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Project Overview
Project Synopsis: This work produced flood maps of past heavy rainfall events for government agencies in Guatemala and El Salvador, as both countries are affected frequently by severe weather events. Specifically, our team developed a streamlined methodology to map inundation extent and depth for the September 2017 rainy season. Assessments of inland floods will aid future efforts to mitigate infrastructural damage and improve emergency response rates.

Abstract:
Central America is one of the world’s most vulnerable regions to natural disasters, including landslides and precipitation-driven flooding. In an effort to support disaster management and emergency response planning, this project developed a methodology that employed Earth observations to map historic flooding extents near the Pacific coast of Guatemala and El Salvador. Radar-based techniques were used to detect inundation impact to areas near rivers. Specific Earth observations consisted of moderate resolution remote sensing systems such as the Shuttle Radar Topography Mission (SRTM), the ALOS Phased Array type L-band Synthetic Aperture Radar (PALSAR), RADARSAT-2, and the C-band synthetic aperture radar (SAR) sensor aboard Sentinel-1. End users for this project consisted of Guatemala’s Coordinadora Nacional para la Reducción de Desastres (CONRED) and the Instituto Nacional de Sismología, Vulcanología, Meteorología, e Hidrología (INSIVUMEH), and El Salvador’s Observatorio Ambiental, all of which focus on disaster monitoring and response. This research was intended for the broader benefit of the Central American political and economic organization known as Sistema de la Integración Centroamericana (SICA), with the aim of integrating NASA Earth observations into its environmental decision making.
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National Application Areas Addressed: Transportation & Infrastructure, Disasters
Study Location: Guatemala; El Salvador
Study Period: May 2010 to October 2017

Community Concerns:
· Storm surge and high rainfall rates during extreme tropical weather events pose the highest threats to vulnerable communities. The storm damage is often exacerbated by landslides, causing damage to the communities. 
· Guatemala and El Salvador were severely flooded during Hurricane Mitch in 1998 and Hurricane Stan in 2005.
· Between 2016 and 2018, three tropical storms caused immense flooding and triggered landslides, affecting over 410,000 people across Central America.
· Severe natural disasters like flooding have previously stunted economic development in this economically fragile region given that the damage is inflicted on infrastructure and crops. Hurricane Mitch killed over 5,600 people and destroyed many crops.

Project Objectives:
· Inform agencies about past inundation events for better disaster preparedness
· Support emergency response efforts with maps based on synthetic aperture radar (SAR) data 
· Provide tutorials for our partners to ensure the replicability of this methodology and to assess future impacts on transportation infrastructure

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

	National Commission for Disaster Reduction in Guatemala (CONRED) 
	Antonio Pacheco, Geospatial Technician
	End User
	No

	Environmental Observatory Ambiental, Ministry of Environment and Natural Resources (El Salvador)
	Dr. Celina Kattan, Director General
	End User
	No

	National Institute of Seismology, Vulcanology, Meteorology, and Hydrology (Guatemala)
	Paris Rivera, Coordinator of Unit for Climate Change Research
	End User
	No

	NASA SERVIR Science Coordination Office 
	Emil Cherrington, West Africa Regional Science Coordination Lead;
Africa Flores, Amazonia Regional Science Coordination Lead; Betzy E. Hernández, Capacity Building Lead; Francisco Delgado
Geospatial IT Lead
	Collaborator
	No



Decision-Making Practices & Policies:
CONRED, the National Institute of Seismology, Vulcanology, Meteorology, and Hydrology, and Environmental Observatory Ambiental are governmental entities in each country with roles and responsibilities to make the public aware of flood risks, provide information and monitoring when floods are happening, and facilitate mitigation efforts after inundation has impacted communities. In both countries, observations of flooding are primarily based on river and tidal gauges, direct observations, and predictions of international meteorological services. In El Salvador, the Environmental Observatory Ambiental alerts citizens of flooding through an online portal that tracks reported flooding and in situ gauges.

Project Benefit to End User:
CONRED, the National Institute of Seismology, Vulcanology, Meteorology, and Hydrology, and Environmental Observatory Ambiental will utilize our end products to better prepare for and respond to natural disasters related to flooding. Inundation maps will help these agencies understand the scope and impact of flooding from previous events. These agencies will also use these applied methods for future infrastructure risk assessments to allow for more targeted evacuations and emergency response routes. Broadly, the project will inform disaster mitigation efforts as well as safe and resilient urban growth in the future.

Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameters
	Use

	Sentinel-1 C-SAR
	Backscatter, Normalized Difference Flood Index (NDFI)
	These data were used to identify inundation due to precipitation-driven flooding.

	SRTM
	Elevation
	SRTM elevation data were used to extract elevation values to the NDFI image and estimate flood depth.

	ALOS PALSAR
	Backscatter, NDFI, depth estimation
	These data were used to identify inundation due to precipitation-driven flooding.

	RADARSAT-2
	Backscatter, NDFI, depth estimation
	These data were used to identify inundation due to precipitation-driven flooding.



Ancillary Datasets:
· Guatemala and El Salvador Transportation Agencies Transportation Vectors – Road and other transportation infrastructure vectors to locate infrastructure impacted by or susceptible to flooding
· Guatemala and El Salvador Meteorology Agencies Weather Station Data – Local precipitation estimates to validate satellite precipitation and flooding data
· Guatemala 12.5 m Orthophotography-Based Digital Elevation Model (DEM) – National elevation data at a higher resolution than SRTM (30 m) to estimate flood depth
· El Salvador 1 m LiDAR-Based Digital Terrain Model (DTM) – National elevation data at a higher resolution than SRTM (30 m) to estimate flood depth

Software & Scripting:
· Esri ArcMap 10.5 – Raster manipulation and analysis, imagery processing, and map creation
· QGIS 3.8.0 – Raster manipulation and analysis, imagery processing, and map creation
· ESA Sentinel Application Platform (SNAP) – Imagery preprocessing
· Google Earth Engine API – Image processing and data access

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

	Inundation Depth & Extent Maps 
	Sentinel-1 C-SAR
SRTM
ALOS PALSAR
RADARSAT-2
	This product can be used by partners to estimate the impact of flooding from previous severe weather events and inform future decision making.
	II


	One-Page Analysis Report
	Sentinel-1 C-SAR
SRTM
ALOS PALSAR
RADARSAT-2
	This handout succinctly explained and analyzed our main findings while providing an opportunity to delve into the methods that we attempted to use that did not work. This gave our partners greater insight into our flood depth estimation methodology and how they can improve upon it in the future.
	II




Project Handoff Package
Transition Plan: Our team provided partners with all items listed in the Handoff Package section below via NASA Large File Transfer (LFT). We also held a videoconference in week 10 of the term with partner organizations in order to discuss any questions or comments they may have had about project conclusions and products. The Project Lead translated the deliverables into Spanish and interpreted the discussions during the videoconference call. 

Team POC: Vanesa Martín, vanesa14mar@gmail.com 
Partner POC: Emil Cherrington, emil.cherrington@nasa.gov 

Handoff Package:
· Technical Paper
· Presentation
· Poster
· Inundation Depth & Extent Maps
· One-Page Analysis Report
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