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Introduction 

The term “tree crown” refers to the shape, size and placement of tree structures in three-

dimensional space and to the constructional organisation of the branching system (Godin, 

Costes, & Sinoquet, 1999). Tree crowns form the boundary between the terrestrial biosphere 

and the atmosphere and determine light interception and gas exchange of carbon and water 

through photosynthesis and evapotranspiration (Santiago et al., 2004; Strigul et al., 2008). 

Crowns are one of the most physiologically and ecologically active component of trees. As 

such, understanding tree crown structure is important for a range of applications, including for 

scaling biogeochemical fluxes, modelling vegetation dynamics, and developing remote 

sensing methods that are seen as crucial tools for the monitoring of terrestrial ecosystems. 

Tree crowns vary substantially across global tropical biomes and between forest and savanna 

trees (Loubota Panzou et al. in review) spanning the large pantropical variation in biomass 

(Feldpausch et al., 2012), forest dynamics and carbon sink (Brienen et al., 2015, Hubau et al. 

2020), tree height (Feldpausch et al., 2011, Banin et al. 2012), and environment (Loubota 

Panzou et al. in review). Their size and shape vary with structure and environment, with 

significant variation in crown allometry explained by precipitation, wind speed, and soil 

texture (Loubota Panzou et al. in review). Standardised methods are required to assess large 

variation in crown dimensions when estimating crown dimensions from the ground. However, 

ground measurements of tree crowns are challenging, time consuming, and require 

consideration for the large variation their position, shape, and size. Here, we outline the 

protocol used to estimate crown dimensions for pantropical analyses (Loubota Panzou et al. in 

review) and for data archived with the online forest plot data repository and analytical tool 

ForestPlots (www.forestplots.net). 

Tree crown measurement 

Crown depth (Cdep, m) and crown radius (Cr, m) are two crown dimensions that can be 

measured in the field (Figure 1). Cdep is defined as the depth of the crown (Figure 1A), 

calculated as the difference between total tree height (H in m) and the bole height defined as 

the height from the ground to the first living branch or to the height to lowest foliage (Hf in 

m). Cdep is measured for most trees using a trigonometric approach with either a manual 
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clinometer or electronic hypsometer. Crown radii are measured in the four (north, south, east 

and west) or eight (north, north-east, north-west, south, south-east, south-west, east and west) 

cardinal directions from ground projections of crown edge to stem centre, with the person 

viewing the edge of the canopy standing perpendicular to the line to the bole (Figure 1B). 

 

 

Figure 1. Measurement of crown depth (A) and crown radius (B) (image adapted from 
Pretzsch et al. 2015) 

 

These basic crown measurements are used to estimate: crown diameter (Cdia, m) from 2 

times the mean of the four or eight crown radii; crown area (Ca, m2) from the projected area 

of four ellipse quarters (𝜋𝜋 ×  𝐶𝐶r_NS  ×  𝐶𝐶r_EW), where Cr_NS is the mean of Cr north and Cr 

south and Cr_EW is the mean of Cr east and Cr west; and crown volume (Cv, m3) assuming a 

half-ellipsoid shape as 1
2

× 4
3

× 𝐶𝐶𝑎𝑎 × 𝐶𝐶dia.  

Crown measurements can be taken during initial plot census or during plot recensus (see 

Phillips et al. 2016 for plot establishment and census protocols). The crown measurements 

can be paired in the field with estimates of tree height (Banin et al., 2012; Feldpausch et al., 

2011), liana infestation (van der Heijden et al, 2010), and crown illumination (see RAINFOR 

protocols). Crown measurements are generally taken to evaluate the allometry of intact 

crowns. Therefore, field measurements exclude trees with significant crown damage. When 
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crown measurements are taken to assess crown damage (e.g., due to selective logging), an 

assessment of the fraction of the crown lost to damage should be noted on the field sheets and 

when uploading data to forestplots.net. The number of crowns measured per site varies from 

30 to 9000 trees across field sites and studies (Loubota Panzou et al. in review). An analysis 

of the number of tree height measurements needed to reduce uncertainty in biomass estimates 

suggested a conservative threshold of sampling 50 trees per location, including the ten trees 

with the largest diameter (Sullivan et al. 2018). A similar threshold could be taken for crown 

diameter measurements, with individual trees measured at the same time to save time and to 

evaluate crown size-bole diameter-height allometry. Crown diameter measurements can be 

uploaded to forestplots.net with the census data.   

Damage from branch and tree-fall, wind, lianas, and logging, as well as preferential growth 

towards light gaps can cause asymmetric crown development. Sometimes, these changes can 

result in negative radii values relative to the centre point of the base of the bole. Figure 2 

shows an example where the crown is shifted to the side away from the bole centre point, 

causing one radius to be negative. Despite this negative radius, the overall estimated crown 

diameter is correct. 
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Figure 2. Source of negative radii measurements for tree crown measurements. Here, the tree 

crown is shifted to the side away from the centre point of the base of the bole. 

Conclusions 

Standardised measurements are required to accurately assess variation in global crown 

allometry. This measurement protocol defines the main variables, field approaches, and 

calculations to evaluate global tree crowns. A large dataset on crown dimensions (crown 

depth, crown diameter, crown area and crown volume) has been developed from Africa, 

America, Asia and Oceania (Loubota Panzou et al. in review) and is available in ForestPlots 

(www.forestplots.net), which allows the archival of tree crown data and connecting those 

interested in using the data with the lead authors and data managers (ForestPlots project #44). 

References 

Banin, L., Feldpausch, T. R., Phillips, O. L., Baker, T. R., Lloyd, J., Affum-Baffoe, K., … 

Lewis, S. L. (2012). What controls tropical forest architecture? Testing environmental, 

structural and floristic drivers. Global Ecology and Biogeography, 21(12), 1179–1190. 

doi:10.1111/j.1466-8238.2012.00778.x 

Brienen, R.J.W., O.L. Phillips, T.R. Feldpausch, E. Gloor, T.R. Baker, et al. 2015. Long-term 

decline of the Amazon carbon sink. Nature 519:344-348. Doi: 10.1038/nature14283. 



            Measuring crown dimensions for tropical forest trees – a field manual 
by G.J. Loubota-Panzou & T.R. Feldpausch 

6 
 

Feldpausch, T. R., Banin, L., Phillips, O. L., Baker, T. R., Lewis, S. L., Quesada, C., … 

Lloyd, J. (2011). Height-diameter allometry of tropical forest trees. Biogeosciences, 8(5), 

1081–1106. doi:10.5194/bg-8-1081-2011 

Feldpausch, T. R., Lloyd, J., Lewis, S. L., Brienen, R. J. W., Gloor, M., Monteagudo 

Mendoza, … Phillips, O. L. (2012). Tree height integrated into pantropical forest 

biomass estimates. Biogeosciences, 9(8), 3381–3403. doi:10.5194/bg-9-3381-2012 

Godin, C., Costes, E., & Sinoquet, H. (1999). A Method for Describing Plant Architecture 

which Integrates Topology and geometry. Annals of Botany, 84, 343–357. 

Hubau, W., S.L. Lewis, O.L. Phillips, K. Affum-Baffoe, H. Beeckman, A. et al. 2020. 

Asynchronous carbon sink saturation in African and Amazonian tropical forests. Nature 

579:80-87. Doi: 10.1038/s41586-020-2035-0. 

Loubouta Panzou, G.J., … Feldpausch, T.R. Pantropical variability in tree crown allometry 

(in review). Global Ecology and Biogeography. 

Phillips, O.L., T.R. Baker, T.R. Feldpausch, and R. Brienen. 2016. RAINFOR field manual 

for plot establishment and remeasurement 

(https://www.forestplots.net/upload/ManualsEnglish/RAINFOR_field_manual_EN.pdf). 

http://www.rainfor.org/: 02-2016. 

Pretzsch, H., P. Biber, E. Uhl, J. Dahlhausen, T. Rötzer, et al. 2015. Crown size and growing 

space requirement of common tree species in urban centres, parks, and forests. Urban 

Forestry & Urban Greening 14:466-479. https://doi.org/10.1016/j.ufug.2015.04.006 

Santiago, L. S., Goldstein, G., Meinzer, F. C., Fisher, J. B., Machado, K., Woodruff, D., & 

Jones, T. (2004). Leaf photosynthetic traits scale with hydraulic conductivity and wood 

density in Panamanian forest canopy trees. Oecologia, 140(4), 543–550. 

https://doi.org/10.1007/s00442-004-1624-1 

Strigul, N., Pristinski, D., Purves, D., Dushoff, J., & Pacala, S. (2008). Scaling from Trees to 

Forests: Tractable Macroscopic Equations for Forest Dynamics. Ecological Monographs, 

78(4), 523–545. https://doi.org/10.1890/08-0082.1 

Sullivan, M.J.P., S.L. Lewis, W. Hubau, L. Qie, T.R. Baker, … O.L. Phillips. 2018. Field 

https://www.forestplots.net/upload/ManualsEnglish/RAINFOR_field_manual_EN.pdf


            Measuring crown dimensions for tropical forest trees – a field manual 
by G.J. Loubota-Panzou & T.R. Feldpausch 

7 
 

methods for sampling tree height for tropical forest biomass estimation. Methods in 

Ecology and Evolution 9:1179-1189. https://doi.org/10.1111/2041-210X.12962. 

van der Heijden, G. M. F., Feldpausch, T. R., Herrero, A. de la F., van der Velden, N. K., & 

Phillips, O. L. (2010). Calibrating the liana crown occupancy index in Amazonian 

forests. Forest Ecology and Management, 260(4), 549–555. 

doi:10.1016/j.foreco.2010.05.011 

 

 

 

 


	Introduction
	Tree crown measurement
	Conclusions
	References

