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Bonfil D.J., Y. Michael, S., Shiff and [.M. Lensky. (2021).
Optimizing top dressing nitrogen fertilization using VENuS and Sentinel-2 L1 data.
Remote Sensing. 13, 3934. doi: 10.3390/rs13193934.
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4th COSPAR Symposium — 2019, November, 7

Overview of VENuS instrument
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Table 1. Vegetation indices used in the study: normalized difference vegetation index (NDVI),
Normalized ditference red-edge (NDRE), red-edge inflection point (REIP), and red-edge canopy

chlorophyll index (ICCI). Band numbers are indicated in Table 2.

Vegetation Indices Equation Reference
NDVI (NIR — Red)/(NIR + Red) [47]
NDRE (NIR — RE2)/(NIR + RE2) [48]

(Red + RE3)/2 — RE1
REIP : 49
702 + 40 REZ — REL [49]
ICCI (RE3/RE2) — 1 [29]

Table 2. VENuUS and Sentinel-2 bands (used in the equations in Table 1): band number (Band),

central wavelength (WL, nm), and spatial resolution (Resolution, m).

VENuUS Sentinel-2
Band WL Resolution Band WL Resolution
Red B7 667 5 B4 664.6 10
RE1 B8 702 5 B5 704.1 20
RE2 B9 742 5 B6 740.5 20
RE3 B10 782 5 B7 782.8 20
NIR B11 865 5 B8/BSA 833/865 10/20
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Correlation between Sentinel-2- (blue) and VENuS-based vegetation indices (VI)
and wheat biomass (dry weight, DW), N content, N concentration, and LAI
based on sampling average (per field*day).

DW (g m™) N (g m2) N (%) LAI
VI r RMSE({ r YRMSE r RMSE r RMSE

NDVI 0.519 155 0632 | 361 0271 082 0495 154
0.586 148 0.694 | 3.37 0422 0.77 0489 155

NDRE 0.702 129 0794 | 283 0464 0.75 0.820 1.01
0.730 125 0.796 | 283 0538 0.71 0.813 1.03

ICCI 0.749 120 0.826 | 262 0391 0.78 0.805 1.05
0.729 125 0807 | 276 0499 0.73 0.783 1.10

REIP 0.821 103 0869 | 231 0421 0.77 0829 0.99

0797 110 | 0.807 | 276 0.506 0.73 0831 0.99
N




Anomaly Explorer app running in chrome browser with Sentinel-2 data
presenting NDVI anomalies in five wheat fields in Saad on 15 January 2019

GO~ g|e Earth Engine Search places and datasets...

el o
| | Map  saelite | legend
anomaly Explorer -~ ' split NDVI-auto anomaly £ ; Bl so-2
1.user-filter the 7 s fE s

1) Select filters range o f date v/ NDVI_background —
Start date » ) LagEr) ‘ Il sTD+2

2018-07-01
End date

2019-04-30

v Filter to map center

Apply filters
2) Select an image 2- user
LIVEW0920190115 4  Center on map choose the
image to
run the

analysis




Anomaly Explorer app using a standard deviation of NDVI and REIP calculated from

L1 VENpS (15/1/2019) and Sentinel-2 (16/1/2019) data in five wheat fields in Saad.
Spatial resolution: VENPS 5 m; Sentinel-2 10 m (NDVI) and 20 m (REIP)

Sentinel-2




(A) Wheat grain yield (t ha=1) and (B) grain protein content (%)
maps of five fields in Saad for the 2019 season
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200
Meters

AN s ©oT-eo N Treatment (Base + Top)  Yield  Test Weight Protein GYX%n
kg N ha™ tha™ kg 100 L1 % %o
Reference low (0+0) 2.69 82.9 10.3 22.5
Commercial (50+0) 3.85 82.3 10.3 23.5
Reference high (100+0) 4.49 82.1 10.9 24.0

Commercial + topN (50+50) 4.46 80.6 11.4 26.0




VENuS and Sentinel-2 based
NDVI, NDRE, REIP, and ICCI
along the growing season
Nov 2019—Apr 2020 in Beit
Guvrin (Field 109).

Average VI values are plotted for commercial
(comm), reference strips (refH, refL), and
topdressed N (topN) managements.
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Reference strip or topdressed N managements: VENuS- and Sentinel-2

management along the growing season; Beit Guvrin 2020 (Field 109)

based NDVI, NDRE, REIP, and ICCI difference from the commercial

REIP difference was calculated based on REIP-700. VENuS operation caused missing period Jan—Feb data
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¢ Anomaly : Which calculation will best support decision making— deviation of variance/STD or

deviation of percentage from the mean?

Threshold: what kind of threshold will best support a decision to apply topdressed N?Is it a

fixed threshold or should it be affected by parameter(s), such as the VI used, phenology stage,
cultivar, fallow, precipitation?

Reference Strip: It is obvious that more pure pixels would enable better identification, but

the minimum strip size should be determined, as well as its shape (square/rectangle), distance
from the field edge, and orientation (facing north/ignore direction).

CIoud/Shade: Clear sky provides optimal conditions, while complete cloud cover prevents
using the image. However, in many images, part cloudy condition prevails, causing complications
such as areas covered by clouds that cannot be used, and areas shaded by clouds (or
semitransparent clouds) that are questionable to be used for reference strip decisions. There are
some confusing preliminary data showing that anomalies can or cannot be detected under these
problematic conditions, which requires further studies to determine the limits.
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