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Research paper

Evaluation of the Quality of Measurement of Diameter at
Breast Height of Trees

Chyi-Rong Chiou,” Chi-Ching Huang™”

[ Summary ]

Trees provide various ecosystem services. Given the impact of climate change and increasing
focus on nature-based solutions, effective management of forests and urban forests is increasingly
crucial. However, field tree inventory data often suffers from human errors, and there is a lack of
standardized quality requirements for both data and collectors in Taiwan. A management system is
needed to ensure quality control and quality assurance, and the development of tools is also needed
to improve measurement precision. This study conceived an experiment to assess the measurement
quality of collectors based on the number of outlier results detected using the boxplot method. We
also developed a tool - breast height pole (BH pole) - to aid in measuring diameter at breast height
(DBH) and evaluated its impact on measurement precision. We also conducted analyses taking
into account different tree shapes and DBH classes, and proposed a suggested tolerance range.
The results showed that the outlier detection mechanism facilitates rapid examination of inventory
quality. When the measurement quality objective (MQO) was set to 90%, approximately 80% of
collectors passed the test. Evaluation of measurement precision using standard deviation and coef-
ficient of variation of the data revealed a high level of error in DBH inventory. The BH pole proved
helpful in improving measurement precision, especially for S-type trees among the four tree types
analyzed. Finally, we recommend two tolerance standards based on the results: the first utilizes the
inner fence of the boxplot method, setting the tolerance as median DBH =+ 0.68 cm; and the second
employs standard deviation, setting the tolerance as mean DBH =+ 0.56 cm. The research aimed
to develop results to serve as a reference for establishing inventory quality standards in Taiwan,
thereby complementing existing tree inventory guidance and regulations.

Key words: Tree inventory, quality control and quality assurance, diameter at breast height, tolerance.
Chiou CR, Huang CC. 2023. Evaluation of the Quality of Measurement of Diameter at Breast Height of Trees.
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Fig. 1. Standard points for DBH measurement
for the 4 tree types: (a) I type, (b) S type, (¢) V
type, (d) Y type. Note breast height is 1.3 m.
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The Perfect Measuring Tape Company).
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Fig. 3. BH pole (breast height pole): (a) the
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with a bubble spirit level and compass.
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Table 1. Mean, SD and CV of DBH measurements taken with a BH pole (BH) and conventional
measurements (C). Measurements with a BH pole were taken using a BH pole to determine the 1.3
m height. Conventional measurements were taken at a height corresponding to 1.3 m on the body

BH C
Tree . Tree

ID Tree species type ~ Mean SD Ccv Mean SD Ccv
(cm) (cm) (%) (cm) (cm) (%)
1 Terminalia catappa S 30.68 1.56 5.07 30.01 0.82 2.73
2 Terminalia catappa S 49.63 1.84 3.71 49.72 0.64 1.28
3 Terminalia catappa S 37.01 0.60 1.62 37.26 0.51 1.38
4 Terminalia catappa \% 28.53 1.06 3.72 28.61 1.67 5.84
5 Terminalia catappa S 45.09 0.53 1.18 45.08 0.53 1.18
6 Michelia compressa I 20.31 0.44 2.14 20.26 0.34 1.69
7 Elaeocarpus serratus \Y 51.85 0.72 1.38 51.75 0.40 0.78
8 Elaeocarpus serratus \Y 40.04 0.41 1.02 39.93 0.29 0.71
9 Calocedrus formosana S 22.46 0.68 3.04 21.81 0.63 291
10 Cinnamomum camphora Y 62.14 1.39 2.23 62.01 1.45 2.33
11 Cinnamomum camphora I 48.37 4.17 8.62 48.44 4.03 8.32
12 Cinnamomum camphora I 49.64 2.72 5.48 4891 5.59 11.42
13 Cinnamomum camphora I 63.71 1.14 1.79 63.68 1.16 1.81
14 Michelia compressa Y 28.41 0.24 0.85 28.45 0.35 1.22
15 Machilus zuihoeusis S 31.44 0.27 0.85 31.27 0.59 1.88
16 Elaeocarpus serratus \% 34.65 0.50 1.44 34.57 0.50 1.45
17 Elaeocarpus serratus \% 53.01 4.82 9.09 53.60 3.48 6.49
18 Cassia fistula I 32.36 0.23 0.72 32.35 0.26 0.79
19 Elaeocarpus serratus Y 38.19 0.30 0.77 38.00 0.61 1.60
20 Elaeocarpus serratus 1 50.60 0.70 1.39 50.58 2.01 3.98
21 Calocedrus formosana 1 29.23 0.13 0.44 29.32 0.43 1.47
22 Nageia nagi I 22.40 0.78 3.50 22.71 1.54 6.76
23 Nageia nagi A% 16.68 0.13 0.77 16.27 1.56 9.56
24 Nageia nagi A% 28.71 0.66 2.31 28.41 1.82 6.39
25 Liquidambar formosana Y 30.70 0.21 0.68 30.17 3.02 9.99
26 Prunus campanulata Y 12.88 0.24 1.86 12.90 0.14 1.12
27 Bischofia javanica Y 55.89 1.06 1.90 55.65 0.85 1.52
28 Bischofia javanica Y 37.28 1.76 4.73 37.31 0.50 1.34
29 Barringtonia racemosa \'% 17.43 0.71 4.05 17.22 0.57 3.34
30 Michelia compressa S 27.61 1.00 3.62 27.84 0.99 3.56
Geometric mean - - 0.67 1.98 - 0.84 2.48
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Table 2. Mean of DBH measurements, outlier boundaries set by the lower and upper inner fences
of the boxplot, and percent of outliers for measurements using a BH pole (BH) and conventional
measurements (C)

BH C
Tree Mean Lower Upper Percent Mean Lower Upper Percent
ID DBH Boundary Boundary of outliers DBH Boundary Boundary of outliers
(cm) (cm) (cm) (%) (cm) (cm) (cm) (%)
1 30.68 28.81 32.31 15.38 30.01 28.67 31.61 5.13
2 49.63 47.99 51.21 7.69 49.72 47.85 51.45 0.00
3 37.01 3543 38.41 2.56 37.26 36.25 38.25 7.69
4 28.53 25.16 31.54 2.56 28.61 25.12 31.50 2.56
5 45.09 44.16 45.66 15.38 45.08 44.00 46.00 7.69
6 20.31 19.80 20.60 10.26 20.26 19.90 20.50 7.69
7 51.85 50.78 52.67 7.69 51.75 50.94 52.49 7.69
8 40.04 39.21 40.66 7.69 39.93 39.18 40.74 0.00
9 22.46 21.06 23.96 2.56 21.81 20.44 23.14 2.56
10 62.14 61.39 63.29 2.56 62.01 61.51 62.81 7.69
11 48.37 47.15 48.35 5.13 48.44 47.06 48.56 5.13
12 49.64 48.55 49.75 10.26 48.91 48.33 50.13 10.26
13 63.71 63.21 64.51 2.56 63.68 62.70 64.84 7.69
14 28.41 27.73 29.13 2.56 28.45 27.68 29.08 5.13
15 31.44 31.00 31.80 12.82 31.27 30.11 32.41 7.69
16 34.65 33.82 35.36 7.69 34.57 33.78 35.29 10.26
17 53.01 53.57 55.54 10.26 53.60 53.67 55.09 10.26
18 32.36 31.90 32.70 10.26 32.35 31.83 32.83 5.13
19 38.19 37.36 38.86 5.13 38.00 37.33 38.73 7.69
20 50.60 49.88 51.28 7.69 50.58 49.88 50.88 25.64
21 29.23 29.13 29.33 25.64 29.32 28.89 29.59 5.13
22 22.40 22.14 22.84 10.26 22.71 22.18 22.78 12.82
23 16.68 16.28 17.03 2.56 16.27 16.20 17.03 7.69
24 28.71 28.23 29.13 5.13 28.41 28.37 29.00 7.69
25 30.70 30.10 31.30 0.00 30.17 29.62 31.56 5.13
26 12.88 12.65 13.05 2.56 12.90 12.60 13.14 12.82
27 55.89 54.95 57.15 2.56 55.65 54.13 57.13 7.69
28 37.28 36.05 38.85 5.13 37.31 36.46 38.10 5.13
29 17.43 15.74 19.09 2.56 17.22 15.98 18.41 2.56
30 27.61 26.05 28.85 7.69 27.84 25.64 29.74 5.13

Mean - - - 7.09 - - - 7.18
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Table 3. Mean, SD and CV of DBH measurements using a BH pole (BH) and conventional
measurement (C) with outliers removed

BH C
Tﬁie Sstfiees tTyrgz 1\61;%1 SD cv 1\13[13?11 SD cv
em M % O em) (%)
1 Terminalia catappa S 30.65 0.62 2.02 30.14 0.59 1.97
2 Terminalia catappa S 49.67 0.56 1.13 49.72 0.64 1.28
3 Terminalia catappa S 36.97 0.53 1.44 37.22 0.40 1.08
4 Terminalia catappa A% 28.45 0.95 3.33 28.38 0.90 3.15
5 Terminalia catappa S 44.89 0.19 0.43 44.96 0.33 0.73
6 Michelia compressa I 20.19 0.09 0.47 20.18 0.09 0.45
7 Elaeocarpus serratus A% 51.67 0.27 0.52 51.67 0.29 0.57
8 Elaeocarpus serratus \ 39.95 0.26 0.64 39.93 0.29 0.71
9 Calocedrus formosana S 22.41 0.60 2.67 21.76 0.56 2.55
10 Cinnamomum camphora Y 62.36 0.36 0.59 62.18 0.23 0.37
11 Cinnamomum camphora I 47.72 0.20 0.41 47.77 0.23 0.48
12 Cinnamomum camphora 1 49.14 0.20 0.41 49.19 0.29 0.59
13 Cinnamomum camphora I 63.89 0.22 0.34 63.75 0.33 0.52
14 Michelia compressa Y 28.39 0.21 0.73 28.39 0.23 0.81
15 Machilus zuihoeusis S 31.37 0.15 0.49 31.31 0.45 1.42
16 Elaeocarpus serratus \Y 34.60 0.30 0.86 34.54 0.26 0.74
17 Elaeocarpus serratus \% 54.62 0.31 0.57 54.45 0.27 0.50
18 Cassia fistula I 32.29 0.12 0.37 32.31 0.16 0.49
19 Elaeocarpus serratus Y 38.14 0.22 0.59 38.04 0.24 0.63
20 Elaeocarpus serratus I 50.57 0.26 0.51 50.41 0.20 0.39
21 Calocedrus formosana I 29.23 0.13 0.44 29.24 0.13 0.45
22 Nageia nagi I 22.48 0.16 0.70 22.45 0.10 0.45
23 Nageia nagi A% 16.66 0.11 0.67 16.64 0.14 0.83
24 Nageia nagi v 28.68 0.12 0.42 28.68 0.13 0.44
25 Liquidambar formosana Y 30.70 0.21 0.68 30.61 0.34 1.12
26 Prunus campanulata Y 12.85 0.08 0.62 12.87 0.08 0.63
27 Bischofia javanica Y 56.05 0.44 0.79 55.60 0.49 0.88
28 Bischofia javanica Y 37.50 0.47 1.27 37.28 0.32 0.87
29 Barringtonia racemosa \Y 17.38 0.62 3.56 17.16 0.44 2.56
30 Michelia compressa S 27.36 0.39 1.43 27.69 0.69 2.51

Geometric mean 0.26 0.76 - 0.28 0.81
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Table 4. Participant performance for DBH measurements. OQutliers were data beyond the inner
fence range of the boxplot. The Measurement Quality Objectives (MQO) was set to 95 % or 90 %.
Compliance rate means the percent of participants achieving MQO (%)

MQO
Compliance rate (%)
Number of outliers Percent of outliers (%)

0 0 0.0

1 1.7 154
2 33 359
3 5.0 43.6
4 6.7 61.5
5 8.3 69.2
6 10.0 79.5
7 11.7 89.7
8 13.3 94.9
9 15.0 94.9
10 16.7 97.4
11 18.3 97.4
12 20.0 97.4
13 21.7 97.4
14 233 97.4
15 25.0 100.0

Table 5. SD and CV of DBH measurements using a BH pole (BH) and conventional measurements
(C) for processed and raw data. Processed data has the outliers removed. Raw data does not
include outlier detection

Processed data Raw data
Measurements
SD (cm) CV (%) SD (cm) CV (%)
BH 0.26 0.76 0.67 1.98
C 0.28 0.81 0.84 2.48

Precision improvement rate (%) 6.76% 4.58% 19.81% 20.09%
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Table 6. SD and CV of DBH measurements using a BH pole (BH) and conventional measurements

(C) for the 4 tree types

SD (cm)

CV (%)

Measurements/Tree type
I S

v Y I S \% Y

BH 0.16 0.39

C 0.17 0.51

0.29 0.25 0.45 1.15 0.93 0.73

0.28 0.25 0.47 1.51 0.90 0.72

Precision improvement rate (%)  5.79  23.69
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Fig. 7. A scatter plot of mean DBH and SD.
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Fig. 8. A scatter plot of mean DBH and CV.
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Fig. 9. A scatter plot of median DBH and the
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Table 7. Tolerance range of DBH measurements using a BH pole (BH) and conventional
measurements (C). Tolerances were set according to the distance between the lower inner fence
and median DBH (-) and the distance between the upper inner fence and median DBH (+)

Tolerance (cm)

Tﬁ;e Tree species g;’: BH C
- + R +
1 Terminalia catappa S 1.68 1.33 1.28 1.20
2 Terminalia catappa S 1.54 1.42 1.65 1.95
3 Terminalia catappa S 1.83 1.39 0.84 0.86
4 Terminalia catappa v 3.44 2.87 3.48 2.89
5 Terminalia catappa S 0.65 0.55 0.95 1.05
6 Michelia compressa 1 0.27 0.32 0.23 0.22
7 Elaeocarpus serratus \% 0.75 0.94 0.66 0.72
8 Elaeocarpus serratus v 0.74 0.66 0.71 0.85
9 Calocedrus formosana S 1.37 1.48 0.93 1.42
10 Cinnamomum camphora Y 0.92 1.01 0.62 0.57
11 Cinnamomum camphora I 0.60 0.60 0.75 0.85
12 Cinnamomum camphora 1 0.44 0.46 0.55 0.65
13 Cinnamomum camphora 1 0.68 0.67 0.98 1.03
14 Michelia compressa Y 0.61 0.69 0.60 0.60
15 Machilus zuihoeusis S 0.39 0.36 0.82 0.73
16 Elaeocarpus serratus A% 0.72 0.73 0.69 0.72
17 Elaeocarpus serratus \% 0.94 1.03 0.65 0.62
18  Cassia fistula I 0.40 0.40 0.37 0.43
19 Elaeocarpus serratus Y 0.90 0.70 0.65 0.75
20 Elaeocarpus serratus 1 0.55 0.65 0.40 0.40
21 Calocedrus formosana 1 0.07 0.13 0.28 0.33
22 Nageia nagi I 0.28 0.33 0.15 0.25
23 Nageia nagi \% 0.38 0.38 0.40 0.37
24 Nageia nagi \% 0.41 0.42 0.27 0.35
25  Liquidambar formosana Y 0.60 0.60 0.82 0.98
26 Prunus campanulata Y 0.17 0.23 0.24 0.15
27  Bischofia javanica Y 1.02 1.08 1.19 1.26
28  Bischofia javanica Y 1.35 1.45 0.63 0.78
29 Barringtonia racemosa \'% 1.44 1.67 1.15 1.28
30  Michelia compressa S 0.61 0.74 1.53 1.88
Geometric mean - 0.66 0.69 0.66 0.71




Taiwan J For Sci 38(4): 303-19, 2023

FEMMQOMIE » MUkyF & A B2 VB AL

MAEA B3NS » Kitahara et al. (2010)th
5 =R AR BRI R T A BRI 2 225
FREURE A B2 EETHA B &R B
i M ENER AR AN TTRE BT - BEIRE
THHEREE - MEAERE L —Balhla
FeBRr A A B S E B - SARoman et al.
(2017) L 4] 2 (novice ) B HH 45 (intermediate) A B

LARASHE o FERABURAIH AR R - B
BERTAD > AR S DU A B R EE R A

A REMQORE MR 72— +
(S)E AR

BRI RRARS RIS - L
FEFR AR PRSI B S B T Dl (Westfall

317

etal. 2021) - HRIEAGERREIR - & CARAIBE A e
FEHERREERFHEE R SRR E R - EHIIRET
JEE o BIBEAT SEGE P E (AR AV RR AL RS RAEMET L5
TSR 2 > R AR B p R R R K]
L ARERAGHFERM - IH - EAAR TRk
RAEHWES S B ERE - WETi6 - &3
frEEKY - B R % AR EH R FE e
1t - TEPBIARRIMAREH - EMAAREHE
HIELHE W]t B R R AR & AR MR B &
REHE - MG KR A B SR RS 127
RERE R -

(M EBRAREZERT T

S O it 2 R R R B DL R AR T
FERERI R - A A AE LA SRS e
(5 P R AR IRF RS BE I DERER T » HEBIE A%

Table 8. Tolerance range of DBH measurements using a BH pole (BH) and conventional
measurements (C) for 4 the tree types based on the boxplot method

Tolerance (cm)

Tree type
BH C
I 0.43 0.49
S 1.10 1.22
\% 1.09 0.99
Y 0.81 0.70

Table 9. Tolerance range of DBH measurements using a BH pole (BH) and conventional
measurements (C) for 4 the tree types based on the standard deviation

Tolerance (cm)

Tree type
BH C
I 0.34 0.38
S 0.88 1.04
\Y% 0.74 0.68
Y 0.58 0.56
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