
Volume 18(3), 77- 82, 2014 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

77 

Investigating forest canopies using modern field-based 
methods 
 
Turcu, D. O.1*, Merce O.1,2, Cântar I. C.1, Cadar N.1 

 

1
Forest Research and Management Institute – Timişoara branch; 

2
Banat University of Agricultural Sciences 

and Veterinary Medicine “King Michael I of Romania” from Timisoara – Faculty of  Agriculture 
 
*Corresponding author. Email: turcu_dani@yahoo.com 

 
 
Abstract       The forest canopy is one of the most active parts in the 
functioning of the forest ecosystem. Important physiological processes are 
developing in the canopy like respiration and other gas exchanges, 
transpiration, and, most important, photosyntethis. Therefore, the shape and 
properties of the canopy represent key elements of the forest structure and 
dynamics. This paper expresses one of the most modern field-based methods 
of canopy investigation, taking as a reference the most complex forest 
structure available in the country – the virgin beech forest from Izvoarele 
Nerei Nature Reserve, SW Romania.   

Key words 
 
forest canopy, horizontal 
forest structure, vertical 
forest structure, natural 
forests 
 

 
 
The forest canopy is one of the key elements of the 

forest structure, holding one of the most important 

parts of the green plants (trees) – the leaves. Together 

with the tree stems, the crowns forming the forest 

canopy are crucial structural (architectural) features of 

the forest ecosystem. The crowns, formed by branches 

and leaves, are the place where many of the chemical 

processes are carried out: transpiration, the gas 

exchanges, photosyntethis. Therefore, the spatial 

investigation of the forest canopy is very important in 

any forest structure study, in order to quantify the role 

of the canopy layer within the ecological processes of 

the stand. 

 The current study was carried out in a natural beech 

forest, which has the largest structural diversity of a 

temperate forest that could be found in the region. 

Romania still has about 218500 ha of virgin forests 

(Veen et Biris, 2004), which are the most complex 

ecosystems to be found in the country. One of the most 

representative natural forests is the “Izvoarele Nerei” 

Nature Reserve, located in SW Romania, coordinates 

455 - 4510 Northern latitude and 22230 - 

22640 Eastern longitude. This forest is a pure beech 

mountain forest, covering approx. 5000 ha, covering 

the upper part of the Nera river basin (Nerganita and 

Nergana rivers), from 620 to 1400 m altitude (Tomescu 

et al. 2004-2006, Turcu 2012, Tomescu et al. 2012, 

Turcu et Stetca 2006). 

Due to the very large area of the Reserve, the structural 

study was stratified on 4 altitudinal levels: 800, 1000, 

1200 and 1350 m. On each altitudinal level, 3 sample 

plots were randomly chosen, each of them having 1 ha. 

The saple plots wre chosen to be circular, for the 

symmetry and the minimum range effect of this 

geometrical feature (Tomescu et al. 2004-2006, Turcu 

2012, Tomescu et al. 2012, Turcu et Stetca 2006). 

 

Material and Method 

 

The structural measurements were undertaken using 

the FieldMap system (www.ifer.cz, www.field-

map.com), which is a hardware and software system 

consisting of a laser measurer (for the measurement of 

horizontal distances and vertical angles, using a 

reflector) and an electronic compass (very precise, for 

the measurement of horizontal angles) which measure 

in real-time and send the information to a field 

computer (Tablet PC) (Fig. 1.). The FieldMap runs a 

specific software (with the same name) especially 

designed for forest structural measurements. The 

outstanding advantage of this system is that all 

measurements are undertaken and stored/visualised on 

the computer in real time. The system also includes 

many measurement error control mechanisms. 

(Tomescu et al. 2004-2006, Turcu 2012).

 

 

http://www.ifer.cz/
http://www.field-map.com/
http://www.field-map.com/
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Fig. 1. The FieldMap system 

 

For the horizontal structure investigation, first the 

positions of all trees are recorded (x, y, z coordinates) 

form the reserach plot. Then the FieldMap sub-routine 

for tree crown projections measurement is used: for 

each tree, at least 4 points are recorded in order to 

express the crown projection. As a main rule, for most 

trees 4 points were taken: 2 points on the highest slope 

line on a crown diameter, and 2 points on the contour 

line on a crown diameter. For the trees with highly 

asymmetrical crown, they were measured as many 

points as necessary in order to describe accurately the 

crown. For the very small trees from the dominated 

layer, with crown diameters under 2 m, in some cases 

only 3 points were used (they were considered to be 

enough for the crown description) (Fig. 2.). 

The vertical structure investigation is far more complex 

than the horizontal one. At first, a transect line 

following the diameter of the research plot on the 

maximum slope line was measured and set up in the 

field. Next, a 15 m buffer was set on both sides of this 

transect line and the trees within it were selected (in 

general, almost one quarter of the trees from each plot 

were incuded in this buffer area). After that, the crown 

vertical profile of each selected tree was measured: the 

operator positionated the FieldMap equipment on a line 

perpendicular to the transect plane in front of each tree 

(at the most suitable distance) and proceeded to 

measure the crown profile (Fig. 3.). After each tree was 

measured, the FieldMap system combined the vertical 

crown profile with the horizontal crown projection and 

automatically issued the 3D tree crown model.

 

 

 

 

 
Fig. 2. Crown horizontal projection 



 79 

 
Fig. 3. Crown vertical profile 

 

 

Results  

 
Horizontal structure investigation 

 

The horizontal investigation of the canopy reveals two 

important stand indicators: the total cover of crown 

projections per hectare and the canopy cover on soil 

(also called stand density). The graphic representation 

of the horizontal crown projections is shown in Fig. 4. 

The mean values of the stand structural characteristics 

(relative to the canopy) in horizontal projection are 

presented in Table 1. 

 

 

 

 

 

 

 
Fig. 4. Horizontal crown projections of an 1 ha plot  at 1000 m altitude (Tomescu et al. 2004-2006, Turcu 2012) 

 

 

 

 

 

 

 

 

 

 



 80 

Table 1 

Horizontal projection crown structural features 

Altitudinal 

level, m 

Total 

crown 

projection 

surface 

(m
2
/ha)   

Surface 

per 

hectare 

covered 

by 

crowns 

(m
2
/ha)  

Stand 

density 

% 

Average 

crown 

projection 

per tree 

(m
2
) 

800 14525 8981 90 38.02 

1000 12528 8519 85 36.67 

1200 11241 8386 84 32.77 

1350 11069 7857 79 29.18 

 

 

 

Vertical structure investigation 

 

The vertical structure investigation revealed the general 

vertical profile of the stand, on the highest slope line 

following the diameter of the 1 ha plot (112.84 m in 

length) (Fig. 5.). Important structural indicators were 

revealed also: the crown surface (3D) and crown 

volume per hectare and, respectively, the average 

values for one tree. 

 

 

 

 

 
Fig. 5. Vertical profile of the stand at 1000 m altitude (Tomescu et al. 2004-2006, Turcu 2012) 

 

 

The average values per hectare for the crown total surface (3D) and the crown volume, together with the average values 

per tree, are shown in Table 2. 
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Table 2 

 Vertical crown structural features 

Altitudinal 

level, m 

Crown  

surface 

per 

hectare 

(m
2
/ha)   

Crown 

volume per 

hectare 

(m
3
/ha)  

Average 

crown  

surface 

per tree 

(m
2
)   

Average 

crown 

volume 

per tree 

(m
3
)  

800 90870.93 145101.354 237.88 379.846 

1000 83915.23 145695.428 245.61 426.426 

1200 80238.20 122431.710 228.60 348.808 

1350 79743.69 113996.573 210.22 300.518 

 

 

Conclusions 

 
The investigation of the horizontal structure of the 

canopy revealed that the total surface of the crown 

projections for an 1 ha plot exceeds the surface of 1 ha 

with over 10%. The maximum value for the total 

surface of the crown projections was 1.45 ha / ha in the 

lowest part of the Reserve (800 m altitude) and it can 

be (partially) explained by the fact that the plots were 

in the valley, on high slope areas, where the crowns of 

the trees are very well developed horizontally. The 

lowest value of this structural feature is recorded at 

1350 m altitude, close to the tree line, where most 

biometric indicators are at the minimum compared to 

the rest of the Reserve. 

The mean stand density is over 80%, starting from 79% 

close to the tree line at 1350 m altitude and having a 

maximum of 90% at 800 m altitude, where the 

geomorphological characteristics of the terrain allow a 

very good canopy closure. 

The mean horizontal crown projection is over 30 m
2
, 

with a minimum of 29.18 m
2 

at 1350 m altitude and a 

maximum of 38.02 m
2
 at 800 m altitude (with the 

mention that trees were considered only those larger 

than 80 mm in diameter at 1.30 m). 

The investigation of the vertical structure of the canopy 

revealed a very complex architectural composition of 

the stand, with many dominated trees and even with a 

well defined layer of dominant trees. The total area of 

the crowns (considered as a sum of tri-dimensional 

surfaces) is, in average, over 80000 m
2
/ha, with a 

minimum of 79744 m
2
/ha at 1350 m altitude and a 

maximum of 90871 m
2
/ha at 800 m altitude. 

The average crown volume per hectare is over 120000 

m
3
/ha, with a minimum of 113997 m

3
/ha at 1350 m 

altitude and a maximum at 1000 m altitude – 145695 

m
3
/ha. 

The average crown surface per tree is over 220 m
2
, and 

the average crown volume is over 350 m
3
. The average 

canopy thickness varies between 11-14 m. The 

minimum of these average values is at 1350 m altitude, 

close to the tree line level, and the maximum is at 800-

1000 m altitude, which is considered to be the 

“optimum” zone of the Reserve. 

One of the most important advantages of using the 

FieldMap system for structural measurements, together 

with high precision and real-time measurements and 

control, is the perfect portability for Geographical 

Information Systems (GIS) of all recorded data.   
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