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1. Introduction 
Trees, forests, and associated vegetation have numerous functions in urban environment. Since Kyoto 
Protocol permits the accounting of changes in forest carbon stocks due to forestry, forests and green 
spaces at the city level need to be counted as well as large forests and woodlands. Therefore, it is 
required to obtain the quantitative information and distribution of green spaces in urban areas. Recently, 
using newly-developed remote sensing techniques, three-dimensional forest information became to be 
available. In this study, stand volume in an urban forest with various structures was estimated using 
airborne laser scanning system (LiDAR). 
 

2. Methods 
Field data were collected from 2004 to 2006 in the Expo ’70 Commemorative Park in Suita-city, Osaka. 
The total 30 sample plots consisted of 2 coniferous, 6 deciduous, 14 evergreen, 4 “shelter forest”, and 4 
boulevard plots. Stand volumes were calculated from DBH and tree height. Laser scanner data were 
acquired on October 4, 2004. Canopy height variable and canopy density variable in each plot were 
derived according to the following procedures: 1) Mean or maximum canopy height were generated from 
the subtraction of DSM (Digital Surface Model) and DEM (Digital Elevation Model) which were 
obtained from the laser scanner data. 2) Canopy density pulse ratio was computed from number of laser 
pulses of different reflection types. As an alternative variable for canopy density, NDVI (Normalized 
Differential Vegetation Index) obtained from the digital aerial photograph which was acquired 
simultaneously, was adopted. Multiple regression analysis was performed by allometric models using the 
obtained variables. 
 
3. Results and Discussion 
The best result was obtained with the model that used 
mean canopy height and canopy density from the laser 
data as explanatory variables. The regression result 
showed successful estimation at deciduous and 
evergreen stands, despite the stand type difference. 
Root-mean-square error (RMSE) resulted in 62.59 m3 

ha-1, corresponding to 23% of the average stand volume. 
The model was also proved useful in the boulevard 
plots. However “shelter forest” followed a different 
linear relation. When the “shelter forest” was excluded, 
the R2 of 0.76 was improved to 0.83, RMSE was 54.74 
m3 ha-1(20% of the average stand volume). The result 
revealed that laser scanner data provides useful volume 
estimates in the various forest types in the urban forest, 
although the stratification based on forest 
characteristics is required for the further analysis. 
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Fig. 1. Observed values of stand volume vs. 
values predicted by the best model 

RMSE= 62.59 m3 ha-1 

R2= 0.76 


