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Project Overview
Project Synopsis: 
Sea level rise, extreme hurricanes, mismanagement of the Mississippi River, and the Deepwater Horizon oil spill have deteriorated Louisiana’s barrier islands and protective seagrass beds over the past century. This decline of both land and seagrass has limited the barrier islands’ ability to both shield coastal Louisiana from storm surges and provide essential habitat for marine and terrestrial species. NASA DEVELOP’s Louisiana Water Resources team used NASA Earth observations to develop a Google Earth Engine tool that provides historical and near-real-time monitoring of water quality parameters, seagrass health, and land area. The tool will inform upcoming restoration and revegetation efforts in Louisiana’s Breton National Wildlife Refuge.

Abstract:
The barrier islands of Louisiana’s Breton National Wildlife Refuge (BNWR) are disappearing due to sea level rise, extreme hurricanes, sediment starvation, and the Deepwater Horizon oil spill. This decline in land area has damaged important bird habitat and reduced the islands’ ability to protect coastal Louisiana from storm surges. The persistence of the islands is synergetic to that of the surrounding seagrass beds; seagrass binds together land, protecting the islands from erosion, and the loss of land exposes the seagrass and accelerates its decline. Furthermore, seagrass is independently important, absorbing excess nutrients and providing habitat for marine ecosystems. Here we present the Tool for Coastal Remote Ecological Observations in Louisiana (Tool CREOL), a Google Earth Engine Tool built to easily access data from Landsat 5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper Plus (ETM+), Landsat 8 Landsat Operational Land Imager (OLI), and Aqua and Terra Moderate Resolution Imaging Spectroradiometer (MODIS). We show, using data and images from the tool, how land area and seagrass have responded to destructive events from the past 36 years (1984-2021). In only 7 years, Hurricane Georges (1998), Ivan (2004), and Katrina (2005) reduced land area by approximately 85%, accompanied by a major decline in seagrass extent. Tool CREOL will have strategic utility in planning upcoming restoration and revegetation efforts planned by Louisiana’s Coastal Protection and Restoration Authority in the Breton National Wildlife Refuge, and will provide near-real-time monitoring of the results of that project. The tool serves as a basic model which can be adapted to study similar coastal regions in the world.
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National Application Area Addressed: Water Resources
Study Location: Breton National Wildlife Refuge, Louisiana, United States
Study Period: January 1984 to June 2021

Community Concerns:
· The Chandeleur Islands protect the Louisiana coastline from storm surges and provide critical habitat for marine and terrestrial species. 
· Seagrass beds surrounding the islands support biodiversity, absorb excess nutrients in the water, and reduce island erosion by trapping suspended sediment.
· Rising sea levels, in combination with destructive events such as the Deepwater Horizon Oil Spill and Hurricane Katrina, have caused both significant land loss in the Chandeleur Islands and degradation of the islands’ seagrass populations.
Project Objectives:
· Analyze historical trends in water quality parameters relevant to seagrass conditions
· Generate maps displaying current turbidity conditions and seagrass bed locations
· Develop a Google Earth Engine (GEE) tool that will allow end users to monitor and analyze water quality parameters, including turbidity

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

	Louisiana Coastal Protection and Restoration Authority
	Gregory Grandy, Deputy Executive Director; Todd Baker, Coastal Resources Project Manager;
Kenneth Bahlinger, Coastal Resources Project Manager

	End User
	No

	Louisiana Department of Natural Resources, Office of Coastal Management
	Mark Hogan, Coastal Resource Scientist Supervisor; Sara Krupa, Coastal Resource Scientist Manager
	End User
	No



Decision-Making Practices & Policies: 
The Louisiana Coastal Protection and Restoration Authority (CPRA) monitors aboveground biomass, vegetation type, hydrographic data (water level, temperature, and salinity), soil properties, surface elevation, and shoreline position along the Louisiana Coast. These parameters feed into models which are used to predict land loss and make decisions regarding restoration efforts. Turbidity and submerged aquatic vegetation are not presently monitored, and adding these parameters to their models should improve their predictive capacity. The Office of Coastal Management at the Louisiana Department of Natural Resources (LDNR) has utilized remotely sensed imagery for habitat monitoring. However, these efforts require regularly-updated datasets which are not currently available to them. In 2020, a major restoration project began on Breton Island in the southern part of the BNWR to rebuild the islands and their habitat suitability. 5.8 million cubic yards of dredged sand is being placed on the island to restore habitat.
A second project on the northern part of the BNWR is set to begin engineering and design in 2021 to increase turtle, bird and seagrass habitat. However, in order to choose optimal sites for revegetation, our partners need to understand historical trends in seagrass bed locations and water quality conditions. To maximize the benefit of their restoration efforts, they need a way to monitor up-to-date conditions and measure the results of their work.

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

	Landsat 8 OLI
	Chlorophyll-a, normalized difference turbidity index (NDTI), normalized difference aquatic vegetation index (NDAVI) 
	Reflectance bands were used to extract chlorophyll-a, turbidity, and aquatic vegetation metrics at a 30m resolution from 2013-2021.


	Landsat 5 TM
	Chlorophyll-a, NDTI, NDAVI
	Reflectance bands were used to extract chlorophyll-a, turbidity, and aquatic vegetation metrics at a 30m resolution from 1984-2012.


	Landsat 7 ETM+
	Chlorophyll-a, NDTI, NDAVI
	Reflectance bands were used to extract chlorophyll-a, turbidity, and aquatic vegetation metrics at a 30m resolution from 2012-2013.


	Aqua MODIS
	Sea surface temperature (SST)
	The Aqua MODIS SST band was used to extract SST at a 1km resolution from 2002-2021.

	Terra MODIS

	SST
	The Terra MODIS SST band was used to extract SST at a 1km resolution from 2000-2021.




Ancillary Datasets:
· Joint Research Centre (JRC) Global Surface Water Dataset– Assess land cover in the Chandeleur Islands region at a 30m resolution from 1984 to 2021
· Copernicus Marine and Environment Monitoring Service- Multi-Observation Global Ocean Sea Surface Salinity and Sea Surface Density 1993-2019
· United States Geological Survey – Hypoxia in the Gulf of Mexico – Monthly Nutrient Flux and Concurrent Streamflow (Mississippi River) 1968-2016

Software & Scripting:
· Google Earth Engine API – Construction of a web-based tool for water parameter monitoring and analysis (SAV, Turbidity, Chlorophyll-a, SST, Land-cover) using satellites and sensors including Landsat 5 TM, Landsat 7 ETM+, Landsat 8 OLI, Aqua MODIS, and Terra MODIS.
· ESRI ArcGIS Pro 2.6 – Raster manipulation and time-series map product generation
· Python 3.7 – Data processing and visualization
 
End Products:
	End Product
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	Tool for Coastal Remote Ecological Observations in Louisiana (CREOL) GEE tool
	Landsat 5 TM
Landsat 7 ETM+
Landsat 8 OLI
Aqua MODIS
Terra MODIS
	This GEE tool will allow our partners to analyze historical trends and monitor current conditions of turbidity, chlorophyll-a, seagrass extent, land cover, and sea surface temperature. 
	III


	Tool CREOL Tutorial
	N/A
	This video walkthrough will enable our partners to navigate through and understand the tool’s user interface.
	N/A

	Turbidity Maps 
	Landsat 5 TM
Landsat 7 ETM+
Landsat 8 OLI

	These maps will highlight areas of low and high turbidity to enhance our partners’ understanding of appropriate areas for seagrass restoration.
	N/A


	Seagrass Beds Maps
	Landsat 5 TM
Landsat 7 ETM+
Landsat 8 OLI
	These maps will show current seagrass extent to help our partners locate areas in need of revegetation.
	N/A


	Water Quality Time Series Analysis
	Landsat 5 TM
Landsat 7 ETM+
Landsat 8 OLI
Aqua MODIS
Terra MODIS

	These time series charts will display historical changes to turbidity, chlorophyll-a, land cover, and sea surface temperature. They will help our partners establish baselines for seagrass restoration.
	N/A




Product Benefit to End User: 
This project will benefit the CPRA and the LDNR by facilitating their use of NASA Earth Observations for seagrass management and restoration. The GEE tool will allow them to both analyze historical trends and monitor the current state of seagrass bed extent, land area, and water quality. These capabilities will be invaluable to our partners’ seagrass habitat restoration efforts. Tool CREOL’s time series capabilities and dynamic imagery visualization features will allow them to investigate how destructive events, such as hurricanes and the BP oil spill, have impacted potential restoration sites in the past. Our partners will also be able to access the most up to date imagery through the tool, allowing them to evaluate the current conditions of restoration sites and continue monitoring the region during and after the restoration project. 
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