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ABSTRACT 

 

Biomass estimation is a crucial component in the areas of 

carbon storage and forest management. Biomass can be 

analyzed rather at forest or at Single Tree Level (STL) and 

studies in both directions can be found in literature. 

Nevertheless, working at STL provides more accurate 

estimations. Such a level of information can be obtained by 

means of LiDAR data, but this type of data is usually 

expensive and not available for all Countries. Thus, few 

studies at STL can be found in developing countries and 

tropical forests. This study presents one of the first works for 

biomass estimation in tropical forest located in Gorgona 

Island, Colombia. Adaptations have been made to state-of-

the-art methods for them to properly work in a complex 

forest, where trees sizes vary a lot from one area to another. 

Preliminary results are shown for some areas, allowing to see 

the capabilities of the adaptation. 

 

Index Terms— Individual Tree Crowns, Biomass 

Estimation, LiDAR data, Gorgona Island, Tropical Forest. 

 

1. INTRODUCTION 

 

Forest biomass estimation is the base for both forest 

management and timber industry [1]. From the research 

viewpoint, it is very interesting to analyze forest biomass 

distribution at tree level. Thus, a key point is to accurately 

identify Individual Tree Crowns (ITC). ITC identification is 

done by delineation of tree crowns by means of Very High 

spatial Resolution (VHR) [2]–[5] or by means of LiDAR data 

[6]–[8]. Accessing any of the two types of data implies high 

costs that not all countries can afford. That is a particular case 

for Colombia, where official institutions are the ones who 

have the financial capacity. Unfortunately, the most detailed 

data for forest management only arrives to a scale of 1:51000, 

which is not enough for properly mapping forest, neither for 

ITC delineation.  

The DIMAR ([9] in Spanish Dirección General Marítima) 

is the Colombian maritime authority in charge of executing 

government’s policy in this matter. Over the last 5-10 years, 

DIMAR has collected LiDAR data over the pacific coastline 

of Colombia focusing also on small islands such as the 

Gorgona one. The Gorgona island (GI) is of great interest 

because it became a National Natural Park (NNP) in 1983, 

thus representing a large area of preservation for the Country. 

GI is home to a diverse range of flora and fauna, it is covered 

by a tropical forest, which provides important ecosystem 

services such as carbon sequestration, water regulation, and 

soil stabilization. Thus, estimating the biomass of such forest 

can help: (i) to identify areas that require special attention for 

forest management, such as areas that are experiencing 

deforestation or areas that need reforestation; (ii) 

conservationists and scientists to understand the distribution 

and abundance of different species and their habitats, which 

is crucial for developing effective conservation plans [10], 

[11]. Biomass is a crucial component of carbon storage, as it 

represents the amount of carbon stored in living organisms 

such as trees, shrubs, and other vegetation. Mapping the 

biomass on GI can help to quantify the amount of carbon 

stored on the island, which is important for monitoring the 

impact of climate change on the island's ecosystem [11]. 

Finally, GI is a popular destination for ecotourism, and 

biomass mapping can provide valuable information for 

tourists who want to learn more about the island's ecology 

and biodiversity. It can also help tour operators and other 

stakeholders develop sustainable tourism practices that 

minimize the impact on the island's natural resources [10]. 

Even though GI is an area of great interest, few/nonofficial 

data can be found at national level where details are offered 

at ITC level. This is due to the lack of detailed data to perform 

such an analysis and the availability of tools to process the 
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Figure 1. Gorgona island location in Colombia, right panel: real color airborne image with validation areas highlighted in red. 

  
(a) (b) 

 

Figure 2. DTM map for Gorgona Island in (a) area 1 and (b) 2. Red lines indicate ITC delineated by photointerpretation. 

 

corresponding data. This research presents one of the first 

works (to the best of our knowledge) on automatic ITC 

delineation in the NNP of GI in Colombia, where adaptations 

have been made to existing algorithms in literature, such that 

they can work for the complexity of tropical forest. Taking 

advantage of the ITC map, biomass has also been calculated. 
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2. STUDY AREA AND DATA 

 

The study area for this research is the Gorgona island, located 

in the Cauca region to the South-West of Colombian Pacific 

coast (see Figure 1). The total extension is 61687.5 ha that 

includes insular territory and marine area. Gorgona island has 

a relative humidity of 100%, high rainfall of nearly 7000 mm 

per year and a temperature over 28°C. It has volcanic and 

intrusive rocks and the vegetation present corresponds mostly 

to secondary forest with remnants of primary forest on the 

ridges, with small to medium-sized trees, followed by 

juvenile trees and shrubs [12], [13]. 

LiDAR used in this study were collected in 2019 with a 

Leica ALS50-II recording system mounted on a fixed-wing 

aircraft with a point density of 2px/m2. Up to four returns per 

pulse were recorded. The LiDAR data covers the entire area 

shown in Figure 1 and was accompanied by an RGB 

orthophoto. In order to validate the results, and due to the lack 

of any similar data in Colombia, ITC delineation was made 

by photointerpretation (over the 4 areas shown in red squares 

in Figure 1) considering both the DTM map derived from this 

research and the RGB orthophoto. Figure 2 shows the 

detailed DTMs for areas 1 and 2, where it can be seen the 

complexity of the studied areas. Green to Red shades indicate 

different trees’ altitude, showing the large variability, even in 

a small area. It is important to note that due to the area’s 

complexity, only the clearest trees were delineated (shown in 

red lines), trying to keep the most of them. This will affect 

the final quantitative evaluation but does not penalize the 

effectiveness of the presented method. 

 

3. METHODOLOGICAL WORKFLOW 

 

In order to perform the automatic ITC delineation for the 

entire Gorgona island, the package itcSegment [14] inside the 

software R (www.r-project.org ) was used. The ITC 

delineation approach finds local maxima within a rasterized 

Canopy Height Model (CHM), designates these as treetops 

and then uses a decision tree method to grow individual 

crowns around the local maxima. In order to properly 

delineate the ITCs, different parameters must be set up. This 

is valid for any type of forest, in particular for the tropical 

one, since the algorithm has not been developed for tropical 

forest. The selection of these parameters strongly depends on 

the expected tree’s size and the fact that this size should 

remain homogeneous across the entire study area. This is not 

the case here, where large variability can be seen. Since no 

ground truth is available in order to validate the results, 

automatic selection of the best ITCs delineation parameters 

that would work over the entire area was carried out based on 

four validation areas. This process was carry out on an 

iterative matter and making use of the Jaccard Index (JI) [15]. 

JI is a statistic used for comparing the similarity and diversity 

of two sets, and is calculated like: 

 

 
𝐽𝐼(𝐴, 𝐵) =

|𝐴 ∩ 𝐵|

|𝐴 ∪ 𝐵|
 (1) 

 

where: 𝐽𝐼(𝐴, 𝐵) represents the Jaccard index between sets A 

and B; |𝐴 ∩ 𝐵| denotes the size (cardinality) of the 

intersection of sets A and B, i.e., the number of elements they 

have in common; and |𝐴 ∪ 𝐵| represents the size (cardinality) 

of the union of sets A and B, i.e., the total number of distinct 

elements present in both sets. 

JI ranges from 0 to 1, where 0 means the sets have no 

common elements and 1 means the sets are identical. The JI 

is commonly used in data analysis, information retrieval, and 

pattern recognition [15]. The mean JI per size and per area 

over each of the validation areas was confronted obtaining the 

best parameters that comply from both a qualitative and 

quantitative perspective. Once ITCs were delineated, 

biomass was calculated using the equation published in 

Jucker et al. [16] that relates height and crown radius with 

biomass. 

 

4. PRELIMINARY RESULTS AND CONCLUSIONS 

 

A preliminary result for both automatic delineation and 

biomass calculation for one of the validation areas can be 

seen in Figure 3. The average Jaccard Index differed across 

each area (area 1: JI = 0.35; area 2: JI = 0.46; Area 3: JI = 

0.48; Area 4: JI = 0.52) and splitting the ITCs of all the four 

areas by size (small: JI=0.44; medium: JI = 0.47; big: JI = 

0.55). As we needed to delineate ITCs over the entire island, 

we chose the combination of parameters with the highest 

average JI over all the manually delineated crowns (JI= 0.45), 

which is considered as a good trade-off, considering the 

complexity of the study area (see left panel in Figure 2). 

Using the best parameters found, it was possible to generate 

the entire ITCs and biomass map for Gorgona Island, which 

is a relevant and unique map for this Region. 

It is important to note that JI is smaller than 0.5, but this 

small value does not indicate a wrong detection. The reader 

is reminded that the delineation by photointerpretation did not 

include every single tree in the studied areas due to 

complexity and large variability in the area. Nevertheless, 

while comparing with the true color image in the left panel of 

Figure 3, it is possible to notice the good detection 

capabilities of the presented method. As future developments, 

it would be interesting to consider a hierarchical approach to 

further help the ITCs delineation with different tree sizes. 
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Figure 3. ITCs delineation and biomass for validation area 1. Left: RGB orthophoto. Middle: ITCs delineation with 

photointerpretation and proposed method. Right: Biomass. 
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