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The dataset contains tree height data collected in 200 man-
grove and non-mangrove trees sampled in various sites in
Malaysia. Different height measurement methods were per-
formed, including visual measurements (stick, thumb rule)
and precision field instruments (clinometer, laser rangefinder
and altimeter), which were compared against benchmark val-
ues obtained using an unmanned aerial vehicle (UAV) and a
Leica distometer. The core data have been analysed and in-
terpreted in the paper by Saliu et al. “An accuracy analysis of
mangrove tree height mensuration using forestry techniques,
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hypsometers and UAVs " [1], in which the accuracy of each
method for tree height measurement was discussed.

© 2020 The Authors. Published by Elsevier Inc.

This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject Forestry

Specific subject area Tree height measurements

Type of data Table

How data were acquired Thumb rule, Stick method, Suunto PM - 5/360 PC clinometer, Nikon 550

Forestry Pro Laser Rangefinder, Blume - Leiss BL 60 Altimeter, UAV (drone) DJI
Phantom 3, Leica distometer D2 Bluetooth (Leica Geosystems), GPSMAP 64s
global positioning system (GPS) (Garmin limited), diameter tape.

Data format Raw
Parameters for data collection Each tree height measurement was derived from various techniques, i.e. thumb

rule, stick method, Suunto clinometer, Nikon 550 Forestry Pro laser rangefinder
and Blume Leiss BL 60 altimeter. Control heights were obtained through an
Unmanned Aerial Vehicle (UAV - DJI Phantom 3 Professional) and Leica
distometer.

Description of data collection Individual trees were targeted to measure their height with different

equipment. Targeted trees were either vertically straight (with the top
vertically above the base) or with a slight lean (exhibiting not more than 5°
inclination from the perpendicular).

Data source location Universiti Malaysia Terengganu (UMT) campus

Kuala Nerus, Terengganu, Malaysia

GPS coordinates: 05° 24.52’ N; 103° 05.33' E

Matang Mangrove Forest Reserve

Kuala Sepetang, Perak, Malaysia

GPS coordinates: 04°15’ - 05°01°N; 100°02’ - 100°45’E
Cafeteria near to the forest department Kuala Sepetang
04° 50.59' N; 100° 38.00' E

Compartment 19A

04° 50.98' N; 100° 38.83' E

Data accessibility With the article
Related research article L.S. Saliu, B. Satyanarayana, M.A. Fisol, G. Wolswijk, C. Decanniére, R. Lucas, V.

Otero, F. Dahdouh-Guebas (2020), An accuracy analysis of mangrove tree
height mensuration using forestry techniques, hypsometers and UAVs,
Estuarine, Coastal and Shelf Science 106971.
https://doi.org/10.1016/j.ecss.2020.106971 (In press).

Value of the Data

Due to limited scientific investigations on this subject, the present data provides a valuable
information on mangrove and non-mangrove tree height measurements obtained from dif-
ferent forest inventory techniques.

The data can be used to develop tree height-diameter allometry in mangrove and non-
mangrove species in Malaysia, which can be used for further forest inventory applications,
considering the difficulty of tree height measurements in mangrove species.

The present dataset comprises 200 tree height measurements considered to be beneficial to
other tree height studies in Malaysia for statistical validation, accuracy assessment and forest
biomass derivations.

The outcomes of this study would be able to help the researchers elsewhere to acquire most
reliable tree heights by selecting appropriate tools, along with less labour and time saving
benefits.
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1. Data Description

The data reported in Table 1, that was analysed and discussed in the paper by Saliu et al.
[1] (173 out of 200 trees were used for the analysis due to some missing data), represents a
description of the sampling locations where the individual tree height measurements were ob-
tained through different forest inventory techniques i.e., thumb rule, stick method, clinometer,
laser rangefinder and altimeter. Control heights were obtained with the help of an Unmanned
Aerial Vehicle (UAV - DJI Phantom 3 Professional) and a distometer. Table 1 also reports the
values of stem diameter (Dy3g9) and inclination angle of each individual tree. Altogether 200
trees were considered of which 146 represent non-mangrove trees on the Universiti Malaysia
Terengganu (UMT) campus (State Terengganu) and the rest (54) mangrove trees at the Matang
Mangrove Forest Reserve (MMFR) (State Perak) in Peninsular Malaysia. At the UMT, tree species
chosen were Archontophoenix alexandrae (F. Muell.) H. Wendl. & Drude, Millettia pinnata (L.) Pan-
igrahi, Casuarina equisetifolia L., Terminalia ivorensis A. Chev., Polyalthia longifolia Sonn., Syzygium
polyanthum Wight, Mangifera indica L. and Picea spp. In the case of MMEFR, the sampled trees
near the cafeteria (Kuala Sepetang Forestry Department) included Casuarina equisetifolia, Avicen-
nia spp., Rhizophora spp. and Archontophoenix alexandrae, whereas in the compartment no. 19A
(managed mangrove stand) it was all Rhizophora apiculata Bl. or R. mucronata Lamk. It is also
noteworthy that the trees being sampled in the UMT campus and at the MMFR cafeteria were
largely isolated individuals, while in the compartment 19A the trees were located adjacent to a
closed canopy.

2. Experimental Design, Materials and Methods

Tree height measurements in the UMT and MMER sites were acquired through different forest
inventory techniques i.e., thumb rule, stick method, Suunto PM - 5/360 PC clinometer (Finland),
Nikon 550 Forestry Pro laser rangefinder (Republic of Ireland) , and Blume Leiss BL 60 altime-
ter(Germany), along with an Unmanned Aerial vehicle (UAV - DJI Phantom 3 Professional, China)
and a Leica Geosystems Distometer D2 Bluetooth (Switzerland), the latter considered as control
measurements. All trees were randomly selected and marked (with permanent marker) for cross
checking, if necessary.

For the thumb rule, the tree height was measured by stretching the arm out such that the
top of the thumb aligned with the top of the tree and the base of the fist aligned with the base
of the tree. While maintaining the same position, the observer rotated the thumb horizontally
such that the base of the fist still aligned with the base of the tree. The tip of the thumb on the
ground was marked and its distance from the base of the tree was measured as the tree height
(Fig. 1A).

By following the stick method, the observer held a ruler while stretching out his arm and
standing at a distance from the tree such that the top of the tree is aligned with the top of the
ruler and the base of the tree is aligned with the hand holding the ruler (Fig. 1B). Once aligned,
the distance from the hand grasping the base of the ruler to the observer’s eye (= armlength),
the distance from the hand to the top of the stick and, the distance from the observer to the
base of the tree were all measured to estimate the tree height by following equation (Eq. 1) -

HS x d
AS

where, HS is the length of stick from observer hand to its tip, d is the distance between observer
and tree, and AS is the armlength.

The clinometer was operated by looking at the top of the tree with one eye and at the degree
scale inside the device (angle o coinciding with tip of the tree) with the other eye simultane-
ously. The height of the observer’s eye above the ground (H2) and the distance between the
observer and the tree (d) were also recorded using a measuring tape. This method was carried

Tree height = (1)
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Table 1

Sampling locations for each individual tree and tree height measurements with different methods. UMT: Universiti
Malaysia Terengganu campus, MMFR: Matang Mangrove Forest Reserve (with indication of exact location as Cafeteria
or Compartment 19A); genus names: A.: Archontophoenix, T.: Terminalia, P.: Polyalthia, ML.: Millettia, S.: Syzygium, C.: Ca-
suarina, Mn.: Mangifera; Dq3p: diameter measure at 130 cm from the ground and along the stem; Incl.: inclination; tree
height measurements methods: TR: thumb rule, SM: stick method, C: clinometer, LR: laser rangefinder, A: altimeter, UAV:
Unmanned Aerial Vehicle, D: Leica distometer (control height); N.A.: Not available values (cases in which tree species
was not identified or measurement of tree height in certain areas was not possible with certain methods, in the latter
case these trees were not included in the analysis by Saliu et al. [1]).

Tree description Tree height (m)

N°  Location Species Di30 (cm) Incl. (°) TR SM C LR A UAV D

1 UMT N.A. 20.70 0.00 485 433 6.04 520 6.00 640 6.80
2  UMT N.A. 18.20 3.00 580 646 676 620 650 7.00 7.60
3 UMT N.A. 16.50 0.00 430 458 452 400 430 480 4.80
4 UMT N.A. 16.50 0.00 631 632 576 560 580 670 6.50
5 UMT N.A. 16.60 0.00 549 647 6.04 540 590 610 6.20
6 UMT N.A. 19.30 1.00 653 640 7.06 680 730 790 7.70
7 UMT N.A. 16.80 3.00 450 603 590 580 590 590 6.90
8 UMT A. alexandrae 28.30 0.00 9.07 1031 958 860 860 9.70 10.00
9 UMT A. alexandrae 25.90 0.00 732 857 781 740 710 7.60 8.00
10 UMT A. alexandrae 23.80 0.00 530 679 590 540 540 550 5.60
11 UMT A. alexandrae 28.80 0.00 610 672 619 6.00 610 550 5.60
12 UMT A. alexandrae 26.60 0.00 960 1244 991 940 950 1000 9.70
13 UMT N.A. 30.90 0.00 910 977 941 820 850 870 9.60
14 UMT T. ivorensis 35.40 1.00 620 7.02 968 820 850 860 9.10
15 UMT T. ivorensis 26.00 4.00 390 397 662 640 710 7.00 740
16  UMT T. ivorensis 17.40 0.00 490 617 576 460 490 520 5.60
17 UMT T. ivorensis 16.50 2.00 9.03 446 647 540 580 590 5.80
18 UMT T. ivorensis 17.00 0.00 578 6.65 562 440 460 450 4.60
19 UMT T. ivorensis 14.90 2.00 412 417 736 6.00 6.60 590 6.10
20 UMT T. ivorensis 10.80 1.00 473 573 562 480 540 510 520
21 UMT N.A. 27.40 0.00 1124 1195 1061 1020 1010 1040 10.40
22 UMT N.A. 23.70 0.00 986 10.85 10.26 940 9.50 1050 10.20
23 UMT P. longifolia 23.40 0.00 910 1092 10.61 9.80 10.00 10.40 10.20
24 UMT P. longifolia 32.80 2.00 1032 1459 1210 1220 1190 13.80 12.80
25 UMT P. longifolia 23.50 0.00 821 1126 991 980 9.70 1250 10.50
26 UMT ML pinnata 27.60 3.00 6.77 963 974 760 9.00 850 870
27 UMT N.A. 21.80 3.00 726 898 10.09 840 870 880 9.00
28 UMT N.A. 17.70 4.00 656 885 958 820 850 910 9.60
29 UMT N.A. 25.40 2.00 686 960 974 780 850 840 890
30 UMT N.A. 32.60 3.00 684 973 991 700 950 520 6.40
31 UMT N.A. 18.30 2.00 691 11.63 1210 9.00 1130 9.50 10.60
32 UMT N.A. 32.50 5.00 727 1049 10.09 8.80 9.80 920 930
33 UMT N.A. 24.90 2.00 642 939 958 800 920 890 850
34 UMT N.A. 22.80 1.00 625 875 844 720 810 730 7.90
35 UMT N.A. 25.90 3.00 6.85 10.62 1044 820 1010 850 9.10
36 UMT A. alexandrae 18.20 0.00 972 1197 11.64 10.80 10.80 1130 11.50
37 UMT A. alexandrae 20.00 0.00 895 1214 1026 1040 10.00 10.40 10.40
38 UMT A. alexandrae 19.00 0.00 935 11.80 9.64 9.80 9.80 1090 10.40
39 UMT A. alexandrae 19.80 2.00 937 12.00 11.06 10.60 1040 10.80 11.00
40 UMT N.A. 30.70 3.00 710 1012 9.08 840 890 840 8.60
41 UMT N.A. 18.40 3.00 517 714 633 6.00 610 580 6.00
42 UMT N.A. 34.70 0.00 514 640 562 580 580 730 6.20
43 UMT N.A. 26.80 2.00 670 914 812 800 840 830 830
44 UMT N.A. 30.40 2.00 1096 15.82 13.32 1260 1240 1270 12.80
45 UMT N.A. 39.80 1.00 11.80 1678 9.08 740 860 930 9.10
46 UMT N.A. 43.30 1.00 710 844 1560 1190 1430 1140 11.70
47 UMT N.A. 42.50 2.00 11.65 17.07 1535 13.80 1450 1410 14.60
48 UMT N.A. 42.80 2.00 1261 1692 18.68 15.00 16.80 15.00 15.40
49 UMT N.A. 46.00 4,00 13.95 1897 15.83 1340 14.80 13.80 14.20
50 UMT N.A. 41.60 0.00 539 1003 7.81 740 870 1020 10.70
51 UMT N.A. 40.30 0.00 940 980 892 880 9.00 9.00 950
52 UMT N.A. 45,70 4,00 950 1018 10.61 9.80 10.00 10.70 10.90

(continued on next page)
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Table 1 (continued)

Tree description Tree height (m)

N°  Location Species D130 (cm) Incl. (°) TR SM C LR A UAV D

53  UMT N.A. 4410 3.00 1236 17.67 1410 1440 10.90 13.90 14.20
54 UMT N.A. 45.80 2.00 846 9.69 1026 940 990 990 10.30
55 UMT N.A. 36.60 0.00 678 913 875 980 860 9.70 10.20
56 UMT N.A. 31.80 3.00 7.74 968 875 880 870 930 9.80
57 UMT N.A. 43.70 4.00 6.93 888 1079 1040 10.70 10.20 10.80
58 UMT N.A. 34.40 1.00 9.05 11.05 958 920 970 990 1040
59 UMT N.A. 46.50 3.00 9.88 11.35 1026 10.30 10.30 10.80 11.60
60 UMT N.A. 49.10 0.00 1510 21.20 17.55 17.00 17.70 1890 19.10
61 UMT N.A. 44.70 0.00 13.46 2256 1892 1790 1830 19.60 19.60
62 UMT N.A. 35.30 1.00 11.70 21.03 1656 16.00 1690 17.50 17.20
63 UMT N.A. 56.80 2.00 10.64 1516 12.82 12.00 12.00 11.70 12.30
64 UMT N.A. 52.20 0.00 1040 1510 1312 1320 1310 1210 12.60
65 UMT N.A. 50.10 1.00 1220 21.61 1559 16.00 16.10 15.00 15.90
66 UMT N.A. 36.70 0.00 12,59 1931 1656 1620 16.90 16.70 17.20
67 UMT N.A. 42.20 1.00 12,75 1551 1342 13.60 13.90 13.00 13.80
68 UMT N.A. 43.80 1.00 7.72 1133 1050 9.60 1000 9.80 10.20
69 UMT N.A. 44.00 0.00 10.76 20.06 16.56 16.00 16.60 15.80 16.30
70  UMT N.A. 48.60 0.00 1234 1826 14.64 1400 1440 1390 14.30
71  UMT N.A. 45.00 3.00 1229 1869 1623 1620 16.50 1620 17.00
72 UMT N.A. 54.00 1.00 1132 17.77 1559 1470 1510 1450 14.80
73 UMT N.A. 28.40 2.00 6.04 578 812 720 830 720 750
74  UMT N.A. 28.70 1.00 815 846 676 640 680 750 7.0
75 UMT N.A. 19.80 3.00 794 622 676 620 640 590 590
76 UMT N.A. 27.10 0.00 702 620 1009 880 970 890 9.00
77  UMT N.A. 26.30 2.00 921 1082 812 720 770 730 7.20
78 UMT N.A. 19.00 0.00 860 799 781 680 770 740 710
79 UMT N.A. 25.00 3.00 1132 699 1270 1020 1240 1020 10.40
80 UMT N.A. 21.10 1.00 666 816 812 660 710 770 7.70
81 UMT N.A. 19.20 1.00 847 1816 924 860 860 960 9.70
82 UMT N.A. 24.40 0.00 786 1037 844 760 810 780 810
83 UMT N.A. 18.60 0.00 638 9.07 736 680 710 630 6.80
84 UMT N.A. 25.50 0.00 915 1060 941 760 9.00 800 820
85 UMT N.A. 20.20 1.00 847 1041 828 7.00 810 710 7.60
86 UMT N.A. 14.20 0.00 761 1014 797 680 800 720 730
87 UMT N.A. 19.00 1.00 883 959 908 860 910 810 870
88 UMT N.A. 18.10 1.00 7.63 947 828 760 810 840 850
89 UMT N.A. 33.20 0.00 728 919 781 780 780 740 7.70
90 UMT N.A. 39.10 0.00 732 834 721 740 720 740 730
91 UMT N.A. 28.00 0.00 11.60 14.66 11.53 1280 11.70 1290 13.20
92  UMT N.A. 42.40 0.00 952 1043 892 940 9.00 9.60 9.90
93  UMT N.A. 47.30 0.00 8.00 1290 12.69 12.60 1240 13.00 13.20
94 UMT N.A. 21.70 0.00 1215 1324 1246 1270 1210 13.00 13.30
95 UMT N.A. 48.10 1.00 11.05 1358 1246 1120 11.80 1230 1240
96 UMT N.A. 37.20 1.00 16.20 17.90 17.23 1560 16.50 16.30 16.50
97 UMT N.A. 39.50 0.00 2030 1437 1464 1130 1290 13.90 14.20
98 UMT N.A. 3410 0.00 2010 1479 1464 1340 1310 13.00 1330
99 UMT N.A. 23.20 0.00 10.09 10.79 10.77 10.30 10.00 10.60 10.80
100 UMT N.A. 23.60 0.00 828 934 964 840 800 860 9.00
101 UMT N.A. 25.30 0.00 960 1214 1193 11.60 1120 1110 11.30
102 UMT A. alexandrae  23.90 0.00 475 529 562 520 520 520 530
103 UMT A. alexandrae  28.90 0.00 632 632 633 580 560 670 6.70
104 UMT A. alexandrae  33.40 0.00 920 9.06 812 780 780 790 820
105 UMT T. ivorensis 34.10 0.00 628 7.87 696 650 650 740 7.60
106 UMT A. alexandrae  31.70 0.00 678 883 791 720 700 780 7.60
107 UMT A. alexandrae  32.50 0.00 643 864 798 800 710 870 8.80
108 UMT N.A. 51.80 1.00 20.75 18.64 22.61 2320 22.00 2200 2270
109 UMT N.A. 25.50 0.00 2430 2643 21.84 2040 21.10 21.80 23.00
110 UMT N.A. 52.70 4.00 1595 21.01 1823 17.60 17.90 1810 18.10
111 UMT S. polyanthum  18.20 0.00 420 550 493 460 450 550 5.70

(continued on next page)
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Table 1 (continued)

Tree description Tree height (m)

N°  Location Species D30 (cm) Incl (°) TR SM C LR A UAV D

112 UMT A. alexandrae 18.30 0.00 500 576 520 490 490 560 5.70
113  UMT A. alexandrae 17.90 0.00 491 540 493 490 500 550 5.60
114 UMT A. alexandrae 20.20 0.00 520 592 534 520 530 580 5.90
115 UMT A. alexandrae 20.60 2.00 495 495 479 440 430 550 540
116 UMT A. alexandrae 24.90 1.00 910 1166 928 9.60 940 1190 11.50
117 UMT A. alexandrae 18.10 0.00 444 450 450 420 440 445 445
118 UMT A. alexandrae 44.90 1.00 7.84 818 706 700 780 690 7.60
19 UMT Picea spp. 20.40 0.00 653 670 647 620 650 660 690
120 UMT A. alexandrae 16.50 0.00 491 544 520 480 490 5.10 5.40
121 UMT MIL. pinnata 47.70 1.00 794 1042 992 960 950 9.70 10.00
122 UMT Mn. indica 39.50 1.00 9.87 1215 1193 1080 1130 7.80 8.20
123 UMT ML. pinnata 25.50 5.00 933 1447 1049 1040 9.70 920 10.70
124 UMT MIL. pinnata 58.60 1.00 20.02 2824 2198 20.60 2030 2410 24.60
125 UMT C. equisetifolia 23.20 1.00 9.00 8.14 7.33 7.60 7.10 7.80 8.00
126 UMT N.A. 11.50 0.00 513 480 452 440 430 5.00 510
127 UMT N.A. 21.30 0.00 7.79 1042 859 9.00 850 920 940
128 UMT A. alexandrae 24.80 0.00 9.77 1148 1093 1140 11.00 11.90 12.20
129 UMT A. alexandrae 36.00 0.00 752 768 752 740 730 740 7.80
130 UMT A. alexandrae 17.20 0.00 895 1025 958 920 9.00 820 8.80
131 UMT A. alexandrae 2710 0.00 8.62 1221 10.71 11.00 10.50 10.90 11.20
132 UMT A. alexandrae 21.60 0.00 750 945 888 820 800 8.00 8.20
133 UMT A. alexandrae 33.70 0.00 1228 1438 1223 11.80 1140 12.00 12.20
134 UMT A. alexandrae 25.80 0.00 14.80 1521 1223 1240 12.00 13.10 13.20
135 UMT A. alexandrae 41.40 0.00 9.00 10.74 10.09 1000 9.70 11.50 11.60
136 UMT A. alexandrae 25.80 0.00 8.31 7.76 706 680 690 730 7.0
137 UMT A. alexandrae 22.90 0.00 10.26 938 10.09 10.10 9.60 9.80 9.70
138 UMT A. alexandrae 26.70 0.00 13.62 17.77 1496 1520 1490 1510 15.30
139 UMT A. alexandrae 32.50 0.00 13.79 17.71 1527 1490 14,50 14.60 14.90
140 UMT A. alexandrae 25.50 0.00 7.51 8.04 797 800 760 720 7.70
141 UMT A. alexandrae 3210 0.00 11.50 1292 11.57 1220 11.00 10.20 10.50
142 UMT A. alexandrae 22.90 0.00 1039 1238 10.71 1140 10.60 10.20 10.30
143 UMT A. alexandrae 31.20 0.00 8.03 1269 1093 11.00 10.00 11.80 12.20
144 UMT A. alexandrae 34.70 0.00 10.78 12,53 12,69 11.60 11.00 1210 13.90
145 UMT A. alexandrae 29.60 0.00 1546 1826 15.09 1540 14.70 1330 14.70
146 UMT A. alexandrae 13.70 0.00 500 677 548 560 560 560 5.70
147 MMER Cafeteria C. equisetifolia 45.50 5.00 2511 33.00 29.61 2540 27.60 23.70 23.70
148 MMEFR Cafeteria C. equisetifolia 2710 5.00 16.09 18.69 16.23 1580 16.30 15.70 15.60
149 MMER Cafeteria C. equisetifolia ~ 14.50 3.00 17.40 1835 16.56 16.80 1590 16.00 16.90
150 MMEFR Cafeteria Avicennia spp. 24.60 0.00 21.00 2090 1858 18.00 18.60 18.50 17.90
151 MMEFR Cafeteria Rhizophora spp. 12.20 0.00 828 759 771 720 7.70 720 7.40
152 MMEFR Cafeteria N.A. 17.40 0.00 1440 14.04 16.60 14.60 16.00 14.60 14.40
153 MMER Cafeteria N.A. 26.80 4.00 836 926 880 840 850 820 850
154 MMFR Cafeteria N.A. 31.90 0.00 12.00 1428 12.82 1050 11.90 11.10 10.90
155 MMEFR Cafeteria N.A. 23.40 3.00 872 1038 992 920 950 9.00 9.10
156 MMEFR Cafeteria A. alexandrae 22.90 0.00 11.00 11.57 1194 1140 11.20 11.00 11.30
157 MMEFR Cafeteria N.A. 18.50 2.00 7.55 10.14 958 740 910 7.80 7.70
158 MMFR Cafeteria N.A. 19.50 2.00 6.94 847 859 740 810 8.20 8.00
159 MMEFR Cafeteria N.A. 19.50 1.00 756 724 812 800 810 790 810
160 MMEFR Cafeteria N.A. 26.80 2.00 598 663 6.76 630 650 650 6.60
161 MMEFR Cafeteria N.A. 15.60 0.00 5.33 695 6.76 6.00 6.60 620 6.30
162 MMEFR Cafeteria N.A. 12.20 0.00 12.80 12.80 12.01 1240 1240 12.00 1230
163 MMER Cafeteria N.A. 16.40 4.00 1040 1022 1009 940 10.20 10.10 9.80
164 MMEFR Cafeteria C. equisetifolia 19.30 2.00 7.59 891 892 9.00 870 920 910
165 MMEFR Cafeteria C. equisetifolia 36.40 3.00 13.40 10.77 10.77 1090 10.70 14.00 13.50
166 MMEFR Cafeteria C. equisetifolia 23.10 0.00 16.00 14.74 1559 1620 1540 16.80 16.50
167 MMER Cafeteria C. equisetifolia 19.50 3.00 1740 1590 17.55 1840 17.80 19.50 19.10
168 MMEFR Cafeteria Rhizophora spp. 26.70 0.00 14.00 16,50 1433 12,60 13.30 1560 14.10
169 MMEFR Cafeteria Rhizophora spp. 19.30 2.00 15.80 2059 17.22 14.60 1620 1610 15.80

(continued on next page)
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Table 1 (continued)

Tree description Tree height (m)

N°  Location Species D13 (cm) Incl. (°) TR SM C LR A UAV D

170 MMFR Cafeteria Rhizophora spp. 37.60 5.00 13.80 1598 14.03 12.80 14.10 13.50 13.00
171 MMEFR Cafeteria N.A. 26.30 2.00 1140 11.60 10.93 10.00 11.00 11.50 11.20
172 MMFR Cafeteria N.A. 19.10 2.00 9.80 1196 1049 10.80 10.60 11.20 11.10
173 MMFR Cafeteria N.A. 21.50 1.00 1040 1540 1433 13.80 14.10 13.10 13.60
174 MMFR 19A Rhizophora spp. 21.70 0.00 N.A. 1825 2504 2220 21.90 21.90 NA.
175 MMFR 19A Rhizophora spp. 21.80 0.00 N.A. 17.63 2421 2240 22.00 22.00 NA.
176  MMFR 19A Rhizophora spp. 17.00 0.00 N.A. 1831 2461 2240 22.80 2220 NA.
177 MMFR 19A Rhizophora spp. 25.80 1.00 N.A. 1944 2461 2220 2190 21.80 N.A.
178 MMEFR 19A Rhizophora spp. 16.70 0.00 N.A. 1713 2125 1940 19.80 2040 N.A.
179 MMFR 19A Rhizophora spp. 16.10 0.00 N.A. 17.04 1916 1840 17.00 1820 N.A.
180 MMFR 19A Rhizophora spp. 14.80 0.00 N.A. 1457 1751 18.00 17.50 17.30 N.A.
181 MMEFR 19A Rhizophora spp. 16.50 0.00 N.A. 1577 1535 17.00 1650 17.20 N.A.
182 MMFR 19A Rhizophora spp. 15.40 0.00 N.A. 1280 1789 1540 16.70 16.00 N.A.
183 MMFR 19A Rhizophora spp. 17.50 0.00 NA. 890 974 920 890 9.80 NA.
184 MMFR 19A Rhizophora spp. 13.50 0.00 N.A. 1810 23.02 18.80 2140 1930 N.A.
185 MMFR 19A Rhizophora spp. 16.70 0.00 N.A. 1696 1509 1640 14.80 N.A. NA.
186 MMFR 19A Rhizophora spp. 17.40 0.00 N.A. 1514 1667 16.80 1630 1640 N.A.
187 MMFR 19A Rhizophora spp.  25.50 N.A. N.A. 1237 1459 16.00 14.60 1440 N.A.
188 MMFR 19A Rhizophora spp. 25.00 N.A. N.A. 1760 2268 2040 2210 NA. NA.
189 MMFR 19A Rhizophora spp. 22.30 N.A. N.A. 1323 1993 1760 1450 NA. NA.
190 MMFR 19A Rhizophora spp. 16.10 N.A. N.A. 1755 1993 21.00 18.90 19.00 N.A.
191 MMEFR 19A Rhizophora spp. 24.10 N.A. N.A. 2365 29.09 2860 26.00 2725 NA.
192 MMFR 19A Rhizophora spp. 30.50 N.A. N.A. 2321 27.68 2480 25.00 26.67 NA.
193 MMFR 19A Rhizophora spp. 27.00 N.A. N.A. 2366 2814 27.00 2590 29.08 N.A.
194 MMFR 19A Rhizophora spp. 25.00 N.A. N.A. 1197 1516 1430 13.80 1420 N.A.
195 MMEFR 19A Rhizophora spp. 23.60 N.A. N.A. 1500 1794 1794 16.54 1590 NA.
196 MMFR 19A Rhizophora spp. 24.60 N.A. N.A. 1068 1435 13.05 1325 1220 NA.
197 MMFR 19A Rhizophora spp. 26.70 N.A. N.A. 1674 2245 2210 2120 21.00 N.A.
198 MMEFR 19A Rhizophora spp. 21.80 N.A. N.A. 2345 2830 2813 2693 2720 NA.
199 MMFR 19A Rhizophora spp. 25.90 N.A. N.A. 2674 2945 3037 2827 2740 NA.
200 MMEFR 19A Rhizophora spp. 18.70 N.A. N.A. 2439 2984 2890 2830 2510 NA.

out with the tree and the observer standing on the same ground level (Fig. 1C). The height of
the tree was estimated by tangent method as shown below (Eq. 2) -

Total tree height H=H1 + H2 (2)

H1 =d x tan (a)

where, H is the total tree height, d is the distance between observer and tree (baseline distance),
o is the angle correspond to treetop and H2 is the distance from ground to the observer’s eye.

The laser rangefinder possesses clinometer and rangefinder which allows both distance and
height measurements. For height, the observer stood at a position from where the treetop and
the base were clearly seen. The distance of the observer from the tree was either at 15, 20, 30
or 40 m. The mode of the device was set to “Hgt - Hgt2” which denotes the vertical separation
between two points Hgt (treetop) and Hgt2 (tree base). The device was shot to the top and base
of the tree (Fig. 1D) and the height of the tree was automatically computed and available to read
from internal/external display of the device.

The altimeter measures tree heights by obtaining the elevation angle between the observer
and the measured points on the tree using trigonometric principles. The observer stood at
a known distance from the tree with a choice of 15, 20, 30 or 40 m. Each distance corre-
sponds to a given scale on the device. The observer chose a distance at which the treetop and
the base were clearly visible. The device has two white buttons (upper and lower) to control
the movement of two needles on the measuring scale. The upper button was pressed when
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Slowly rotate the thumb horizontally

—_
Total tree height (H) = Distance AB

Distance from the tree (d)

E‘l

Distance at which the top and base are clearly visible

Distance = 15 m, 20 m, 30 m, or 40 m,
Treo Holght (H) = P + Q (corresponding to the distanco)
P = height botween obsarver and the top of the treo
Q= height between the observer and the base of the tree

Hlau distomotor

Built-in UAV Camera

'N,

Fig. 1. Description of different tree height measurement methods used. A) thumb rule method (Distance AB = Height
of the tree). B) Stick method. C) Clinometer, the internal view of the device is shown with the degree and the
percentage scales. D) Laser rangefinder. An observer shooting device to two points; Hgt and Hgt2. Internal and
external displays showing results from measurement between two points (adopted from https://www.nhbs.com/
nikon-forestry-pro-laser-rangefinder). E) BL 60 Altimeter. F) UAV and Leica distometer and monitor display of the UAV
camera at the canopy layer of the tree; the red circle indicates the tip area of the tree. When the tip is visible on the
display monitor, the Leica distometer is shot to the drone its distance to the drone is measured as H1. The distometer is
also used to measure the height above the ground level (H2). Height of tree = H1 + H2 (Adopted from Saliu et al., 2020
)2

Tree height (H) = H1 + H2



https://www.nhbs.com/nikon-forestry-pro-laser-rangefinder
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the device was shot at the treetop while the lower button was pressed when shot at the base
of the tree. Holding these white buttons releases the corresponding needles and releasing the
buttons fixes the needles. The height between the observer and the treetop/tree base can be
read directly on the scale. The height measurement was done with the observer standing at the
same ground level as the tree (Fig. 1E).

Each tree height measurement was made from a specific distance, either from 15 m, 20 m,
30 m or 40 m depending on the visibility of treetop and base, for the clinometer, laser
rangefinder and altimeter. However, for thumb rule and stick method, the distance of obser-
vation went farther than 40 m (in the case of compartment 19A at the MMFR).

We flew the UAV from the base of a tree to the tip of the canopy vertically and recorded the
altitude of above ground or sea level [2] displayed on-screen of a video tracking device (mo-
bile phone: Huawei Nova 2 lite). The tree height was measured by pinpointing the UAV when it
reached the top of the tree, visible from the UAV camera. This height was further confirmed by
pointing a distometer to the base of the UAV (Fig. 1F). Saliu et al. (2020) discussed the implica-
tions of camera position, camera angle, tip recognition, wind and distometer accuracy on error
in this approach.

Tree diameter at 130 cm ( Dq3¢ sensu Brokaw & Thompson [3]) above the ground or along
the stem was measured for all trees using a diameter tape [4]. The angle of inclination was used
as a proxy to measure the leaning nature of trees. This was done by placing a steel protractor
at the base of the tree, and the angle at which the tree deviates from straightness (90°) was
considered.
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