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ABSTRACT

Carbon storage is one of the regulating ecosystem services provided by urban street trees. It is im-
portant that evaluating the economic value of ecosystem services accurately. The carbon storage of
street trees was calculated by measuring the morphological parameter on the field. As the method is
labor-intensive and time-consuming for the macro-scale research, remote sensing has been more widely
used. The airborne Light Detection And Ranging (LiDAR) is used in obtaining the point clouds data
of a densely planted area and extracting individual trees for the carbon storage estimation. However,
the LiDAR has limitations such as high cost and complicated operations. In addition, trees change over
time they need to be frequently. Therefore, Structure from Motion (SfM) photogrammetry with un-

manned Aerial Vehicle (UAV) is a more suitable method for obtaining point clouds data. In this paper,
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a UAV loaded with a digital camera was employed to take oblique aerial images for generating point

cloud of street trees. We extracted the diameter of breast height (DBH) from generated point cloud

data to calculate the carbon storage. We compared DBH calculated from UAV data and measured data

from the field in the selected area. The calculated DBH was used to estimate the carbon storage of

street trees in the study area using a regression model. The results demonstrate the feasibility and ef-

fectiveness of applying UAV imagery and SfM technique to the carbon storage estimation of street

trees. The technique can contribute to efficiently building inventories of the carbon storage of street

trees in urban areas.
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Table 1. Characteristics of UAV and camera used

UAV(Inspire 2)

Manufacturer DII
Size 427x317x425mm
Weight 4kg
Flight Time 27 minutes
Maximum Speed 94km/h
Range 7km
Camera Resolution 20MP

Camera (Zenmuse 5XS)

Resolution 5280%3956 (4:3)
FOv 72°
ISO 100
Focal Length 30 mm
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Figure 1. study area
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Figure 5. Example of individual street trees in the
study area
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Table 2. Comparison of DBH estimated and measured

* DBH
—y=x

——linear regression line

4

DBH UAV oblique photography = 1.1061 DBH measured - 2.2954

R square = 0.92227
RMSE = 1.9954

Figure 8. Comparison between DBH from
photography and filed measured

DBH measured

oblique

Tree No. 1 2 3 4 5 6 7 8 9 10
Measured (cm) | 31.80 2190 2930 1940 1830 31.60 17.70 2990 1570  18.60
Estimated (cm) | 31.85 2097 3526 2077 2017 3335 1730 3079 1159 17.83

error (cm) 0.05 -0.93 5.96 1.37 1.87 1.75 -0.40 0.89 -4.11 -0.77

error rate 0.0015 0.0425 0.2034 0.0706 0.1022 0.0555 0.0225 0.0298 0.2618 0.0413

Tree No. 11 12 13 14 15 16 17 18 19 20
Measured (cm) | 2590 21.70 17.20 2080 2430 23.10 2350 2380 19.60 19.30
Estimated (cm) | 26.73 2270 18.00 2097 2446 24.88 24.03 2035 1859 1849

error (cm) 0.83 1.00 0.80 0.17 0.16 1.78 0.53 -3.45 -1.01 -0.81

error rate 0.0322 0.0462 0.0462 0.0080 0.0065 0.0769 0.0223 0.1450 0.0516 0.0420

Tree No. 21 22 23 24 25 26 27 28 29 30
Measured (cm) | 20.70 2190 2540 2990 3330 40.00 2530 2080 2530 1240
Estimated (cm) | 22.44 1946 2426 2927 3331 42,69 2553 2341 2798 1226

error (cm) 1.74 -2.44 -1.14 -0.63 0.01 2.69 0.23 2,61 2.68 -0.14

error rate 0.0842 0.1115 0.0447 0.0210 0.0002 0.0672 0.0090 0.1254 0.1060 0.0110

Tree No. 31 32 33 34 35 36 37 38 39 40
Measured (cm) | 36.50 3530 3850 3040 31.10 27.10 2800 2450 2220 29.70
Estimated (cm) | 37.50 3736 41.18 31.04 3252 2542 2855 2330 1928 29.72

error (cm) 1.00 2.06 2.68 0.64 1.42 -1.68 0.55 -1.20 -2.92 0.02

error rate 0.0273  0.0583 0.0696 0.0211 0.0457 0.0620 0.0195 0.0491 0.1317 0.0007

Tree No. 41 42 43 44 45 46 47 48 49 50
Measured (cm) | 25.60 26.10 23.80 2590 2930 2490 2070 17.80 22.00 22.70
Estimated (cm) | 25.64 2821  25.69 2677 2618 2556 2259 1680 21.17 1992

error (cm) 0.04 211 1.89 0.87 -3.12 0.66 1.89 -1.00 -0.83 -2.78

error rate 0.0015 0.0810 0.0793 0.0337 0.1064 0.0265 0.0913 0.0560 0.0377 0.1226
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Table 3. Example of trees having high error rate

point cloud of individual street tree point cloud of DBH
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Table 4. Comparison of carbon storage estimated and measured

Tree No. 1 2 3 4 5 6 7 8 9 10
Measured (kg) | 218.38 89.93 179.73 6740 58.67 215.13 5419 188.61 40.74  60.98
Estimated (kg) | 219.15 81.10 279.19 7928 7395 24460 5133 20226 19.79 55.15

error (kg) 0.77 -8.83 9946 11.88 1528 2947 -2.86 13.64 -2095 -5.83
error rate 0.0035 0.0982 0.5534 0.1762 0.2605 0.1370 0.0527 0.0723 0.5142 0.0956
Tree No. 11 12 13 14 15 16 17 18 19 20

Measured (kg) | 134.03 8799 5062 7955 11517 102.10 106.35 109.61 69.07 66.58
Estimated (kg) | 14451 9797 5637 8108 11695 121.78 112.09 7551 60.89  60.12

error (kg) 10.48 9.98 5.75 1.53 1.78 19.69 574  -3410 -8.18 -6.46
error rate 0.0782 0.1134 0.1135 0.0192 0.0155 0.1928 0.0540 03111 0.1184 0.0970
Tree No. 21 22 23 24 25 26 27 28 29 30

Measured (kg) | 78.65 89.93 12796 188.61 243.68 376.88 126.76 79.55 126.76 2324
Estimated (kg) | 9532  67.89 11477 17932 24378 43991 12948 10536 161.10 22.64
error (kg) 1668 -22.04 -1319 -929 0.10 63.03 272 2580 3434  -0.61
error rate 0.2120 0.2451 0.1031 0.0493 0.0004 0.1672 0.0215 0.3243 0.2709 0.0261
Tree No. 31 32 33 34 35 36 37 38 39 40
Measured (kg) | 303.12 27995 344.13 19620 207.12 149.28 161.34 11743 92.89 185.62
Estimated (kg) | 323.20 32034 40390 206.18 23035 128.19 16892 104.19 66.38 18594
error (kg) 20.08 4039  59.77 9.98 2323 2109 758 -1325 -2651 0.32
error rate 0.0662 0.1443 0.1737 0.0509 0.1122 0.1413 0.0470 0.1128 0.2853 0.0017
Tree No. 41 42 43 44 45 46 47 48 49 50
Measured (kg) | 130.37 136,51 109.61 13403 179.73 122.05 78.65 5492 9091 9794
Estimated (kg) | 130.84 16430 13142 14501 13753 12988 9682 4789 8296 71.75
error (kg) 0.47 2780 21.81 1098 4221 7.83 18.18  -7.03 -795  -26.19
error rate 0.0036 02036 0.1990 0.0820 0.2348 0.0642 0.2311 0.1281 0.0874 0.2674

7ol 157cm, 18.3emE 27| gf2 7h2o] FPeM AEH7] oA e "] )
ook A G A3 2AE PHele E 2= dolE7F A E T (Table 3). & &

x10%

= Carbon Storage
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10| | ——linear regression line

5.4084885

5.408488

54084875
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Figure 9. Pointcloud at breast height and the circles fitted  Figure 10. Comparison between Carbon Storage from
using RANSAC algorithm oblique photography and filed measured
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