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ABSTRACT

In the present study, we confirmed the utility of portable scanning lidar for landscape modeling of a garden with tree
communities and quantification of biophysical variables of the trees in the garden. Multiple measurement positions were
established between each tree in the garden and laser beams were fully illuminated to the trees. Obtained 3-D point cloud
images were registered and shading effect was added to the data corresponding to a building and trees. Through these
processes, a 3-D landscape model of the garden was produced. The model allowed to visual assessment of the garden from
any viewpoints and it was confirmed that the model faithfully reproduced the complicated form of the trees and the one
of the building within the garden. Then, 10 trees were selected from the model and their tree heights, diameters at breast
height were estimated. By comparing the estimation and the actual values, the errors of the tree heights and diameters at
breast height ranged from -0.48 to 0.28 m and -0.04 to 0.05 m, respectively. Moreover, stem volume was estimated from

the lidar-derived tree heights and diameters and a stem volume map was produced.
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logv=alogd+blogh+c (1)
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Table 1 Coefficients for equations of stem volume estimation
(expressed in Eq. (1)) in each tree species (The Forest

Agency in Japan, 1998).

Coefficient
Diameter at
Tree species  breast height a b c
(cm)
Japanese ceder 12~30  1.849344  1.008086  -4.219069
32~40 1.944187  0.894801  -4.211821
42 and over  1.600066  1.075361  -3.921218
Japanese red pine 4~30 1.863288  1.004738  -4.249808
32~40 1.895653  0.811988  -4.060353
42and over  2.002385  0.888616  -4.347438
Broadleaf tree 4~30 1.834463  1.098828  -4.344385
62 and over  1.765531 1.073801  -4.174703

RBiph, F£1OMEE W,

ETOV R OFER 2 S8 & s E I (1) %
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FREOIRER E2 i MICHERT 22 L0 TE 5, B5
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ThHY., FFIHEMERIEREELTWEZ LD b,
) L7HMBRIBIRORKEEZE CTH - TH. KFEIC
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REHIiCTE 5 2 LA Ao 72, Fig. 1D I Fig. IA~C |2
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Fig. 1A & DEDVHIEICHER TE %0 HIBRL 7285 8m
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MEEIZDOWT, ETUH 5 OHEEM & FEHME & % g
L72bDTHbB, AFETH~<YOBEICET 5 fF
¥R (Root Mean Square Error: RMSE) (X211
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ETH<YDORMSE 1E0.02m & 0.03m, FIFREITZ
NZEN-00lm & -002m THo/ze IV A UNE
IVTIEFZENZI003m & 0.05m DFRETH > 72, H
EHEE L B, WEEEOFBHEERHE LR > 720
K211 H 2BMBEOBEIR, EloB R L WEEE,S
BHLEE2EMHEE LG EDOMRERZERT, AFXETH
<Y O RMSE (£0.09m® & 0.13m?, FHiazzenz
-006m* & -0.08m3 THU . A H/NEITTIL0.02m?
DIEFETH o 72 (T VANV TR E 2 AR A
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Fig. 2 13X R T ) 7NIZH 285 8 m DL Lo AIZH
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Table 2 Biophysical variables of 10 trees obtained from the lidar-derived landscape model and ground-truth measurements.

Height (m) Diameter at breast height (m) Stem volume (m3)
Tree species Model Actual Error Model Actual Error Model Actual Error
Japanese ceder 14.69 14.97 -0.29 0.43 0.47 -0.04 0.88 1.04 -0.16
11.84 11.92 -0.08 0.34 0.35 -0.01 0.53 0.55 -0.02
11.84 11.56 0.28 0.23 0.21 0.02 0.25 0.20 0.05
13.29 13.45 -0.15 0.28 0.28 0.00 0.38 0.40 -0.02
13.50 13.80 -0.30 0.33 0.37 -0.04 0.57 0.71 -0.14
Japanese red pine 13.18 13.66 -0.48 0.32 0.34 -0.02 0.46 0.52 -0.06
15.90 15.83 0.07 0.40 0.44 -0.04 0.85 1.06 -0.21
12.20 12.66 -0.46 0.30 0.28 0.02 0.39 0.36 0.03
Castanopsis cuspidata 9.33 9.25 0.08 0.49 0.46 0.03 - - -
Japanese maple 4.76 4.89 -0.13 0.16 0.11 0.05 0.04 0.02 0.02
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Fig. 1. Landscapes of the targeted garden derived from a 3-D
landscape model produced by portable scanning lidar
images. (A) Front view (B) Top view (C) Bird's-eye view
and (D) Front view after removal of trees with over 8 m
height.
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Fig. 2. A stem volume map in the targeted garden derived from a 3-D
landscape model produced by portable scanning lidar images.
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