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Project Summary
Mexico Disasters
Comparing Feasibility of Flood Detection Methods Using Google Earth Engine and Open Data Cube for Flood Mitigation in Mexico

Project Team:
Philip Casey (Project Lead)
John Willis
Sean Nelsen
Zachary Silberman

Advisors & Mentors:
Dr. Brian Killough (NASA Langley Research Center)
Dr. Kenton Ross (NASA Langley Research Center)

Project Objectives:
· Evaluate the effectiveness of different methods of flood detection in the states of Hidalgo, Tabasco, and Chiapas in Mexico
· Communicate flood detection tool tutorials and flood extent maps to partner organizations for enhanced flood monitoring and resource allocation
· Provide coding framework for future analysis by the partner organizations

Abstract:
Timely satellite data is critical for preparing for, responding to, and recovering from flooding disasters. The process of accessing and analyzing this data can be streamlined by utilizing the Open Data Cube (ODC), a data architecture solution created by the Committee on Earth Observation Satellite (CEOS). NASA DEVELOP partnered with Mexico’s National Institute of Statistics, Geography and Informatics (INEGI), the CEOS Systems Engineering Office (SEO), the United Nation’s Regional Centre for Space Science and Technology Education for Latin American and the Caribbean (CRECTEALC), and the Commonwealth Scientific and Industrial Research Organization (CSIRO) to investigate the impacts of flooding in Mexico. This project compares two flood detection methods for the Mexican states of Hildalgo, Tabasco, and Chiapas: Open Data Cube and NASA SERVIR’s Hydrologic Remote Sensing Analysis for Floods (HYDRAFloods). These methods leveraged surface reflectance data, backscatter data, and elevation data. The team applied the two flood detection models to flood event case studies in the areas of interest created by the European Commission's Joint Research Centre Global Surface Water Explorer and the Dartmouth Global Flood Database. [Insert Results Here]. In addition, the project produced a Python notebook utilizing the ODC, historical surface water maps, a case study analysis of the two methods, and a code video tutorial to support the expedient use of Earth observation data for disaster planning and response.

Study Location: States of Hidalgo, Tabasco, and Chiapas in Mexico
Study Period: January 2016 - December 2021

Partner Organizations:
	Organization
	POC (Name, Position/Title)
	Partner Type
	Boundary Org?

	National Institute of Statistics, Geography and Informatics (INEGI)
	Paloma Merodio Gómez, Vice President
	End User
	No

	Regional Centre for Space Science and Technology Education for Latin American and the Caribbean (CRECTEALC)
	Sergio Camacho-Lara, Secretary General
	Collaborator
	No

	Commonwealth Scientific and Industrial Research Organization (CSIRO)
	Jonathan Hodge, Program Director
	Collaborator
	No

	Committee on Earth Observation Satellites (CEOS)
	Brian Killough, Systems Engineering Office
	Collaborator
	No



Earth Observations & End Products Overview
	Platform & Sensor
	Parameter(s)
	Use

	Landsat 8 OLI
	Surface reflectance
	Surface reflectance will be used to calculate a time series water product to determine potential flooded areas.

	Sentinel-1 C-SAR
	SAR backscatter or decibels
	Backscatter will be used to calculate a time series water product to determine potential flooded areas.

	Sentinel-2 MSI
	Surface reflectance
	Surface reflectance will be used to calculate a time series water product to determine potential flooded areas.

	Suomi NPP VIIRS
	Surface reflectance
	Surface reflectance will be used to calculate a time series water product to determine potential flooded areas.

	Terra MODIS
	Surface reflectance
	Surface reflectance will be used to calculate a time series water product to determine potential flooded areas.

	Shuttle Radar Topography Mission (SRTM)
	Elevation data
	Elevation data will be used for terrain corrections and to mask shadows at high elevation that could be confused with surface water.




Software & Scripting:
· Open Data Cube (ODC) – Primary Python model to be used in the analysis of remote sensing data and their application to flooding extent patterns
· Hydrologic Remote Sensing Analysis for Floods (HYDRAFloods) – Comparative Python model to Open Data Cube in the analysis of remote sensing data and their application to flood extent patterns
· Google Colab – Utilized as a collaborative interpreter to write and share code
· Python – Used as a primary language for all code/scripts
· Esri ArcGIS Pro – Used to create maps and visualize spatial data
· Google Earth Engine – Used for assessing, analyzing, and interpreting remote sensing datasets

End Products:
	End Product
	Earth Observations Used 
	Benefit & Use
	Software Release Category

	ODC Flood Extent Maps
	Landsat 8 OLI, Sentinel-1 SAR, Sentinel-2 MSI, MODIS (Terra and Aqua), and Suomi NPP VIIRS
	These maps will identify areas of inundation (short-term water presence) based on algorithms implemented in ODC.
	N/A

	HYDRAFloods Flood Extent Maps
	Landsat 8 OLI, Sentinel-1 SAR, Sentinel-2 MSI, MODIS (Terra and Aqua), and Suomi NPP VIIRS
	These maps will identify areas of inundation (short-term surface water presence) based on algorithms implemented in HYDRAFloods.
	N/A

	ODC & HYDRAFloods Comparison Analysis
	Landsat 8 OLI, Sentinel-1 SAR, Sentinel-2 MSI, MODIS (Terra and Aqua), and Suomi NPP VIIRS 
	This analysis will compare ODC and HYDRAFloods products to each other and to third party inundation products like the JRC Surface Water products and the Dartmouth Global Flood Database.
	N/A

	Flood Detection Tutorial
	Landsat 8 OLI, Sentinel-1 SAR, Sentinel-2 MSI, MODIS (Terra and Aqua), and Suomi NPP VIIRS

	The tutorial will be a training tool that shows the partner organizations how to apply the ODC script for flood detection in regions of interest.
	N/A

	ODC Flood Detection Script
	Landsat 8 OLI, Sentinel-1 SAR, Sentinel-2 MSI, MODIS (Terra and Aqua), and Suomi NPP VIIRS

	This will be a narrative description of flood detection code implemented using the ODC. The code will be described in sufficient detail to be easily replicated. 
	IV




Project Reflections (to be completed at the end of the term)
Does the team consider this project to be successful? 
Insert 2-3 sentences here about why or why not you consider this project successful. It’s ok to be candid here! If the project proved that it is not feasible to use a specific EO for a certain application, it can still be considered a successful project; if so, make sure to amply discuss why the EO couldn’t be used for the intended application. The team’s feedback, along with the PSI score, will help us identify the types of projects that are successful, as well as why some projects aren’t as effective. Both help us to make improvements in the future.

If you had the opportunity to do this project again, what would you do differently? 
Insert 2-5 sentences here highlighting changes that you would make.

Do you have any recommendations for future teams pursuing a similar project to consider? 
Insert 1-3 recommendations here in sentence form. 

NASA Earth Observation Data	Comment by Author: Duplicate this entire section for each NASA EO satellite data source used in your project. 

Please list each instrument on an individual line even if the parameter and use are the same.
EX: Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI should all be in separate rows.

Do NOT complete this section for non-NASA data or in situ data.
Insert Satellite & Sensor  Names Here (Insert DOI Here) EX: Landsat 8 OLI (https://doi.org/10.5066/f78s4mzj)
· Source: Where did you get the data from? Include the URL if downloaded or the name of Science Team from whom you directly received the data (EX: downloaded from Earth Data Search, received from science advisors/science teams, etc.)
· General Overview: What are some of your general insights into ease of use or issues that arose? (EX: We had no issues accessing, downloading, pre-processing, or analyzing the data, there were substantial references and information available to support use of Landsat 8 data.)
· Acquisition: What is your feedback on data acquisition? (EX.: Earth Explorer was straightforward to use, we did not have any acquisition problems, the download link didn’t work and directions unclear, etc.)
· Processing/Analysis: What is your feedback on data processing/analysis? (EX: We had no issues when processing the Landsat data, analysis went smoothly, etc.)

Partner Engagement 	Comment by Author: Duplicate this entire section for each of your partner organizations.	Comment by Childs, Lauren M. (LARC-E3)[DEVELOP]: Delete if not applicable
Insert Partner Org Name Here (End User or Collaborator) EX: National Park Service, Yellowstone National Park (End User)
· Involvement: How much interaction did they have with you? (EX: They were very engaged during the term, joined telecons each week, provided good feedback on preliminary results throughout the term, provided an interview and other footage for our VPS video, etc.)
· Responsiveness: Were they punctual and responsive to team communications, did they provide data by when they said they would, etc.? (EX: The partner joined each telecon, was responsive by email throughout the term, etc.)
· Capacity Built: How did the team build their capacity? What can they now do that they couldn’t before? (EX: They now have access to EO-derived wildfire fuel loading maps that enhance their land management abilities and support targeted fuel removal activities, they did not previously have the knowledge or methodology to create these maps using NASA EO, they now have a 2017 fuel load map, as well as the ability to make future fuel load maps themselves, etc.)
· Further Collaboration: Would this partner be a good DEVELOP partner for future projects? Why or why not? (EX: They were an engaged and active partner, which provided a good experience.)	Comment by Author: If the partner was not very responsive or involved with the project, don’t be afraid to reflect that in your recommendation.

Culminating Research Questions Generated
Team-Identified Future Work:
· The team should identify opportunities where continued work would benefit the project. (EX: validation & accuracy assessments, additional study period or study area to include more data, applying a different model or algorithm, etc.)
· Future work is often listed in the final presentation; feel free to copy and paste that text here. Make sure to ensure that it’s fairly specific so that future teams can readily understand your notes and take them into consideration.

Partner-Identified Follow-On Research Questions: 	Comment by Childs, Lauren M. (LARC-E3)[DEVELOP]: Delete if not applicable
· Use the information from emails, telecon conversations, and feedback given during partner meetings and the project handoff to complete this section. 
· We realize it may be limited, but do your best to glean what you can from your partner interactions.
· Identify any additional questions or lines of research that your partners are interested in pursuing now that they have seen your results and products.
· What additional research questions and topics would they like to pursue themselves or have DEVELOP pursue in the future? What has your project sparked them to consider?

Project Summary 
The Project Summary is your go-to document for project information. The content in this document is compiled for reporting to NASA HQ and is often shared with future teams, partners, and the Capacity Building and Applied Sciences Programs. You can use this to complete your project page on DEVELOPedia. 

General Writing & Formatting
· The formatting for each section should match the template: 
· All text is Garamond, 11-point font. 
· Science advisor affiliations are in parentheses. 
· Bullets are used for the Community Concerns, Project Objectives, Ancillary Datasets, Modeling, and Software & Scripting sections. 
· Write in past tense (except for the Product Benefit to End User and the Project Continuation Plan sections – write those in the future tense). Use active voice as much as possible. Here are examples in the past passive and past active voice: 
· Past passive: Three 2-L samples were taken at a depth of between 0.1 and 0.5 m at the down-wind end of each wetland. 
· Past active: Each of the three groups took 2-L samples at a depth of between 0.1 and 0.5 m at the down-wind end of each wetland.
· www.englishpractice.com/improve/active-passive-voice-simple-tense/
· Each paragraph should have at least three sentences.  
· Spell out all acronyms the first time they are used in the text, even if they have also been spelled out in the abstract.
· Change “(s)” for any given section
· For example, “National Application Areas Addressed” on the template should read either: 
· National Application Area Addressed: Application Area 1
· National Application Areas Addressed: Application Area 1, Application Area 2

Project Overview
Header
· Please note that there is text in the cover page Header which needs to be updated 
· If you’re using the Microsoft Word Online version the Header text may not be visible to you. Select "Header" in the upper right-hand corner and edit "Insert DEVELOP Node Name (Ex. Virginia – Langley)" appropriately.  
Abstract
While not a separate deliverable, the abstract appears in the Project Summary, Tech Paper, Poster, and on the DEVELOP website. It is a short summary of your project that introduces the problem, partners, NASA EO, results, and significance. The abstract “lives” in the project summary until the final draft. 
· Word count limit: 150-250 words and only one paragraph.
· Write in past tense and avoid passive voice.
· Acronyms should be spelled out the first time they are used in the abstract, and then also the first time they are used in the text.
· There should be no citations in the abstract.
· Any changes made to the abstract should be reflected in your final draft in the Project Summary. 
· If you need to make changes to your abstract after you’ve submitted the Project Summary FD, send any updated versions to the Project Coordination team and ensure that the updated version is used on any subsequent deliverables and on your project page on DEVELOPedia.
· The Abstract must include the following (note that some aspects may not be applicable for Tech & Innovation projects):
· What the problem was
· Who the decision makers are and what the decision being made is
· The partner organization(s) with whom you partnered
· What NASA Earth observations were involved
· What you did in response to the problem
· What the benefits or outcomes are/will be
· What your results were
· Abstract best practices: 
· The abstract should be fully contained and give the reader a good grasp of the project.
· While there is a maximum word limit, say it with fewer words if able.
· State the most important information first.
· Write in active voice and avoid passive words like “might” or “could” – use powerful language. 
· Spell out all acronyms except NASA. 
· Do not define terms.
· Read other projects’ abstracts for inspiration.
· Any major restrictions or limitations on results (if results are included) should be stated. 
· Reread the abstract. Did it answer: who, what, when, where, and why? If it didn’t, revise it!
· Don’t forget to add results for the final draft – feel free to include a placeholder sentence in your rough draft. 
Study Location and Study Period
· List each state in the study area section with its postal acronym
· Ex: Western shore of Lake Michigan bordering WI, IL, and IN
· If working on a seasonal project, include study period months as well as years.
Project Objectives
· Objectives should not be in complete sentences or have periods.
· These should match the objectives you put in your Presentation and Poster (optional) deliverables. 
· Be succinct and start each objective with a strong action verb.
Partner Overview
Partner Organization Table
· Tech & Innovation projects: delete if not applicable
· Follow proper partner nomenclature and include the full partner org name with any larger/umbrella orgs first.
· Ex: National Park Service (umbrella organization), Glen Canyon National Recreation Area (specific office being partnered with)
· If there is more than one point of contact (POC) for an organization, list them in the same box separated by semi-colon.
· List end users first. Each partner is either an end user or a collaborator, not both. 
· Boundary organizations are also listed as either a collaborator or an end user, and the notation for boundary organization is at the end of the listing. 
· If you add or remove any partners during the term, make sure to notify the Project Coordination team!
Earth Observation & End Products Overview
Earth Observation Table
· List each instrument on an individual line, even if the parameter and use are the same. 
· Example: Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI should all be in separate rows. 
· Use past tense in the Use column.
· List the platform then the sensor, not just the sensor (e.g. ISS ECOSTRESS, not just ECOSTRESS)
Software & Scripting
· List any software or scripts you used in your project. For software or languages with a version number, include that as well. (e.g. “Esri ArcMap 10.5 – used for map creation and data processing”)
End Product(s) Table
· This table is different from the one listed in the project proposal! Do not copy and paste from the proposal. 
· Write in future tense for the Partner Benefit & Use column.
· Double-check the Software Release categories with your Fellow (if applicable)
Project Reflections
· Use complete sentences, even when using bullet points. 
Checklist
· Delete checklist and general style notes before FD submission.
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