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Context

« Leaf area index (LAI) is a key variable for agricultural monitoring

 The most accurate LAl estimation methods exploit optical data (e.g,
[1]) and are rendered ineffective in the case of frequent cloud cover

* Synthetic aperture radar (SAR) can allow the remote estimation of
LAl at the parcel-level, on a large scale, regardless of cloud cover [2]

 SAR-to-optical regression methods have shown promising results for

NDVI monitoring [3]

Objectives

1. Development of a reliable SAR-to-optical LAl estimation method for
Mmaize based on recurrent neural network and dual-pol SAR data

2. Assessment of its temporal and spatial (Belgium and China)

transferability

Data

« Two geographically distinct regions: Shanxi province of China and
Hesbaye region of Belgium

75°E 80°E 85°E 90°E 95°E 100°E 105°E 110°E 115°E

120°E 125°E 130°E 135°E

...................... 3°F 4°F 5°F 6°F

50°N-] g’/ \\-\.\ 500N
45°N~ \_\\ } ] :;/7 450N - 1R
40°N- —""’f—/ //d—/ 400N

(5 il |

1 < ¢

' ‘\\/‘\, /?7
350N é\r, 4 350N
30°N i S éﬁ' _ 50°N 50°N

7 LNV\gzuf-\,/r/ﬁ“qzv:} Pq z E Pq
25°N s’\L j, <7 A 250N “ t
20°N-] Mrﬁw 20°N _

N AN AN N A N S A R A N R 3°F 4°F 5oF 6°F

75°F 80°F 85°F 90°F 95°F 100°E  105°E  110°E  115°E  120°E  125°E  130°E 135°F lomaters
Kilometers 0 25 50 100 150 200

0 500 1000 2000

- Field-average values

Training & testing

» SAR backscatter data (apy, vy, 8) from Sentinel-1, from 2019 to 2023
« LAl derived from Sentinel-2 optical imagery [1], from 2019 to 2023

External validation

« LAI measured in situ in 5 sites in the Shanxi province of China in
2023 (ongoing)
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Methods

Model

 Recurrent neural network
 Time series (May to mid-October) of field-
average values

Features (Sentinel-1)

e Mean, std, min, and max for VV and VH
e VV/VH ratio

* |ncidence angle
 Dual Pol Radar Vegetation Index (dpRVI)

Labels (Sentinel-2)

« LAl derived from Sentinel-2
* |nterpolated with a nearest neighbor

algorithm on Sentinel-1 DSC acquisition grid
 Label masked if > 5 days apart from nearest

Sentinel-1 acquisition

Training and validation
» 10-to-1train/test split
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*batch normalizations,
Rel U activations,
and dropouts

« External validation against LAl measured Iin situ with Licor LAI-2000

Results

- Field campaign in Shanxi still ongoing

« Preliminary study conducted on 231 maize fields in Belgium with

Sentinel-1 and -2 images from 2019

LAI estimation results for Hesbaye region, Belgium, in 2019

prediction 14 with R? of 0.9715

8{ N =410 (24 fields)
R? = 0.8542

77 RMSE = 0.769
RRMSE = 0.3074
RMAE = 0.203
NSE = 0.8479
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