Comparison of vineyard NDVI data from different proximal and remote sensing platforms with grape yield and quality parameters. Investigation of NDVI maps similarities in explaining vineyard variability
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Exploratory correlation analysis between NDVI layers
The correlation matrices for 2019 and 2020 generally showed good positive correlations between the NDVI maps from different platforms and at different dates (Table S1) (r > 0.50), indicating high similarity between the different sources of information. For 2019, the covariance coefficients between sensors per date were strong (r > 0.70), indicating sensor reliability. It is noted that some dates were excluded from this analysis, which had weak or negative correlations (r < 0.20), and were associated with proximal sensor surveys where the data were most likely affected by acquisition errors (Kasimati et al., 2021b). Terrestrial sensors need to be remounted each time and are more likely to be affected by operator error.

The top two rows of Table S1 show the best intra-sensor correlations between dates, with the signal stabilising in July. The maximum correlation (r = 0.90) for 2019 was observed for the Sentinel-2 data between two different dates, early and late August (i.e. in the middle, late season with full canopy growth). For 2020, the correlations were strongest (r = 0.96) for the UAV data, between early June and August. All Sentinel 2 NDVI maps in 2020 were strongly inter-correlated (0.69 < r < 0.96). However, the 2020 Sentinel 2 NDVI maps had relatively weak correlations compared to the NDVI maps of the other three sensing systems (0.27 < r < 0.40). Between sensors for specific stages of the growing season, the SpectroSense+GPS was found to correlate best with all sensors in both years. However, no pattern was observed as the best correlations were noticed in late season in 2019 and early season in 2020.

Table S1. Selected comparisons of the best Pearson correlation coefficients i) for a given sensor between dates (rows 1, 2) and ii) between sensors for specific phases of the season (rows 3, 4).
(CropCircle: CC; SpectroSense+GPS: SS; UAV; Sentinel-2: S2) (adapted from Kasimati et al., 2021b)
	Per Sensor
	CropCircle
	SpectroSense+GPS
	UAV
	Sentinel-2

	2019
	0.74 (Early June-Early Aug) 
	0.53 (Early Jul-End Aug) 
	0.88 (Early Jul-End Aug)
	0.90 (Early Aug-End Aug)

	2020
	0.38 (Early July-End Aug) 
	0.77 (Early Jul-End Aug) 
	0.96 (Early Jun-Ear Aug)
	0.94 (Early Aug-End Aug)

	Per Date
	Early June
	Early July
	Early August
	End August

	2019
	0.39 (SS-S2)
	0.41 (CC-UAV)
	0.52 (SS-S2)
	0.58 (SS-CC)

	2020
	0.79 (SS-UAV)
	0.88 (SS-UAV)
	0.66 (SS-UAV)
	0.38 (CC-SS)



Table S2. Supplementary data showing the “mean” value for each grape production attribute: grape quantity (yield) and quality (total soluble solids in ◦Brix: TSS, pH and total titratable acidity: TAA) for each sensor/class (CropCircle: CC; SpectroSense+GPS: SS; UAV; Sentinel-2: S2, Principal Component Analysis: PCA; All sensors: ALL)
	MU
2019
	
Yield_CC
	
Yield_SS
	
Yield_UAV
	
Yield_S2
	
Yield_ALL
	
Yield_PCA

	Red 
	31.61 a
	24.84 a
	25.93 a
	26.75 a
	24.02 a
	24.84 a

	Green
	50.79 a
	43.17 a
	52.29 a
	39.21 a
	43.21 a
	41.18 a

	Yellow
	75.09 b
	70.86 b
	74.81 b
	70.03 b
	71.29 b
	70.64 b

	p-value
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***

	2020
	Yield_CC 
	Yield_SS
	Yield_UAV
	Yield_S2
	Yield_ALL
	Yield_PCA

	Red
	39.1 a
	35.9 a
	33.21 a
	50.13 a
	34.08 a
	33.78 a

	Green
	54.9 a
	55.41 a
	50.98 a
	52.29 a
	65.88 b
	62.91 b

	Yellow
	66.69 b
	72.24 b
	74.42 b
	64.05 b
	66.06 b
	66.23 b

	p-value
	< 0.01***
	< 0.01***
	< 0.01***
	0.02 *
	< 0.01***
	< 0.01***

	2019
	TSS_CC
	TSS_SS
	TSS_UAV
	TSS_S2
	TSS_ALL
	TSS_PCA

	Red
	23.68 b
	24.36 b
	23.4 b
	22.33 b
	24.01 b
	24.35 b

	Green
	21.28 a
	21.7 b
	21.56 a
	22.61 b
	21.88 b
	21.84 b

	Yellow
	20.61 a
	20.73 a
	20.42 a
	20.76 a
	20.61 a
	20.69 a

	p-value
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***
	< 0.01***

	2020
	TSS_CC
	TSS_SS
	TSS_UAV
	TSS_S2
	TSS_ALL
	TSS_PCA

	Red
	22.68 b
	22.93 b
	22.97 b
	22.43 b
	22.94 b
	23.19 b

	Green
	22.27 b
	21.72 a
	22.5 b
	21.94 b
	21.32 a
	21.28 a

	Yellow
	20.95 a
	21.01 a
	20.58 a
	21.25 a
	21.26 a
	21.25 a

	p-value
	< 0.01***
	< 0.01***
	< 0.01***
	0.05*
	< 0.01***
	< 0.01***

	2019
	pH_CC
	pH_SS
	pH_UAV
	pH_S2
	pH_ALL
	pH_PCA

	Red
	3.975 a
	3.98 a
	3.967 a
	3.894 a
	3.962 a
	3.967 a

	Green
	4.14 b
	3.919 a
	3.915 a
	3.968 a
	3.93 a
	3.923 a

	Yellow
	3.941 a
	4.17 b
	4.263 b
	4.136 b
	4.16 b
	4.157 b

	p-value
	0.66
	0.50
	0.30
	0.63
	0.55
	0.54

	2020
	pH_CC
	pH_SS
	pH_UAV
	pH_S2
	pH_ALL
	pH_PCA

	Red
	3.864 b
	3.84 a
	3.84 a
	3.888 b
	3.848 a
	3.853 a

	Green
	3.848 a
	3.861 a
	3.859 a
	3.849 a
	3.894 b
	3.884 b

	Yellow
	3.872 b
	3.879 b
	3.878 b
	3.86 a
	3.85 a
	3.852 a

	p-value
	0.58
	0.30
	0.27
	0.32
	0.11
	0.32

	2019
	TTA_CC
	TTA_SS
	TTA_UAV
	TTA_S2
	TTA_ALL
	TTA_PCA

	Red
	6.661 b
	6.778 b
	6.71 b
	6.53 b
	6.658 b
	6.778 b

	Green
	6.354 b
	6.284 a
	6.133 a
	6.434 b
	6.311 a
	6.262 a

	Yellow
	6.041 a
	6.236 a
	6.307 a
	6.211 a
	6.237 a
	6.255 a

	p-value
	0.09 .
	0.20
	0.08 .
	0.45
	0.35
	0.20

	2020
	TTA_CC
	TTA_SS
	TTA_UAV
	TTA_S2
	TTA_ALL
	TTA_PCA

	Red
	4.614 a
	4.712 a
	4.671 a
	4.929 b
	4.707 a
	4.663 a

	Green
	4.784 a
	4.747 a
	4.737 a
	4.725 a
	4.862 b
	4.859 b

	Yellow
	4.881 b
	4.885 b
	4.894 b
	4.768 a
	4.796 b
	4.815 b

	p-value
	0.10
	0.30
	0.13
	0.27
	0.47
	0.28






