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Introduction 
Natural grasslands occupy up to 40.5% of Earth’s terrestrial surface (Monson, 2014) and 
provide important ecosystem services as well as supporting livestock production systems. 
Broadly, grazing-management is a fine equilibrium between three parameters: stocking rates, 
biomass and grazing-period. From these, biomass estimation is the most critical parameter to 
measure, thus, manage, given that its estimation is part of a complex and dynamic system, 
made even more difficult by the large spatial heterogeneity, seasonal and inter-annual 
variability of forage resources.  
Remote sensing techniques have long been proposed as a solution to such topic (Tucker, 
1979). However, it has not become a widely utilized tool given the absence of an accurate, 
timely and cost-effective methods available for end-users, mostly due to inadequate spatial 
and temporal resolutions of available data. To bridge such gap, remotely piloted aircraft 
systems (RPAS) have been the subject of intense research in the recent past. In fact, within 
the past five years, several purposely built RPAS multispectral sensors became commercially 
available and a large extent of image-processing (mosaicking and radiometric calibration) can 
now be executed on the cloud (i.e. remotely.) Prior to such developments, however, modified 
digital cameras (off-the shelf) were commonly employed as false colour-infrared broadband 
sensors.  
This study examines the use of a RPAS and modified digital cameras as a tool for 
instantaneous measurement of forage biomass (dry matter per hectare) utilizing digital 
number (DN) as a proxy for reflectance values. The ability of automating a mostly manual 
task (biomass estimation) using a simple method could be worthwhile to end-users. 
 
Materials and Methods 
The imagery and data collection took place on July 31st, 2014 at the Rannells Ranch (Kansas 
State University Experimental Station), located on the Flint Hills (Kansas – USA). The study 
area is part of a native tallgrass prairie: a community of several different grass species, which 
dominated the trial area.  
To achieve a wide sampling range (i.e. biomass gradient), the trial area encompassed both a 
recently grazed and a non-grazed paddock. On each of the paddocks, two transversal transects 
were drawn and nine quadrants were distributed in an equidistant fashion along each of the 
four transects (whole trial n = 36). Quadrant’s dimensions are 0.5x05m or 0.25m2. Each of the 
sample-points was clipped to ground level, dried at 64ºC for 72 hours. Samples’ dry matter 
(DM) was weighed (+- 0.2 grams accuracy). 
The aerial platform was a fixed-wing built in-house to carry a modified Canon S-100. 
Broadly, the modification was the removal of the near-infrared (NIR) filter and posterior 
substitution for a longpass-filter which allowed the red-channel to capture the near infrared 
(NIR) range of the spectrum. Thus, the camera was mostly acquiring the blue, green and NIR 
regions of the spectrum. From these bands, a Green Normalized Difference Index (NDVI) and 
a Blue NDVI are generated from the average pixel response within quadrant.  The camera was 
not spectrally nor radiometrically characterized and no invariant target was utilized as a 
calibration reference. Mosaicking and orthorectification was carried out on Agisoft 
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PhotoScan. The following regression models are fitted against the dataset: ordinary linear 
model (LM), multi-adaptative regression spline (MARS), random forest (RF) and support 
vector machine (with polynomial kernel - SVM) having both GNDVI and BNDVI as inputs. 
Model performance is assessed against the repeated cross-validation results (4 folds, 50 
repeats). 
 
Results 
DM values range from 352 to 5950 kg.DM.ha-1. From the algorithms tested, SVM was the 
best performing with an average r-squared value 0.60 and root-mean-square error (RMSE) of 
1169.6 kg. Ranges displayed on Figure 1 are generated from the 200 results from the cross-
validation procedure. 
 

 
Figure  1 :Performance of regression models . 

 
Conclusion 
The results from the modified camera (broadband, non-radiometrically corrected) displayed a 
wide variability within the performance assessments (RMSE, MAE and r-squared). As seen in 
Fig.1, results are far from stable for any algorithm. Thus, from this analysis it cannot be stated 
that the method is consistently accurate. Also, due to the nature of the dataset, results may not 
be transferable to any other date or location.  
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