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Study on remote sensing estimation of greem macroalgae Ulva lactuca based on
Unmanned aerial vehicle and satellite image
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Abstract: Satellite images are valuable data source for monitoring floating green macroalgae on the sea surface. However, there are
large errors in green macroalgae coverage derived on mixed pixels. It is important to solve the problem of sub-pixel coverage of green
macroalgae, for precise monitoring benthic green macroalgae in coastal area. In this paper, retrieval models were established between
sub-pixel coverage of green macroalgae and vegetation indexes and reflectance of characteristic bands by analyzing spectral
characteristics of green macroalgae from the Landsat image, based on the results of green macroalgae coverage derived from unmanned
aerial vehicle (UAV). The results showed excellent linear relationships between the reflectance of blue, green, red bands and the sub-
pixel coverage of green macroalgae, and the reflectance decrease monotonically with increasing sub-pixel coverage. These three models
were verified, and the results show that the model based on the reflectance of green band was more accuracy than other indexes or
indices combination, with the highest coefficient of determination (R?), root mean square error (RMSE), and mean relative error (MRE)
values of 0.92, 0.07, and 10.85%, respectively. Hence, we provide a model that could estimate the sub-pixel coverage of green
macroalgae, and realize the precise monitoring of the coverage of green macroalgae extracted from Landsat images.
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Fig.1 a: field photo of the study area; bl: Ulva pertusa under submerged condition; b2: Ulva pertusa under emerged condition during
low tide
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Fig.2 Reflectance spectra of the Ulva pertusa and sea water, with the bold black line showing the mean reflectance of Ulva pertusa
corresponding to the second to the fifth band of Landsat-8. “ 4" is for standard deviation (S.D.).
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Fig.3 a: Landsat-8 image, with the purple and blue boxes showing the sample area and verification area for modeling, respectively. The
green and red square show the positions of typical pixels of green macroalgae and sea water, respectively; b: Unmanned aerial vehicle
image resampling; c: UAV image; d: Gray image of red band; e: Green macroalgae information extracted from UAV image
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Fig.4 a: Reflectance spectral curve of typical green macroalgae pixels; b: Reflectance spectral curve of typical sea water pixels
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Fig.5 a: Spectra curve of different features on the sea; b: Monitoring results of green macroalgae of the sample area
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Tab.1 Comparation on accuracy of green macroalgae extraction with different ways

T PRI —EE (%) Kappa F1 score
NGRDI 89 0.72 0.83
NGBDI 83 0.68 0.79
B BIEE RGRI 79 0.62 0.74
ExG 77 0.38 0.65
21 B DN {5 94 0.88 0.92
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Fig.6 Green macroalgae coverage retrieved from indexes and characteristic bands of the sample area
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Fig.7 Scatter plot for retrieval models of blue band, green band and red band of the verification area
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Tab.2 Comparison of retrieval results for blue band, green band, red band retrieval models
LIPANIEN AR R? RMSE MRE (%)
Rrep y = —20.08x + 1.31 0.87 0.09 17.64
Rireen y=-2273x+16 0.92 0.07 10.85
RpLus y = —33.86x + 1.53 0.86 0.09 18.11
2.3 0.4883km?
Landsat 0.5729km? 0.85
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Fig.8 a: Retrieval green macroalgae coverage of Landsat green band reflectance b: Real green macroalgae coverage extracted from the
UAV image
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