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→ sustainable, data-driven agriculture 

GRASSLANDS

Mediterranean (IFAPA)
and Alpine grasslands (EURAC)

… improve grassland monitoring

scaleagdata.eu
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Grassland monitoring

Castelli et al. 2023; Kotlarski et al. 2023; 
Wang et al. 2019; Zhao et al. 2020

Drought events
→ Yield losses

Imagery: Google, ©2023 Maxar Technologies
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Sentinel-1 SAR

Frequent cloud coverage in the alps… S2

S1

Castelli et al. 2023; Wang et al. 2019; Ali et al. 2016

Imagery: 
Google, ©2023 TerraMetrics
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Sentinel-2 LAI and SMC data

Sentinel-2 LAI           25.06.2021 Soil Moisture Content          25.06.2021

Soil Moisture data: Greifeneder et al. 2021; Weiss et al. 2020 Imagery: Google, ©2023 CNES / Airbus, Maxar Technologies
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Sentinel-1 preprocessing

Radar shadow

Caballero et al. 2022; Lee et al. 2009; openeo.org

Imagery:  Google, 
©2023 TerraMetrics
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Sentinel-1 features
Band/Feature Formula Reference

VV –

VH –

ratio
𝑉𝐻

𝑉𝑉

RVI
4 ∗ 𝑉𝐻

𝑉𝑉 + 𝑉𝐻

Yunjin Kim et van Zyl 2009 /
Trudel et al. 2012

sum 𝑉𝑉 + 𝑉𝐻
Laurin et al. 2018

difference 𝑉𝑉 − 𝑉𝐻

product 𝑉𝑉 ∗ 𝑉𝐻

Xu et al. 2022

VH/product
𝑉𝐻

𝑉𝑉 ∗ 𝑉𝐻

sum/product
𝑉𝑉 + 𝑉𝐻 

𝑉𝑉 ∗ 𝑉𝐻

square difference 𝑉𝑉2 − 𝑉𝐻²

21.04.2021
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Sentinel-1 and LAI

(r² = 0.6)

(r² = 0.47)

Global

Ground data 2021-2022 by Laimburg Research Centre
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Sampling period Apr – Oct 2021/22

Temporal sampling Weekly

Number of fields 8

Size of fields 0.4-1.4 ha

Ground data

Laurein (L) 1330-1360 m a.s.l.

L1 L2

Fondo (F) 950-970 m a.s.l.

F1 F2

Ritten (R) 1230-1290 m a.s.l.

R1 R2

R3 R4

Ground data 2021-2022 by Laimburg Research Centre

Imagery:  Google, 
©2023 TerraMetrics
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Ground data

cu
t

Growing period

Sampling scheme

• Leaf Area Index (LAI)
• Photosynthetically Active Radiation (PAR)
• Vegetation composition
• Soil moisture
• Sward height
• Yield
• Lodging
• Mowing events

LI-COR LAI-2200C Plant Canopy Analyzer; Apogee Instruments MQ-301X Line Quantum

2 weeks
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Cluster meadows

Based on Ellenberg & Leuschner 2010

+ South, Global

Imagery:  Google, ©2023 TerraMetrics
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Feature selection method based on Xu et al. 2022; Raab et al. 2020

Feature Selection

1. Testing every 
feature + all 

together
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Feature 

Elimination

3. Prediction using 
selected features

Gaussian Process 
Regressor

Random Forest 
Regressor



1516.11.2023Caroline Göhner | Grassland LAICC BY 4.0

Methodology

Training 
data

Validation
data

DOY z+t

Meadows in 
South Tyrol

Gap-filled 
LAI

S2 LAI
Soil 

Moisture
S1 GRDH 
dsc + asc

VV, VH, RVI, ratio, …

Regressor 
model

M
o

d
e

l
G

ap
 f

ill
in

g
In

p
u

t 
d

at
a

V
al

id
at

io
n

Ground 
data

Feature selection

8 meadows



1616.11.2023Caroline Göhner | Grassland LAICC BY 4.0

Feature Selection
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Gap-filled LAI Global RF

Imagery:  Google, ©2023 Maxar Technologies
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Gap-filled LAI Global RF

R3

Ground data 2021-2022 by Laimburg Research Centre

Imagery:  Google, ©2023 Maxar Technologies
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Gap-filled LAI Global RF

R3

Ground data 2021-2022 by Laimburg Research Centre

Imagery:  Google, ©2023 Maxar Technologies
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Gap-filled LAI

→ Mowed on 10.07.2021

Global RF

R3

Imagery:  Google, ©2023 Maxar Technologies
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Validation

Ground data 2021-2022 by Laimburg Research Centre
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Validation

Ground data 2021-2022 by Laimburg Research Centre

Sentinel-2 LAI Gap-filled LAI

Model: RF N_forest
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Validation

Ground data 2021-2022 by Laimburg Research Centre
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Conclusion & Outlook

- Gap-filling S2 LAI using S1
- Feature selection: S1 product & square difference
- Overestimation in early & late growing season

All meadows
Improved drought index

Permanent 
meadows

Imagery:  Google, ©2023 TerraMetrics
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Thank you!
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scaleagdata.eu
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