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Abstract 
 
Tree crown quantification is needed for better 

management of green resources and estimate the benefits 

from urban forests. The availability of very high spatial 

resolution remotely sensed imagery provides opportunity 

to delineate individual tree crowns. This study aims at 

investigating and quantifying tree crowns at both the 

individual and clustered (block) level in Shakurbasti, Delhi, 

India. The Pan-sharpened image of WorldView-2 was used 

for shadow enhancement and tree crown areas extraction 

using ENVI software and ArcGIS 10.1. The first principal 

component of the image was performed to enhance tree 

shadow and subsequently shadow and non-shadow areas 

were classified using image clustering algorithm.  A 

threshold of NDVI image was used to extract crown areas 

from the Pan-sharpened image and crowns were subjected 

to supervised classification (Maximum Likelihood) and 

vectorization. The results proved that the high resolution 

WorldView-2 Pan-sharpened image is suitable for 

extracting tree crowns with 85 .79 % of classification 

accuracy. The total numbers of individual trees are 12859, 

including small and mature trees, in the study area. The 

study demonstrates a quick and accurate way to obtain 

inventory data on individual trees and clustered trees as 

well. Such database can be optimally used in urban 

planning and recognizing the importance of green spaces in 

urban clusters.  
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1. Introduction 
 

Trees constitute the most important component of green infrastructure in urban areas which provides numerous 

environmental, economic and social benefits.  Many researches corroborated various benefits of trees planted in urban areas 

(McPherson et al., 1994, Tyrväinen et al., McHale et al., 2007, Ball, 2012), hence today‘s decision makers and planners are 

aware of the balance that should exist between urban infrastructure and the green space and this explain the relevance of 

monitoring the state of natural resources in cities. There is a need of quick and reliable inventory of urban forest resources 

because it has been always difficult to update the urban green ecosystem using traditional field survey methods.The   efficient 

urban forest management demands detailed, timely repeatable and spatially explicit information.  In recent decades the 

launch of a very high spatial resolution satellites (IKONOS, QuickBird, WorldView and others) , as well as development of new 

classification algorithms have initiated a new era in forest management using remote sensing technology (Plantier et al., 2006). 

In 2009, WorldView-2, a new satellite-borne sensor, was launched by DigitalGlobe. The very high spatial resolution (0.5 m in 

the panchromatic band and 2.0 m in the multispectral bands) and 4 new spectral bands (Coastal, Yellow, Red Edge and Near 

Infrared 2) additional to the 4 standard bands (Blue, Green, Red, and Near Infrared 1) of this satellite, give reason to expect 

that this sensor has a high potential for tree mapping. The data provider postulates that all 4 new bands are strongly related to 

vegetation properties (Koukal et al., 2012).With the increasing availability of high spatial resolution data and the computational 

power to process it more and more remote sensing research in forestry has focused on detecting and measuring the individual 

trees as opposed to obtaining stand level statistics (Cabello-Lebric, 2011). This technology provides opportunities for 

investigating and quantifying the structure and floristic of forests at both the stand and individual tree level (Bunting and Lucas, 

2006). 

Although the use of high resolution satellite data is the best solution for trees quantification in urban areas some factors such 

as the increase of intra crown spectral variance found in very high resolution (VHR) imagery, and the low spectral separability 

between tree crowns and other vegetated surfaces in the understory (Gougeon and Leckie, 2006, Hirschmugl et al., 2007, 

Pouliot et al., 2002) can comprise its efficiency. Furthermore, the coexistence of trees with urban infrastructures results in the 

spatial arrangements that can complicate an image interpretation.   In this work we attempted a quantification of trees in 

urban area using very high resolution worldview2 imagery by combining shadow enhancement and crown techniques. The 

study has been carried on Shakurbasti, Delhi, India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
14

th
 Esri India User Conference 2013  

 

   Page 3 of 7 

 

 

2. Methodology  

(i) Study area 

The Study has been done on small part (2.5km x 1.5km) of Shakurbasti village, in North West Delhi District of Delhi State, India 

located at 28°40'49"N 77°7'39"E at an elevation of 217 m above mean sea level (Figure 1). It consists of a complex of urban 

infrastructures such as building, roads, railroads sidewalks, canals etc,, mixed with trees distributed in different patterns (block 

plantations, evenly spaced or in arbitrary spatial pattern) and other green areas.  The most dominant species of trees across 

the study area are Alstoniascholaris, Saracaasocaand some unknown species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Location of the study area 

(ii) Satellite data 

To perform this study, we used a worldview 2 satellite image;The WorldView-2 satellite provides high spatial resolution data in 

8 spectral bands, with 0.46m and 0.5m spatial resolutions for panchromatic band and 1.84m to 2m for multispectral bands at 

Nadir and off-Nadir respectively. It records images in the spectral range of 450 to 800nm. Further details about the sensor can 

be found on the website of the provider (http://worldview2.digitalglobe.com/). 

 

(iii) Image processing  

 Image fusion, as a process of merging several images acquired with different spatial and spectral resolution at the same times 

together to form a single image to enhance the information extraction (Sarup andSinghai, 2011)    was performed to enhance 

the quality of Worldview2 image. Panchromatic and multispectral images of worldview2 satellite (figure 2) were fused using 

the principal component technique, in this process the first principal component of low resolution data is replaced by high 

resolution data (Shamshad et al., 2004).  
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Figure2:  Original Image vs. Sharpened image 

(iv) Shadow Enhancement 

Based on the direction of sun illumination, Shape and position of shadow as prior knowledge can serve as additional 

information in tree shape detection .( Hung  et  al 2006).The green cover of the study area is composed of a mixtures of 

matured trees, small tree and bushes . Therefore, the shadow was used to distinguish the matured trees from low lying 

vegetation (shrubs). The first principal components analysis was performed to enhance the shadow and the output (de-

correlated image) was classified using image clustering algorithm. The maximum iterations were limited to 10 with 2 classes 

(i.e., Shadow and non-shadowed area). Due to the less spectral variability in the shadow and water body, NDVI (Normalized 

Difference Vegetation Index) was calculated using the original image of Worldview2 to extract water bodies (pixel values >-1 

and < 0) and this was used to mask out water body areas from the classified image. 

 

(v) Tree crown Extraction 

Tree crown identification process is enormously affected by the spectral separability of tree crown pixels with respect to their 

background in the image. Therefore it is better to remove all other features which hinder the correct identification   and 

delineation of tree crowns using NDVI (Normalized Difference Vegetation Index). The use of NDVI is very important because it 

is insensitive to intra-crown shadow variation resulting from the sun elevation angle and physical structure of trees (Ardila, 

2012), this property is generally exploited to extract tree crowns with circular and compact shape.  The NDVI was computed 

using Near-infrared and Red bands of Worldview 2 image and then a threshold (0.5< threshold> 0.22) which differentiate trees 

from other features was generated from NDVI values. A threshold of NDVI image was used to extract crown areas from the 

Pan-sharpened image of worldview 2; the output image has pixel values of mature trees as well as the low laying shrubs. Here 

it was observed that the low lying shrubs approximately have the same NDVI values as like the mature trees and crowns were 

subjected to supervised classification (Maximum Likelihood). Maximum likelihood assumes that the distribution of a class 

sample is normal. While working through maximum likelihood algorithm, it is necessary to have well defined training areas and 

pure signatures to acquire an expected result. Knowledge of the data, and of the classes desired, is required before 

classification (Jensen 1996). The image was classified in seven classes or categories according to their spectral reflectance.  For 
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this study, at least 20 training sites were collected for each class for classification.   By recording the number of class was 

reduced to six, to eliminate the class of some low lying shrubs.  Thereafter, the final output of classification was subjected to 

vectorization to extract tree crowns. (Figure 3.) The vector was then used to quantify trees 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Extracted crown area overlaid on pan sharpened Worldview-2 image 

 

(vi) Quantification  

The tree crown area and enhanced shadow area were merged. The merged image represents mature individual and clustered 

trees, where crown areas have shadow. The trees having shadow represent mature status and were retaken into consideration 

for the tree quantification.   Mainly the quantification has been done based on statistics calculation (tree crown mean, 

standard deviation and summation) using converted vectors as input. The samples of individual trees were retrieved for each 

category and then used to calculate to calculate the mean samples and standard deviation for each group of trees. The mean 

sample was then used to estimate the total number of trees in cluster for each category. The number of trees in clusters was 

derived through the following formula. 

      

 

       Where, N= number of trees,  

     B= crown area of the multiple crowns and  

     m= mean value of the sampled crown area. 

To overcome the present study all steps were processed using ENVI 4.7 till vectorization, only quantification has been 

performed using ArcGIS 10.1 software 

 

3.  RESULTS AND DISCUSSION  

Tree quantification using crown areas measurements was achieved at a satisfactory level, with reasonable accuracy. The 

overall classification accuracy was 85.79156%. The producer accuracy of class ranges from 78.95 % to 95.3 % and the user 

accuracy 100 %.( Table 1). 
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Table 1:  Classification accuracy 

 Producer Accuracy (%) User Accuracy (%) 

Group 1 87.6 100 

Group2 87.04 100 

Group3 78.95 100 

Group4 85.70 100 

Group5 100 100 

Group6 72.73 100 

Group7 95.31 100 

Overall accuracy is 85 .79156 % 

 

The total numbers of trees across the study area is 12859   (Table 2), including small individual trees with a percentage of 10.21 

and 14.97 % for large individual trees.  A large number of trees (74.81 %) are   in cluster or in block plantation.The total area 

covered by tree canopies is 0.82km
2
 i.e.  21.91 % of the study area (Table 2). 

 

Table 2: Tree crowns areas and quantification results 

Categories  Size  range (m
2
) Mean size  STD  Total number  % 

Small individual trees  8-24 19.15 3.21 1313 10.21 

Mature individual trees  28- 200 69.005 43.43 1925 14.97 

Clustered trees  212-74940 - - 9621 74.81 

Total number of trees    12859  

Total area of canopy cover 0.82km
2
 21.91 

 

4. Conclusion  

Tree quantification was successfully achieved using pan-sharpened worldview 2 data. A combination of shadow enhancement 

and tree crown extraction techniques serve as potential tools in trees quantification and identifications in high resolution 

image. The pan sharpened image of worldview2 provides accurate results in terms of identification and quantification. Even 

though, a certain number of factors can comprise the satellite image analysis in urban areas, the experiments characterizes 

high accuracy (85% overall accuracy) in identifications of tree crown using digital images processing techniques. The present 

study demonstrates a quick and accurate way to obtain inventory data on individual trees and clustered trees as well. Such 

database can be optimally used in urban planning and recognizing the importance of green spaces in urban clusters. 
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