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I. Abstract
[Placeholder - do not put anything here until the final draft submission. The abstract in the project summary is where the working draft of the abstract should “live”]
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[bookmark: h.30j0zll]II. Introduction
[bookmark: h.72x8u5bfjotd]    Caribbean nations are increasingly interested in the origin and drivers of the pelagic seaweed Sargassum, which has inundated their shorelines in recent years and caused both economic and environmental concerns. In particular, observers have reported higher than normal levels of Sargassum since 2011, with levels reaching a critical high in 2015. In a survey of 21 marine researchers, 71% (15/21) agreed or highly agreed that the amount of Sargassum in the Caribbean in 2015 was significantly higher than in previous years, although they also reported major Sargassum events occurring in the previous four years (See Section IX). 
[bookmark: h.de2v78vk6pcx]    At moderate levels, Sargassum has many important functions in marine ecosystems. Laffoley et al. (2011) write that Sargassum often completes its entire life cycle at sea, making it the only holopelagic seaweed in the world. The floating mats provide a critical habitat for a diverse set of species, from the highly adapted Sargassum Anglerfish to juvenile sea turtles. These pelagic ecosystems are also thought to be critical destinations for migratory species, such as whales and tunas, and to provide nutrient cycling to the ocean floor. Furthermore, beached Sargassum provides shelter to sea turtle hatchlings and reduces shoreline erosion (Laffoley et al., 2011).
[bookmark: h.3znysh7]    During significant influxes, Sargassum detrimentally affects nearshore ecosystems and the economies of coastal communities. The large mats flood shallow bays and reefs, compressing sand and trapping sea turtles in their nests. One observer in Belize describes, “When the Sargassum comes...and stays there for months and starts to rot, everything dies - sea grass, crabs, conch, snail, fish, the list goes on,” and another reports “fish and crustacean kills” in the British Virgin Islands (See Section IX). Additionally, in a region where tourism is economically vital, tourists are deterred by seaweed-covered beaches and the smell of decomposing biomass. The tourist industry has faced a considerable financial burden, as many tourists have cancelled trips within these regions. Heavy machinery has been used in some locations to clear the beaches, further exacerbating the ecological problems. Although there has been a slight increase in employment by local governments for the hand-removal of Sargassum, this funding for the emergency removal has imposed a financial burden on both local and national governments. 
[bookmark: h.tu2xkm8gzdzv]    Critical to the development of more sustainable management practices for Sargassum is an understanding of the geographic origin and cause of recent Sargassum inundation events. Currently, these events are poorly understood, and a majority of surveyed marine researchers identified the origin of Caribbean Sargassum (62%, 13/21) and the causes of 2015 Sargassum levels (67%, 14/21) as topics in which further research is needed (See Section IX). Thus far, three theories have been proposed regarding the origin of the large quantities of Sargassum. The primary “Sargassum system loop” theory suggests that Sargassum from the Sargasso Sea is carried through the Caribbean Sea in a westward trajectory, then moves upward into the Gulf of Mexico, and finally travels eastward past Florida to the Atlantic coast of the United States (Webster and Linton, 2013). Other theories suggest that Caribbean Sargassum is transported from the northern coast of Brazil (Gower and King, 2013) or originates in the Caribbean Sea. A variety of factors are debated as contributors to the problem, including ocean temperatures, ocean currents, nutrient levels, fertilizer run-off, oil spills, sewage and pollution, and global climate change.
[bookmark: h.tyjcwt]    Previous studies have supported the use of satellite remote sensing as a powerful tool for studying the problem of Sargassum over-proliferation. Sargassum is distributed over a vast area of the ocean, making it challenging to study by boat, but has a spectral signature that clearly distinguishes it from nearby water (Gower and King, 2011). The existing literature on using satellite imagery to detect Sargassum has focused predominantly on the Gulf of Mexico and the Sargasso Sea (Gower et al., 2006). Gower and team first used MERIS to detect Sargassum in the Gulf in 2006. Their Maximum Chlorophyll Index (MCI) successfully identified large pelagic mats from satellite imagery. Alternative detection methods have since improved the ability to identify Sargassum using remote sensing. The Floating Algal Index (FAI) (Hu, 2009) can be applied to both Landsat and MODIS imagery, and offers a reliable alternative to MCI. The current limitations in Sargassum detection lie in the spatial resolution of the sensors (Hu, 2015), and the interference of clouds and sun glint, which obscure the clarity of spectral signatures captured by satellite sensors (Chen and Zhang, 2015). In this project, the team built upon these detection methods and applied them to the Caribbean Sea and its surrounding nations.
[bookmark: h.2iubql8qxj68]    Within the NASA Applied Sciences ‘Oceans’ application area, this project addressed important questions on the origin and cause of Sargassum inundation events by using NASA Earth observations and the European Space Agency’s Envisat to detect Sargassum in the Caribbean Sea, model drivers of its growth, and identify the origin of the influx. The project utilized data spanning from 1980 to the present (March, 2016) to understand historical patterns of Sargassum movement and growth in the Caribbean. This information was then incorporated into a predictive model for inundation events. The findings from the project are intended for use by Caribbean nations interested in the origin of the phenomenon and by the Mexican government to inform policy on the effective timing of coastal Sargassum removal. 
[bookmark: h.losnklu4xrlq]    In order to assess the extent of the problem and build upon existing work, the DEVELOP team at the NASA Ames Research Center was fortunate to partner with a number of researchers and organizations (See Section VI). 
[bookmark: h.isvkj8fk3l7]
[bookmark: h.jqphgbcwt247]III. Methodology
[bookmark: h.1t3h5sf]3.1 Data Acquisition
[bookmark: h.17dp8vu]     To better detect Sargassum in the Caribbean, Moderate Resolution Imaging Spectroradiometer (MODIS) Terra, and Medium Resolution Imaging Spectrometer (MERIS) Envisat imagery were obtained through FTP servers. The imagery for the MODIS Terra sensor from 2003 until March 2016 was accessed and downloaded via Level 1 and Atmosphere Archive and Distribution System (LAADS) web. Envisat MERIS imagery from 2002 to 2012 was accessed and downloaded via the European Space Agency’s (ESA) Merci Product Query. To understand Sargassum distribution and growth, oceanic variables were obtained from the NOAA Coastwatch Environmental Research Division’s Data Access Program (ERDDAP). The primary oceanic variables that were used in this project include: colored dissolved organic matter (CDOM), photosynthetically available radiation (PAR), chlorophyll-a (CHLA), primary productivity, wind stress, wind diffusivity, sea surface salinity, sea surface temperature (SST).
[bookmark: h.3rdcrjn]
[bookmark: h.26in1rg]3.2 Data Processing
[bookmark: h.lnxbz9]     After data acquisition, the MODIS imagery were rescaled from a 500 m resolution to a 250 m resolution and clipped to the extent of the Caribbean Sea. To reduce atmospheric noise, cloud masking was performed using Matlab’s Fmask function. Data processing of the MODIS imagery was automated using a Python script that calculates the Floating Algal Index (FAI) and Normalized Difference Vegetation Index (NDVI) to detect the presence of Sargassum. In addition, the Maximum Chlorophyll Index (MCI) was calculated for the MERIS imagery. A threshold value was determined for both indices that best represented Sargassum detection. The correlation between Sargassum presence oceanic variables was tested via Terrset Earth Trends Modeler (or spatial regression). 
[bookmark: h.35nkun2]
3.3 Data Analysis
[bookmark: h.1ksv4uv][bookmark: h.44sinio][bookmark: h.2jxsxqh]     To better visualize the temporal distribution and pattern of Sargassum presence with the oceanic variables, monthly values were averaged and then plotted from 2002 until present via matplotlib, a Python library. 

[bookmark: h.z337ya]IV. Results & Discussion

[image: ]
[bookmark: h.3j2qqm3]Figure 1. Detection of Sargassum slicks using MODIS Terra near Bermuda in December 2009 using various indices including: NIR/Red Band Ratio, NDVI, and FAI. Compared with the Hu detection method (upper-left), all three detection methods were able to detect Sargassum strips at the same, or similar, locations. However, the NDVI (lower-right) exhibited more spectral noise than the FAI (upper-right). The detection of Sargassum using NIR/Red Band Ratio (lower-left) was less distinct than the other two methods.  

V. Conclusions
Final conclusions. Word count: 200-600 (~a page).
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In preparation for DEVELOP’s coming micro journal, please select two content innovation features to support your paper. For each item, please list the name of the feature, and include the tool itself if possible (eg. glossary terms and definitions). If the tool does not work in Microsoft Word (eg. Interactive MATLAB Figure Viewer), please list the filename and upload the related file to the micro journal folder on the DEVELOP Exchange. If you choose to use Inline Supplementary Material, please also include where the material should appear in the text.

Some options include:
AudioSlides
Database Linking Tool
Data Profile
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Featured Author Videos
Featured Multimedia for this Article (video and podcast options)
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Inline Supplementary Material (figures, tables, computer code)
Interactive Map Viewer
Interactive MATLAB Figure Viewer
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IX. Appendix
[bookmark: h.iccbxj3chgsw][Sargassum Questionaire Results]
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