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Text S1: Study area details
Izembek Lagoon, Alaska (AK), Padilla Bay, Washington (WA), and Elkhorn Slough, California (CA), are in the Temperate North Pacific seagrass bioregion. Izembek Lagoon, AK, is located on the Bering Sea side of the Alaska Peninsula in the Izembek National Wildlife Refuge. Water clarity at Izembek Lagoon, AK, is favorable for optical measurements, with Secchi depths averaging 4 m (Hogrefe et al., 2014). However, frequent cloud cover limits airborne or spaceborne data collection, with only 12 clear days per year on average (Taylor and Sowl, 2007). Padilla Bay, WA, is an estuary of Puget Sound. While water clarity in Puget Sound increased from 2008 through 2018 (PSEMP Marine Waters Workgroup, 2020), waters remain impaired (Puget Sound Partnership, 2019). Elkhorn Slough, CA, is a tidal slough and estuary that opens to Monterey Bay. Seagrasses at Elkhorn Slough, CA, can be difficult to observe at depth due to high turbidity and strong tidal currents (Dierssen et al., 2019). 
South Padre Island, Texas (TX), and Tampa Bay, Florida (FL), are in the Tropical Atlantic seagrass bioregion. South Padre Island, TX, is a barrier island at the southern end of Lower Laguna Madre. Despite increased nutrient pollution throughout Lower Laguna Madre (Kuwayama et al., 2020), water depths in the lagoon are shallow, averaging only 1 m (Tunnell Jr., 2002), making the littoral zone relatively easy to observe using optical methods. Tampa Bay, FL, opens to the Gulf of Mexico. Waters in Tampa Bay, FL, can be optically challenging given the high levels of colored dissolved organic matter (CDOM) derived from terrestrial and wetland vegetation (Erickson et al., 2004), and nutrient-fueled phytoplankton blooms (McPherson and Miller, 1994). 
Back Sound, North Carolina (NC), Mobjack Bay, Virginia (VA), Tangier Sound, Maryland (MD), Belmont Bay, VA, Broad Sound, Massachusetts (MA), and Nahant Bay, MA, are in the Temperate North Atlantic seagrass bioregion. Although defined as Temperate North Atlantic, the estuary at Back Sound, NC, represents a unique transition between temperate and subtropical zones with both temperate and tropical seagrass species dominating, depending on the time of year. Thus, while Back Sound, NC, is included in the Temperate North Atlantic seagrass bioregion, it differs ecologically from the remaining study areas included in this bioregion. Waters in Back Sound, NC, are well-mixed and relatively shallow, averaging 2 m in depth (Bartenfelder et al., 2022). Mobjack Bay, VA, Tangier Sound, MD, and Belmont Bay, VA, are located in Chesapeake Bay, the largest estuary in the United States. Water clarity throughout Chesapeake Bay varies spatially and seasonally, but waters are typically turbid (Turner et al., 2021), and water transparency has decreased since the 1980’s (Testa et al., 2019). On average, Mobjack Bay, VA, near the mouth of Chesapeake Bay, has improved water clarity compared to Tangier Sound, MD, and Belmont Bay, VA, which are closer to the Bay’s eutrophic headwaters (Testa et al., 2019). Poor water clarity in combination with high-amplitude, wind-driven tidal fluctuations (Xiong and Berger, 2010) can make optical detection of the littoral zone in Chesapeake Bay challenging. Broad Sound, MA, lies just north of the city of Boston and is separated by a peninsula from Nahant Bay, MA, to the northeast. While Nahant Bay, MA, is characterized by clear, well-flushed waters, Broad Sound, MA, has higher levels of CDOM due to influx from the Pines and Saugus Rivers.



























Table S1. Characteristics of each study site, including seagrass bioregion as defined by Short et al. (2007), climate region as defined by Karl and Koss (1984), and dominant seagrass species.
	Study area
	Seagrass bioregion
	Climate region
	Dominant seagrass species
	Citation

	Izembek Lagoon, AK
	Temperate North Pacific 
	N/A
	Zostera marina
	(Ward et al., 1997)

	Padilla Bay, WA
	Temperate North Pacific
	Northwest
	Zostera marina
	(Christiaen et al., 2019)

	Elkhorn Slough, CA
	Temperate North Pacific
	West
	Zostera marina
	(Hammerstrom and Grant, 2012)

	South Padre Island, TX
	Tropical Atlantic
	South
	Thalassia testudinum
	(Onuf, 2007)

	Tampa Bay, FL
	Tropical Atlantic
	Southeast
	Halodule wrightii
	(Sherwood et al., 2017)

	Back Sound, NC
	Temperate North Atlantic
	Southeast
	Zostera marina (summer); Halodule wrightii (winter)
	(Bartenfelder et al., 2022)

	Mobjack Bay, VA
	Temperate North Atlantic
	Southeast
	Zostera marina
	(Orth et al., 2010)

	Tangier Sound, MD
	Temperate North Atlantic
	Southeast
	Zostera marina
	(Orth et al., 2010)

	Belmont Bay, VA
	Temperate North Atlantic
	Southeast
	Zostera marina
	(Orth et al., 2010)

	Broad Sound, MA
	Temperate North Atlantic
	Northeast
	Zostera marina
	(Carman et al., 2019)

	Nahant Bay, MA
	Temperate North Atlantic
	Northeast
	Zostera marina
	(Carman et al., 2019)


  
Table S2. Additional details of seagrass refence data and satellite imagery acquired at each study area. Acquisition time represents the local time of satellite image acquisition. Tidal height represents tidal predictions acquired from the nearest station (Table S4) through the NOAA Tides & Currents database (https://tidesandcurrents.noaa.gov/). 
	Study area
	Reference data collection method
	Reference data spatial data type
	Reference data classification type
	Satellite imagery acquisition time
	Satellite imagery view angle
	Satellite imagery tidal height

	Izembek Lagoon, AK
	Satellite photointerpretation 
	Polygon
	Presence
	14:12 AKDT
	14.0°
	1.00

	Padilla Bay, WA
	Towed underwater camera
	Point
	Presence 
	12:18 PDT
	24.5°
	2.17

	Elkhorn Slough, CA
	Aerial photointerpretation
	Polygon
	Presence
	12:16 PDT
	10.8°
	1.61

	South Padre Island, TX
	Field quadrats
	Point
	Percentage cover
	12:29 CDT
	13.5°
	0.40

	Tampa Bay, FL
	Tropical Atlantic
	Polygon
	Percentage cover 
	11:31 EST
	28.2°
	-0.10

	Back Sound, NC
	Aerial photointerpretation
	Polygon
	Percentage cover
	12:12 EDT
	21.7°
	0.24

	Mobjack Bay, VA
	Aerial photointerpretation
	Polygon
	Percentage cover 
	11:54 EDT
	27.6°
	0.56

	Tangier Sound, MD
	Aerial photointerpretation
	Polygon
	Percentage cover 
	12:17 EDT
	22.4°
	0.15

	Belmont Bay, VA
	Satellite photointerpretation
	Polygon
	Percentage cover
	12:20 EDT
	18.2°
	0.26

	Broad Sound, MA
	Aerial photointerpretation
	Polygon
	Presence
	11:37 EDT
	22.8°
	2.48

	Nahant Bay, MA
	Aerial photointerpretation
	Polygon
	Presence
	11:37 EDT
	22.8°
	2.48


 
Table S3. Spectral characteristics of WorldView-2 and WorldView-3 in nanometers (nm). FWHM represents the full width half maximum range for each spectral band. 
	
	WorldView-2
	WorldView-3

	Spectral band
	FWHM
	Center 
	FWHM
	Center

	Coastal blue
	400-450
	427
	400-450
	426

	Blue
	450-510
	478
	450-510
	481

	Green
	510-580
	546
	510-580
	547

	Yellow
	585-625
	608
	585-625
	605

	Red
	630-690
	659
	630-690
	661

	Red edge
	705-745
	724
	705-745
	724

	NIR #1
	770-895
	833
	770-895
	832

	NIR #2
	860-1040
	949
	860-1040
	948



Table S4. Tidal station name and station ID used to retrieve tidal height measurements and predictions from the NOAA Tides & Currents database (https://tidesandcurrents.noaa.gov/).
	Study area
	Station name
	Station ID

	Izembek Lagoon, AK
	Grand Point, Izembek Lagoon, AK
	9463058

	Padilla Bay, WA
	Friday Harbor, WA
	9449880

	Elkhorn Slough, CA
	Monterey, CA
	9413450

	South Padre Island, TX
	South Padre Island Brazos Santiago Pass Station, TX
	8779750

	Tampa Bay, FL
	Old Port Tampa, FL
	8726607

	Back Sound, NC
	Beaufort, Duke Marine Lab, NC
	8656483

	Mobjack Bay, VA
	Yorktown USCG Training Center, VA
	8637689

	Belmont Bay, VA
	Dahlgren, VA
	8635027

	Tangier Sound, MD
	Bishops Head, MD
	8571421

	Broad Sound, MA
	Boston, MA
	8443970

	Nahant Bay, MA
	Boston, MA
	8443970













Table S5. Region of interest (ROI) classes defined at each study area for image classification of WorldView-2 and WorldView-3 images via a deep convolutional neural network. Each study area contained four general classes, where applicable: seagrass, no seagrass, land, and no data. General classes of no seagrass, land, and no data were separated into sub-classes specific to each study area.  Miscellaneous included non-seagrass substrates such as submerged rocks, benthic algae, and oyster reefs that differ spectrally from deep water and submerged sand. CDOM is chromophoric dissolved organic matter. 
	Study area
	ROI classes

	Izembek Lagoon, AK
	Seagrass, No seagrass (deep water, submerged sand), Land

	Padilla Bay, WA
	Seagrass, No seagrass (deep water, submerged sand), Land, No data (turbid water, shadows)

	Elkhorn Slough, CA
	Seagrass, No seagrass (deep water, submerged sand, miscellaneous), Land, No data (CDOM, shadows)

	South Padre Island, TX
	Seagrass, No seagrass (deep water, submerged sand), Land

	Tampa Bay, FL
	Seagrass, No seagrass (deep water, submerged sand), Land (land, intertidal), No data (CDOM)

	Back Sound, NC
	Seagrass, No seagrass (deep water, submerged sand), Land, No data (CDOM, turbid water) 

	Mobjack Bay, VA
	Seagrass, No seagrass (deep water, submerged sand), Land, No data (CDOM, turbid water)

	Belmont Bay, VA
	Seagrass, No seagrass (deep water, submerged sand), Land (land, intertidal), No data (shadows)

	Tangier Sound, MD
	Seagrass, No seagrass (deep water, submerged sand), Land, No data (CDOM, turbid water)

	Broad Sound, MA
	Seagrass, No seagrass (submerged sand), Land, No data (CDOM)

	Nahant Bay, MA
	Seagrass, No seagrass (deep water, submerged sand), Land 




Table S6. Ranges associated with reference data delineating seagrass percent cover and the average value used for comparison to satellite-derived seagrass percent cover. 
	Study area
	Category 
	Lower bound
	Upper bound
	Average

	Tampa Bay, FL
	Patchy
	25%
	75%
	50%

	
	Continuous 
	75%
	100%
	87.5%

	Back Sound, NC
	Patchy
	5%
	70%
	37.5%

	
	Continuous 
	70%
	100%
	85%

	Mobjack Bay, VA;
Tangier Sound, MD;
Belmont Bay, VA
	
	1%
	10%
	5.5%

	
	
	11%
	40%
	25.5%

	
	
	41%
	70%
	55.5%

	
	
	71%
	100%
	85.5%





Table S7. Results of the post hoc pairwise Mann-Whitney U test and associated rank-biserial correlation (rrb) used to assess differences in satellite-indicated seagrass percent seagrass for increasing reference-indicated classes of seagrass percent cover; n is sample size. 
	[bookmark: _GoBack]Study area
	Class1
	Class2
	n1
	n2
	|rrb|
	Difference a

	Mobjack Bay, VA
	1% to10%
	11% to 40%
	16
	33
	0.07
	Negligible 

	
	1% to10%
	41% to 70%
	16
	30
	0.08
	Negligible

	
	1% to 10%
	71% to 100%
	16
	21
	0.68
	Large

	
	11% to 40%
	41% to 70%
	33
	30
	0.01
	Negligible

	
	11% to 40%
	71% to 100%
	33
	21
	0.66
	Large

	
	41% to 70%
	71% to 100%
	30
	21
	0.64
	Large

	Tangier Sound, MD
	1% to10%
	11% to 40%
	6
	14
	0.02
	Negligible 

	
	1% to10%
	41% to 70%
	6
	25
	0.35
	Moderate

	
	1% to 10%
	71% to 100%
	6
	12
	0.56
	Large

	
	11% to 40%
	41% to 70%
	14
	25
	0.37
	Moderate

	
	11% to 40%
	71% to 100%
	14
	12
	0.52
	Large

	
	41% to 70%
	71% to 100%
	25
	12
	0.17
	Small


a Rank-biserial correlation was interpreted following Cohen (1988)


[image: ]
Figure S1. A conceptual diagram illustrating (a) reference-indicated and (b) satellite-indicated seagrass percentage cover. The satellite classification was clipped to the boundary of each individual reference polygon and percentage cover was computed as the percentage of satellite pixels classified as seagrass out of all valid satellite pixels, where valid satellite pixels were those classified as either seagrass or no seagrass.



Figure S2. (a) A WorldView-2 satellite image acquired for Izembek Lagoon, AK, on 12 September 2018 overlaid with reference data delineating seagrass presence obtained from the Commission for Environmental Cooperation spanning 2002 through 2008, and (b) results of an image classification with classes for land, seagrass, and no seagrass. 




Figure S3. (a) A WorldView-2 satellite image acquired for Padilla Bay, WA, on 28 October 2017 overlaid with reference data delineating seagrass presence and absence obtained from the Washington State Department of Natural Resources in June and July 2017, and (b) results of an image classification with classes for land, no data, seagrass, and no seagrass.


Figure S4. (a) A WorldView-2 satellite image acquired for South Padre Island, TX, on 1 August 2012 overlaid with reference data delineating seagrass percent cover obtained from the Texas Seagrass Monitoring Program in late summer through September 2012, and (b) results of an image classification with classes for land, seagrass, and no seagrass.


Figure S5. (a) A WorldView-2 satellite image acquired for Mobjack Bay, VA, on 4 May 2015 overlaid with reference data delineating seagrass percent cover obtained from the Virginia Institute of Marine Science in May through November 2015, and (b) results of an image classification with classes for land, no data, seagrass, and no seagrass.




Figure S6. (a) A WorldView-2 satellite image acquired for Tangier Sound, MD, on 25 September 2017 overlaid with reference data delineating seagrass percent cover obtained from the Virginia Institute of Marine Science in May through November 2017, and (b) results of an image classification with classes for land, no data, seagrass, and no seagrass.


Figure S7. (a) A WorldView-2 satellite image acquired for Belmont Bay, VA, on 29 September 2019 overlaid with reference data delineating seagrass percent cover obtained from the Virginia Institute of Marine Science in summer 2019, and (b) results of an image classification with classes for land, seagrass, and no seagrass.


Figure S8. (a) A WorldView-3 satellite image acquired for Broad Sound, MA, on 7 June 2021 overlaid with reference data delineating seagrass presence obtained from the Massachusetts Department of Environmental Protection in 2016, and (b) results of an image classification with classes for land, no data, seagrass, and no seagrass.



Figure S9. (a) A WorldView-3 satellite image acquired for Nahant Bay, MA, on 7 June 2021 overlaid with reference data delineating seagrass presence obtained from the Massachusetts Department of Environmental Protection in 2016, and (b) results of an image classification with classes for land, seagrass, and no seagrass.
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(a) WorldView-2 image with field data (b) WorldView-2 image classification
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(a) WorldView-2 image with field data (b) WorldView-2 image classification
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(a) WorldView-2 image with field data (b) WorldView-2 image classification
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(a) WorldView-2 image with field data (b) WorldView-2 image classification
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(a) WorldView-2 image with field data
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(a) WorldView-3 image with field data (b) WorldView-3 image classification
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(a) WorldView-3 image with field data
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