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Quantification of Phenological Observations of Tree Crowns
with UAV-based Multispectral Imagery
Stuart Krause1,2*, Tanja Sanders1, Jan-Peter Mund2

Introduction: Phenological observations at long-term intensive forest monitoring plots aid us in better
understanding the effect of climatic changes on tree foliar development. In particular, they provide
information on the development of trees throughout the course of a year as well as the timing of
particular biological changes in relation to meteorological variables and site conditions (Vilhar et al.
2013). Within the operational European forest monitoring system (i.e. Level II/ICP Forests), the
phenological phases of selected trees are observed at regular intervals throughout the growing season.
This method, though informative, is based on the subjective assessment of the observer. Thanks to recent
developments in Unmanned Aerial Vehicle (UAV) technology, the possibility to quantify phenological
phases can be realised through near-field aerial photogrammetry (Lisein et al. 2015). Multispectral
consumer-grade sensors can be mounted on low-cost UAVs enabling highly repeatable spectral and
geometric data acquisition at a very high resolution (< 5 cm). The aim of this study is to assess the
feasibility of quantifying the phenological phases of tree crowns in order to replace or compliment
traditional subjective observation methods.
Materials and methods: Phenological field observations of European Beech and Scot’s Pine trees were
acquired by an experienced technician during the spring phenology period between April 17th and May
24th, 2018 in Britz, Germany. Multispectral UAV imagery was also collected synchronous to field
observations. Canopy Height Models (CHMs) and the Normalised Differenced Vegetation Index
(NDVI) were calculated for each photogrammetric dataset. Segmentation polygons for each individual
tree crown were generated from the dataset originating from the end of the spring phenological phase
and used as a reference to quantify the various developmental phases. Photogrammetric estimations
were then categorized in to 5 percentage intervals for shoot growth and foliation and compared to field
observations.
Results: The NDVI was calculated for selected datasets of the phenological phases. Initial results show
a potential to quantify individual tree crowns in terms of changes in foliage coverage similar to that of
field observations. The CHM was also calculated for each selected dataset. The pixel values (Z-values)
derived from the CHMs within the crown polygons show a potential to quantify shoot growth during
the spring phenological phases.
Conclusion: This study explores the possibility to quantify the phenological phases of European Beech
and Scot’s Pine trees with the use of UAV-based multispectral imagery. NDVI and CHM Z-values were
implemented to measure changes in foliage coverage as well as shoot growth within selected tree crown
polygons. Initial results show a potential to quantify spring phenology using photogrammetric spectral
and geometric data which could enhance or even replace qualitative phenological ground observations.
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