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Massive influxes of holopelagic Sargassum spp. (Sargassum natans and S. fluitans) have been causing major economic, environmental and ecological problems along the Caribbean coast of Mexico. Predicting the arrival of the sargassum as an aid to addressing these problems is a priority for the government, coastal communities and the society; both mitigating the impacts and providing opportunities for its use. Lack of data concerning precise locations and times of sargassum beachings means that public and private funds are being spent inefficiently and most actions are reactive. The dynamic nature of sargassum beachings/influxes render conventional ground-based monitoring insufficient. Earth observation and cloud-based processing services offer tools to track, quantify and understand sargassum beaching remotely in a frequent, systematic and reliable manner with the temporal and spatial resolutions required for its management. In order to find the right solutions to address this problem, in this paper the needs and requirements of stakeholders are taken into consideration for the development of an Earth observation-based service to monitor sargassum along the Mexican Caribbean coast. Routine monitoring of sargassum over a large area will be cost effective and help mitigate the negative effects of sargassum influxes. The combination of imagery from Planet, specifically their SuperDove systems that provide daily data at 3 m spatial resolutions, with the freely available EU Copernicus data would be useful for many different stakeholders and potential users. A prototype of the service is presented, based on the main user requirements. The system would enable public and private organizations to allocate resources appropriately in affected areas quickly and efficiently, thereby minimizing economic, social and environmental impacts and enhancing the resilience of local communities. It would also assist the sargassum industry in the collection of fresh algae for onward processing. The system could easily be implemented for similar types of environmental monitoring in the Greater Caribbean and beyond.
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1 Introduction

Holopelagic Sargassum spp (Sargassum natans and S. fluitans; sargassum from hereon) is a brown macroalgae (seaweed) that floats on the sea surface in tropical and subtropical areas of the Atlantic Ocean. It was first described in 1492, by Christopher Columbus and his fleet (Lapointe et al., 2021). It can aggregate into large rafts which may ultimately drift on to adjacent coasts. These rafts are crucial agents of connectivity and, driven by marine and air currents, serve as important conveyance systems for marine wildlife. Once reaching the coast, in small amounts, sargassum plays an important role in protecting beaches from wind and wave erosion and providing feeding areas for shoreline birds (Laffoley et al., 2011; Wang et al., 2019; García-Sánchez et al., 2020). Historically, large amounts of sargassum only occurred in the Gulf of Mexico and the Sargasso Sea (Johns et al., 2020) and nuisance accumulations of sargassum (drifts up to 3 m deep) that have had a negative impact have occasionally occurred on the shores of Caribbean islands, such as in Bermuda in 1917, and on the Caribbean coasts of Mexico and Central America (Oviatt et al., 2019). When large quantities of sargassum accumulate onshore over a short period of time it can disrupt ecological systems, fishing and tourism (Rutten et al., 2021). When it rots it releases large amounts of nutrients and organic matter that change the environmental conditions of the beaches (Van Tussenbroek et al., 2017; Chávez et al., 2020). It also releases toxic hydrogen sulphide which can cause respiratory problems and infrastructure damage (Oyesiku and Egunyomi, 2014; Hinds et al., 2016).

A significant change was observed in 2011 when a large accumulation of sargassum was recorded off north eastern Brazil. Unprecedented amounts of this sargassum were carried to the southern Caribbean, Sierra Leone, Nigeria and Ghana (Huffard et al., 2014; Oviatt et al., 2019) causing widespread economic and ecological damage (Ody et al., 2019). Possible mechanisms behind this system shift have been discussed by Johns et al. (2020). Almost every year since 2011, large quantities of sargassum have been reported across the Atlantic, giving rise to the term ‘Great Atlantic Sargassum Belt’ (Wang et al., 2019). The costs of trying to clean up sargassum across the Caribbean in 2018 was estimated at US$120 million, excluding losses from reductions in tourism (Lapointe et al., 2021). This problem is set to grow with the increasing impact of climate change and the inputs of nutrients from onshore sources (Oviatt et al., 2019; Johns et al., 2020).

Previous and ongoing research (Milledge and Harvey, 2016; Zanolli, 2019; Miranda et al., 2021; Oxenford et al., 2021; Azcorra-May et al., 2022; López-Miranda et al., 2022; Lopresto et al., 2022) is, however, showing that sargassum is also providing opportunities for exploitation and use as a natural resource. Sargassum can be used as compost, biofuel (via anaerobic digestion), livestock feed, as part of chemical processes in cosmetics, medicine or health supplement manufacturing, or to manufacture paper, building materials or bioplastics (Chávez et al., 2020). Its potential as a sustainable biofuel offers opportunities to reduce CO2 emissions from both transport and agriculture and contribute to climate change mitigation (Marx et al., 2021). However, its use in these processes requires the timely collection of beached sargassum before it begins to decay, and novel, specific and complex treatment processes to prepare it for use. These challenges hamper the up-scaling of innovative technologies using sargassum, and as far as our knowledge goes, no new technology has reached large-scale viability, although some sargassum-derived products are now available on the market.

In the past, estimated sargassum volumes were based on measurements from ships, with studies dating back to the 1830s, if not before (Gower and King, 2011). Today, satellite remote sensing or Earth Observation (EO) provides a means to understand the phenomenon in a more comprehensive and holistic way, the nature of the resulting sargassum events as well as detailed monitor in space and time (Wang et al., 2019). Sargassum influxes are highly dynamic and occur across large, often remote and/or inaccessible areas. Understanding, managing and quantifying these events requires frequent, reliable and operational monitoring capabilities over a wide area, with appropriate spatial detail. EO provides a cost-effective option for such monitoring activity. Sargassum mats are visible from space due to their characteristics: floating, long lasting and a distinctive spectral response (Gower and King, 2008). They can, therefore, be monitored using different vegetation indices, such as the Maximum Chlorophyll Index (MCI), Normalized Difference Vegetation Index (NDVI), Floating Algal Index (FAI) and Alternate Floating Algae Index (AFAI) (Hu, 2009; Gower and King, 2011; Hu et al., 2015; Maréchal et al., 2017; Hernández et al., 2020). Sargassum does not always aggregate in large mats, thus, it is not detectable by some coarse spatial resolution optical sensors (e.g., MODIS at 250m, Sentinel-3 at 300m), requiring high spatial resolution sensors for local tactical monitoring. Gower and King (2011) report the first detection of sargassum in the NW Gulf of Mexico in 2005 using MCI from MERIS at 300 m spatial resolution. Over the period 2002-2008 they noted a consistent pattern of movement, with a maximum sargassum amount in 2005 estimated at 6 million tonnes wet weight. Over recent years the use of more spatially detailed EO systems has been tested, especially those based on sensors carried by Landsat and Sentinel-2 satellites. However, these do not have the high temporal revisit required to map locally dynamic sargassum situations. Notwithstanding, such EO-based solutions generally aim to improve our understanding of sargassum, and to support the development of appropriate and cost-effective management strategies. They could be adapted to similar phenomena (e.g., harmful algal blooms) elsewhere in the world. The detection of sargassum using high spatial and temporal resolutions is attracting attention (Hernández et al., 2020; Wang and Hu, 2021; Zhang et al., 2022) but also more questions are arising associated with understanding the dynamics of sargassum near the coast (Miron et al., 2020) and the uncertainty associated with the different models used (Marsh et al., 2022).

Two linked studies, the Satellite Sargassum Monitoring System (SASAMS) and SargAssure projects, were undertaken to develop a satellite EO service to monitor sargassum. SASAMS had the long-term goal of developing a cost-effective, near-real time sargassum monitoring service for the Mexican Caribbean coast based on satellite technology, while SargAssure focused on delivering a prototype operational system based on the user requirements established during SASAMS. Together, these projects have the potential not only to deliver local solutions to the Mexican Caribbean coast, but also across much wider geographical area, contributing to the Sustainable Development Goals (SDG) 13 and 14. In this paper, the focus is on user requirements for a satellite-based sargassum monitoring service.




2 Mexico case study

The Mexican Caribbean coast (Figure 1) is ~ 900 km long, including the island and continental areas. It contains several ecosystems (e.g., mangroves, coastal dunes, seagrass meadows, coral reefs, beaches) which provide important habitats as well as ecosystem services. The region is one of the most important tourism hotspots in the country, receiving >12.5 million tourists a year and making an important contribution to national Gross Domestic Product (GDP) (Portal Ambiental, 2019): approximately 8.7% according to the OECD (2020). In the State of Quintana Roo more than US$8.6 billion/year (Ruiz-Ramírez et al., 2019) is generated, 85% of the GDP of the aforementioned state (Casas-Beltrán et al., 2020).




Figure 1 | Study area: Mexican Caribbean Coast showing the coastal municipalities in Quintana Roo state and a 10km buffer area.



Sargassum usually arrives on the Mexican Caribbean coast from March to September/October (CONACYT, 2019). In recent years increases in the extent, frequency and duration of beaching events have been reported, causing complex ecological, economic, and social problems (Smetacek and Zingone, 2013; Milledge and Harvey, 2016; Van Tussenbroek et al., 2017; Chávez et al., 2020). For instance, in 2014 atypical volumes of sargassum were recorded by Schell et al. (2015) and reached the Mexican coast affecting many beaches. In 2015 the volume was 71,353 m3 (Rodríguez-Martínez et al., 2016) and in 2018 the volume was estimated to be three or four times greater than in 2015 (Rodríguez-Martínez et al., 2019; Wang et al., 2019; García-Sánchez et al., 2020). These massive influxes of sargassum on the Mexican Caribbean coast produce large-scale problems. It is essential to mitigate them to avoid serious, negative, irreversible socio-economic consequences and environmental damage. Our limited understanding of what controls sargassum movement in coastal waters and subsequent beaching, when and where it will arrive, means that the scarce resources available are being spent inefficiently, and ecosystems and livelihoods are being damaged unnecessarily (Chávez et al., 2020). Limited information about the quantities and status (fresh/decayed) of the sargassum also restrains exploitation of sargassum as a resource by downstream industries.

There are some existing projects and services (Table 1) which offer information on the location of sargassum based on EO data over large spatial or temporal scales and beach monitoring. It is unclear whether these can all be described as fully operational since many of them are still developing or run on a voluntary basis, however, they are all working to a certain degree.


Table 1 | Existent sargassum monitoring services.



From the activities described in Table 1 and those reported by Rosellón-Druker et al. (2022) there were at least 185 projects, initiatives or studies related to pelagic sargassum in Mexico from 2010 to 2021. It is evident that there is a significant demand for information on sargassum monitoring in Mexico and the Caribbean. The SASAMS project, funded by the UK Space Agency (UKSA) through their International Partnership Programme, was designed to advance research and enable practical solutions for the management of sargassum and provide timely information for local environmental and socio-economic decision-making. It focused on the sargassum journey, just prior to and after beaching. This project, therefore, filled a gap as it focused on a specific geographical region and technical specifications not yet adequately addressed by other services. The existing services tend to focus on the larger open sea and ocean basin scales and use sampling levels that can be addressed by medium and high spatial resolution EO data. They do not perform well in near shore conditions and many of their forecasts are likely to be inaccurate due to the complex hydrodynamics of shallow waters and detailed coastal configurations. SASAMS specifically aimed to address nearshore and onshore geographies which can only be mapped effectively by Very High spatial Resolution (VHR) EO data (< 5 m pixel sizes) with temporal resolution to enable potential daily revisit, such as PlanetScope (Planet Team, 2017). The tactical response to sargassum and the needs of local actors such as hoteliers, end users of sargassum and fishers can only be addressed by detailed mapping which captures local specificities, individual accumulations, and the impacts of structures such as harbours, breakwaters and booms on beaching and the build-up of sargassum.

To demonstrate the need for a sargassum monitoring system, understand the context of the sargassum influxes and the specific needs of stakeholders on the Mexican Caribbean coast for a monitoring system, a user requirements exercise was performed. This paper aims to describe this engagement, provide an overview of the resulting requirements and how this drove the development of a monitoring system to aid environmental management across the region.




3 Methodology



3.1 User requirements gathering

The success of a system is measured by the degree to which it fulfils the purpose for which it was designed (Gebauer, 2008). It is therefore essential to gather user requirements to define the purpose of the system. Gathering user requirements also heightens the engagement of stakeholders and identifies potential users, as well as recognizing the different needs for different users. Figure 2 shows the SASAMS methodology used for gathering the user requirements following Maguire and Bevan (2002).




Figure 2 | SASAMS user requirements methodology. Figure modified from Maguire and Bevan (2002).





3.1.1 Information gathering

To gather baseline information regarding the problem, the stakeholders and their relationships, a stakeholder analysis was developed to identify each stakeholder group, and their main roles, responsibilities and goals, in relation to the sargassum problem in Mexico and the Caribbean. Making use of in-country partners’ knowledge resulted in an extensive list of principal actors who were invited to the workshops. Gathering the information was an evolving process: it started before the first workshops, and continued during the subsequent workshops and then during follow-up interviews.




3.1.2 Identification of user needs

A diverse range of approaches were used to gather the information on user needs for the different groups. Three online workshops were held in September 2020 with different stakeholders and those interested in the use or impact of sargassum. The goal of these workshops was twofold. Firstly, to better understand and articulate the map of actors engaged with sargassum influxes in Mexico. Secondly, to gather and identify a set of user needs for monitoring sargassum and to help to understand how sargassum affects different sectors (i.e. society, tourism, fishing, etc.). The workshops also aimed to link the efforts that a wide range of stakeholders in Mexico are making towards the management and mitigation of the negative effects of the sargassum influxes. 48 representatives of 34 different institutions attended the workshops. They came from a broad range of societal stakeholders in Mexico: representatives of governmental departments and agencies (federal and local), non-profit organizations (NGOs), international organizations, private sector and academia. Twenty-three participants were based in the Caribbean region. The workshop facilitated dialogue among the participants about their needs and the ways to progress further with the knowledge obtained. The workshop activities were divided into three principal themes: 1) understanding the sargassum problem in the region and the impacts of sargassum influxes at different levels (economic, environmental and social); 2) understanding the challenges every stakeholder was facing to mitigate sargassum beaching and what had been/was being done, as well as discussions on the strengths and weaknesses of existing systems and current measures to face the problem, and 3) understanding the need for an effective monitoring system, focused on the spatial and temporal resolutions and information required. At the end of these workshops an initial set of user requirements for EO monitoring was compiled.




3.1.3 Understanding and requirement specifications

It was important to take the rather abstract requirements from the first workshop and demonstrate them through practical examples. Accordingly, a set of EO-based prototype systems were developed (Figure 3) addressing the needs identified. These prototypes were developed using different EO data, from coarse spatial resolution (Sentinel-3, 250 m pixels) to very high spatial resolution (SkySat, 50 cm pixels). The process of prototype design was iterative within the team. The prototypes were presented and discussed in a second set of workshops (two held in November 2020) with the aim of having a clear and realistic understanding of whether they were able to cover user needs. The details about the remote sensing and data management products are summarized in Table 2.




Figure 3 | Monitoring system prototypes shown to workshop attendees. (A) SkySat based prototype; (B) Planet Scope based prototype; (C) Sentinel-2 based prototype; (D) Sentinel-3 based prototype. Satellite images: (A, B) © copyright Planet Labs Inc., (C) Basemapping: © copyright OpenStreetMap Contributors.




Table 2 | Remote sensing and data management products.






3.1.4 Evaluation

This phase aimed to identify and understand the relationships between stakeholders and a range of other groups engaged with the sargassum influxes. Attendees were asked at the second set of workshops to revisit and prioritize their needs again and give feedback on how well these were covered in the prototypes; allowing the evaluation of both our understanding of how different actors and sectors prioritized their needs, and the initial set of prototype systems. For this, showing the prototype systems helped to clarify and focus user needs in terms of spatial and temporal resolution, but also brought a better understanding of how users would like the information to be displayed and how they would like to interact with it, the detail needed and the relevance  this information for different sectors. Finally, questionnaires were sent to all participants to confirm that the stakeholders agreed with the needs identified.






4 Results



4.1 User requirements gathered

The workshops were well attended and participants represented the main actors and stakeholders interested or involved in the sargassum influxes. The 48 stakeholders attending the workshops, represented 34 different institutions including federal and local governmental agencies (15% and 17% respectively of the attendees), non-profit organizations (17%), international organizations (2%), private sector (8%), and academia (41%). There was agreement on the need for a sargassum early warning system, good management and environmentally friendly disposal practices, and the need for research and development into the use of sargassum, as well as best practices for its collection (on the beach and offshore).

To understand the needs of the users in terms of spatial resolution of EO-products, we used four different types of satellite imagery – SkySat, PlanetScope, Sentinel-2 and Sentinel-3 for creating the prototypes of the system (Figure 3). These were useful for comparison and helped us communicate with non EO experts. Most participants considered that very high spatial resolution (< 5 m pixel size) PlanetScope images would be the most suitable product, given the systematic observation and regular revisit periods. These products would be used mainly in managing the logistics of sargassum removal or collection, and as a source of information to build a more accurate monitoring system. The second most suitable product was Copernicus Sentinel-2 (10-20 m pixel size), with potential uses in the location and monitoring of sargassum further offshore. The third most suitable product was SkySat (<1 m pixel size), which provided the most detail, but at the highest cost and required tasking of acquisitions (target the satellite to a specific area of interest each time an image is required). The least suitable product was Sentinel-3 (250-1000 m pixel size) due to its coarse spatial resolution. However, participants recognized the potential use of Sentinel-3 for monitoring large sargassum mats far offshore and the capability of these images to monitor some parameters of water quality such as turbidity. Potential costs and benefits were discussed and the right balance of these was the reason why PlanetScope was the preferred data source. Even though people would have preferred the highest spatial resolution products (< 1 m spatial resolution) the constraints were appreciated. People mentioned the importance of these higher spatial resolution images for validating other products and the possibility of quantifying sargassum at ultrafine scales (i.e., centimeter scale pixels) from drones or ground-based observations.

The impacts of sargassum most mentioned during the workshops were: i) economic (on the tourism and fishing industries); ii) environmental (on corals, seagrasses and coastal ecosystems); and iii) social (health issues, potential aquifer contamination and income losses). It was agreed that massive influxes of sargassum on Mexican coasts and beaches can put public health at risk, stress marine and coastal ecosystems (e.g. alterations in reef systems due to the obstruction of light, eutrophication of water, toxic leachates, etc.) and threaten the tourism-based economy (e.g. beaches lose their scenic component diminishing the tourist experience). Workshop participants identified the need for data sharing and standardization to support advances in research and operational solutions. The principal needs identified and discussed were:

	- The Presence/absence of sargassum at high spatial and temporal resolution. The identification of sargassum off-shore and on the beach at different locations and at different time intervals were the top priority for all stakeholders. This information is crucial for the informed management of sargassum, and its potential uses;

	- The process of decay of sargassum. The state of the sargassum. Separating fresh (golden) sargassum from decaying or dried sargassum, is important for some industries, as they use only fresh sargassum in their production. Knowing the state of the sargassum could save money, improve the efficiency of these production processes and potentially increase the quantity of fresh sargassum collected;

	- The movement and arrival times of sargassum. Tracking and prediction of the movement and landing of sargassum mats was seen as important for the tourism sector. Hotels and other recreational activities companies prioritize this need as this information would be beneficial for directing cleaning efforts efficiently, in a timely manner, and for directing tourists to the areas with less sargassum;

	- The quantity of sargassum. Quantifying the biomass or volume of beached sargassum was an important need principally for researchers and mainstream industries (companies which have wider presence in different markets). The latter consider this would help in more efficient sargassum collection. Academics would like this information to understand patterns, cycles and trends of the sargassum arrivals;

	- Access to Data and Applications. It was recognized that information about sargassum should be accessible to all sectors without the need for EO knowledge or expertise. Users remarked on the need to display the information in many formats, e.g., a website, a desktop application for computers and via mobile phones. The service should be able to send alerts to the users based on the occurrence of sargassum in a given Area of Interest (AOI).



Once the main needs were identified, participants were asked to prioritize using a MoSCoW prioritization approach. Most of the participants saw the presence or absence of sargassum as fundamental. Regarding the quantity of sargassum, 23 people saw it as required and 13 as recommended (Figure 4). In the case of the state of sargassum, 16 people agreed that the state of sargassum would be valuable. However, it is important to note that for private sector stakeholders and companies that use sargassum, the state of decay of the sargassum is a vital component of the system. For almost all participants tracking the movement of sargassum is central, as well as estimating its arrival time.




Figure 4 | Priorities for sargassum monitoring identified by different stakeholder groups. The bar size represents the number of people with a given opinion. Modified from Foody et al. (2021).



To narrow down the rather extended range of options produced from the first set of workshops and understand the needs in terms of spatial and temporal scales of the monitoring system, more details were collected as shown in Figure 5. The results show that most participants chose 100 - 1000 meters as the minimum size feature mapped, followed by 10 - 100 meters. Participants were probably thinking specifically about the area that they needed information for, rather than the spatial resolution needed generally, and this is why these results seem different from those when the participants chose the best prototype.




Figure 5 | Priorities for a sargassum monitoring system identified in a second set of workshops. The size of the circles are related to the number of people. Colour key: purple – local government; Blue – private sector; Yellow – federal government; Green – academia; Orange – NGOs; Pink – others.



Most of the participants were interested in having information in terms of area, rather than volume or mass. Regarding the sargassum decay process, most participants considered sargassum as fresh when it has been on the beach for less than 24 hours. The frequency with which most would like to receive information was daily and the most acceptable time between the passage of the satellite and the generation of the product was around 12 hours. For most participants, the monitoring system would primarily be used for research and decision-making. The first finding was expected, given that most of the participants were academics. Finally, stakeholders would prefer access to information via computer or an application.

The workshop participants acknowledged that the implementation of any sargassum monitoring system requires wide collaboration and engagement between all sectors and stakeholder groups. In the discussions it was reflected that currently there are insufficient links between scientific communities and decision-making.

The need for a technological solution that provides remote monitoring and early warnings of sargassum arrivals in the Caribbean Sea, such as that proposed by the SASAMS project, was acknowledged by a broad range of stakeholders. It is envisaged that such technology would be able to warn of the presence of sargassum on or near the coast and determine potential arrival sites, thereby assisting management and clearing logistics. Information is expected to be useful if available as an interactive web platform with periodic reports and potentially alerts automatically generated.

Support from SASAMS would be beneficial to stakeholders involved in sargassum management activities, allowing them to make more efficient use of their resources. This would include federal and regional government departments, some environmental NGOs and, in the private sector, hotels. Preserving the beauty of the Mexican Caribbean coast (important for tourism) through sea-borne control measures, or through more efficient and effective sargassum removal from beaches would benefit the tourist industry and protect jobs directly and indirectly associated with it. The fishing fleet would be able to avoid areas and times when sargassum is most prevalent. Finally, industries that use sargassum as a raw material would enjoy reliable, fresh sargassum supplies.

From the user requirements exercise, the basis of a prototype system that would be used for identifying the location of sargassum at sea and on beaches was defined. This would improve logistics for collection close to the coast, and on the coast, and/or the positioning of barriers at sea. In the short term, these measures would help to reduce the quantity of sargassum reaching beaches in peak years and thereby reduce the negative economic impacts on the tourism industry and on coastal marine ecology. In the medium term, the ability of the system to predict the location, quantity and condition of sargassum at sea is hoped would encourage academic and private sector research on potential commercial exploitation of sargassum. This, in turn could provide a longer-term, sustainable solution to the negative impact of sargassum on the economy of Mexico and other affected countries.




4.2 Pilot monitoring system

Although more research is required to understand the mechanisms for decision-making and coordination of the management of the sargassum influxes, our user requirements exercise helped to inform the design of a pre-operational service based on SASAMS. A prototype system called SargAssure has been developed with additional UKSA funding through their Underpinning Technology Development Programme. The service is running in pre-operational mode for selected users and early adopters who are providing feedback on its functionality and products. SargAssure focuses on the main need of users: mapping the presence of sargassum but can be extended to include the other needs. A web application (Figure 6) allows users to define an area of interest (AOI), for example a stretch of beach and the adjacent nearshore environment. Once the AOI is established, the system automatically searches until a new image acquisition from the PlanetScope Super Dove satellites becomes available. This is then downloaded and processed to produce a sargassum presence/absence product with an alert being emailed to the user when the results are available to view in the web application. On receiving the alert, the user can then return to the web application to see results and reports generated, evaluate the situation and decide whether action needs to be taken.




Figure 6 | SargAssure interface.







5 Discussion and conclusions

In recent years, the beaching of sargassum has become a major environmental and societal problem (Huffard et al., 2014; Ody et al., 2019; Oviatt et al., 2019). Given that sargassum influxes were a key priority topic for government research in Mexico, this project is aligned with a critical issue at a time when urgent support is needed.

The study places central focus on socio-economic benefits, as it was estimated by the Mexican Ministry of Tourism that more than 1,000,000 tonnes of sargassum were removed from the Quintana Roo coastal region in 2019. The government has been investing ever-more money in the work force to deal with this problem, in sargassum collection ships, machinery, etc. that have not been used effectively as reliable tactical information on the problem was lacking. Investments have increased from $9 million US dollars in 2013 to $17 million US dollars in 2019, and $29 million US dollars in 2022. An operational EO-based monitoring service will allow the appropriate authorities to plan and direct resources where they are most needed. In the longer term, a better understanding of sargassum dynamics will enable authorities to determine the impacts on socio-economic systems such as fisheries and health, and to develop strategies to minimizing these impacts.

The environmental and socio-economic benefits outlined above, coupled with the threats to ecosystem health and human well-being stemming from the mismanagement of sargassum, indicate that the proposed system will have a positive impact across a number of SDGs, contributing primarily to SDG 13 (Strengthen resilience and adaptive capacity to climate related disasters) and SDG 14 (Reduction in negative effects of sargassum on environment and ecology). By monitoring sargassum and improving early warning capabilities, this project has the potential to improve our understanding of sargassum ecology and dynamics, boost the resilience of local tourism and fishing industries against the adverse effects of sargassum influxes and to safeguard increasingly fragile ecosystems and the species inhabiting them.

Action on sargassum arriving to the coast, whether short-term beach clearance, capture at sea, or long-term scientific research, requires further investigation. The Mexican government has provided aid packages in response to sargassum impacts relative to the severity of the problem in particular years, but this has not been enough to fully mitigate the economic and social impacts of the sargassum influxes. The Covid-19 pandemic and the accompanying economic recession has exacerbated the pressure on the Mexican government to invest in combatting the problems caused by the sargassum influxes.

Monitoring sargassum at higher spatial and temporal resolutions represents a significant change in dealing with the problems caused by the excessive sargassum and supports the best environmental management practices for its removal. Earth observation (EO) data can be used to provide timely and accurate information on sargassum influxes, allowing for effective decision-making and resource allocation. This is particularly important in the case of sargassum, as the dynamics of the algae can change rapidly and unpredictably. High-resolution EO data can also help to further identify the underlying processes that drive sargassum influxes. By leveraging the power of EO data, the proposed monitoring system has the potential to provide a comprehensive and holistic understanding of sargassum dynamics, ultimately contributing to more effective management of this growing environmental problem.

Even though the study area is in Mexico, increasingly large and frequent sargassum beachings have affected over 20 Caribbean countries, as well as others in West Africa and elsewhere in the tropics (Ody et al., 2019; Oviatt et al., 2019; Johns et al., 2020). EO-based services such as that outlined here have potential to impact across the entire region and the globe.
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