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(modified from Carlson et al. 1990)

Saturation of VIs

(Gnyp et al. 2014)

- Saturation VIs -
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Motivation & Definitions: Nonspectral Crop Traits (field level)

(Roberts et al. 2019)

Spectral Crop Traits

- spectral properties

- fraction of absorbed photosynthetically 

active radiation (fAPAR)

- chlorophyll, carotinoides, lignin …

- vegetation indices

- …

- crop height / volume

- sowing density

- fractional vegetation cover

- leave area index

- biomass

- nitrogen concentration / uptake

- …

Nonspectral Crop Traits

(Marshall &Thenkabail 2015; 

Aasen & Bareth 2019)

spectral

predictors

Non-

spectral

pre-

dictors

3D data:

- photogrammetry

- laser scanning

- ultra sonic

- …

- Motivation & Defintions -
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Tilly et al. (2015): Fusion of Plant Height 

and Vegetation Indices for the 

Estimation of Barley Biomass. Remote 

Sensing 7, pp.11449-11480. 

DOI:10.3390/rs70911449

Status Quo 3D: Tilly et al. 2015 & Bendig et al. 2015

- Status Quo 3D -

Bendig et al. (2015): Combining UAV-based Crop Surface 

Models, Visible and Near Infrared Vegetation Indices for 

Biomass Monitoring in Barley. Int. J. Appl. Earth Obs. 

Geoinf. 39, 79-87. doi:10.1016/j.jag.2015.02.012
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Status Quo:

Rengen (2014-2017) Klein-Altendorf (2014-2017) Seelscheid (2017-2019)

Case Studies: Meadows

Lussem et al.: (2019, in print): Estimating biomass in temperate 

grassland with high resolution canopy surface models from unmanned 

aerial vehicle-based RGB images and vegetation indices. JARS.

Bareth and Schellberg (2018): Fusion of Plant Height and 

Vegetation Indices for the Estimation of Barley Biomass. 

Remote Sensing 7, pp.11449-11480. DOI:10.3390/rs70911449

- Case Studies -



Slide 6 / 7

BMBF-funded GreenGrass-Projekt (2019-2024):

Versuchsgut Relliehausen (9 ha)

Horse-grazed Grassland: 1.6 ha

(Hoffmeister et al. 2018)

Case studies: Pastures

- Case Studies -
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Näsi et al. (2018): Estimating biomass and nitrogen amount 

of barley and grass using UAV and aircraft based spectral 

and photogrammetric 3D features. Remote Sensing 10 (7):  

1082. doi: 10.3390/rs10071082 

Abstract: 

“… . Our objective was to develop and assess 

a methodology for crop biomass and nitrogen 

estimation, integrating spectral and 3D 

features that can be extracted using airborne 

miniaturized multispectral, hyperspectral and 

colour (RGB) cameras. … . In the biomass 

estimation, the best results were obtained 

when integrating hyperspectral and 3D 

features, but the integration of RGB images 

and 3D features also provided results that 

were almost as good. In nitrogen content 

estimation, the hyperspectral camera gave the 

best results. … .“

- Discussion -

Conclusion and Discussion
- Compressed sward height performs very well as 

nonspectral estimator!

- UAV-derived sward height performs moderate to well!

- Potential is not fully exploited yet: histogram, 3D … !

- Direct georeferencing!

- Robustness and transferability!
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Plant Heighttotal = t3 – t0

Plant Heightin-season1 = t1 – t0

Plant Heightin-season2 = t2 – t0

Plant Growthin-season3 = t2 – t1

Plant Growthin-season4 = t3 – t2

Plant Growthin-season5 = t3 – t1

HOFFMEISTER et al. (2010): High resolution CSM and CVM on field level by terrestrial lasers 

canning. In: Proc SPIE, Vol. 7840, 78400E:  DOI: 10.1117/12.872315

Crop Surface Model (CSM) 

- Discussion -
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New Papers: Grassland, UAVs, Machine Learning

- Discussion -
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