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Project Overview
Project Synopsis: 
Hawaiian fishponds (loko iʻa), ancient aquaculture systems created over 1500 years ago,
historically served to harvest prized native fish species. However, colonization-induced changes in land management have reduced active loko i’a from over 500 to ~20, destabilizing nearshore ecosystems and diminishing native Hawaiian cultural traditions. Recent decades have emphasized maintaining Hawaiian cultural identity, and consequently loko i’a restoration efforts. Anthropogenic-induced climate change threatens these delicate systems, particularly through the increase in frequency and intensity of marine heatwaves. Largely unexplored, these events are effectively studied utilizing remote sensing via satellites. Leveraging this technique enables autonomous extraction of water quality parameters to inform fishpond management. This study examined seven loko iʻa across the main Hawaiian Islands (Hawai’i Island, Molokai, Maui, Oahu, Kauai). Sea surface temperature and Normalized Difference Chlorophyll Index (NDCI) measurements were derived in fishponds utilizing Landsat 8 TIRS and Sentinel-2 MSI between 2013 to 2023, while regional patterns in temperature and chlorophyll were observed via Aqua MODIS. Employing these sensors, we focused analysis on the ramifications of the 2015 and 2019 Pacific marine heatwaves. We observed a gradient in heat stress across the archipelago, creating thermal sheltered and unsheltered fishponds, yet identified no notable relationships between temperature and chlorophyll-a. Additionally, we applied pre-determined thermal maxima for culturally significant fish species (Striped Mullet: Mugil cephalus; Milkfish: Chanos chanos) to assess historical habitat suitability within fishponds. While the direct impacts of marine heatwaves on loko i’a ecology are unknown, temperature trends observed in this study are cause for concern.


Abstract:
[bookmark: _Int_PrbnWLsB][bookmark: _Int_Mzoepdvt]Hawaiian fishponds (loko i’a), ancient aquaculture systems created over 1500 years ago, historically served to harvest prized native fish species. Colonization-induced changes in land management have reduced active loko i’a from over 500 to ~20, destabilizing nearshore ecosystems and diminishing native Hawaiian cultural traditions. In recent decades, efforts to restore loko i’a have intensified as part of a broader emphasis on preserving Hawaiian cultural identity. Anthropogenic-induced climate change threatens these systems, particularly through the increase in frequency and magnitude of marine heatwaves. Though largely unexplored, these events are effectively studied utilizing remote sensing via Earth observations. Leveraging this technique enables autonomous extraction of water quality parameters to inform fishpond management. This study examined seven loko i’a across the main Hawaiian Islands (Hawai’i Island, Moloka’i, Maui, O’ahu, Kaua’i). Sea surface temperature and normalized difference chlorophyll index measurements were derived in fishponds utilizing Landsat 8 Thermal Infrared Sensor and Sentinel-2 MultiSpectral Instrument between 2013 to 2023, while regional patterns in temperature and chlorophyll-a were observed via Aqua’s Moderate Resolution Imaging Spectroradiometer (2002–2021). Employing these sensors, we focused analysis around the 2015 and 2019 marine heatwaves in the Pacific. We observed a heat stress gradient across the archipelago, creating thermally sheltered and unsheltered fishponds, yet identified no notable localized relationships between temperature and chlorophyll-a. Additionally, we applied pre-determined thermal maxima for culturally significant fish species (Striped Mullet: Mugil cephalus; Milkfish: Chanos Chanos) to assess historical habitat suitability within fishponds. While the direct impacts of marine heatwaves on loko i’a ecology are unknown, temperature patterns observed in this study are cause for concern.
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National Application Area(s) Addressed: Climate
Study Location: Hawai’ian Archipelago
Study Period: January 2013 – December 2023

Community Concerns:
· Modern conservation efforts might become futile in some ponds depending on the severity of climate change and more frequent marine heatwaves. Our partners sought to know how effective NASA Earth observations are in understanding the problem, and to identify ponds or regions to focus conservation efforts for.
· Loko i’a are traditional Hawaiian aquaculture systems that date back over 1500 years and function as sources of cultural conservation and potentially food security, as they mimic estuaries, acting as critical habitat for distinct ontogenic phases of prized native fish species (‘ama ‘ama: Striped Mullet; ‘awa: Milkfish). Climactic shifts and the rising incidence of marine heatwaves jeopardize the ecological equilibrium within loko i’a, consequently placing both Hawaiian culture and inshore fisheries at risk. This study examines the feasibility of determining the extent and effect of the 2015 and 2019 Pacific Marine Heatwaves at both regional and localized scales using water quality metrics and temperature observations derived from publicly available satellite data, with the hopes of informing community-managed loko i’a organizations of future viable restoration projects.
· This project assesses the impact of marine heatwaves in Hawai’i, shedding light on both climate change itself as it pertains to the archipelago, and brings the system of Hawai’ian aquaculture through loko i’a into the remote sensing field to test the limitations of remote sensing for an area of study that many researchers would otherwise be unfamiliar with. The true impact of this research will be better understood with time, but will hopefully lay the groundwork for combining remote sensing methods with in situ observations by making NASA Earth observations accessible to our partners and potentially other fishpond practitioners.

Project Objectives:
· Assess regional sea surface temperature changes from 2002 – 2021 with a focus on marine heatwaves in 2015 and 2019 
· Investigate temperature changes within loko i’a from 2013 – 2023 
· Quantify thermal habitat suitability for fish species: ‘ama ‘ama (striped mullet, Mugil cephalus) and awa (milkfish, Chanos chanos) 
· Inform partner organizations of ponds with the highest potential for successful restoration efforts

Partner Overview
Partner Organizations: 
	Organization(s)
	Contact (Name, Position/Title)
	Partner Type

	Kua’aina Ulu ‘Auamo (KUA)
	Brenda Ascuncion, Hui Mālama Loko I’a Coordinator
	End User

	University of Hawaii, Manoa
	John Burns, Associate Professor; Haunani Kane, Assistant Professor; Kainalu Steward, Graduate Researcher; Brianna Ninomoto, Graduate Researcher  
	Collaborator

	National Oceanic and Atmospheric Administration (NOAA)
	Charles Littnan, Science and Research Director; Tia Brown, Deputy Director; Ariel Jacobs, Supervisory Program Analysis Officer
	Collaborator                  



Decision-Making Practices & Policies: 
KUA’s mission is to empower and improve all Hawaiians’ quality of life by conserving and protecting their natural and cultural heritage. They believe that abundant and healthy ecosystems can provide community well-being. In 2003, they were first known as the Hawai’i Program of the Community Conservation Network and gathered 12 different communities together to share their knowledge about community-based resource management. In 2009, they were reformed into the Hawai’i Community Stewardship Network and later gained nonprofit status in 2013 as Kua’aina Ulu ‘Auamo. Over ten years they have brought over $1.3 million in direct investment to community projects. Though they have limited GIS and remote sensing knowledge, they are interested in utilizing our spaceborne Earth observations in their restoration needs.  

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

	Landsat 8 TIRS
	Sea Surface Temperature 
	Used to monitor water temperature within ponds: calculated monthly average values over time from 2013 – 2023 across 7 ponds from this sensor, as well as conducted exploratory data analysis across ponds in rainy and dry seasons.

	Sentinel-2 MSI
	Chlorophyll-a
	Used to monitor relative chlorophyll levels within ponds via NDCI value. Took average NDCI of entire pond each month from 2019 – 2023 to plot time series and conduct exploratory data analysis

	Aqua MODIS
	Sea Surface Temperature
	Used to visualize maps of sea surface temperature surrounding the larger region of Hawaii outside of ponds. Visuals from this were used to monitor the behavior of the marine heatwaves, observe the island shadow pattern in terms of ocean temperature, and determine which areas might be sheltered or not.



Ancillary Datasets
· Hawaiian fishpond locations – Map of known historical and active fishponds provided by KUA.

Software & Coding Languages:
· Google Earth Engine – Imagery acquisition, atmospheric correction and cloud masking, comprehensive thermal analysis of heatwaves, time series generation, and water quality analyses of Chlorophyll-a and Turbidity
· Python 3 via Jupyter Notebook – Generate animations of imagery
·  ArcGIS Pro 3.2 –Data cleanup, drawing boundaries to match modern coastlines, and final map creations

End Products:
	End Products
	Earth Observations Used 
	Partner Benefit & Use

	Aqua MODIS Temperature Animation – Regional
	Aqua MODIS Sea Surface Temperature
	Observe monthly temperature levels of surface water surrounding Hawaii coastlines to observe any other patterns not the focus of this study.

	Temperature and Chlorophyll-a Animations – 3 Large Ponds
	Landsat 8 TIRS, Sentinel-2 MSI
	Observe satellite data availability for He’eia, Keawanui, and Menehune ponds, and compare temperature averages to chlorophyll-a levels within ponds.

	Time Series and Boxplot Figure – Temperature
	Landsat 8 TIRS
	Visualize changes over time in temperature across different ponds and assess the difference between sheltered and unsheltered ponds.

	Time Series and Boxplot Figure – Chlorophyll-a
	Sentinel-2 MSI
	Visualize changes over time in NDCI levels across different ponds and assess the difference between sheltered and unsheltered ponds.

	Brochure
	N/A
	Outreach material emphasizing the value of fishponds and Hawaiian culture and explaining how NASA Earth observations may be useful in studying how heatwaves impact them.



Product Benefit to End User: 
This project’s primary benefit for KUA is that it is one of the first uses of satellite remote sensing for fishpond research, meaning it lays the groundwork and makes the tool of remote sensing accessible for future research in the area. Our report will be useful as documentation of which resources are effective for observing fishponds, as well as the limitations in terms of in situ data to make smaller scale comparisons. Animations and brochures will be useful for people unfamiliar with remote sensing to see processed data and how it fits into the bigger picture. 
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