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Abstract 

The continuous monitoring of geometric and structural parameters is a key aspect in sustainable and accurate orchard 

management. Although LiDAR and UAV photogrammetry are widely used to measure canopy architecture, there is still 

a gap to bridge in the development of software to process this information. The present work tries to estimate the 

maximum height and width in a hedgerow fruit tree orchard from PlanetScope vegetation indices (NDVI and GNDVI). 

To analyze the correspondence between geometric parameters and the vegetation indices, LiDAR and UAV point clouds 

were acquired on two 2021 dates in a super-intensive almond orchard: after mechanical pruning (June) and before 

harvesting (September). The 3D point clouds were summarized every 0.5 m and the maximum width and height along 

the rows were calculated and interpolated by means of block kriging to the pixel centroids of the PlanetScope image. 

These maps were later classified using a k means algorithm in two classes. Results indicate that the NDVI was the best 

performing index in estimation of maximum height and width on the two analyzed dates. GNDVI obtained its best results 

in September, when vegetation was fully developed. In conclusion, these vegetation indices could be useful for monitoring 

canopy geometry in this type of orchard, in particular to decide about pruning intensity.  
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1. Introduction 

In fruticulture, the cost-effectiveness relationship and advances in mechanization and technology are moving towards 

to new production systems such as super-intensive orchards. This type of cropping system allows to optimize the 

application of treatments and management actions, saving resources and increasing yield production. One example of 

these crops in expansion during the last decade in Europe is the cultivation of almond trees (Prunus dulcis) (Torres-

Sánchez et al., 2018; Lorite et al., 2020). In Spain, a 290% increase in super-intensive almond orchards under irrigation 

took place in the 2010-2020 period (from 40,855 ha to 118,202 ha, source: Spanish Ministry of Agriculture, Fisheries and 

Food). 

In parallel, different techniques such as LiDAR (Light Detection And Ranging) or UAV (Unmanned Aerial Vehicles) 

photogrammetry have been developed. LiDAR has been used to obtain precise measures of geometric parameters of 

orchards, such as height, width, volume, leaf density and porosity (Colaço et al., 2018; Escolà et al., 2017), and has also 

been widely used to characterize tree volume and canopy density for precision spraying (Gu et al., 2021; Mahmud et al., 

2021) and pruning (Zhang et al., 2020; Westling et al., 2021). UAVs have also been used for the measurement of 

biophysical and geometric parameters, disease detection, health status determination and yield estimation, among others. 

Important works in this field include that of Jiménez-Brenes et al. (2017), who quantified pruning impacts in olive tree 

architecture and annual canopy growth, the study by Torres-Sánchez et al. (2018) which involved the mapping of the 3D 

structure of almond trees using 3D point clouds and object-based image analysis, and the work of López-Granados et al. 

(2019) on the phenotypic variability of different almond varieties by mapping tree height, volume, flowering dynamics 

and flower density from photogrammetric 3D point clouds and object-oriented based image analysis (OBIA). In this 

respect, this technology provides an unprecedented capability for the characterization of large areas, allowing the 

monitoring of the development and dynamics of tree growth and structure through time (Johansen et al., 2018).  

However, compared to satellite images, both UAV imagery and LiDAR technology present a lower field efficiency 

for large farm operations (Sozzi et al., 2021) and involve higher computational requirements. The latter problem is 

exacerbated when the orchard needs to be monitored at different moments of the crop cycle, increasing the amount of 

data that needs to be processed and analyzed. 

 Satellite images offer increasingly high temporal and spatial resolution. By way of example, the PlanetScope 

constellation (Planet Labs Inc., San Francisco, USA) offers daily images with very high resolutions (up to 3 m) (Planet 

Scope, 2020), which allow the Earth surface to be observed and characterized with high accuracy and frequency. However, 

no studies have been found in the scientific literature that relate geometric measurements derived from terrestrial LiDAR 

data or UAV images with information obtained from satellite images. This work aims to bridge this gap by trying to relate 
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the multispectral indices derived from Planet imagery with the geometrical parameters of an almond orchard measured 

from LiDAR and UAV datasets. 

 

2. Materials and Methods  

2.1. Study area 

The study area comprised a 1 ha block of an almond orchard (Prunus dulcis cv Lauranne Avijor) located in Raimat 

(Catalonia, NE Spain, X 288260, Y 4616100, ETRS 1989 UTM 31 Zone T, Figure 1). It is a super-intensive orchard, 

with a plantation pattern of 3.2 x 1.5 m (2800 trees ha-1). The tree rows form a continuous and vertical wall (Figure 1). 

The orchard was planted during the 2016/17 winter period. At the end of spring, the orchard is mechanically pruned to 

maintain an efficient and active exposed leaf area, promote maximum productive potential and facilitate the work of the 

harvesting machines. The width of the vegetation hedge is adjusted to a distance of about 35 cm on each side of the axis 

of the tree rows. In the present study case, and for the year 2021, the mechanical pruning was done on June 10th.  

fd 

Figure 1. Location of the study area. Right: almond field and block where LiDAR and UAV data were acquired. Bottom left: view of 

the super-intensive almond orchard.  

2.2. Data acquisition and processing 

Two UAV flights were carried out in the 2021 campaign to characterize the geometric properties of the almond orchard: 

one before pruning (22nd June 2021) and the other after harvesting (21st September 2021). For that, a DroneHexa 

(hexacopter) (Dronetools, Seville, Spain) equipped with a Micasense Red Edge-P multispectral camera was used to obtain 

images of the orchard. The flight altitude was 35 m above ground level and the pixel resolution was 2.4 cm/px. These 

images were first mosaicked with the software Agisoft Metashape v.1.7.6 and georeferenced and orthorectified using 20 

ground control points (GCPs) with RTK precision and distributed throughout the almond block. The total number of 

points corresponding to vegetation was around 6,130,000 in June and around 6,170,000 in September. 

The LiDAR data was acquired on June 28th and September 4th 2021, by means of a Viametris bMS3D-4CAM 

backpack mobile terrestrial laser scanner (Viametris, Louverné, France) mounted in a 4x4 EZ Rider moving at a constant 

speed of 10 km h-1. It incorporates two VLP-16 LiDAR sensors (Velodyne Lidar Inc., Silicon Valley, USA) with a range 

of 100 m and dual return capability. Each sensor uses 16 simultaneous laser beams with 30º field of view to acquire 

~300,000 points s-1 with a 360° scanning window. The total number of 3D points acquired in the almond block were 

around 80,123,000 in June and around 84,000,000 in September. 

Canopy geometrical parameters were calculated with RStudio software (version 1.4.1717 using R version 4.0.3 as 

calculation engine), with an own developed R code adapted from Llorens et al. (2019). By applying this code, the 

maximum height and width of the canopy were summarized every 0.5 m along the 24 tree rows (84 m long each) after 

cleaning and filtering both the UAV and LiDAR point clouds with CloudCompare v.2.11.3 (Anoia). The geometric 

parameters extracted with this method are summarized in Table 1. 
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Table 1. Geometric parameters extracted from the UAV and LiDAR point clouds each 0.5 m along the tree rows. 

Parameter Description 
MaxHeight (MH) 

(m) 
Maximum height of the vegetation in the analysis section. 

MaxWidth (MW) 

(m) 
Average width of the vegetation calculated as the average of the maximum widths in each vertical section 

of 0.1 m. 
 

Four PlanetScope satellite images were acquired to compute the normalized difference vegetation index (NDVI, Rouse 

et al., 1973) and the green normalized difference vegetation index (GNDVI, Gitelson et al., 1996). The images were 

bottom-of-atmosphere (BoA) surface reflectance with 3 m of spatial resolution and projected onto the WGS84 UTM 31N 

coordinate system, as provided by the Copernicus and Planet Labs services (Table 2). Then, those indices were compared 

with the geometrical parameters extracted from both the UAV and LiDAR point clouds (Table 1). In order to ensure 

homogenization of the vegetation index values, the images corresponding to the same periods (June 25th and June 27th, 

2021, and September 14th and September 15th, 2021) were averaged. 

Table 2. PlanetScope images used in the present study. 

Date Sensor Image ID 
25/06/2021 PSB.SD 20210625_104759_83_227b_3B 
27/06/2021 PSB.SD 20210627_104722_16_225b_3B 
14/09/2021 PS2 20210914_102624_1034_3B 
15/09/2021 PSB.SD 20210915_095527_33_2429_3B 

 

2.3. Integrated analysis of LiDAR and UAV geometric data and vegetation indices 

As mentioned above, both the UAV and LiDAR data were summarized in points along the tree rows every 0.5 m 

(regions of interest - ROIs A) (Figure 2). Then, for the comparison with the vegetation indices from PlanetScope images, 

a geostatistical interpolation of each geometric parameter was carried out using the pixel centroids from the images as 

grid points. In this respect, only pixels that fully included center points of the ROIs A were considered (Figure 2). The 

interpolation was made using the software Variogram Estimation and Spatial Prediction with Error (VESPER, University 

of Sydney, Australia) (Minasny et al., 2005). Ordinary kriging was applied using linear with sill variograms. A total of 

5136 ROI A LiDAR and ROI A UAV points were considered as input data and interpolated to a total of 965 central points 

of a 3 x 3 m grid of the PlanetScope images. 

 

Figure 2. Graphical representation of the analysis setting to compare the LiDAR- and UAV-derived geometrical canopy parameters 

with the vegetation indices (NDVI, GNDVI) from the satellite images. Left: study area, rows of ROI A centers and pixels of 

PlanetScope. Right: detail of ROI A centers and PlanetScope pixels with their centroids, where geometrical LiDAR- and UAV-

derived parameters were interpolated. Background image is an RGB UAV image corresponding to 22nd June 2021. 

After the interpolation, all the variables were referred to the respective PlanetScope grid centers and transferred to 

tables for further statistical analysis. In addition, the maps of all variables were classified into 2 classes using the k means 

clustering algorithm. 

 

2.4. Statistical analysis 
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Two types of statistical analysis were carried out. Firstly, an analysis of variance (ANOVA) test was performed 

between the classified vegetation index maps and the LiDAR- and UAV-derived geometrical parameters. For that, the 

JMP Pro 14 software (SAS Institute Inc., Cary, USA) was used. Secondly, the classified maps were spatially compared 

using the Map Comparison Kit (MCK) software (Visser and De Nijs, 2006). This program provides a good understanding 

of the differences between pairs of maps through calculation of the Kappa index of agreement.  

 

3. Results and Discussion 

Table 3 summarizes the results of the ANOVA t-student tests carried out between the classified maps of the vegetation 

indices (2 clusters) and the geometric parameters of the almond orchard canopy derived from LiDAR and UAV point 

clouds. From these analyses, it can be seen that both the LiDAR- and UAV-derived canopy geometric parameters 

presented significant differences in the 2 classes of the vegetation indices. However, considering the two evaluated periods, 

the NDVI had a better performance than the GNDVI for zone delimitation. These are important findings because a good 

estimation of the parameters considered (max height and width) from satellite data in turn allows estimation of canopy 

volume and, hence, optimization of the dose rates of plant protection products that need to be applied in the orchard 

(Escolà et al., 2013).  

Table 3. Analysis of variance (ANOVA) of LiDAR- and UAV-derived geometric parameters according to 2 NDVI and 2 GNDVI 

classes. Grey-colored cells corresponds to a p-value ≤ 0.01. N is the number of pixels in the class. 

 NDVI Jun NDVI Sep GNDVI Jun GNDVI Sep 

 

1 

N=566 

x̄ =0.55 

σ =0.007 

2 

N=399 

x̄ =0.57 

σ =0.010 

1 

N=629 

x̄ =0.68 

σ =0.014 

2 

N=336 

x̄ =0.73 

σ =0.016 

1 

N=610 

x̄ =0.60 

σ =0.005 

2 

N=355 

x̄ =0.62 

σ =0.007 

1 

N=586 

x̄ =0.69 

σ =0.010 

2 

N=379 

x̄ =0.72 

σ =0.012 
MH LiDAR (m) 2.67b 2.69a 2.75b 2.78a 2.68a 2.68a 2.76b 2.78a 
MW LiDAR (m) 1.32b 1.34a 1.37b 1.39a 1.32b 1.34a 1.37b 1.39a 
MH UAV (m) 2.77b 2.78a 2.88b 2.97a 2.77a 2.78a 2.89b 2.95a 
MW UAV (m) 1.14b 1.16a 1.09b 1.18a 1.15a 1.15a 1.12b 1.16a 

 

Table 4 summarizes the results of the Kappa index of agreement for the comparison between classified maps of the 

vegetation indices (2 clusters) and the LiDAR and UAV interpolated maps. 

Table 4. Kappa index of agreement between vegetation indices from PlanetScope images and the LiDAR- and UAV-derived 

geometric and structural canopy parameters. See description of variables in Table 1.  

 NDVI GNDVI 

 Kappa Jun Kappa Sep Kappa Jun Kappa Sep 
MH LiDAR (m) 0.19 0.52 0.19 0.52 
MW LiDAR (m) 0.35 0.18 0.35 0.18 
MH UAV (m) 0.17 0.70 0.17 0.70 
MW UAV (m) 0.28 0.60 0.28 0.60 

 

According to the Landis and Koch (1977) criteria, the evaluated indices had a moderate agreement. Both vegetation 

indices had a better performance before the harvesting, in September, when the vegetation was fully developed. In June, 

after the mechanical pruning, the correlations were poorer because the canopy geometry was artificially adjusted. The 

results of the ANOVA test, with the data referred to the PlanetScope grid centroids, were better than the results reached 

when comparing the clustered maps. 

As described in the Introduction section, other authors have demonstrated the utility of remote sensing images, in 

particular from UAVs, to derive accurate geometric canopy parameters in orchards (Torres-Sánchez et al., 2018), or with 

the combination of geometric parameters and vegetation indices (Jurado et al., 2020). These are mainly based on 

measurements based on photogrammetric techniques and, in some cases, having LiDAR data as a reference (Hobart et 

al., 2020). However, monitoring based on UAVs in relation to satellites has the limitation of the frequency of image 

acquisition, and because of that, the results of the present work can add value to the current knowledge. 

 

4. Conclusions 

The method evaluated in this work can complement the possibilities of canopy characterization in super-intensive 

orchards based on high temporal and spatial resolution satellite images. In this respect, vegetation parameters related to 

the height and width of the canopy along the rows offered a high correlation with NDVI obtained from the evaluated 

PlanetScope images. This study was based on data from a super-intensive almond orchard, but the methodology employed 

can be applied to other similar crops.  
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