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A continuous increase of population coupled with a growing demand of water and 
natural resources are leading to search for advanced technologies to deal with 
environmental problems [1]. Vegetation is a key player on local and global climate 
change [2]. Therefore, monitoring vegetation structure and function from remote 
sensing can add valuable information about crop production and water consumption, 
improving agricultural and crop management [3]. Unmanned Aerial Vehicles (UAVs) 
offer the possibility to inspect vegetation dynamics through a wide variety of sensors 
such as thermal, multispectral and hyperspectral cameras [4]. Despite limitations on 
short range and photogrammetry challenges, UAVs are rapidly gaining importance 
among other remote sensing platforms due to their economic and handy application, 
providing higher spatial and spectral resolution than satellites and aircrafts [5].  

The aim of this study was to explore anisotropy effects observing vegetation cover from 
off-nadir UAV views and estimate chlorophyll and Leaf Area Index (LAI) from a 
multispectral camera on board of an UAV. In this project, a hexacopter s900 UAV 
equipped with a post processed kinematic Global Navigation Satellite System (GNSS), a 
digital RGB photo camera and a six-band multispectral camera (MCA) in the wavelength 
between 470 and 800 nm was employed. Five flights campaigns were conducted in a 
Willow forest in Risø (Denmark) from May to June 2017, where chlorophyll and LAI were 
measured on the field. During each flight campaign, parallel flight lines were performed; 
first, from north to south and, second, from west to east. The perpendicular flights were 
designed to investigate anisotropy effects caused by different sun-sensor-surface 
geometries. In addition, the Normalized Difference Vegetation Index (NDVI) and the 
Photochemical Reflectance Index (PRI) were compared to field estimates. 

As a result, greater determination coefficients between west - east vegetation indices 
and field estimates were found than in the perpendicular trajectory (north – south), 
where anisotropy effects were foreseen. The correlation between the reflectance from 
each flight trajectory and field estimates were rather poor. However, the reflectance 
average of both directions provided a significant correlation improvement between 
vegetation indices and field estimates, inducing to a suitable estimation of chlorophyll 
and LAI from our MCA. Thus, by using the average of reflectance, we reduced the 
uncertainty added to the real field estimates, likely caused by other variables such as 
wind, UAV movements, GNSS errors and photogrammetry accuracy. 
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