)

Date: April 7, 2023

Description: In this example, we demonstrate how to access the GEDI L4B collection and granule data on the MAAP ADE, and then visualize the data using matplotlib.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

GEDI L4B Gridded Aboveground Biomass Density, Version 2

This dataset provides Global Ecosystem Dynamics Investigation (GEDI) Level 4 (L4) data, which has the purpose of providing mean aboveground biomass density (AGBD) and consists of the GEDI_L4A and GEDI_L4B collections. GEDI_L4B uses a sample present within each 1km cell to statistically infer mean AGBD. GEDI is attached to the International Space Station (ISS) and collects data globally between 51.6° N and 51.6° S latitudes at the highest resolution and densest sampling of any light detection and
ranging (lidar) instrument in orbit to date; specifically, GEDI L4B data has a spatial resolution of 1km. (Source: GEDI_L4B Version 2 User Guide [https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass.html])



Additional Resources


	GEDI_L4B Version 2 Dataset Landing Page [https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2017]


	The GEDI Website [https://gedi.umd.edu/]


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=GEDI_L4B&lat=49.70652984841501&long=-102.041015625&zoom=6]






Importing Packages

Within your Jupyter Notebook, start by importing the maap package. Then invoke the MAAP constructor, setting the maap_host argument to ‘api.maap-project.org’.


[22]:





from maap.maap import MAAP
from matplotlib import pyplot
import os
import pprint
import rasterio
import boto3

maap = MAAP(maap_host="api.maap-project.org")









Search for the Collection and Associated Granules

Now, we will search for the collection using the collection short name:


[23]:





collection = maap.searchCollection(cmr_host='cmr.earthdata.nasa.gov', short_name="GEDI_L4B_Gridded_Biomass_2017", limit=100)
print(collection)













[{'concept-id': 'C2244602422-ORNL_CLOUD', 'revision-id': '7', 'format': 'application/echo10+xml', 'Collection': {'ShortName': 'GEDI_L4B_Gridded_Biomass_2017', 'VersionId': '2', 'InsertTime': '2022-03-29T00:00:00Z', 'LastUpdate': '2023-06-12T20:25:17Z', 'LongName': 'GEDI L4B Gridded Aboveground Biomass Density, Version 2', 'DataSetId': 'GEDI L4B Gridded Aboveground Biomass Density, Version 2', 'Description': "This Global Ecosystem Dynamics Investigation (GEDI) L4B product provides 1 km x 1 km (1 km,  hereafter) estimates of mean aboveground biomass density (AGBD) based on observations from mission week 19 starting on 2019-04-18 to mission week 138 ending on 2021-08-04. The GEDI L4A Footprint Biomass product converts each high-quality waveform to an AGBD prediction, and the L4B product uses the sample present within the borders of each 1 km cell to statistically infer mean AGBD. The gridding procedure is described in the GEDI L4B Algorithm Theoretical Basis Document (ATBD). Patterson et al. (2019) describes the hybrid model-based mode of inference used in the L4B product. Corresponding 1 km estimates of the standard error of the mean are also provided in the L4B product. Uncertainty is due to both GEDI's sampling of the 1 km area (as opposed to making wall-to-wall observations) and the fact that L4A biomass values are modeled in a process subject to error instead of measured in a process that may be assumed to be error-free.", 'DOI': {'DOI': '10.3334/ORNLDAAC/2017', 'Authority': 'https://doi.org'}, 'Orderable': 'false', 'Visible': 'true', 'RevisionDate': '2022-03-29T00:00:00Z', 'ProcessingLevelId': '4', 'ProcessingLevelDescription': 'model products', 'ArchiveCenter': 'ORNL_DAAC', 'CitationForExternalPublication': 'Dubayah, R.O., J. Armston, S.P. Healey, Z. Yang, P.L. Patterson, S. Saarela, G. Stahl, L. Duncanson, and J.R. Kellner. 2022. GEDI L4B Gridded Aboveground Biomass Density, Version 2. ORNL DAAC, Oak Ridge, Tennessee, USA. https://doi.org/10.3334/ORNLDAAC/2017', 'CollectionState': 'COMPLETE', 'MaintenanceAndUpdateFrequency': 'As needed', 'UseConstraints': {'LicenseURL': {'URL': 'https://science.nasa.gov/earth-science/earth-science-data/data-information-policy', 'Description': 'License URL for data use policy', 'Type': 'Data Use Policy', 'MimeType': 'text/html'}}, 'Price': '0', 'DataFormat': 'GeoTIFF', 'SpatialKeywords': {'Keyword': 'GLOBAL LAND'}, 'Temporal': {'RangeDateTime': {'BeginningDateTime': '2019-04-18T00:00:00Z', 'EndingDateTime': '2021-08-04T23:59:59Z'}}, 'Contacts': {'Contact': {'Role': 'ARCHIVER', 'OrganizationName': 'ORNL_DAAC', 'OrganizationAddresses': {'Address': {'StreetAddress': 'ORNL DAAC User Services Office, P.O. Box 2008, MS 6407, Oak Ridge National Laboratory', 'City': 'Oak Ridge', 'StateProvince': 'Tennessee', 'PostalCode': '37831-6407', 'Country': 'USA'}}, 'OrganizationPhones': {'Phone': {'Number': '(865) 241-3952', 'Type': 'Direct Line'}}, 'OrganizationEmails': {'Email': 'uso@daac.ornl.gov'}}}, 'ScienceKeywords': {'ScienceKeyword': [{'CategoryKeyword': 'EARTH SCIENCE', 'TopicKeyword': 'BIOSPHERE', 'TermKeyword': 'ECOSYSTEMS', 'VariableLevel1Keyword': {'Value': 'TERRESTRIAL ECOSYSTEMS'}}, {'CategoryKeyword': 'EARTH SCIENCE', 'TopicKeyword': 'BIOSPHERE', 'TermKeyword': 'VEGETATION', 'VariableLevel1Keyword': {'Value': 'BIOMASS'}}, {'CategoryKeyword': 'EARTH SCIENCE', 'TopicKeyword': 'SPECTRAL/ENGINEERING', 'TermKeyword': 'LIDAR', 'VariableLevel1Keyword': {'Value': 'LIDAR WAVEFORM'}}]}, 'Platforms': {'Platform': {'ShortName': 'ISS', 'LongName': 'MUSES', 'Type': 'Space Stations/Crewed Spacecraft', 'Instruments': {'Instrument': {'ShortName': 'GEDI', 'LongName': 'Global Ecosystem Dynamics Investigation'}}}}, 'Campaigns': {'Campaign': {'ShortName': 'GEDI', 'LongName': 'Global Ecosystem Dynamics Investigation'}}, 'OnlineAccessURLs': {'OnlineAccessURL': {'URL': 'https://daac.ornl.gov/gedi/GEDI_L4B_Gridded_Biomass/', 'URLDescription': 'This link allows direct data access via Earthdata login'}}, 'OnlineResources': {'OnlineResource': [{'URL': 'https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass.html', 'Description': 'ORNL DAAC Data Set Documentation', 'Type': "USER'S GUIDE"}, {'URL': 'https://doi.org/10.3334/ORNLDAAC/2017', 'Description': 'Data set Landing Page DOI URL', 'Type': 'DATA SET LANDING PAGE'}, {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_ATBD_v1.0.pdf', 'Description': 'GEDI L4B Gridded Aboveground Biomass Density, Version 2: GEDI_L4B_ATBD_v1.0.pdf', 'Type': 'GENERAL DOCUMENTATION'}, {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_Gridded_Biomass.pdf', 'Description': 'GEDI L4B Gridded Aboveground Biomass Density, Version 2: GEDI_L4B_Gridded_Biomass.pdf', 'Type': 'GENERAL DOCUMENTATION'}, {'URL': 'https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass_Fig1.png', 'Description': 'Gridded mean aboveground biomass density (top) and standard error of the mean (bottom).', 'Type': 'GET RELATED VISUALIZATION', 'MimeType': 'image/png'}, {'URL': 'https://gedi.umd.edu', 'Description': 'GEDI Project Site', 'Type': 'PROJECT HOME PAGE', 'MimeType': 'text/html'}, {'URL': 'https://webmap.ornl.gov/wcsdown/dataset.jsp?ds_id=2017', 'Description': 'Web Coverage Service for this collection.', 'Type': 'WEB COVERAGE SERVICE (WCS)', 'MimeType': 'application/gml+xml'}]}, 'Spatial': {'SpatialCoverageType': 'HORIZONTAL', 'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN', 'BoundingRectangle': {'WestBoundingCoordinate': '-180.00', 'NorthBoundingCoordinate': '52.00', 'EastBoundingCoordinate': '180.00', 'SouthBoundingCoordinate': '-52.00'}}}, 'GranuleSpatialRepresentation': 'CARTESIAN'}, 'DirectDistributionInformation': {'Region': 'us-west-2', 'S3BucketAndObjectPrefixName': 's3://ornl-cumulus-prod-protected/gedi/GEDI_L4B_Gridded_Biomass/', 'S3CredentialsAPIEndpoint': 'https://data.ornldaac.earthdata.nasa.gov/s3credentials', 'S3CredentialsAPIDocumentationURL': 'https://data.ornldaac.earthdata.nasa.gov/s3credentialsREADME'}}}]






Next, we can search for granules using the searchGranule function and the concept ID from our collection search above:


[24]:





COLLECTIONID = collection[0]['concept-id']
results = maap.searchGranule(cmr_host='cmr.earthdata.nasa.gov',concept_id=COLLECTIONID)  # COLLECTIONID 'C2244602422-ORNL_CLOUD'
print(f'Got {len(results)} results')
results[0]['Granule']













Got 10 results







[24]:







{'GranuleUR': 'GEDI_L4B_Gridded_Biomass.GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif',
 'InsertTime': '2022-03-29T00:00:00Z',
 'LastUpdate': '2023-04-10T21:58:24Z',
 'Collection': {'ShortName': 'GEDI_L4B_Gridded_Biomass_2017',
  'VersionId': '2'},
 'DataGranule': {'DataGranuleSizeInBytes': '20103343',
  'SizeMBDataGranule': '20.103343',
  'Checksum': {'Value': '025a141348906d5e612262218c496a2d468446ca30875439be6651d851bfbe23',
   'Algorithm': 'SHA-256'},
  'DayNightFlag': 'BOTH',
  'ProductionDateTime': '2022-03-29T00:00:00Z'},
 'Temporal': {'RangeDateTime': {'BeginningDateTime': '2019-04-18T00:00:00Z',
   'EndingDateTime': '2021-08-04T23:59:59Z'}},
 'Spatial': {'HorizontalSpatialDomain': {'Geometry': {'BoundingRectangle': {'WestBoundingCoordinate': '-180',
     'NorthBoundingCoordinate': '52',
     'EastBoundingCoordinate': '180',
     'SouthBoundingCoordinate': '-52'}}}},
 'MeasuredParameters': {'MeasuredParameter': [{'ParameterName': 'LIDAR WAVEFORM'},
   {'ParameterName': 'BIOMASS'},
   {'ParameterName': 'TERRESTRIAL ECOSYSTEMS'}]},
 'Platforms': {'Platform': {'ShortName': 'ISS',
   'Instruments': {'Instrument': {'ShortName': 'GEDI'}}}},
 'Campaigns': {'Campaign': {'ShortName': 'GEDI'}},
 'Price': '0',
 'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://data.ornldaac.earthdata.nasa.gov/protected/gedi/GEDI_L4B_Gridded_Biomass/data/GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif',
    'URLDescription': 'Download GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif',
    'MimeType': 'image/tiff'},
   {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/gedi/GEDI_L4B_Gridded_Biomass/data/GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif.sha256',
    'URLDescription': 'Download GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif.sha256'},
   {'URL': 's3://ornl-cumulus-prod-protected/gedi/GEDI_L4B_Gridded_Biomass/data/GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif',
    'URLDescription': 'This link provides direct download access via S3 to the granule',
    'MimeType': 'image/tiff'}]},
 'OnlineResources': {'OnlineResource': [{'URL': 'https://daac.ornl.gov/GEDI/guides/GEDI_L4B_Gridded_Biomass.html',
    'Description': 'ORNL DAAC Data Set Documentation',
    'Type': "USER'S GUIDE"},
   {'URL': 'https://doi.org/10.3334/ORNLDAAC/2017',
    'Description': 'Data set Landing Page DOI URL',
    'Type': 'DATA SET LANDING PAGE'},
   {'URL': 'https://daac.ornl.gov/daacdata/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_ATBD_v1.0.pdf',
    'Description': 'Data Set Documentation',
    'Type': 'GENERAL DOCUMENTATION'},
   {'URL': 'https://daac.ornl.gov/daacdata/gedi/GEDI_L4B_Gridded_Biomass/comp/GEDI_L4B_Gridded_Biomass.pdf',
    'Description': 'Data Set Documentation',
    'Type': 'GENERAL DOCUMENTATION'},
   {'URL': 'https://webmap.ornl.gov/sdat/pimg/2017_9.png',
    'Description': 'GEDI L4B Gridded Prediction Stratum, Version 2, Mission Weeks 19-138',
    'Type': 'BROWSE',
    'MimeType': 'image/png'},
   {'URL': 'https://data.ornldaac.earthdata.nasa.gov/s3credentials',
    'Description': 'api endpoint to retrieve temporary credentials valid for same-region direct s3 access',
    'Type': 'VIEW RELATED INFORMATION'}]},
 'Orderable': 'false',
 'DataFormat': 'COG'}








Accessing and Downloading the Granule from ORNL DAAC S3

Before downloading, we’ll get the collection and file name:


[25]:





granule_ur=results[0]['Granule']['GranuleUR'].split(".")
collection_name=granule_ur[0]
file_name=granule_ur[1]

print(collection_name)
print(file_name)













GEDI_L4B_Gridded_Biomass
GEDI04_B_MW019MW138_02_002_05_R01000M_PS






Now we’ll proceed to get tempory s3 credentials, and then download the tif file to our workspace:


[26]:





def get_s3_creds(url):
    return maap.aws.earthdata_s3_credentials(url)

def get_s3_client(s3_cred_endpoint):
    creds=get_s3_creds(s3_cred_endpoint)
    boto3_session = boto3.Session(
            aws_access_key_id=creds['accessKeyId'],
            aws_secret_access_key=creds['secretAccessKey'],
            aws_session_token=creds['sessionToken']
    )
    return boto3_session.client("s3")

def download_s3_file(s3, bucket, collection_name, file_name):
    os.makedirs("/projects/gedi_l4b", exist_ok=True) # create directories, as necessary
    download_path=f"/projects/gedi_l4b/{file_name}.tif"
    s3.download_file(bucket, f"gedi/{collection_name}/data/{file_name}.tif", download_path)
    return download_path








[27]:





s3_cred_endpoint= 'https://data.ornldaac.earthdata.nasa.gov/s3credentials'
s3=get_s3_client(s3_cred_endpoint)








[28]:





bucket="ornl-cumulus-prod-protected"
download_path=download_s3_file(s3, bucket, collection_name, file_name)
download_path








[28]:







'/projects/gedi_l4b/GEDI04_B_MW019MW138_02_002_05_R01000M_PS.tif'






Open the local file using rasterio, and print the shape of the data to verify if the file was read properly:


[29]:





src = rasterio.open(download_path)
data = src.read(1)

print(data.shape)













(14616, 34704)








Plot the Data

Finally, we’ll use matplotlib to visualize our .tif file:


[30]:





pyplot.imshow(data)
pyplot.show()












[image: ../../_images/science_GEDI_GEDI_L4B_23_0.png]
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ICESat-02 ATL03 Subset and Visualize

Authors: Sumant Jha (MSFC/USRA), Samuel Ayers (UAH), Alex Mandel (DevSeed), Aimee Barciauskas (DevSeed)

Date: March 6, 2023

Description: In this tutorial, we will search for ATL03 data within the NASA CMR. We will then read and visualize the data structure of a granule, create a subset and data frames, and visualize the photon heights.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

ATLAS/ICESat-2 L2A Global Geolocated Photon Data, Version 5

“This data set [ATL03] contains height above the WGS 84 ellipsoid (ITRF2014 reference frame), latitude, longitude, and time for all photons downlinked by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory. The ATL03 product was designed to be a single source for all photon data and ancillary information needed by higher-level ATLAS/ICESat-2 products. As such, it also includes spacecraft and instrument
parameters and ancillary data not explicitly required for ATL03.” (Source: ATL03 Dataset Landing Page [https://nsidc.org/data/atl03/versions/5])



Additional Resources


	ATL03 Version 5 User Guide [https://nsidc.org/sites/default/files/atl03-v005-userguide_1.pdf]


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=ATL03]






Importing and Installing Packages

Required packages:

You will need to install the following required packages if not already present in your working environment: maap-py, pandas, geopandas, folium, shapely, h5glance, h5py


[1]:





# ! pip install geopandas
# ! pip install folium
# ! pip install h5glance








[2]:





# Import the MAAP package
from maap.maap import MAAP

# Invoke the MAAP constructor using the maap_host argument
maap = MAAP(maap_host='api.maap-project.org')

# Import pandas dataframe
import pandas as pd

# Import libraries needed for visualizing data spatial extent
import geopandas as gpd
import folium
from shapely.geometry import Polygon,Point

# Import H5glance to interactively explore H5 file in notebook
from h5glance import H5Glance

# Import H5py to read h5 file
import h5py

# Import os to create a new directory
import os









Decide on a Subset of ATL03 Data

First, we will create a subset using a spatial extent and date range before visualizaing using folium. For this tutorial, we will focus on a very small area over Yosemite National Park and use a temporal range of one day.


[3]:





# Create a variable for short name of ATL03 data
short_name = 'ATL03'

# Create Latitude, Longitude list.
lat_coords = [37.700057,37.700057,37.758166,37.758166,37.700057]
lon_coords = [-119.680359,-119.680359,-119.538910,-119.538910,-119.680359]

# Create bounding box
spatial_extent = [lon_coords[0],lat_coords[0],lon_coords[2],lat_coords[2]]

# Reformat bounding box to work with NASA CMR API
spatial_extent = ','.join(str(coords) for coords in spatial_extent)

#Provide date range. It is just 1 day.
date_range = ['2021-02-02','2022-02-03']

# For folium purpose, provide the map center
map_center = [37.729139,-119.609670]

# Convert to AOI for visualizaton with folium
polygon_geom = Polygon(zip(lon_coords, lat_coords))

# Provide relevant Coordinate Reference System
crs = 'epsg:4326'

# Convert to Geodataframe and back to list in that specific reference system
AOI = gpd.GeoDataFrame(index=[0], crs=crs, geometry=[polygon_geom])
AOI_bbox = AOI.bounds.iloc[0].to_list()








[4]:





# Visualize the spatial extent using folium.
m = folium.Map(map_center, zoom_start=12, tiles='OpenStreetMap')
folium.GeoJson(AOI).add_to(m)
folium.LatLngPopup().add_to(m)
m








[4]:






Make this Notebook Trusted to load map: File -> Trust Notebook
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ATLAS/ICESat-02 ATL08 Access and Visualize

Author: Sumant Jha (MSFC/USRA), Alex Mandel (DevSeed), Jamison French (DevSeed), Rajat Shinde (UAH), Sheyenne Kirkland (UAH)

Date: March 7, 2024

Description: In this example, we’ll walk through accessing ATL08 data using both cloud access and through downloading. We’ll then explore the data using H5py, h5Glance, and xarray. Finally, we’ll visualize some of the data using xarray.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: This tutorial will use an experimental feature to allow access to the DAAC without using EarthDataLogin. This tutorial will need to be ran within MAAP’s ADE to allow this experimental feature to work. Running the tutorial outside of the MAAP ADE will result in errors. Additionally, it is recommended to use the Pangeo workspace within the MAAP ADE.



About the Data

This data set (ATL08) contains along-track heights above the WGS84 ellipsoid (ITRF2014 reference frame) for the ground and canopy surfaces. The canopy and ground surfaces are processed in fixed 100 m data segments, which typically contain more than 100 signal photons. The data were acquired by the Advanced Topographic Laser Altimeter System (ATLAS) instrument on board the Ice, Cloud and land Elevation Satellite-2 (ICESat-2) observatory.

Parameter(s): TERRAIN ELEVATION
Platform(s):ICESat-2
Sensor(s): ATLAS
Data Format(s): HDF5
Temporal Coverage: 14 October 2018 to present
Temporal Resolution: 91 day
Spatial Resolution: Varies
Spatial Reference System(s): WGS 84 EPSG:4326
Spatial Coverage: N: 90 S: -90 E: 180 W: -180





(Source: ATL08 v6 Dataset Landing Page [https://nsidc.org/data/atl08/versions/5])



Additional Resources


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=atl08&ff=Available%20in%20Earthdata%20Cloud]


	ATL08 v6 User Guide [https://nsidc.org/sites/default/files/documents/user-guide/atl08-v006-userguide.pdf]






Importing and Installing Packages

The following example uses several packages. If you do not have the following packages, uncomment the code below:


[ ]:





# !pip install -q h5py h5glance requests fsspec s3fs h5netcdf







Optional download (do not need to download if you’re using the Pangeo workspace. Uncomment if using other workspaces):


[ ]:





# !pip install -q rioxarray








[11]:





import os
import h5py
from maap.maap import MAAP
from h5glance import H5Glance
import requests
import xarray
import boto3
import fsspec









Accessing the Data

In this section we’ll walk through two different ways to access the data. The first method is to access the data through S3.

The second method is to access it by using maap-py, then download the data locally. From there, we will explore some of the data using h5glance.


Example 1: Accessing the Data with S3

We will use role assumption to gain access to the data. To do this, we’ll use an experimental feature by setting up a parameter, assuming a role, and get temporary credentials with the assumed role. We’ll also set up credentials into fsspec so we can later use xarray for data exploration.


[12]:





def assume_role_credentials(ssm_parameter_name):
    # Create a session using your current credentials
    session = boto3.Session()

    # Retrieve the SSM parameter
    ssm = session.client('ssm', "us-west-2")
    parameter = ssm.get_parameter(
        Name=ssm_parameter_name,
        WithDecryption=True
    )
    parameter_value = parameter['Parameter']['Value']

    # Assume the DAAC access role
    sts = session.client('sts')
    assumed_role_object = sts.assume_role(
        RoleArn=parameter_value,
        RoleSessionName='TutorialSession'
    )

    # From the response that contains the assumed role, get the temporary
    # credentials that can be used to make subsequent API calls
    credentials = assumed_role_object['Credentials']

    return credentials

def fsspec_access(credentials):
    # Pass assumed role credentials into fsspec
    return fsspec.filesystem(
        "s3",
        key=credentials['AccessKeyId'],
        secret=credentials['SecretAccessKey'],
        token=credentials['SessionToken']
    )








[13]:





s3_fsspec = fsspec_access(assume_role_credentials("/iam/maap-data-reader"))









Example 2: Download Data Locally

We are going to use NASA host which is NASA’s Common Metadata Repository (CMR) to search for and download ICESat data. ICESat’s ATL08 data’s concept id can be found on https://search.earthdata.nasa.gov/search and looking for ‘ATL08’ in the search bar. When you check the metadata associated with your search result, you can get the concept_id associated with below tutorial. In this case, the concept_id is C2613553260-NSIDC_CPRD.

For this example, we are going to use granule id of ATL08_20230816182927_08792008_006_01.h5. This will be in HDF5 format.

With all this information in hand, we are ready to make a query to cmr.earthdata.nasa.gov using maap-py.


[14]:





maap = MAAP(maap_host='api.maap-project.org')

nasa_host = "cmr.earthdata.nasa.gov"
results = maap.searchGranule(cmr_host=nasa_host,
                             concept_id="C2613553260-NSIDC_CPRD",
                             readable_granule_name="ATL08_20230816182927_08792008_006_01.h5")







Let’s see how this turned out. Did we get a result?


[15]:





data_file = results[0]
data_file








[15]:







{'concept-id': 'G2800397933-NSIDC_CPRD',
 'collection-concept-id': 'C2613553260-NSIDC_CPRD',
 'revision-id': '2',
 'format': 'application/echo10+xml',
 'Granule': {'GranuleUR': 'ATL08_20230816182927_08792008_006_01.h5',
  'InsertTime': '2023-11-11T10:14:36.642Z',
  'LastUpdate': '2023-11-11T10:14:36.642Z',
  'Collection': {'DataSetId': 'ATLAS/ICESat-2 L3A Land and Vegetation Height V006'},
  'DataGranule': {'SizeMBDataGranule': '106.29328060150146',
   'ProducerGranuleId': 'ATL08_20230816182927_08792008_006_01.h5',
   'DayNightFlag': 'UNSPECIFIED',
   'ProductionDateTime': '2023-09-21T19:57:30.000Z'},
  'Temporal': {'RangeDateTime': {'BeginningDateTime': '2023-08-16T18:29:24.813Z',
    'EndingDateTime': '2023-08-16T18:36:27.524Z'}},
  'Spatial': {'HorizontalSpatialDomain': {'Geometry': {'GPolygon': {'Boundary': {'Point': [{'PointLongitude': '-49.71155',
         'PointLatitude': '-0.55384'},
        {'PointLongitude': '-51.21715', 'PointLatitude': '-15.49643'},
        {'PointLongitude': '-52.36359', 'PointLatitude': '-26.40442'},
        {'PointLongitude': '-52.43242', 'PointLatitude': '-27.04278'},
        {'PointLongitude': '-52.5585', 'PointLatitude': '-27.03176'},
        {'PointLongitude': '-52.48902', 'PointLatitude': '-26.39347'},
        {'PointLongitude': '-51.3338', 'PointLatitude': '-15.48562'},
        {'PointLongitude': '-49.82395', 'PointLatitude': '-0.54264'},
        {'PointLongitude': '-49.76474', 'PointLatitude': '0.04913'},
        {'PointLongitude': '-49.65236', 'PointLatitude': '0.03773'}]}}}}},
  'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-protected/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.h5',
     'MimeType': 'application/x-hdf5'},
    {'URL': 's3://nsidc-cumulus-prod-protected/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.h5',
     'MimeType': 'application/x-hdf5'}]},
  'OnlineResources': {'OnlineResource': [{'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-protected/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.h5.dmrpp',
     'Type': 'USER SUPPORT',
     'MimeType': 'application/vnd.opendap.dap4.dmrpp+xml'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.iso.xml',
     'Type': 'USER SUPPORT',
     'MimeType': 'text/xml'},
    {'URL': 's3://nsidc-cumulus-prod-protected/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.h5.dmrpp',
     'Type': 'USER SUPPORT',
     'MimeType': 'application/vnd.opendap.dap4.dmrpp+xml'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.iso.xml',
     'Type': 'USER SUPPORT',
     'MimeType': 'text/xml'},
    {'URL': 'https://opendap.earthdata.nasa.gov/collections/C2613553260-NSIDC_CPRD/granules/ATL08_20230816182927_08792008_006_01.h5',
     'Type': 'USER SUPPORT'}]},
  'AssociatedBrowseImageUrls': {'ProviderBrowseUrl': [{'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.default.default1.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.default.default2.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 'https://data.nsidc.earthdatacloud.nasa.gov/nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.default.default1.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.default.default2.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt1r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt2r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3l.n_te_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.groundtrack.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.h_canopy_abs.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.h_te_median.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.n_ca_photons.jpg',
     'MimeType': 'image/jpeg'},
    {'URL': 's3://nsidc-cumulus-prod-public/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01_BRW.gt3r.n_te_photons.jpg',
     'MimeType': 'image/jpeg'}]}}}






Looks like we did get a result and will be able to learn a lot about it from available metadata. Let’s download the HDF file locally.

Establish a temporary directory to store the data file and display the path and filename:


[16]:





dataDir = './data'
if not os.path.exists(dataDir): os.mkdir(dataDir)
data = data_file.getData(dataDir)
data








[16]:







'./data/ATL08_20230816182927_08792008_006_01.h5'









Exploring the Data

There are two different ways we’ll open and look at the data: 1. Using xarray 2. Using h5py


1. xarray

First, let’s grab the S3 URL for direct access from our results above.


[17]:





s3_url = results[0]['Granule']['OnlineAccessURLs']['OnlineAccessURL'][1]['URL']
s3_url








[17]:







's3://nsidc-cumulus-prod-protected/ATLAS/ATL08/006/2023/08/16/ATL08_20230816182927_08792008_006_01.h5'






Now we can open a specific group within the HDF5 file using xarray.


[18]:





with s3_fsspec.open(s3_url) as f:
    atl08_track = xarray.open_dataset(f, group='gt1l/land_segments', engine="h5netcdf", phony_dims='sort')
atl08_track








[18]:





















<xarray.Dataset>
Dimensions:            (delta_time: 18690, ds_geosegments: 5, ds_surf_type: 5)
Coordinates:
  * delta_time         (delta_time) datetime64[ns] 2023-08-16T18:29:24.853128...
    latitude           (delta_time) float32 ...
    longitude          (delta_time) float32 ...
Dimensions without coordinates: ds_geosegments, ds_surf_type
Data variables: (12/41)
    asr                (delta_time) float32 ...
    atlas_pa           (delta_time) float32 ...
    beam_azimuth       (delta_time) float32 ...
    beam_coelev        (delta_time) float32 ...
    brightness_flag    (delta_time) float32 ...
    cloud_flag_atm     (delta_time) float32 ...
    ...                 ...
    snr                (delta_time) float32 ...
    solar_azimuth      (delta_time) float32 ...
    solar_elevation    (delta_time) float32 ...
    surf_type          (delta_time, ds_surf_type) int8 ...
    terrain_flg        (delta_time) float64 ...
    urban_flag         (delta_time) float64 ...
Attributes:
    Description:  Contains data categorized as land at 100 meter intervals.
    data_rate:    Data are stored as aggregates of 100 meters.
xarray.Dataset
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NISAR Access and Visualize

Authors: Sumant Jha (MSFC/USRA), Emile Tenezakis (DevSeed), Alex Mandel (DevSeed), Samuel Ayers (UAH)

Date: March 9, 2023

Description: In the following tutorial, we are going to look at how to access, read, and visualize simulated-NISAR data which is available from the NISAR mission. This mission is expected to launch in 2024.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

Unmanned Aerial Vehicle Synthetic Aperture Radar (UAVSAR)

This tutorial currently uses UAVSAR data, which has the purpose of mapping crustal deformations associated with natural hazards. UAVSAR data can also include topographic data which are derived from phase measurements. If two or more passes are made, UAVSAR data can be used to detect changes on the surface of the Earth, and is overall a highly useful tool in monitoring natural hazards and disasters. (Source: ESA eoPortal -
UAVSAR [https://www.eoportal.org/other-space-activities/uavsar#uavsar-unmanned-aerial-vehicle-synthetic-aperture-radar])

Note: UAVSAR is a predecessor to NASA-ISRO Synthetic Aperture Radar (NISAR), which is a mission that will likely be launched in 2024. At this time we are using UAVSAR data to simulate the data that we will get from the NISAR satellite.



Additional Resources


	Alaska Satellite Facility (ASF) UAVSAR [https://asf.alaska.edu/data-sets/sar-data-sets/uavsar/]


	JPL - NISAR Mission [https://nisar.jpl.nasa.gov/]


	JPL - SAR Overview [https://nisar.jpl.nasa.gov/mission/get-to-know-sar/overview/]


	ASF - SAR Media Resources [https://asf.alaska.edu/information/sar-information/fundamentals-of-synthetic-aperture-radar/]






Import and Install Packages

Before we start any work, we will need to prepare our Jupyter workspace with the necessary python packages. In this tutorial we rely on - h5py, numpy, glob, os, h5glance, osgeo, and matplotlib.

You might have some or all packages already installed. Follow the instructions below to check and install the packages required for this tutorial. The block below will check if your packages are available and install them if they are not.


[1]:





# %pip install h5py glob2 h5glance gdal matplotlib pystac-client







We also require that you have the gdal package installed out of the Jupyter environment to use: gdal_translate and gdalinfo. If on Mac OS, you might need to install the xcode package before being able to install gdal.

To install gdal outside the Jupyter environment, please follow the instructions here as it will vary by the OS you are using: https://gdal.org/download.html

Import installed packages to read the NISAR h5 files and look at the data structure.


[2]:





import h5py
import glob
import os
from h5glance import H5Glance
from pystac_client import Client









Download NISAR Data

NISAR data can be downloaded from https://uavsar.jpl.nasa.gov/cgi-bin/data.pl. At the time of this tutorial, there are 21033 NISAR products available through the above link. There are a few ways to download data that we can use. We can directly download an SLC file or we can download an H5 file and translate it to SLC to work with this tutorial. In this tutorial, we demonstrate how to get an H5 file, translate it to SLC and use it. Users can alternatively directly download SLC files.

We can browse the 129 NISAR mode products in the MAAP STAC catalog and retrieve its asset HREFs for download.


[3]:





cat = Client.open("https://stac.maap-project.org/")

items = list(cat.search(collections="nisar-sim", max_items=10).items())








[4]:





item_asset = items[0].assets["CX_129.h5"].href







Before downloading, we’ll create a new data directory to download the file into.


[5]:





# set data directory
dataDir = "./data"

# check if directory exists -> if directory doesn't exist, directory is created
if not os.path.exists(dataDir):
    os.mkdir(dataDir)








[6]:





# download the file using wget
!wget -P {dataDir} {item_asset}













--2023-09-18 14:52:57--  https://downloaduav.jpl.nasa.gov/Release2z/Haywrd_14501_21043_012_210602_L090_CX_02/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5
Resolving downloaduav.jpl.nasa.gov (downloaduav.jpl.nasa.gov)... 137.78.249.121
Connecting to downloaduav.jpl.nasa.gov (downloaduav.jpl.nasa.gov)|137.78.249.121|:443... connected.
HTTP request sent, awaiting response... 301 Moved Permanently
Location: https://uavsar.jpl.nasa.gov/Release2z/Haywrd_14501_21043_012_210602_L090_CX_02/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5 [following]
--2023-09-18 14:52:57--  https://uavsar.jpl.nasa.gov/Release2z/Haywrd_14501_21043_012_210602_L090_CX_02/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5
Resolving uavsar.jpl.nasa.gov (uavsar.jpl.nasa.gov)... 137.78.249.121
Connecting to uavsar.jpl.nasa.gov (uavsar.jpl.nasa.gov)|137.78.249.121|:443... connected.
HTTP request sent, awaiting response... 200 OK
Length: 1750205900 (1.6G)
Saving to: ‘./data/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5.2’

Haywrd_14501_21043_ 100%[===================>]   1.63G  53.5MB/s    in 35s

2023-09-18 14:53:40 (48.3 MB/s) - ‘./data/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5.2’ saved [1750205900/1750205900]







The file should now appear in the directory we created.

If you downloaded multiple H5 files, initialize an empty variable to store the names of all H5 files in the directory.


[7]:





nisar_list = []








[8]:





for file in glob.glob("./data*/*.h5"):
    nisar_list.append(file)
    print(file)













./data/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5








Explore the Data

Explore the structure of NISAR *.H5 file using H5glance.


[10]:





H5Glance(nisar_list[0])








[10]:






	./data/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5	science	LSAR	SLC	metadata	attitude	angularVelocity [📋]: 100 × 3 entries, dtype: float64
	attitudeType [📋]: scalar entries, dtype: 10-byte ASCII string
	eulerAngles [📋]: 100 × 3 entries, dtype: float64
	quaternions [📋]: 100 × 4 entries, dtype: float64
	time [📋]: 100 entries, dtype: float64


	calibrationInformation	frequencyA	HH	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	HV	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	VH	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	VV	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32




	frequencyB	HH	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	HV	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	VH	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32


	VV	elevationAntennaPattern [📋]: 392 × 225 entries, dtype: (r: float32, i: float32)
	nes0 [📋]: 392 × 225 entries, dtype: float32




	geometry	beta0 [📋]: 392 × 225 entries, dtype: float32
	gamma0 [📋]: 392 × 225 entries, dtype: float32
	sigma0 [📋]: 392 × 225 entries, dtype: float32


	slantRange [📋]: 225 entries, dtype: float64
	zeroDopplerTime [📋]: 392 entries, dtype: float64


	geolocationGrid	alongTrackUnitVectorX [📋]: 6 × 392 × 225 entries, dtype: float32
	alongTrackUnitVectorY [📋]: 6 × 392 × 225 entries, dtype: float32
	coordinateX [📋]: 6 × 392 × 225 entries, dtype: float64
	coordinateY [📋]: 6 × 392 × 225 entries, dtype: float64
	elevationAngle [📋]: 6 × 392 × 225 entries, dtype: float32
	epsg [📋]: scalar entries, dtype: int32
	groundTrackVelocity [📋]: 6 × 392 × 225 entries, dtype: float32
	heightAboveEllipsoid [📋]: 6 entries, dtype: float64
	incidenceAngle [📋]: 6 × 392 × 225 entries, dtype: float32
	losUnitVectorX [📋]: 6 × 392 × 225 entries, dtype: float32
	losUnitVectorY [📋]: 6 × 392 × 225 entries, dtype: float32
	slantRange [📋]: 225 entries, dtype: float64
	zeroDopplerTime [📋]: 392 entries, dtype: float64


	orbit	acceleration [📋]: 100 × 3 entries, dtype: float64
	orbitType [📋]: scalar entries, dtype: 10-byte ASCII string
	position [📋]: 100 × 3 entries, dtype: float64
	time [📋]: 100 entries, dtype: float64
	velocity [📋]: 100 × 3 entries, dtype: float64


	processingInformation	algorithms	ISCEVersion [📋]: scalar entries, dtype: 27-byte ASCII string
	SWSTCorrection [📋]: scalar entries, dtype: 27-byte ASCII string
	azimuthCompression [📋]: scalar entries, dtype: 27-byte ASCII string
	azimuthPresumming [📋]: scalar entries, dtype: 27-byte ASCII string
	dopplerCentroidEstimation [📋]: scalar entries, dtype: 27-byte ASCII string
	driftCompensator [📋]: scalar entries, dtype: 27-byte ASCII string
	elevationAntennaPatternCorrection [📋]: scalar entries, dtype: 27-byte ASCII string
	internalCalibration [📋]: scalar entries, dtype: 27-byte ASCII string
	patchProcessing [📋]: scalar entries, dtype: 27-byte ASCII string
	postProcessing [📋]: scalar entries, dtype: 27-byte ASCII string
	rangeCellMigration [📋]: scalar entries, dtype: 27-byte ASCII string
	rangeCompression [📋]: scalar entries, dtype: 27-byte ASCII string
	rangeDependentGainCorrection [📋]: scalar entries, dtype: 27-byte ASCII string
	rangeReferenceFunctionGenerator [📋]: scalar entries, dtype: 27-byte ASCII string
	rangeSpreadingLossCorrection [📋]: scalar entries, dtype: 27-byte ASCII string
	secondaryRangeCompression [📋]: scalar entries, dtype: 27-byte ASCII string


	inputs	attitudeFiles [📋]: 3 entries, dtype: 5-byte ASCII string
	auxcalFiles [📋]: 5 entries, dtype: 7-byte ASCII string
	configFiles [📋]: 7 entries, dtype: 11-byte ASCII string
	demFiles [📋]: 11 entries, dtype: 13-byte ASCII string
	l0bGranules [📋]: 23 entries, dtype: 29-byte ASCII string
	orbitFiles [📋]: 29 entries, dtype: 3-byte ASCII string


	parameters	frequencyA	azimuthFMRate [📋]: 392 × 225 entries, dtype: float64
	dopplerCentroid [📋]: 392 × 225 entries, dtype: float64


	frequencyB	azimuthFMRate [📋]: 392 × 225 entries, dtype: float64
	dopplerCentroid [📋]: 392 × 225 entries, dtype: float64


	azimuthChirpWeighting [📋]: 256 entries, dtype: float32
	effectiveVelocity [📋]: 392 × 225 entries, dtype: float64
	rangeChirpWeighting [📋]: 256 entries, dtype: float32
	referenceTerrainHeight [📋]: 392 entries, dtype: float32
	slantRange [📋]: 225 entries, dtype: float64
	zeroDopplerTime [📋]: 392 entries, dtype: float64






	swaths	frequencyA	HH [📋]: 15404 × 2640 entries, dtype: (r: float32, i: float32)
	HV [📋]: 15404 × 2640 entries, dtype: (r: float32, i: float32)
	VH [📋]: 15404 × 2640 entries, dtype: (r: float32, i: float32)
	VV [📋]: 15404 × 2640 entries, dtype: (r: float32, i: float32)
	acquiredCenterFrequency [📋]: scalar entries, dtype: float64
	acquiredRangeBandwidth [📋]: scalar entries, dtype: float64
	listOfPolarizations [📋]: 4 entries, dtype: 2-byte ASCII string
	nominalAcquisitionPRF [📋]: scalar entries, dtype: float64
	numberOfSubSwaths [📋]: scalar entries, dtype: uint8
	processedAzimuthBandwidth [📋]: scalar entries, dtype: float64
	processedCenterFrequency [📋]: scalar entries, dtype: float64
	processedRangeBandwidth [📋]: scalar entries, dtype: float64
	sceneCenterAlongTrackSpacing [📋]: scalar entries, dtype: float64
	sceneCenterGroundRangeSpacing [📋]: scalar entries, dtype: float64
	slantRange [📋]: 2640 entries, dtype: float64
	slantRangeSpacing [📋]: scalar entries, dtype: float64
	validSamplesSubSwath1 [📋]: 15404 × 2 entries, dtype: uint16


	frequencyB	HH [📋]: 15404 × 660 entries, dtype: (r: float32, i: float32)
	HV [📋]: 15404 × 660 entries, dtype: (r: float32, i: float32)
	VH [📋]: 15404 × 660 entries, dtype: (r: float32, i: float32)
	VV [📋]: 15404 × 660 entries, dtype: (r: float32, i: float32)
	acquiredCenterFrequency [📋]: scalar entries, dtype: float64
	acquiredRangeBandwidth [📋]: scalar entries, dtype: float64
	listOfPolarizations [📋]: 4 entries, dtype: 2-byte ASCII string
	nominalAcquisitionPRF [📋]: scalar entries, dtype: float64
	numberOfSubSwaths [📋]: scalar entries, dtype: uint8
	processedAzimuthBandwidth [📋]: scalar entries, dtype: float64
	processedCenterFrequency [📋]: scalar entries, dtype: float64
	processedRangeBandwidth [📋]: scalar entries, dtype: float64
	sceneCenterAlongTrackSpacing [📋]: scalar entries, dtype: float64
	sceneCenterGroundRangeSpacing [📋]: scalar entries, dtype: float64
	slantRange [📋]: 660 entries, dtype: float64
	slantRangeSpacing [📋]: scalar entries, dtype: float64
	validSamplesSubSwath1 [📋]: 15404 × 2 entries, dtype: uint16


	zeroDopplerTime [📋]: 15404 entries, dtype: float64
	zeroDopplerTimeSpacing [📋]: scalar entries, dtype: float64




	identification	absoluteOrbitNumber [📋]: scalar entries, dtype: uint32
	boundingPolygon [📋]: scalar entries, dtype: 95-byte ASCII string
	cycleNumber [📋]: scalar entries, dtype: 1-byte ASCII string
	diagnosticModeFlag [📋]: scalar entries, dtype: 11-byte ASCII string
	frameNumber [📋]: scalar entries, dtype: uint16
	isUrgentObservation [📋]: 5 entries, dtype: 5-byte ASCII string
	listOfFrequencies [📋]: 2 entries, dtype: 2-byte ASCII string
	lookDirection [📋]: scalar entries, dtype: 19-byte ASCII string
	missionId [📋]: scalar entries, dtype: 13-byte ASCII string
	orbitPassDirection [📋]: scalar entries, dtype: 23-byte ASCII string
	plannedDatatakeId [📋]: 3 entries, dtype: 29-byte ASCII string
	plannedObservationId [📋]: 5 entries, dtype: 3-byte ASCII string
	processingType [📋]: scalar entries, dtype: 17-byte ASCII string
	productType [📋]: scalar entries, dtype: 17-byte ASCII string
	productVersion [📋]: scalar entries, dtype: 16-byte ASCII string
	trackNumber [📋]: scalar entries, dtype: 5-byte ASCII string
	zeroDopplerEndTime [📋]: scalar entries, dtype: 27-byte ASCII string
	zeroDopplerStartTime [📋]: scalar entries, dtype: 27-byte ASCII string


















Convert the Data

Use gdal to convert HH polarization for frequencyA to ENVI SLC format and visualize it. (More example notebooks are provided here: https://github.com/isce-framework/sds-ondemand)

Before we go ahead and convert the HH polarization, check out the metadata information associated with it.


[11]:





path = f"HDF5:{nisar_list[0]}://science/LSAR/SLC/swaths/frequencyA/HH"
!gdalinfo {path}













Driver: HDF5Image/HDF5 Dataset
Files: ./data/Haywrd_14501_21043_012_210602_L090_CX_129_02.h5
Size is 2640, 15404
Metadata:
  contact=nisarops@jpl.nasa.gov
  Conventions=CF-1.7
  institution=NASA JPL
  mission_name=NISAR
  reference_document=TBD
  title=NISAR L1 SLC Product
Corner Coordinates:
Upper Left  (    0.0,    0.0)
Lower Left  (    0.0,15404.0)
Upper Right ( 2640.0,    0.0)
Lower Right ( 2640.0,15404.0)
Center      ( 1320.0, 7702.0)
Band 1 Block=128x128 Type=CFloat32, ColorInterp=Undefined
  Metadata:
    science_LSAR_SLC_swaths_frequencyA_HH_description=Focused SLC image (HH)
    science_LSAR_SLC_swaths_frequencyA_HH_units=DN






Translate the HH polarization into SLC files. SLC files are Single Look Complex files. More information can be found in the product description here [https://uavsar.jpl.nasa.gov/science/documents/nisar-sample-products.html#Product%20Description].


[12]:





path = f"HDF5:{nisar_list[0]}://science/LSAR/SLC/swaths/frequencyA/HH HH.slc"
!gdal_translate -of ENVI {path}













Input file size is 2640, 15404
0...10...20...30...40...50...60...70...80...90...100 - done.






Check the metadata again.


[13]:





!gdalinfo HH.slc













Driver: ENVI/ENVI .hdr Labelled
Files: HH.slc
       HH.slc.aux.xml
       HH.hdr
Size is 2640, 15404
Metadata:
  contact=nisarops@jpl.nasa.gov
  Conventions=CF-1.7
  institution=NASA JPL
  mission_name=NISAR
  reference_document=TBD
  title=NISAR L1 SLC Product
Image Structure Metadata:
  INTERLEAVE=BAND
Corner Coordinates:
Upper Left  (    0.0,    0.0)
Lower Left  (    0.0,15404.0)
Upper Right ( 2640.0,    0.0)
Lower Right ( 2640.0,15404.0)
Center      ( 1320.0, 7702.0)
Band 1 Block=2640x1 Type=CFloat32, ColorInterp=Undefined
  Metadata:
    science_LSAR_SLC_swaths_frequencyA_HH_description=Focused SLC image (HH)
    science_LSAR_SLC_swaths_frequencyA_HH_units=DN








Visualize

Finally, lets plot amplitude and phase.


[14]:





import numpy as np
import rasterio
import matplotlib.pyplot as plt


# Extract a subset of the SLC to display
x0 = 0
y0 = 10
x_offset = 1000
y_offset = 1000

with rasterio.open("HH.slc") as ds:
    # Define the window of data to read
    window = rasterio.windows.Window(x0, y0, x_offset, y_offset)

    # Read the data from the specified window
    slc = ds.read(1, window=window)
    print(slc)

fig = plt.figure(figsize=(14, 12))

# Display amplitude of the slc
ax = fig.add_subplot(2, 1, 1)
ax.imshow(np.abs(slc), vmin=-2, vmax=2, cmap="gray")
ax.set_title("amplitude")

# Display phase of the slc
ax = fig.add_subplot(2, 1, 2)
ax.imshow(np.angle(slc))
ax.set_title("phase")

plt.show()













/opt/conda/lib/python3.10/site-packages/rasterio/__init__.py:304: NotGeoreferencedWarning: Dataset has no geotransform, gcps, or rpcs. The identity matrix will be returned.
  dataset = DatasetReader(path, driver=driver, sharing=sharing, **kwargs)












[[ 2.46178992e-02-0.01162272j  2.06204206e-02+0.0438217j
   2.01302450e-02-0.00866299j ... -3.71712632e-03+0.00754739j
  -3.99701595e-02+0.01584719j  4.39935476e-02+0.03462401j]
 [-5.99635430e-02-0.04907523j -1.78322736e-02-0.04193708j
   4.85753343e-02-0.00152001j ... -3.92718357e-04+0.03611586j
   3.35564204e-02+0.0750533j  -2.58343443e-02+0.00963823j]
 [-1.27040278e-02+0.00876454j  9.38015990e-03+0.01417367j
  -1.09148119e-02-0.00828656j ... -1.72818732e-02-0.08329829j
   5.43021038e-03-0.03845887j -2.69295573e-02-0.03714512j]
 ...
 [-1.18659958e-02-0.04372251j -4.90541667e-01-0.04433485j
  -6.41287342e-02+0.12093218j ... -8.06556106e-01+0.35332313j
   2.51429707e-01-0.24497119j  2.09877625e-01+0.43311965j]
 [ 1.27028033e-01+0.08081798j -1.80030346e-01-0.05467323j
  -1.05361664e+00-0.45684314j ... -8.28622878e-01-0.33322746j
  -1.37368396e-01-0.42675552j  3.07213575e-01-0.02091259j]
 [ 1.09616600e-01-0.02663859j -1.23310655e-01+0.22490016j
  -9.74314928e-01+0.17205611j ... -4.84358639e-01-0.2353034j
  -8.60485807e-02+0.06121469j  2.02866718e-02+0.14383014j]]











[image: ../../_images/science_NISAR_NISAR_access_30_2.png]
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AfriSAR Search and Visualize

Authors: Nikita Susan (UAH), Aimee Barciauskas (DevSeed)

Date: January 17, 2023

Description: In this tutorial, we will search for AfriSAR AGB (Above Ground Biomass) data and download a TIFF file from the ORNL DAAC S3. The TIFF file will then be read in with rioxarray and visualized using hvplot.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About the Data

“This dataset provides gridded estimates of aboveground biomass (AGB) for four sites in Gabon at 0.25 ha (50 m) resolution derived with field measurements and airborne LiDAR data collected from 2010 to 2016. The sites represent a mix of forested, savannah, and some agricultural and disturbed landcover types: Lope site, within Lope National Park; Mabounie, mostly forested site; Mondah Forest, protected area; and the Rabi forest site, part of the Smithsonian Institution of Global Earth
Observatories world-wide network of forest plots. Plot-level biophysical measurements of tree diameter and tree height (or estimated by allometry) were performed at 1 ha and 0.25 ha scales on multiple plots at each site and used to derive AGB for each tree and then summed for each plot. Aerial LiDAR scans were used to construct digital elevation models (DEM) and digital surface models (DSM), and then the DEM and DSM were used to construct a canopy height model (CHM) at 1 m resolution. After
checking site-plot locations against the CHM, mean canopy height (MCH) was computed over each 0.25 ha. A single regression model relating MCH and AGB estimates, incorporating local height based on the trunk DBH (HD) relationships, was produced for all sites and combined with the CHM layer to construct biomass maps at 0.25 ha resolution.” (Source: AfriSAR AGB User Guide [https://daac.ornl.gov/AFRISAR/guides/AfriSAR_AGB_Maps.html])



Additional Resources


	AfriSAR AGB Dataset Landing Page [https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1681]


	Earthdata Search [https://search.earthdata.nasa.gov/search?q=AfriSAR_AGB_Maps_1681]






Import and Install Packages

First, let’s import and install packages. If you don’t have the packages below installed already, uncomment the following line.


[ ]:





# !pip install rioxarray hvplot








[38]:





import rioxarray
import rasterio as rio
import hvplot.xarray
from maap.maap import MAAP
import boto3
from rasterio.session import AWSSession
import os

import warnings
warnings.filterwarnings("ignore")









Search for AfriSAR AGB Data

Using MAAP’s searchCollection function and the collection short name, we’ll pull in the AfriSAR_AGB_Maps_1681 collection.


[8]:





maap = MAAP(maap_host='api.maap-project.org')








[83]:





results = maap.searchCollection(cmr_host='cmr.earthdata.nasa.gov', short_name='AfriSAR_AGB_Maps_1681')
results








[83]:







[{'concept-id': 'C2734261660-ORNL_CLOUD',
  'revision-id': '2',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'AfriSAR_AGB_Maps_1681',
   'VersionId': '1',
   'InsertTime': '2022-11-28T00:00:00Z',
   'LastUpdate': '2023-07-17T18:24:39Z',
   'LongName': 'AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and Rabi Sites, Gabon',
   'DataSetId': 'AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and Rabi Sites, Gabon',
   'Description': 'This dataset provides gridded estimates of aboveground biomass (AGB) for four sites in Gabon at 0.25 ha (50 m) resolution derived with field measurements and airborne LiDAR data collected from 2010 to 2016. The sites represent a mix of forested, savannah, and some agricultural and disturbed landcover types: Lope site, within Lope National Park; Mabounie, mostly forested site; Mondah Forest, protected area; and the Rabi forest site, part of the Smithsonian Institution of Global Earth Observatories world-wide network of forest plots. Plot-level biophysical measurements of tree diameter and tree height (or estimated by allometry) were performed at 1 ha and 0.25 ha scales on multiple plots at each site and used to derive AGB for each tree and then summed for each plot. Aerial LiDAR scans were used to construct digital elevation models (DEM) and digital surface models (DSM), and then the DEM and DSM were used to construct a canopy height model (CHM) at 1 m resolution. After checking site-plot locations against the CHM, mean canopy height (MCH) was computed over each 0.25 ha. A single regression model relating MCH and AGB estimates, incorporating local height based on the trunk DBH (HD) relationships, was produced for all sites and combined with the CHM layer to construct biomass maps at 0.25 ha resolution.',
   'DOI': {'DOI': '10.3334/ORNLDAAC/1681', 'Authority': 'https://doi.org'},
   'Orderable': 'false',
   'Visible': 'true',
   'RevisionDate': '2022-11-28T00:00:00Z',
   'ProcessingLevelId': '3',
   'ProcessingLevelDescription': 'Variables mapped on uniform space-time grid scales with completeness and consistency',
   'ArchiveCenter': 'ORNL_DAAC',
   'CitationForExternalPublication': 'Saatchi, S.S., J. Chave, N. Labriere, N. Barbier, M. Maxime-Rejou, A. Ferraz, and S. Tao. 2019. AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and Rabi Sites, Gabon. ORNL DAAC, Oak Ridge, Tennessee, USA. https://doi.org/10.3334/ORNLDAAC/1681',
   'CollectionState': 'COMPLETE',
   'MaintenanceAndUpdateFrequency': 'As needed',
   'UseConstraints': {'LicenseURL': {'URL': 'https://science.nasa.gov/earth-science/earth-science-data/data-information-policy',
     'Description': 'License URL for data use policy',
     'Type': 'Data Use Policy',
     'MimeType': 'text/html'}},
   'Price': '0',
   'DataFormat': 'GeoTIFF',
   'SpatialKeywords': {'Keyword': 'GABON'},
   'Temporal': {'RangeDateTime': {'BeginningDateTime': '2016-02-01T00:00:00Z',
     'EndingDateTime': '2016-03-31T23:59:59Z'}},
   'Contacts': {'Contact': {'Role': 'ARCHIVER',
     'OrganizationName': 'ORNL_DAAC',
     'OrganizationAddresses': {'Address': {'StreetAddress': 'ORNL DAAC User Services Office, P.O. Box 2008, MS 6407, Oak Ridge National Laboratory',
       'City': 'Oak Ridge',
       'StateProvince': 'Tennessee',
       'PostalCode': '37831-6407',
       'Country': 'USA'}},
     'OrganizationPhones': {'Phone': {'Number': '(865) 241-3952',
       'Type': 'Direct Line'}},
     'OrganizationEmails': {'Email': 'uso@daac.ornl.gov'}}},
   'ScienceKeywords': {'ScienceKeyword': [{'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'BIOSPHERE',
      'TermKeyword': 'ECOSYSTEMS',
      'VariableLevel1Keyword': {'Value': 'TERRESTRIAL ECOSYSTEMS',
       'VariableLevel2Keyword': {'Value': 'FORESTS'}}},
     {'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'BIOSPHERE',
      'TermKeyword': 'VEGETATION',
      'VariableLevel1Keyword': {'Value': 'BIOMASS'}},
     {'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'BIOSPHERE',
      'TermKeyword': 'VEGETATION',
      'VariableLevel1Keyword': {'Value': 'CARBON'}}]},
   'Platforms': {'Platform': [{'ShortName': 'FIELD SURVEYS',
      'LongName': 'FIELD SURVEYS',
      'Type': 'Field Sites',
      'Instruments': {'Instrument': {'ShortName': 'STEEL MEASURING TAPE',
        'LongName': 'STEEL MEASURING TAPE'}}},
     {'ShortName': 'Airplane',
      'LongName': 'Airplane',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LIDAR',
        'LongName': 'Light Detection and Ranging'}}},
     {'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor'}}}]},
   'Campaigns': {'Campaign': {'ShortName': 'AfriSAR', 'LongName': 'AfriSAR'}},
   'OnlineAccessURLs': {'OnlineAccessURL': {'URL': 'https://daac.ornl.gov/afrisar/AfriSAR_AGB_Maps/',
     'URLDescription': 'This link allows direct data access via Earthdata login'}},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://daac.ornl.gov/AFRISAR/guides/AfriSAR_AGB_Maps.html',
      'Description': 'ORNL DAAC Data Set Documentation',
      'Type': "USER'S GUIDE"},
     {'URL': 'https://doi.org/10.3334/ORNLDAAC/1681',
      'Description': 'Data set Landing Page DOI URL',
      'Type': 'DATA SET LANDING PAGE'},
     {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/afrisar/AfriSAR_AGB_Maps/comp/AfriSAR_AGB_Maps.pdf',
      'Description': 'AfriSAR: Aboveground Biomass Maps for Lope, Mabounie, Mondah, and Rabi, Gabon, 2016: AfriSAR_AGB_Maps.pdf',
      'Type': 'GENERAL DOCUMENTATION'},
     {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/afrisar/AfriSAR_AGB_Maps/comp/AfriSAR_AGB_Maps_PlotDetails.csv',
      'Description': 'AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and Rabi Sites, Gabon: AfriSAR_AGB_Maps_PlotDetails.csv',
      'Type': 'GENERAL DOCUMENTATION'},
     {'URL': 'https://daac.ornl.gov/AFRISAR/guides/AfriSAR_AGB_Maps_Fig1.png',
      'Description': 'Aboveground biomass (AGB) map at 0.25-ha resolution for the Mondah study site. Source: Mabounie_AGB_50m.tif',
      'Type': 'GET RELATED VISUALIZATION',
      'MimeType': 'image/png'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '9.30',
       'NorthBoundingCoordinate': '0.61',
       'EastBoundingCoordinate': '11.64',
       'SouthBoundingCoordinate': '-1.95'}}},
    'GranuleSpatialRepresentation': 'CARTESIAN'},
   'DirectDistributionInformation': {'Region': 'us-west-2',
    'S3BucketAndObjectPrefixName': 's3://ornl-cumulus-prod-protected/afrisar/AfriSAR_AGB_Maps/',
    'S3CredentialsAPIEndpoint': 'https://data.ornldaac.earthdata.nasa.gov/s3credentials',
    'S3CredentialsAPIDocumentationURL': 'https://data.ornldaac.earthdata.nasa.gov/s3credentialsREADME'}}}]






Using the searchGranule function and the concept-id from our collection search, we can also discover granules within the collection. For this tutorial, we’ll be visualizing the third granule in the collection, so let’s retrieve that one. This granule is of the Rabi forest site.


[84]:





granules = maap.searchGranule(cmr_host = 'cmr.earthdata.nasa.gov', concept_id = 'C2734261660-ORNL_CLOUD')
granules[3]








[84]:







{'concept-id': 'G2734344223-ORNL_CLOUD',
 'collection-concept-id': 'C2734261660-ORNL_CLOUD',
 'revision-id': '1',
 'format': 'application/echo10+xml',
 'Granule': {'GranuleUR': 'AfriSAR_AGB_Maps.Rabi_AGB_50m.tif',
  'InsertTime': '2022-11-28T00:00:00Z',
  'LastUpdate': '2023-07-17T18:24:45Z',
  'Collection': {'ShortName': 'AfriSAR_AGB_Maps_1681', 'VersionId': '1'},
  'DataGranule': {'DataGranuleSizeInBytes': '14109',
   'SizeMBDataGranule': '0.014109',
   'Checksum': {'Value': '514dca209ed19076e5bdf2595af86af2a76d7a318ad76cc56480fc4a8bb26fba',
    'Algorithm': 'SHA-256'},
   'DayNightFlag': 'BOTH',
   'ProductionDateTime': '2022-11-28T00:00:00Z'},
  'Temporal': {'RangeDateTime': {'BeginningDateTime': '2016-02-01T00:00:00Z',
    'EndingDateTime': '2016-03-31T23:59:59Z'}},
  'Spatial': {'HorizontalSpatialDomain': {'Geometry': {'BoundingRectangle': {'WestBoundingCoordinate': '9.85914',
      'NorthBoundingCoordinate': '-1.90031',
      'EastBoundingCoordinate': '9.90636',
      'SouthBoundingCoordinate': '-1.94602'}}}},
  'MeasuredParameters': {'MeasuredParameter': [{'ParameterName': 'FORESTS'},
    {'ParameterName': 'CARBON'},
    {'ParameterName': 'BIOMASS'}]},
  'Platforms': {'Platform': [{'ShortName': 'FIELD SURVEYS',
     'Instruments': {'Instrument': {'ShortName': 'STEEL MEASURING TAPE'}}},
    {'ShortName': 'Airplane',
     'Instruments': {'Instrument': {'ShortName': 'LIDAR'}}},
    {'ShortName': 'B-200',
     'Instruments': {'Instrument': {'ShortName': 'LVIS'}}}]},
  'Campaigns': {'Campaign': {'ShortName': 'AfriSAR'}},
  'Price': '0',
  'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://data.ornldaac.earthdata.nasa.gov/protected/afrisar/AfriSAR_AGB_Maps/data/Rabi_AGB_50m.tif',
     'URLDescription': 'Download Rabi_AGB_50m.tif',
     'MimeType': 'image/tiff'},
    {'URL': 'https://data.ornldaac.earthdata.nasa.gov/public/afrisar/AfriSAR_AGB_Maps/data/Rabi_AGB_50m.tif.sha256',
     'URLDescription': 'Download Rabi_AGB_50m.tif.sha256'},
    {'URL': 's3://ornl-cumulus-prod-protected/afrisar/AfriSAR_AGB_Maps/data/Rabi_AGB_50m.tif',
     'URLDescription': 'This link provides direct download access via S3 to the granule',
     'MimeType': 'image/tiff'}]},
  'OnlineResources': {'OnlineResource': [{'URL': 'https://daac.ornl.gov/AFRISAR/guides/AfriSAR_AGB_Maps.html',
     'Description': 'ORNL DAAC Data Set Documentation',
     'Type': "USER'S GUIDE"},
    {'URL': 'https://doi.org/10.3334/ORNLDAAC/1681',
     'Description': 'Data set Landing Page DOI URL',
     'Type': 'DATA SET LANDING PAGE'},
    {'URL': 'https://daac.ornl.gov/daacdata/afrisar/AfriSAR_AGB_Maps/comp/AfriSAR_AGB_Maps.pdf',
     'Description': 'Data Set Documentation',
     'Type': 'GENERAL DOCUMENTATION'},
    {'URL': 'https://daac.ornl.gov/daacdata/afrisar/AfriSAR_AGB_Maps/comp/AfriSAR_AGB_Maps_PlotDetails.csv',
     'Description': 'Data Set Documentation',
     'Type': 'GENERAL DOCUMENTATION'},
    {'URL': 'https://data.ornldaac.earthdata.nasa.gov/s3credentials',
     'Description': 'api endpoint to retrieve temporary credentials valid for same-region direct s3 access',
     'Type': 'VIEW RELATED INFORMATION'}]},
  'Orderable': 'false',
  'DataFormat': 'COG'}}








Download the Granule File

We’ll download our file directly from the ORNL DAAC S3.

Let’s pull in the collection and file name for the granule of interest.


[70]:





granule_ur=granules[3]['Granule']['GranuleUR'].split(".")
collection_name=granule_ur[0]
file_name=granule_ur[1]








[71]:





print(f"collection name: {collection_name} | file_name: {file_name}")













collection name: AfriSAR_AGB_Maps | file_name: Rabi_AGB_50m






Next, we will request temporary s3 credentials for the ORNL DAAC. Once these credentials are given, the file can be downloaded to our workspace.


[72]:





def get_s3_creds(url):
    return maap.aws.earthdata_s3_credentials(url)

def get_s3_client(s3_cred_endpoint):
    creds=get_s3_creds(s3_cred_endpoint)
    boto3_session = boto3.Session(
            aws_access_key_id=creds['accessKeyId'],
            aws_secret_access_key=creds['secretAccessKey'],
            aws_session_token=creds['sessionToken']
    )
    return boto3_session.client("s3")

def download_s3_file(s3, bucket, collection_name, file_name):
    os.makedirs("/projects/afrisar", exist_ok=True) # create directories, as necessary
    download_path=f"/projects/afrisar/{file_name}.tif"
    s3.download_file(bucket, f"afrisar/{collection_name}/data/{file_name}.tif", download_path)
    return download_path








[73]:





s3_cred_endpoint= 'https://data.ornldaac.earthdata.nasa.gov/s3credentials'
s3=get_s3_client(s3_cred_endpoint)








[74]:





bucket="ornl-cumulus-prod-protected"
download_path=download_s3_file(s3, bucket, collection_name, file_name)
download_path








[74]:







'/projects/afrisar/Rabi_AGB_50m.tif'








Read and Visualize

Read in our file with rioxarray…


[75]:





da = rioxarray.open_rasterio(download_path)
da = da.squeeze('band', drop=True)
da








[75]:





















<xarray.DataArray (y: 101, x: 105)>
[10605 values with dtype=float32]
Coordinates:
  * x            (x) float64 5.956e+05 5.956e+05 ... 6.007e+05 6.008e+05
  * y            (y) float64 9.79e+06 9.79e+06 9.79e+06 ... 9.785e+06 9.785e+06
    spatial_ref  int64 0
Attributes:
    AREA_OR_POINT:  Area
    _FillValue:     -9999.0
    scale_factor:   1.0
    add_offset:     0.0
xarray.DataArray

	y: 101
	x: 105
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LVIS Access and Explore

Authors: Rajat Shinde (UAH), Sheyenne Kirkland (UAH), Alex Mandel (DevSeed), Jamison French (DevSeed), Emile Tenezakis (DevSeed), Brian Freitag (NASA MSFC)

Date: August 22, 2023

Description: In this tutorial, we will explore the LVIS (Land Vegetation and Ice Sensor) based data products and work on accessing these data products using MAAP.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: It is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



Importing Packages

We import the os module, import the MAAP package, and create a new MAAP class instance.


[ ]:





# import os module
import os

# import the MAAP package to handle queries
from maap.maap import MAAP

# import printing package to help display outputs
from pprint import pprint

# invoke the MAAP search client
maap = MAAP()









Creating a Data Directory for this Tutorial


[14]:





# set data directory path
dataDir = './data'

# check if directory exists -> if directory doesn't exist, directory is created
if not os.path.exists(dataDir):
    os.mkdir(dataDir)







After executing the previous cell, we can observe that the data directory has been created and all the files in this tutorial will be downloaded to this directory.


Accessing the LVIS Facility L1B Geolocated Return Energy Waveforms V001




About the Dataset

The LVIS Facility L1B Geolocated Return Energy Waveforms V001 dataset [https://doi.org/10.5067/XQJ8PN8FTIDG] contains Level-1B geolocated return energy waveforms collected by the NASA Land, Vegetation and Ice Sensor (LVIS) Facility, an imaging lidar and camera sensor suite. The short name for this collection is LVISF1B. This short name is used for searching this collection in the NASA CMR using the searchCollection() method.



Searching the Collection


[15]:





lvisf1b_collections = maap.searchCollection(
    short_name='LVISF1B',
    version='1',
    cmr_host='cmr.earthdata.nasa.gov'
)
lvisf1b_collections








[15]:







[{'concept-id': 'C1723866745-NSIDC_ECS',
  'revision-id': '38',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'LVISF1B',
   'VersionId': '1',
   'InsertTime': '2023-08-22T18:01:08.485Z',
   'LastUpdate': '2023-08-22T18:01:08.485Z',
   'LongName': 'Not provided',
   'DataSetId': 'LVIS Facility L1B Geolocated Return Energy Waveforms V001',
   'Description': 'This data set contains Level-1B geolocated return energy waveforms collected by the NASA Land, Vegetation, and Ice Sensor (LVIS) Facility, an imaging lidar and camera sensor suite.',
   'DOI': {'DOI': '10.5067/XQJ8PN8FTIDG'},
   'StandardProduct': 'false',
   'RevisionDate': '2023-05-31T00:00:00.000Z',
   'SuggestedUsage': 'Scientific Research',
   'ProcessingCenter': 'NASA/GSFC/SED/ESD/LRSL',
   'ProcessingLevelId': 'Level 1B',
   'ProcessingLevelDescription': 'Sensor units',
   'ArchiveCenter': 'NASA NSIDC DAAC',
   'CollectionState': 'PLANNED',
   'RestrictionComment': ' These data are freely, openly, and fully accessible, provided that you are logged into your NASA Earthdata profile (https://urs.earthdata.nasa.gov/).',
   'UseConstraints': {'LicenseText': ' These data are freely, openly, and fully available to use without restrictions, provided that you cite the data according to the recommended citation at https://nsidc.org/about/use_copyright.html. For more information on the NASA EOSDIS Data Use Policy, see https://earthdata.nasa.gov/earth-observation-data/data-use-policy.'},
   'DataFormat': 'HDF5',
   'SpatialKeywords': {'Keyword': ['CANADA',
     'GREENLAND',
     'UNITED STATES OF AMERICA',
     'COSTA RICA',
     'FRENCH GUIANA']},
   'Temporal': {'EndsAtPresentFlag': 'false',
    'RangeDateTime': {'BeginningDateTime': '2018-11-07T00:00:00.000Z'}},
   'Contacts': {'Contact': [{'Role': 'ARCHIVER',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'DISTRIBUTOR',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'PROCESSOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'ORIGINATOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'TECHNICAL CONTACT',
      'ContactPersons': {'ContactPerson': [{'FirstName': 'NSIDC',
         'MiddleName': 'User',
         'LastName': 'Services',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'}]}}]},
   'ScienceKeywords': {'ScienceKeyword': {'CategoryKeyword': 'EARTH SCIENCE',
     'TopicKeyword': 'SPECTRAL/ENGINEERING',
     'TermKeyword': 'INFRARED WAVELENGTHS',
     'VariableLevel1Keyword': {'Value': 'SENSOR COUNTS'}}},
   'Platforms': {'Platform': [{'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-III',
      'LongName': 'Gulfstream III',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-V',
      'LongName': 'Gulfstream V',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'P-3B',
      'LongName': 'Lockheed P-3B Orion',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}}]},
   'AdditionalAttributes': {'AdditionalAttribute': [{'Name': 'AircraftID',
      'DataType': 'STRING',
      'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft'},
     {'Name': 'SIPSMetGenVersion',
      'DataType': 'STRING',
      'Description': 'The version of the SIPSMetGen software used to produce the metadata file for this granule'},
     {'Name': 'ThemeID',
      'DataType': 'STRING',
      'Description': 'The identifier of the theme under which data are logically grouped'},
     {'Name': 'identifier_product_doi',
      'DataType': 'STRING',
      'Description': 'Digital object identifier that uniquely identifies this data product'},
     {'Name': 'identifier_product_doi_authority',
      'DataType': 'STRING',
      'Description': 'URL of the digital object identifier resolving authority'}]},
   'Campaigns': {'Campaign': [{'ShortName': 'ABoVE',
      'LongName': 'Arctic-Boreal Vulnerability Experiment (ABoVE) NASA field campaign',
      'StartDate': '2017-06-29T00:00:00.000Z',
      'EndDate': '2017-07-17T00:00:00.000Z'},
     {'ShortName': 'GEDI',
      'LongName': "NASA's Global Ecosystem Dynamics Investigation",
      'StartDate': '2019-01-01T00:00:00.000Z',
      'EndDate': '2019-12-31T00:00:00.000Z'},
     {'ShortName': 'MULTI_NASA',
      'LongName': 'Operation IceBridge Multiple Campaigns',
      'StartDate': '1993-01-01T00:00:00.000Z',
      'EndDate': '2025-12-31T00:00:00.000Z'}]},
   'SpatialInfo': {'SpatialCoverageType': 'HORIZONTAL'},
   'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://n5eil01u.ecs.nsidc.org/ICEBRIDGE/LVISF1B.001/',
      'URLDescription': 'Direct download via HTTPS protocol.'},
     {'URL': 'https://search.earthdata.nasa.gov/search?q=LVISF1B+V001',
      'URLDescription': "NASA's newest search and order tool for subsetting, reprojecting, and reformatting data."},
     {'URL': 'https://nsidc.org/data/data-access-tool/LVISF1B/versions/1/',
      'URLDescription': 'Search and filter data files using a map-based interface'}]},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://doi.org/10.5067/XQJ8PN8FTIDG',
      'Description': 'Provides access to data, documentation, tools, citation information, support, and other resources.',
      'Type': 'CollectionURL : DATA SET LANDING PAGE'},
     {'URL': 'https://doi.org/10.5067/XQJ8PN8FTIDG',
      'Description': "Includes a user's guide, supplemental documents like ATBDs and academic papers, How Tos, FAQs, etc.",
      'Type': 'VIEW RELATED INFORMATION : GENERAL DOCUMENTATION'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '-167.0',
       'NorthBoundingCoordinate': '88.0',
       'EastBoundingCoordinate': '18.0',
       'SouthBoundingCoordinate': '2.0'}}},
    'GranuleSpatialRepresentation': 'GEODETIC'}}}]






The above cell searches and generates the metadata associated with the LVISF1B collection. The concept-id in the above output is important and defines the collection id. Using this collection id (See COLLECTION_ID below), we will be searching for the granules in this collection.



Searching and Downloading a Granule

We use searchGranule() method for searching granules in a particular collection. Once the list of granules is retrieved, we can download a granule to above-defined path by using the getData() method.


[16]:





COLLECTION_ID = lvisf1b_collections[0]["concept-id"]

results = maap.searchGranule(
    concept_id=COLLECTION_ID,
    cmr_host="cmr.earthdata.nasa.gov"
)
pprint(f'Got {len(results)} results')


#Validating download
filename = results[0].getData(dataDir)
print(filename)













'Got 20 results'
./data/LVISF1B_US2018_1107_R2011_067463.h5








Validating the Downloaded Product

The downloaded product is stored in a Hierarchical Data Format, Version 5 or HDF5 file format (.h5). Such files can be accessed in Python by using the h5py [https://pypi.org/project/h5py/] library.


[17]:





#Testing the HDF5 files
import h5py
with h5py.File(filename, "r") as f:
    print("Keys: %s" % f.keys())
    # get first object name/key; may or may NOT be a group
    a_group_key = list(f.keys())[0]

    # get the object type for a_group_key: usually group or dataset
    print(type(f[a_group_key]))

    # If a_group_key is a group name,
    # this gets the object names in the group and returns as a list
    data = list(f[a_group_key])

    # If a_group_key is a dataset name,
    # this gets the dataset values and returns as a list
    data = list(f[a_group_key])
    # preferred methods to get dataset values:
    ds_obj = f[a_group_key]      # returns as a h5py dataset object
    ds_arr = f[a_group_key][()]  # returns as a numpy array

    print(ds_arr)













Keys: <KeysViewHDF5 ['AZIMUTH', 'INCIDENTANGLE', 'LAT0', 'LAT1215', 'LFID', 'LON0', 'LON1215', 'RANGE', 'RXWAVE', 'SHOTNUMBER', 'SIGMEAN', 'TIME', 'TXWAVE', 'Z0', 'Z1215', 'ancillary_data']>
<class 'h5py._hl.dataset.Dataset'>
[159.14177  159.4966   158.7841   ... 127.461716 124.07847  124.752396]






Since we are able to access data values from the downloaded granule, it is justified that the downloaded file is a valid data product.


Acessing the ABoVE LVIS L1B Geolocated Return Energy Waveforms V001




About the Dataset

The ABoVE LVIS L1B Geolocated Return Energy Waveforms V001 dataset [https://doi.org/10.5067/UMRAWS57QAFU] contains return energy waveform data over Alaska and Western Canada measured by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of NASA’s Terrestrial Ecology Program campaign, the Arctic-Boreal Vulnerability Experiment (ABoVE). The short name for this collection is ABLVIS1B.



Searching the Collection


[18]:





ablvis1b_collections = maap.searchCollection(
    short_name='ABLVIS1B',
    version='1',
    cmr_host='cmr.earthdata.nasa.gov'
)
ablvis1b_collections








[18]:







[{'concept-id': 'C1513105920-NSIDC_ECS',
  'revision-id': '49',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'ABLVIS1B',
   'VersionId': '1',
   'InsertTime': '2023-08-22T16:58:08.001Z',
   'LastUpdate': '2023-08-22T16:58:08.001Z',
   'LongName': 'Not provided',
   'DataSetId': 'ABoVE LVIS L1B Geolocated Return Energy Waveforms V001',
   'Description': "This data set contains return energy waveform data over Alaska and Western Canada measured by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of NASA's Terrestrial Ecology Program campaign, the Arctic-Boreal Vulnerability Experiment (ABoVE).",
   'DOI': {'DOI': '10.5067/UMRAWS57QAFU'},
   'StandardProduct': 'false',
   'RevisionDate': '2023-07-05T00:00:00.000Z',
   'SuggestedUsage': 'Scientific Research',
   'ProcessingCenter': 'NASA/GSFC/SED/ESD/LRSL',
   'ProcessingLevelId': 'Level 1B',
   'ProcessingLevelDescription': 'Sensor units',
   'ArchiveCenter': 'NASA NSIDC DAAC',
   'CollectionState': 'PLANNED',
   'RestrictionComment': ' These data are freely, openly, and fully accessible, provided that you are logged into your NASA Earthdata profile (https://urs.earthdata.nasa.gov/).',
   'UseConstraints': {'LicenseText': ' These data are freely, openly, and fully available to use without restrictions, provided that you cite the data according to the recommended citation at https://nsidc.org/about/use_copyright.html. For more information on the NASA EOSDIS Data Use Policy, see https://earthdata.nasa.gov/earth-observation-data/data-use-policy.'},
   'DataFormat': 'HDF5',
   'SpatialKeywords': {'Keyword': ['ALASKA', 'CANADA']},
   'Temporal': {'EndsAtPresentFlag': 'false',
    'RangeDateTime': {'BeginningDateTime': '2017-06-29T00:00:00.000Z',
     'EndingDateTime': '2017-07-17T23:59:59.999Z'}},
   'Contacts': {'Contact': [{'Role': 'ARCHIVER',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'DISTRIBUTOR',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'PROCESSOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'ORIGINATOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'TECHNICAL CONTACT',
      'ContactPersons': {'ContactPerson': [{'FirstName': 'NSIDC',
         'MiddleName': 'User',
         'LastName': 'Services',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'}]}}]},
   'ScienceKeywords': {'ScienceKeyword': {'CategoryKeyword': 'EARTH SCIENCE',
     'TopicKeyword': 'SPECTRAL/ENGINEERING',
     'TermKeyword': 'INFRARED WAVELENGTHS',
     'VariableLevel1Keyword': {'Value': 'SENSOR COUNTS'}}},
   'Platforms': {'Platform': [{'ShortName': 'AIRCRAFT',
      'LongName': 'Not provided',
      'Type': 'Aircraft',
      'Instruments': {'Instrument': [{'ShortName': 'ALTIMETERS',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'ALTIMETERS'}}},
        {'ShortName': 'LASERS',
         'LongName': 'Light Amplification by Stimulated Emission of Radiation',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'LASERS',
           'LongName': 'Light Amplification by Stimulated Emission of Radiation'}}}]}},
     {'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'C-130',
      'LongName': 'Lockheed C-130 Hercules',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'DC-8',
      'LongName': 'Douglas DC-8',
      'Type': 'Aircraft',
      'Characteristics': {'Characteristic': {'Name': 'AircraftID',
        'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft',
        'DataType': 'STRING',
        'Unit': 'Not Applicable',
        'Value': 'N817NA'}},
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-V',
      'LongName': 'Gulfstream V',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'HU-25C',
      'LongName': 'Dassault HU-25C Guardian',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'P-3B',
      'LongName': 'Lockheed P-3B Orion',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'RQ-4',
      'LongName': 'Northrop Grumman RQ-4 Global Hawk',
      'Type': 'Uncrewed Aerial Vehicles',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}}]},
   'AdditionalAttributes': {'AdditionalAttribute': [{'Name': 'AircraftID',
      'DataType': 'STRING',
      'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft'},
     {'Name': 'SIPSMetGenVersion',
      'DataType': 'STRING',
      'Description': 'The version of the SIPSMetGen software used to produce the metadata file for this granule'},
     {'Name': 'ThemeID',
      'DataType': 'STRING',
      'Description': 'The identifier of the theme under which data are logically grouped'},
     {'Name': 'identifier_product_doi',
      'DataType': 'STRING',
      'Description': 'Digital object identifier that uniquely identifies this data product'},
     {'Name': 'identifier_product_doi_authority',
      'DataType': 'STRING',
      'Description': 'URL of the digital object identifier resolving authority'}]},
   'Campaigns': {'Campaign': {'ShortName': 'ABoVE',
     'LongName': 'Arctic-Boreal Vulnerability Experiment (ABoVE) NASA field campaign',
     'StartDate': '2017-06-29T00:00:00.000Z',
     'EndDate': '2017-07-17T00:00:00.000Z'}},
   'SpatialInfo': {'SpatialCoverageType': 'HORIZONTAL'},
   'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://n5eil01u.ecs.nsidc.org/ICEBRIDGE/ABLVIS1B.001',
      'URLDescription': 'Direct download via HTTPS protocol.'},
     {'URL': 'https://search.earthdata.nasa.gov/search?q=ABLVIS1B+V001',
      'URLDescription': "NASA's newest search and order tool for subsetting, reprojecting, and reformatting data."},
     {'URL': 'https://nsidc.org/icebridge/portal/map',
      'URLDescription': 'Tool to visualize, search, and download IceBridge data.'},
     {'URL': 'https://nsidc.org/data/data-access-tool/ABLVIS1B/versions/1/',
      'URLDescription': 'Search and filter data files using a map-based interface'}]},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://doi.org/10.5067/UMRAWS57QAFU',
      'Description': 'Provides access to data, documentation, tools, citation information, support, and other resources.',
      'Type': 'CollectionURL : DATA SET LANDING PAGE'},
     {'URL': 'https://doi.org/10.5067/UMRAWS57QAFU',
      'Description': "Includes a user's guide, supplemental documents like ATBDs and academic papers, How Tos, FAQs, etc.",
      'Type': 'VIEW RELATED INFORMATION : GENERAL DOCUMENTATION'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '-158.0',
       'NorthBoundingCoordinate': '72.0',
       'EastBoundingCoordinate': '-104.0',
       'SouthBoundingCoordinate': '48.0'}}},
    'GranuleSpatialRepresentation': 'GEODETIC'}}}]






Based on the output of the above cell, we can retrieve the concept-id as collection id and use in the subsequent cells for downloading the granules from this collection.



Searching and Downloading a Granule


[20]:





COLLECTION_ID = ablvis1b_collections[0]['concept-id']

results = maap.searchGranule(
    concept_id=COLLECTION_ID,
    cmr_host="cmr.earthdata.nasa.gov"
)
pprint(f'Got {len(results)} results')


#Validating download
filename = results[0].getData(dataDir)
print(filename)













'Got 20 results'
./data/LVIS1B_ABoVE2017_0629_R1803_056233.h5








Validating the Downloaded Product

Similar to the LVISF1B dataset (as discussed above), ABLVIS1B dataset has products stored as .h5 files. We will be following the same steps as described above to validate the downloaded product.


[21]:





#Testing the HDF5 files
import h5py
with h5py.File(filename, "r") as f:
    print("Keys: %s" % f.keys())
    # get first object name/key; may or may NOT be a group
    a_group_key = list(f.keys())[0]

    # get the object type for a_group_key: usually group or dataset
    print(type(f[a_group_key]))

    # If a_group_key is a group name,
    # this gets the object names in the group and returns as a list
    data = list(f[a_group_key])

    # If a_group_key is a dataset name,
    # this gets the dataset values and returns as a list
    data = list(f[a_group_key])
    # preferred methods to get dataset values:
    ds_obj = f[a_group_key]      # returns as a h5py dataset object
    ds_arr = f[a_group_key][()]  # returns as a numpy array

    print(ds_arr)













Keys: <KeysViewHDF5 ['AZIMUTH', 'INCIDENTANGLE', 'LAT0', 'LAT1215', 'LFID', 'LON0', 'LON1215', 'RANGE', 'RXWAVE', 'SHOTNUMBER', 'SIGMEAN', 'TIME', 'TXWAVE', 'Z0', 'Z1215', 'ancillary_data']>
<class 'h5py._hl.dataset.Dataset'>
[209.55528 209.98833 209.2643  ... 181.83081 183.49066 182.28035]







Accessing LVIS Facility L2 Geolocated Surface Elevation and Canopy Height Product V001




About the Dataset

The LVIS Facility L2 Geolocated Surface Elevation and Canopy Height Product V001 dataset [https://doi.org/10.5067/VP7J20HJQISD] contains Level-2 geolocated surface elevation and canopy height measurements collected by the NASA Land, Vegetation, and Ice Sensor (LVIS) Facility, an imaging lidar and camera sensor suite. The short name for this collection is LVISF2.



Searching the Collection


[23]:





lvisf2_collections = maap.searchCollection(
    short_name='LVISF2',
    version='1',
    cmr_host='cmr.earthdata.nasa.gov'
)
lvisf2_collections








[23]:







[{'concept-id': 'C1723866830-NSIDC_ECS',
  'revision-id': '29',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'LVISF2',
   'VersionId': '1',
   'InsertTime': '2023-08-22T16:21:40.702Z',
   'LastUpdate': '2023-08-22T16:21:40.702Z',
   'LongName': 'Not provided',
   'DataSetId': 'LVIS Facility L2 Geolocated Surface Elevation and Canopy Height Product V001',
   'Description': 'This data set contains Level-2 geolocated surface elevation and canopy height measurements collected by the NASA Land, Vegetation, and Ice Sensor (LVIS) Facility, an imaging lidar and camera sensor suite.',
   'DOI': {'DOI': '10.5067/VP7J20HJQISD'},
   'StandardProduct': 'false',
   'RevisionDate': '2023-05-31T00:00:00.000Z',
   'SuggestedUsage': 'Scientific Research',
   'ProcessingCenter': 'NASA/GSFC/SED/ESD/LRSL',
   'ProcessingLevelId': 'Level 2',
   'ProcessingLevelDescription': 'Derived geophysical variables',
   'ArchiveCenter': 'NASA NSIDC DAAC',
   'CollectionState': 'PLANNED',
   'RestrictionComment': ' These data are freely, openly, and fully accessible, provided that you are logged into your NASA Earthdata profile (https://urs.earthdata.nasa.gov/).',
   'UseConstraints': {'LicenseText': ' These data are freely, openly, and fully available to use without restrictions, provided that you cite the data according to the recommended citation at https://nsidc.org/about/use_copyright.html. For more information on the NASA EOSDIS Data Use Policy, see https://earthdata.nasa.gov/earth-observation-data/data-use-policy.'},
   'DataFormat': 'ASCII',
   'SpatialKeywords': {'Keyword': ['ALASKA',
     'CANADA',
     'GREENLAND',
     'UNITED STATES OF AMERICA',
     'COSTA RICA',
     'FRENCH GUIANA']},
   'Temporal': {'EndsAtPresentFlag': 'false',
    'RangeDateTime': {'BeginningDateTime': '2018-11-07T00:00:00.000Z'}},
   'Contacts': {'Contact': [{'Role': 'ARCHIVER',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'DISTRIBUTOR',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'PROCESSOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'ORIGINATOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'TECHNICAL CONTACT',
      'ContactPersons': {'ContactPerson': [{'FirstName': 'NSIDC',
         'MiddleName': 'User',
         'LastName': 'Services',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'}]}}]},
   'ScienceKeywords': {'ScienceKeyword': [{'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'CRYOSPHERE',
      'TermKeyword': 'GLACIERS/ICE SHEETS',
      'VariableLevel1Keyword': {'Value': 'GLACIER ELEVATION/ICE SHEET ELEVATION'}},
     {'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'CRYOSPHERE',
      'TermKeyword': 'SEA ICE',
      'VariableLevel1Keyword': {'Value': 'SEA ICE ELEVATION'}},
     {'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'LAND SURFACE',
      'TermKeyword': 'TOPOGRAPHY',
      'VariableLevel1Keyword': {'Value': 'TERRAIN ELEVATION'}},
     {'CategoryKeyword': 'EARTH SCIENCE',
      'TopicKeyword': 'BIOSPHERE',
      'TermKeyword': 'VEGETATION',
      'VariableLevel1Keyword': {'Value': 'CANOPY CHARACTERISTICS',
       'VariableLevel2Keyword': {'Value': 'VEGETATION HEIGHT'}}}]},
   'Platforms': {'Platform': [{'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-III',
      'LongName': 'Gulfstream III',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-V',
      'LongName': 'Gulfstream V',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'P-3B',
      'LongName': 'Lockheed P-3B Orion',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}}]},
   'AdditionalAttributes': {'AdditionalAttribute': [{'Name': 'AircraftID',
      'DataType': 'STRING',
      'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft'},
     {'Name': 'SIPSMetGenVersion',
      'DataType': 'STRING',
      'Description': 'The version of the SIPSMetGen software used to produce the metadata file for this granule'},
     {'Name': 'ThemeID',
      'DataType': 'STRING',
      'Description': 'The identifier of the theme under which data are logically grouped'},
     {'Name': 'identifier_product_doi',
      'DataType': 'STRING',
      'Description': 'Digital object identifier that uniquely identifies this data product'},
     {'Name': 'identifier_product_doi_authority',
      'DataType': 'STRING',
      'Description': 'URL of the digital object identifier resolving authority'}]},
   'Campaigns': {'Campaign': [{'ShortName': 'ABoVE',
      'LongName': 'Arctic-Boreal Vulnerability Experiment (ABoVE) NASA field campaign',
      'StartDate': '2017-06-29T00:00:00.000Z',
      'EndDate': '2017-07-17T00:00:00.000Z'},
     {'ShortName': 'GEDI',
      'LongName': "NASA's Global Ecosystem Dynamics Investigation",
      'StartDate': '2019-01-01T00:00:00.000Z',
      'EndDate': '2019-12-31T00:00:00.000Z'},
     {'ShortName': 'MULTI_NASA',
      'LongName': 'Operation IceBridge Multiple Campaigns',
      'StartDate': '1993-01-01T00:00:00.000Z',
      'EndDate': '2025-12-31T00:00:00.000Z'}]},
   'SpatialInfo': {'SpatialCoverageType': 'HORIZONTAL'},
   'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://n5eil01u.ecs.nsidc.org/ICEBRIDGE/LVISF2.001/',
      'URLDescription': 'Direct download via HTTPS protocol.'},
     {'URL': 'https://search.earthdata.nasa.gov/search?q=LVISF2+V001',
      'URLDescription': "NASA's newest search and order tool for subsetting, reprojecting, and reformatting data."},
     {'URL': 'https://nsidc.org/data/data-access-tool/LVISF2/versions/1/',
      'URLDescription': 'Search and filter data files using a map-based interface'}]},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://doi.org/10.5067/VP7J20HJQISD',
      'Description': 'Provides access to data, documentation, tools, citation information, support, and other resources.',
      'Type': 'CollectionURL : DATA SET LANDING PAGE'},
     {'URL': 'https://doi.org/10.5067/VP7J20HJQISD',
      'Description': "Includes a user's guide, supplemental documents like ATBDs and academic papers, How Tos, FAQs, etc.",
      'Type': 'VIEW RELATED INFORMATION : GENERAL DOCUMENTATION'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '-167.0',
       'NorthBoundingCoordinate': '88.0',
       'EastBoundingCoordinate': '18.0',
       'SouthBoundingCoordinate': '2.0'}}},
    'GranuleSpatialRepresentation': 'GEODETIC'}}}]








Searching and Downloading a Granule


[24]:





COLLECTION_ID = lvisf2_collections[0]['concept-id']

results = maap.searchGranule(
    concept_id=COLLECTION_ID,
    cmr_host="cmr.earthdata.nasa.gov"
)
pprint(f'Got {len(results)} results')


#Validating download
filename = results[0].getData(dataDir)
print(filename)













'Got 20 results'
./data/LVISF2_US2018_1107_R2011_067463.TXT






We follow the same steps as above for searching and downloading a granule from the LVISF2 collection. However, as we observe, the downloaded product in this case is a .txt file. So, we will be using the numpy [https://numpy.org/] Python package for accessing the downloaded text file.



Validating the Downloaded Product


[25]:





#Testing the TXT files from the LVIS collections
import numpy as np
data = np.genfromtxt(filename)
print(data)













[[1.95842916e+09 5.93768900e+06 6.74631929e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95842916e+09 5.93769000e+06 6.74631931e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95842916e+09 5.93769100e+06 6.74631934e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 ...
 [1.95842916e+09 6.49713000e+06 6.76030543e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95842916e+09 6.49713100e+06 6.76030545e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95842916e+09 6.49713200e+06 6.76030548e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]]






As we can observe from the output of the above cell, the data values are accessible from the downloaded product. Hence, validating the downloaded file.


Accessing the ABoVE LVIS L2 Geolocated Surface Elevation Product V001




About the Dataset

This dataset [https://doi.org/10.5067/IA5WAX7K3YGY] contains surface elevation data over Alaska and Western Canada measured by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of NASA’s Terrestrial Ecology Program campaign, the Arctic-Boreal Vulnerability Experiment (ABoVE). The short name for this collection is ABLVIS2.



Searching the Collection


[26]:





ablvis2_collections = maap.searchCollection(
    short_name='ABLVIS2',
    version='1',
    cmr_host='cmr.earthdata.nasa.gov'
)
ablvis2_collections








[26]:







[{'concept-id': 'C1513105984-NSIDC_ECS',
  'revision-id': '43',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'ABLVIS2',
   'VersionId': '1',
   'InsertTime': '2023-08-22T16:58:08.004Z',
   'LastUpdate': '2023-08-22T16:58:08.004Z',
   'LongName': 'Not provided',
   'DataSetId': 'ABoVE LVIS L2 Geolocated Surface Elevation Product V001',
   'Description': "This data set contains surface elevation data over Alaska and Western Canada measured by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of NASA's Terrestrial Ecology Program campaign, the Arctic-Boreal Vulnerability Experiment (ABoVE).",
   'DOI': {'DOI': '10.5067/IA5WAX7K3YGY'},
   'StandardProduct': 'false',
   'RevisionDate': '2023-05-31T00:00:00.000Z',
   'SuggestedUsage': 'Scientific Research',
   'ProcessingCenter': 'NASA/GSFC/SED/ESD/LRSL',
   'ProcessingLevelId': 'Level 2',
   'ProcessingLevelDescription': 'Derived geophysical variables',
   'ArchiveCenter': 'NASA NSIDC DAAC',
   'CollectionState': 'PLANNED',
   'RestrictionComment': ' These data are freely, openly, and fully accessible, provided that you are logged into your NASA Earthdata profile (https://urs.earthdata.nasa.gov/).',
   'UseConstraints': {'LicenseText': ' These data are freely, openly, and fully available to use without restrictions, provided that you cite the data according to the recommended citation at https://nsidc.org/about/use_copyright.html. For more information on the NASA EOSDIS Data Use Policy, see https://earthdata.nasa.gov/earth-observation-data/data-use-policy.'},
   'DataFormat': 'ASCII',
   'SpatialKeywords': {'Keyword': ['CANADA', 'ALASKA']},
   'Temporal': {'EndsAtPresentFlag': 'false',
    'RangeDateTime': {'BeginningDateTime': '2017-06-29T00:00:00.000Z',
     'EndingDateTime': '2017-07-17T23:59:59.999Z'}},
   'Contacts': {'Contact': [{'Role': 'ARCHIVER',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'DISTRIBUTOR',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'PROCESSOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'ORIGINATOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'TECHNICAL CONTACT',
      'ContactPersons': {'ContactPerson': [{'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'NSIDC',
         'MiddleName': 'User',
         'LastName': 'Services',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'}]}}]},
   'ScienceKeywords': {'ScienceKeyword': {'CategoryKeyword': 'EARTH SCIENCE',
     'TopicKeyword': 'LAND SURFACE',
     'TermKeyword': 'TOPOGRAPHY',
     'VariableLevel1Keyword': {'Value': 'TERRAIN ELEVATION'}}},
   'Platforms': {'Platform': [{'ShortName': 'AIRCRAFT',
      'LongName': 'Not provided',
      'Type': 'Aircraft',
      'Instruments': {'Instrument': [{'ShortName': 'ALTIMETERS',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'ALTIMETERS'}}},
        {'ShortName': 'LASERS',
         'LongName': 'Light Amplification by Stimulated Emission of Radiation',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'LASERS',
           'LongName': 'Light Amplification by Stimulated Emission of Radiation'}}}]}},
     {'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'C-130',
      'LongName': 'Lockheed C-130 Hercules',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'DC-8',
      'LongName': 'Douglas DC-8',
      'Type': 'Aircraft',
      'Characteristics': {'Characteristic': {'Name': 'AircraftID',
        'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft',
        'DataType': 'STRING',
        'Unit': 'Not Applicable',
        'Value': 'N817NA'}},
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-V',
      'LongName': 'Gulfstream V',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'HU-25C',
      'LongName': 'Dassault HU-25C Guardian',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'P-3B',
      'LongName': 'Lockheed P-3B Orion',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'RQ-4',
      'LongName': 'Northrop Grumman RQ-4 Global Hawk',
      'Type': 'Uncrewed Aerial Vehicles',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}}]},
   'AdditionalAttributes': {'AdditionalAttribute': [{'Name': 'AircraftID',
      'DataType': 'STRING',
      'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft'},
     {'Name': 'SIPSMetGenVersion',
      'DataType': 'STRING',
      'Description': 'The version of the SIPSMetGen software used to produce the metadata file for this granule'},
     {'Name': 'ThemeID',
      'DataType': 'STRING',
      'Description': 'The identifier of the theme under which data are logically grouped'},
     {'Name': 'identifier_product_doi',
      'DataType': 'STRING',
      'Description': 'Digital object identifier that uniquely identifies this data product'},
     {'Name': 'identifier_product_doi_authority',
      'DataType': 'STRING',
      'Description': 'URL of the digital object identifier resolving authority'}]},
   'Campaigns': {'Campaign': {'ShortName': 'ABoVE',
     'LongName': 'Arctic-Boreal Vulnerability Experiment (ABoVE) NASA field campaign',
     'StartDate': '2017-06-29T00:00:00.000Z',
     'EndDate': '2017-07-17T00:00:00.000Z'}},
   'SpatialInfo': {'SpatialCoverageType': 'HORIZONTAL'},
   'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://n5eil01u.ecs.nsidc.org/ICEBRIDGE/ABLVIS2.001/',
      'URLDescription': 'Direct download via HTTPS protocol.'},
     {'URL': 'https://search.earthdata.nasa.gov/search?q=ABLVIS2+V001',
      'URLDescription': "NASA's newest search and order tool for subsetting, reprojecting, and reformatting data."},
     {'URL': 'https://nsidc.org/icebridge/portal/map',
      'URLDescription': 'Tool to visualize, search, and download IceBridge data.'},
     {'URL': 'https://nsidc.org/data/data-access-tool/ABLVIS2/versions/1/',
      'URLDescription': 'Search and filter data files using a map-based interface'}]},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://doi.org/10.5067/IA5WAX7K3YGY',
      'Description': 'Provides access to data, documentation, tools, citation information, support, and other resources.',
      'Type': 'CollectionURL : DATA SET LANDING PAGE'},
     {'URL': 'https://doi.org/10.5067/IA5WAX7K3YGY',
      'Description': "Includes a user's guide, supplemental documents like ATBDs and academic papers, How Tos, FAQs, etc.",
      'Type': 'VIEW RELATED INFORMATION : GENERAL DOCUMENTATION'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '-158.0',
       'NorthBoundingCoordinate': '72.0',
       'EastBoundingCoordinate': '-104.0',
       'SouthBoundingCoordinate': '48.0'}}},
    'GranuleSpatialRepresentation': 'GEODETIC'}}}]








Searching and Downloading a Granule

We follow the same steps as above.


[27]:





COLLECTION_ID = ablvis2_collections[0]['concept-id']

results = maap.searchGranule(
    concept_id=COLLECTION_ID,
    cmr_host="cmr.earthdata.nasa.gov"
)
pprint(f'Got {len(results)} results')


#Validating download
filename = results[0].getData(dataDir)
print(filename)













'Got 20 results'
./data/LVIS2_ABoVE2017_0629_R1803_056233.TXT








Validating the Dataset

Since the output for this data product is also downloaded as a text file, we will follow the same steps as decribed above for the LVISF2 data product.


[28]:





#Testing the downloaded TXT file
import numpy as np
data = np.genfromtxt(filename)
print(data)













[[1.95793304e+09 3.99310900e+06 5.62334890e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95793304e+09 3.99311000e+06 5.62334890e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95793304e+09 3.99311100e+06 5.62334890e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 ...
 [1.95793306e+09 5.43227700e+06 5.65932850e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95793306e+09 5.43227900e+06 5.65932850e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]
 [1.95793306e+09 5.43228200e+06 5.65932860e+04 ... 1.00000000e+00
  1.00000000e+00 1.00000000e+00]]






As observed from the output of the above cell, the data values are accessible from the downloaded product. Hence, validating the downloaded file.


Accessing the AfriSAR LVIS L1B Geolocated Return Energy Waveforms V001




About the Dataset

The AfriSAR LVIS L1B Geolocated Return Energy Waveforms V001 dataset [https://doi.org/10.5067/ED5IYGVTB50Z] contains return energy waveform data over Gabon, Africa. The measurements were taken by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of a NASA campaign, in collaboration with the European Space Agency (ESA) mission AfriSAR. This collection has AFLVIS1B as it’s short name.



Searching the Collection


[29]:





aflvis1b_collections = maap.searchCollection(
    short_name='AFLVIS1B',
    version='1',
    cmr_host='cmr.earthdata.nasa.gov'
)
aflvis1b_collections








[29]:







[{'concept-id': 'C1549378019-NSIDC_ECS',
  'revision-id': '43',
  'format': 'application/echo10+xml',
  'Collection': {'ShortName': 'AFLVIS1B',
   'VersionId': '1',
   'InsertTime': '2023-08-22T16:12:12.094Z',
   'LastUpdate': '2023-08-22T16:12:12.094Z',
   'LongName': 'Not provided',
   'DataSetId': 'AfriSAR LVIS L1B Geolocated Return Energy Waveforms V001',
   'Description': 'This data set contains return energy waveform data over Gabon, Africa. The measurements were taken by the NASA Land, Vegetation, and Ice Sensor (LVIS), an airborne lidar scanning laser altimeter. The data were collected as part of a NASA campaign, in collaboration with the European Space Agency (ESA) mission AfriSAR.',
   'DOI': {'DOI': '10.5067/ED5IYGVTB50Z'},
   'StandardProduct': 'false',
   'RevisionDate': '2023-05-31T00:00:00.000Z',
   'SuggestedUsage': 'Scientific Research',
   'ProcessingCenter': 'NASA/GSFC/SED/ESD/LRSL',
   'ProcessingLevelId': 'Level 1B',
   'ProcessingLevelDescription': 'Sensor units',
   'ArchiveCenter': 'NASA NSIDC DAAC',
   'CollectionState': 'PLANNED',
   'RestrictionComment': ' These data are freely, openly, and fully accessible, provided that you are logged into your NASA Earthdata profile (https://urs.earthdata.nasa.gov/).',
   'UseConstraints': {'LicenseText': ' These data are freely, openly, and fully available to use without restrictions, provided that you cite the data according to the recommended citation at https://nsidc.org/about/use_copyright.html. For more information on the NASA EOSDIS Data Use Policy, see https://earthdata.nasa.gov/earth-observation-data/data-use-policy.'},
   'DataFormat': 'HDF5',
   'SpatialKeywords': {'Keyword': 'GABON'},
   'Temporal': {'EndsAtPresentFlag': 'false',
    'RangeDateTime': {'BeginningDateTime': '2016-02-20T00:00:00.000Z',
     'EndingDateTime': '2016-03-08T23:59:59.999Z'}},
   'Contacts': {'Contact': [{'Role': 'ARCHIVER',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'DISTRIBUTOR',
      'OrganizationName': 'NASA NSIDC DAAC',
      'OrganizationAddresses': {'Address': {'StreetAddress': 'National Snow and Ice Data Center CIRES, 449 UCB University of Colorado',
        'City': 'Boulder',
        'StateProvince': 'CO',
        'PostalCode': '80309-0449',
        'Country': 'USA'}},
      'OrganizationPhones': {'Phone': {'Number': '1 303 492 6199',
        'Type': 'Telephone'}},
      'OrganizationEmails': {'Email': 'nsidc@nsidc.org'}},
     {'Role': 'PROCESSOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'ORIGINATOR', 'OrganizationName': 'NASA/GSFC/SED/ESD/LRSL'},
     {'Role': 'TECHNICAL CONTACT',
      'ContactPersons': {'ContactPerson': [{'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'NSIDC',
         'MiddleName': 'User',
         'LastName': 'Services',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'J.',
         'MiddleName': 'Bryan',
         'LastName': 'Blair',
         'JobPosition': 'TECHNICAL CONTACT'},
        {'FirstName': 'Michelle',
         'LastName': 'Hofton',
         'JobPosition': 'TECHNICAL CONTACT'}]}}]},
   'ScienceKeywords': {'ScienceKeyword': {'CategoryKeyword': 'EARTH SCIENCE',
     'TopicKeyword': 'SPECTRAL/ENGINEERING',
     'TermKeyword': 'INFRARED WAVELENGTHS',
     'VariableLevel1Keyword': {'Value': 'SENSOR COUNTS'}}},
   'Platforms': {'Platform': [{'ShortName': 'AIRCRAFT',
      'LongName': 'Not provided',
      'Type': 'Aircraft',
      'Instruments': {'Instrument': [{'ShortName': 'ALTIMETERS',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'ALTIMETERS'}}},
        {'ShortName': 'LASERS',
         'LongName': 'Light Amplification by Stimulated Emission of Radiation',
         'Technique': 'instrument',
         'NumberOfSensors': '1',
         'Sensors': {'Sensor': {'ShortName': 'LASERS',
           'LongName': 'Light Amplification by Stimulated Emission of Radiation'}}}]}},
     {'ShortName': 'B-200',
      'LongName': 'Beechcraft King Air B-200',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'C-130',
      'LongName': 'Lockheed C-130 Hercules',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'DC-8',
      'LongName': 'Douglas DC-8',
      'Type': 'Aircraft',
      'Characteristics': {'Characteristic': {'Name': 'AircraftID',
        'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft',
        'DataType': 'STRING',
        'Unit': 'Not Applicable',
        'Value': 'N817NA'}},
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'G-V',
      'LongName': 'Gulfstream V',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'HU-25C',
      'LongName': 'Dassault HU-25C Guardian',
      'Type': 'Jet',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'P-3B',
      'LongName': 'Lockheed P-3B Orion',
      'Type': 'Propeller',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}},
     {'ShortName': 'RQ-4',
      'LongName': 'Northrop Grumman RQ-4 Global Hawk',
      'Type': 'Uncrewed Aerial Vehicles',
      'Instruments': {'Instrument': {'ShortName': 'LVIS',
        'LongName': 'Land, Vegetation, and Ice Sensor',
        'Technique': 'instrument',
        'NumberOfSensors': '1',
        'Sensors': {'Sensor': {'ShortName': 'LVIS',
          'LongName': 'Land, Vegetation, and Ice Sensor'}}}}}]},
   'AdditionalAttributes': {'AdditionalAttribute': [{'Name': 'AircraftID',
      'DataType': 'STRING',
      'Description': 'The identifier of the airplane used by the FAA to uniquely identify each aircraft'},
     {'Name': 'SIPSMetGenVersion',
      'DataType': 'STRING',
      'Description': 'The version of the SIPSMetGen software used to produce the metadata file for this granule'},
     {'Name': 'ThemeID',
      'DataType': 'STRING',
      'Description': 'The identifier of the theme under which data are logically grouped'},
     {'Name': 'identifier_product_doi',
      'DataType': 'STRING',
      'Description': 'Digital object identifier that uniquely identifies this data product'},
     {'Name': 'identifier_product_doi_authority',
      'DataType': 'STRING',
      'Description': 'URL of the digital object identifier resolving authority'}]},
   'Campaigns': {'Campaign': {'ShortName': 'AfriSAR',
     'LongName': 'NASA campaign in collaboration with European Space Agency (ESA) in Gabon, Africa ',
     'StartDate': '2016-02-02T00:00:00.000Z',
     'EndDate': '2016-03-08T00:00:00.000Z'}},
   'SpatialInfo': {'SpatialCoverageType': 'HORIZONTAL'},
   'OnlineAccessURLs': {'OnlineAccessURL': [{'URL': 'https://n5eil01u.ecs.nsidc.org/ICEBRIDGE/AFLVIS1B.001',
      'URLDescription': 'Direct download via HTTPS protocol.'},
     {'URL': 'https://search.earthdata.nasa.gov/search?q=AFLVIS1B+V001',
      'URLDescription': "NASA's newest search and order tool for subsetting, reprojecting, and reformatting data."},
     {'URL': 'https://nsidc.org/data/data-access-tool/AFLVIS1B/versions/1/',
      'URLDescription': 'Search and filter data files using a map-based interface'}]},
   'OnlineResources': {'OnlineResource': [{'URL': 'https://doi.org/10.5067/ED5IYGVTB50Z',
      'Description': 'Provides access to data, documentation, tools, citation information, support, and other resources.',
      'Type': 'CollectionURL : DATA SET LANDING PAGE'},
     {'URL': 'https://doi.org/10.5067/ED5IYGVTB50Z',
      'Description': "Includes a user's guide, supplemental documents like ATBDs and academic papers, How Tos, FAQs, etc.",
      'Type': 'VIEW RELATED INFORMATION : GENERAL DOCUMENTATION'}]},
   'Spatial': {'SpatialCoverageType': 'HORIZONTAL',
    'HorizontalSpatialDomain': {'Geometry': {'CoordinateSystem': 'CARTESIAN',
      'BoundingRectangle': {'WestBoundingCoordinate': '8.0',
       'NorthBoundingCoordinate': '1.0',
       'EastBoundingCoordinate': '12.0',
       'SouthBoundingCoordinate': '-2.0'}}},
    'GranuleSpatialRepresentation': 'GEODETIC'}}}]








Searching and Downloading a Granule

We will be following the same steps as described above for the other data products.


[31]:





COLLECTION_ID = aflvis1b_collections[0]['concept-id']

results = maap.searchGranule(
    concept_id=COLLECTION_ID,
    cmr_host="cmr.earthdata.nasa.gov"
)
pprint(f'Got {len(results)} results')


#Validating download
filename = results[0].getData(dataDir)
print(filename)













'Got 20 results'
./data/LVIS1B_Gabon2016_0220_R1808_038024.h5








Validating the Product

We observe that the downloaded product is stored as a .h5 file similar to the ABLVIS1B and LVISF1B data products discussed above. So, we will be using the h5py package to validate the dowloaded product.


[32]:





#Testing the HDF5 files
import h5py
with h5py.File(filename, "r") as f:
    print("Keys: %s" % f.keys())
    # get first object name/key; may or may NOT be a group
    a_group_key = list(f.keys())[0]

    # get the object type for a_group_key: usually group or dataset
    print(type(f[a_group_key]))

    # If a_group_key is a group name,
    # this gets the object names in the group and returns as a list
    data = list(f[a_group_key])

    # If a_group_key is a dataset name,
    # this gets the dataset values and returns as a list
    data = list(f[a_group_key])
    # preferred methods to get dataset values:
    ds_obj = f[a_group_key]      # returns as a h5py dataset object
    ds_arr = f[a_group_key][()]  # returns as a numpy array

    print(ds_arr)













Keys: <KeysViewHDF5 ['AZIMUTH', 'INCIDENTANGLE', 'LAT0', 'LAT1023', 'LFID', 'LON0', 'LON1023', 'RANGE', 'RXWAVE', 'SHOTNUMBER', 'SIGMEAN', 'TIME', 'TXWAVE', 'Z0', 'Z1023', 'ancillary_data']>
<class 'h5py._hl.dataset.Dataset'>
[170.88405 171.3952  179.33963 ... 178.35054 178.84067 179.31787]






As observed from the output of the above cell, the data values are retrieved from the downloaded product. Hence, validating the downloaded file.
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ESA CCI v4 Access and Visualize

Authors: Emile Tenezakis (DevSeed), Rajat Shinde (UAH)

Date: October 2, 2023

Description: In this tutorial, we explore accessing and visualizing ESA CCI Version 4 data from the MAAP STAC catalog. We make use of the stackstac package [https://github.com/gjoseph92/stackstac] that allows us to turn a stack collection imported from the catalog with the `pystac_client <https://pystac-client.readthedocs.io/en/stable/>`__ to an xarray dataset, and we plot the time series of the mean aboveground biomass for a selected tile of the dataset across the available temporal
range.


Run This Notebook

To access and run this tutorial within MAAP’s Algorithm Development Environment (ADE), please refer to the “Getting started with the MAAP” [https://docs.maap-project.org/en/latest/getting_started/getting_started.html] section of our documentation.

Disclaimer: it is highly recommended to run a tutorial within MAAP’s ADE, which already includes packages specific to MAAP, such as maap-py. Running the tutorial outside of the MAAP ADE may lead to errors.



About The Dataset

This dataset comprises estimates of forest Above-Ground Biomass (AGB) for the years 2017, 2018, 2019 and 2020, version 4. They are derived from a combination of Earth Observation (EO) data, depending on the year, from the Copernicus Sentinel-1 mission, Envisat’s ASAR instrument and JAXA’s Advanced Land Observing Satellite (ALOS-1 and ALOS-2), along with additional information from Earth observation sources. The data has been produced as part of the European Space Agency’s (ESA’s) Climate Change
Initiative (CCI) programme by the Biomass CCI team.



Additional Resources


	Cloud Native Geoguide [https://guide.cloudnativegeo.org/]


	Examples of Working with COGs [https://guide.cloudnativegeo.org/cloud-optimized-geotiffs/cogs-examples.html]


	ESA’s Climate Change Initiative Biomass project [https://climate.esa.int/en/odp/#/project/biomass]


	xarray Documentation [https://docs.xarray.dev/en/stable/index.html]






Importing and Installing Packages

First off, we will install and import the required Python packages if they are not already installed in the workspace.


[1]:





# !mamba install -y -c conda-forge stackstac
# !pip install pystac_client








[2]:





from stackstac import stack, mosaic
import pystac_client









Accessing and Filtering the Items

After installing the require packages, we create a client to access the STAC test catalog.


[3]:





URL = "https://stac.maap-project.org"
catalog = pystac_client.Client.open(URL)









Creating an AOI

Now, we define a bounding box of interest to find the tile that covers a small region around Manaus, Brazil (Amazon rainforest).


[4]:





# BBox for filtering the items in the collection
bbox = [-55,-6,-54.8,-5.8]







We proceed to an item search in the catalog using the pystac-client, filtering items covering our area of interest.


[5]:





stac_collection = catalog.search(
    collections=["ESACCI_Biomass_L4_AGB_V4_100m"],
    bbox=bbox
)







Let’s take a quick look at the results of the search. We can access the link of the location where the data is stored using href attribute as shown below.


[6]:





stac_collection.get_all_items()[0].assets['estimates'].href













/opt/conda/lib/python3.10/site-packages/pystac_client/item_search.py:850: FutureWarning: get_all_items() is deprecated, use item_collection() instead.
  warnings.warn(







[6]:







's3://nasa-maap-data-store/file-staging/nasa-map/ESACCI_Biomass_L4_AGB_V4_100m_2020/N00W060_ESACCI-BIOMASS-L4-AGB-MERGED-100m-2020-fv4.0.tif'






We turn the resulting set of items (we expect one item here in the result, given the size of our bounding box) into an xarray DataArray using stackstac.


[7]:





#Creating a stack of the filtered items
arr = stack(stac_collection.get_all_items())













/opt/conda/lib/python3.10/site-packages/stackstac/prepare.py:408: UserWarning: The argument 'infer_datetime_format' is deprecated and will be removed in a future version. A strict version of it is now the default, see https://pandas.pydata.org/pdeps/0004-consistent-to-datetime-parsing.html. You can safely remove this argument.
  times = pd.to_datetime(






We can see that our array has the following dimensions : time (we have four data points, one for each year - 2017, 2018, 2019 and 2020), latitude, longitude and band (we have two 