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Abstract

Recent developments in Unmanned Aerial Vehicles (UAVs) and Light Detec-

tion and Ranging (LiDAR) technology have enhanced the ability to capture

precise three-dimensional forest information at a lower cost. This article

reports four types of high-resolution digital datasets derived from UAV-

LiDAR measurements and associated fieldwork. The dataset includes 5 cm

resolution Digital Terrain Models (DTMs) and Canopy Height Models

(CHMs), ortho-mosaic photos with sub-2.7 cm resolution, and 4328 tree

crown polygons with information on 151 species, stem girth at breast height,

and canopy height. Data were collected from 22 approximately 1-ha long-

term monitoring plots across Japan, spanning major climate zones from sub-

tropical to subarctic. These plots encompass evergreen conifer, broadleaf and

conifer mixed, deciduous broadleaf, and evergreen broadleaf forests. UAV

surveys were conducted from May 2022 to October 2023. Based on these data,

we also report basic profiles of these natural forests: a median slope of 22.2�

(ranging from 2.5� to 35.0� across sites), median canopy height of 19.2 m

(10.5–25.2 m), median maximum canopy height of 29.4 m (17.6–39.8 m),

median gap ratios of 1.7% (0–10.7%) and 7.7% (0–28.9%) depending on gap

definitions, and median crown area of 42.9 m2 (10.7–80.2 m2) for canopy

trees. This dataset is the first publicly available collection of forest structure

and individual tree crown information for Japanese natural forests. We hope

this dataset will be useful for a wide range of studies and analyses, from site-

specific case studies to global-scale meta-analyses. The metadata is available

in MetaCat in JaLTER at https://jalter.diasjp.net/data/ERDP-2025-04.

KEYWORD S

DIAS, drone, forest census, JaLTER, the Monitoring Sites 1000 Project

1 | INTRODUCTION

Light Detection and Ranging (LiDAR) technology is use-
ful for capturing the precise three-dimensional structure
of forests (White et al., 2016). Data obtained from LiDAR
can be used to generate digital terrain models (DTMs),
digital surface models (DSMs), and canopy height models
(CHMs), which are derived from the difference between
the DSM and DTM. Additionally, RGB (red-green-blue)
images captured simultaneously with LiDAR data can be
processed to create high-resolution ortho-mosaic photos.
Until the early 2010s, LiDAR sensors were typically
mounted on manned aircraft (e.g., planes) to gather for-
est structural information over a landscape scale
(e.g., over 1000 ha), but this approach is quite expensive
and has relatively low spatial resolution (0.2–30 m)
(Anderson & Gaston, 2013; Beland et al., 2019). Since the
mid-2010s, advancements in Unmanned Aerial Vehicle
(UAV) technology have greatly expanded the

applicability of LiDAR systems for higher spatial resolu-
tion forest surveys (0.01–0.2 m) at the stand scale (e.g., a
few to several hundred hectares), enabling the acquisi-
tion of three-dimensional information at the individual
tree level at a lower cost (Beland et al., 2019).

In this article, we report four digital products based
on UAV-LiDAR surveys and simultaneous ground-truth
work: DTM and CHM at 5 cm spatial resolution, ortho-
mosaic photos at sub-2.7 cm spatial resolution, and pro-
jected crown polygons of individual canopy trees visible
from UAV for 22 long-term tree census plots registered in
the Monitoring Sites 1000 Project of the Ministry of Envi-
ronment, Japan. The crown polygon data are linked to
tree IDs through ground-truth work, thereby connecting
the crown data to past tree census data, such as stem
diameter at breast height and tree species.

This is the first dataset to describe fine-scale terrain
information, forest structure, and individual tree crowns
for many forest plots across a large climatic gradient.
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Given that multidisciplinary studies have already been
conducted and published for these study sites (e.g., tree
census: Ishihara et al., 2011, Yoshikawa et al., 2024; litter
fall: Suzuki et al., 2012; ground-dwelling beetles: Niwa
et al., 2016; tea bag decomposition: Suzuki et al., 2019;
insect herbivory: Takafumi et al., 2021; soil nitrogen
properties: Urakawa et al., 2015; soil and soil microbe
properties: Nakamura et al., 2022), this dataset enables
new opportunities for integrated analyses to reveal eco-
logical processes in Japanese natural forests. We hope
this dataset will also be utilized and promoted across var-
ious scales of studies, from site-specific case studies to
global-scale meta-analyses.

2 | DATA DESCRIPTION

2.1 | Identifier

ERDP-2025-04

2.2 | Contributor

2.2.1 | Dataset owners

Ryuichi Takeshige
Biodiversity Division, National Institute for Environ-

mental Studies
Address: 16-2, Onogawa, Tsukuba, Ibaraki 305-8506,

Japan.
Kyaw Kyaw Htoo, Yusuke Onoda
Graduate School of Agriculture, Kyoto University
Address: Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto

606-8502, Japan.
Masanori Onishi
DeepForest Technologies Co., Ltd.
Address: 99, Tachiuri Nakano-cho, Shimogyo-ku,

Kyoto 600-8006, Japan.
Graduate School of Agriculture, Kyoto University
Address: Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto

606-8502, Japan.
Farhadur Md. Rahman
Department of Remote Sensing and GIS, Banga-

bandhu Sheikh Mujibur Rahman Agricultural University
Address: Gazipur-1706, Dhaka, Bangladesh.

2.2.2 | Contact person

Yusuke Onoda
Graduate School of Agriculture, Kyoto University

Address: Kitashirakawa Oiwake-cho, Kyoto 606-8502,
Japan.

2.3 | Project title

Digital biosphere: Integrated biospheric science for miti-
gating global environmental change.

2.4 | Geographical coverage

2.4.1 | Geographical description

Japan. See Figure 1.

2.4.2 | Geographical position

Latitude: 26.74�N–44.37� N
Longitude: 128.23�E–143.51�E

2.5 | Temporal coverage

Field surveys started in May 2022 and ended in
October 2023.

FIGURE 1 Location of the 21 study sites across the Japanese

archipelago. The Ashiu site includes two plots (Ashiu-

Masukamidani and Ashiu-Mondoridani), resulting in a total of

22 forest census plots represented in the dataset.
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2.6 | Taxonomic coverage

A total of 4328 crowns with 4056 individuals, including
151 species in 88 genera and 45 families of gymnosperms
and angiosperms.

2.7 | Methods

2.7.1 | Study sites

Data were collected from 22 long-term monitoring natu-
ral forest plots (across 21 forest sites) distributed through-
out the Japanese archipelago, covering major forest types
in Japan: evergreen conifer, broadleaf and conifer mixed,
deciduous broadleaf, and evergreen broadleaf forests
(Ishihara et al., 2011). Mean annual temperature ranges
from 1.5�C to 20.5�C (Table 1, Figure 1). These plots are
registered in the Monitoring Sites 1000 Project of the

Ministry of Environment, Japan (https://www.biodic.go.
jp/moni1000/). Typically, all trees with a girth at breast
height (GBH) ≥15 cm within a 1-ha rectangular plot were
measured annually at core sites or 5-year intervals at
semi-core sites using measuring tapes. Local investigators
identify individual trees at the species level.

2.7.2 | Sampling design, field methodology,
and the data process

LiDAR data collection and processing
We used a UAV-LiDAR system (DJI Matrice 300 RTK
+ Zenmuse L1, DJI, China) to obtain point clouds and
RGB aerial photos for each forest census plot. The flight
plans were created using the DJI Pilot App with the fol-
lowing settings: overlap rates at 80% for both forward and
side, flight height at 100 m above ground level using
terrain-follow mode, and flight speeds ranging from 5 to

TABLE 1 The basic information of the sites and plots.

Site name Plot ID
Latitude
(�north)

Longitude
(�east)

Functional
type

Elevation
(m)

MAT
(�C)

Plot size (ha),
plot shape (m)

Uryu UR-BC1 44.37 142.37 BC 335 4.1 1.05 (70 � 150)

Mt. Daisetsu TA-EC1 43.66 143.10 EC 974 2.5 1.0 (100 � 100)

Ashoro AS-DB1 43.32 143.51 DB 360 4.7 1.0 (100 � 100)

Tomakomai TM-DB1 42.71 141.57 DB 80 7.5 1.0 (100 � 100)

Otakizawa OZ-DB1 39.64 140.89 DB 460 8.3 1.0 (80 � 125)

Hayachine HY-EC1 39.54 141.50 EC 1215 4.6 1.0 (80 � 125)

Kanumazawa KM-DB1 39.11 140.86 DB 435 8.9 1.0 (100 � 100)

Aobayama AO-BC1 38.25 140.85 BC 120 12.2 1.0 (100 � 100)

Ogawa OG-DB1 36.94 140.59 DB 635 10.2 1.2 (100 � 120)

Kayanodaira KY-DB1 36.84 138.50 DB 1495 5.8 1.0 (100 � 100)

Otanomosutaira OT-EC1 36.70 138.50 EC 1730 4.8 1.0 (100 � 100)

Daisen-monjugoe DI-DB1 35.36 133.55 DB 1110 9.1 1.0 (100 � 100)

Ashiu-Masukamidani AU-EC1 35.35 135.74 EC 750 10.2 1.0 (100 � 100)

Ashiu-Mondoridani AU-DB1 35.35 135.74 DB 720 10.4 1.0 (100 � 100)

Kasugayama KA-EB1 34.68 135.86 EB 310 14.1 1.0 (100 � 100)

Tshushima-Mt. Tatera TT-EB1 34.15 129.22 EB 160 15.4 1.0 (100 � 100)

Wakayama WK-EC1 34.07 135.53 EC 825 11.1 1.0 (100 � 100)

Sadayama SD-EB1 32.74 133.00 EB 320 17.0 0.98 (100 � 100)

Shiiba SI-DB1 32.38 131.10 DB 1190 10.5 1.0 (100 � 100)

Aya AY-EB1 32.05 131.19 EB 490 14.6 1.0 (100 � 100)

Yakushima-sugirin YS-EC1 30.31 130.57 EC 1200 13.4 1.0 (100 � 100)

Yona YN-EB1 26.74 128.23 EB 250 21.0 1.0 (100 � 100)

Note: All information is cited from the official dataset of the Monitoring Sites 1000 Project (https://www.biodic.go.jp/moni1000/findings/data/index_file.html).
Abbreviations: DB, deciduous broadleaf forest; EB, evergreen broadleaf forest; EC, evergreen conifer forest; BC, broadleaf and conifer mixed forest; MAT, mean
annual temperature.
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10 m/s (Table S1). The LiDAR sensor was set to 160 kHz
in non-repetitive mode, capturing three reflection posi-
tions per laser pulse. We employed a real-time kinematic
(RTK) system to ensure accurate positioning of the UAV-
LiDAR. For surveys conducted in 2022, we used a mobile
ground station system (DJI-DRTK2), recording precise
station locations for future applications. In 2023, we used
a network RTK system at some sites where mobile tele-
communication was available.

We processed the raw data to generate point clouds
using a standard protocol that includes noise removal
and data calibration in DJI Terra software (see Htoo
et al., 2024). Due to variations in the flight speeds, the
average point cloud density ranges from 851 to 1855
points/m2 (Table S1). For the 2022 data, we extracted
ground points from the point clouds using the Simple
Morphological Filter algorithm (Pingel et al., 2013) and
constructed DTMs and CHMs following the protocols
established in our previous studies (Htoo et al., 2024;
Onoda et al., 2024). For the 2023 data, we utilized DF
LAT Pro software (ver. 1.0.0, DeepForest Technologies,
Japan), which implements advanced ground filtering
methods (Onishi, unpublished), to construct DTMs and
CHMs. In all cases, the authors visually inspected the
ground point data, and residual noises, when present,
were manually removed.

We also generated ortho-mosaic photos with Meta-
shape (ver. 2.1.3, Agisoft, Russia). For some sites (Uryu,
Mt. Daisetsu, Tomakomai, Otakizawa, and Ashiu-Masu-
kamidani), Metashape could not construct ortho-mosaic
photos; therefore, we used DJI Terra to generate the
ortho-mosaic photos for these sites instead. The spatial
resolution of the derived ortho-mosaic photos varies
slightly across sites, ranging from 2.2 to 2.6 cm
(Table S1).

The generated DTMs, CHMs, and ortho-mosaic
photos were clipped based on the central coordinates of
each plot, with a 100 m-radius circular buffer applied to
ensure complete coverage of the monitoring area
(Figure 2). For some plots (Kasugayama, Wakayama, and
Aya), the clipped area is not completely circular because
these plots are located at the edge of the scanned area.

Individual tree crown segmentation
The delineation of individual tree crowns was performed
in two steps. First, we segmented tree crowns using
UAV-LiDAR-derived products in eCognition Developer
software (ver. 9.0.0, Trimble Inc., USA). Detailed segmen-
tation procedures are described in Htoo et al. (2024).
Briefly, we applied the “multiresolution segmentation
algorithm” to delineate individual tree crown boundaries,
utilizing multiple layers including RGB ortho-mosaic
photos, CHMs, and surface slope model. To optimize

segmentation, we assigned the layer weights to determine
the relative importance of each layer in the segmentation
process, drawing on prior studies (Htoo et al., 2024; Moe
et al., 2020; Onishi & Ise, 2021). The optimal weight com-
binations for each site were determined through multiple
trials, and the final values are shown in Table S2.

Second, we validated the shape and size of the seg-
mented crowns through fieldwork. Ground truthing
included refining the shapes of auto-segmented crowns
and linking each crown polygon to its tree ID by reading
the tags attached to the stem. The ortho-mosaic photo,
CHM, DTM, and plot corner locations were uploaded to
GPS-enabled iPads (Apple Inc., USA). We used the Field
Maps application (ESRI, USA) for the fieldwork. In the
early stages of our fieldwork in 2022, we used Adobe
Photoshop software (Adobe Systems Incorporated, USA)
instead of Field Maps. The final crown polygon maps,
including 4328 crowns, were created in ArcMap Desktop
(ver. 10.8.1, ESRI, USA) based on the field-digitized
crown outlines and the auto-segmented crown data.

The final crown segments were linked with the latest
publicly available tree census data from the Monitoring
Sites 1000 Project (updated on July 11, 2019, https://
www.biodic.go.jp/moni1000/findings/data/index_file.
html) based on the stem IDs identified in the field. Since

FIGURE 2 An example of the data (Kanumazawa site). The

dataset contains three raster files and one vector file for each site:

(a) A Digital Terrain Model (DTM) with a spatial resolution of

5 cm, using the hillshading technique to depict the terrain surface;

(b) A Canopy Height Model (CHM) with a spatial resolution of

5 cm; (c) Ortho-mosaic photo with a spatial resolution of 2.4 cm;

and (d) shapefile of the individual tree crown map.
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FIGURE 3 Distribution of

terrain slope calculated from the

Digital Terrain Model (DTM). The

slope is derived from the DTM

resampled to 2.5 m spatial resolution.

TABLE 2 Basic information derived from 2.5 m-resampled Digital Terrain Models (DTMs) for each plot.

Plot ID Mean elevation (m) ± SD Elevation range (m) Mean slope (�) ± SD Slope range

UR-BC1 330.4 ± 4.4 315.0–337.5 11.9 ± 5.3 0.2–40.1

TA-EC1 993.8 ± 7.4 973.5–1008.9 15.5 ± 6.8 3.3–39.5

AS-DB1 326.7 ± 11.6 304.7–362.7 21.2 ± 6.2 3.3–35.3

TM-DB1 70.5 ± 7.2 53.5–88.0 20.3 ± 5.2 5.3–29.4

OZ-DB1 463.2 ± 21.6 423.6–517.2 33.3 ± 6.1 9.3–46.1

HY-EC1 1210.2 ± 4.6 1201.2–1223.5 8.6 ± 4.3 1.6–26.0

KM-DB1 446.5 ± 5.3 436.1–465.4 16.5 ± 10.9 2.0–48.3

AO-BC1 100.8 ± 9.9 81.6–118.5 25.0 ± 7.8 0.9–42.5

OG-DB1 626.1 ± 8.7 612.1–649.9 23.3 ± 9.6 0.4–47.8

KY-DB1 1493.8 ± 1.0 1491.7–1497.2 2.5 ± 1.5 0.0–8.3

OT-EC1 1733.1 ± 6.7 1720.7–1748.8 15.4 ± 6.4 0.4–42.5

DI-DB1 1104.0 ± 8.3 1086.8–1123.9 21.1 ± 9.5 0.8–51.6

AU-EC1 743.4 ± 13.7 714.0–774.1 33.6 ± 6.8 2.5–47.8

AU-DB1 711.6 ± 7.1 699.4–729.9 27.2 ± 11.5 0.6–45.2

KA-EB1 372.7 ± 22.0 326.8–416.3 35.0 ± 8.2 11.3–51.4

TT-EB1 163.9 ± 6.1 151.2–178.3 12.3 ± 2.7 4.8–26.0

WK-EC1 801.1 ± 19.4 755.9–847.7 33.4 ± 4.7 13.4–45.4

SD-EB1 306.7 ± 11.4 271.5–325.6 21.0 ± 9.3 5.9–49.3

SI-DB1 1153.9 ± 10.0 1132.5–1178.6 26.4 ± 9.9 1.6–53.9

AY-EB1 463.6 ± 14.4 433.7–494.8 29.5 ± 3.8 18.8–49.8

YS-EC1 1201.4 ± 5.8 1187.0–1217.2 23.2 ± 7.4 0.8–43.6

YN-EB1 261.9 ± 13.1 237.1–290.4 27.9 ± 9.9 0.4–52.5

Abbreviation: SD, standard deviation.
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FIGURE 4 Distribution of the

canopy height calculated from the

5-cm spatial resolution Canopy

Height Model (CHM).

TABLE 3 Basic information derived from Canopy Height Models (CHMs) for each plot.

Plot ID Mean canopy height (m) ± SD Canopy height range (m)

Percentiles

5% 50% 95% 99%

UR-BC1 14.7 ± 6.9 0–32.6 1.1 15.8 24.2 27.6

TA-EC1 18.2 ± 9.4 0–41.7 0.3 20.4 31.0 34.8

AS-DB1 21.0 ± 4.7 0–33.7 13.3 21.6 27.5 29.4

TM-DB1 16.7 ± 5.7 0–27.8 4.7 18.2 23.5 25.1

OZ-DB1 24.9 ± 8.6 0–41.2 4.0 27.0 34.9 37.1

HY-EC1 10.5 ± 4.7 0–19.9 0.3 11.6 16.2 17.6

KM-DB1 22.4 ± 6.5 0–38.2 9.3 23.5 30.8 33.6

AO-BC1 22.3 ± 5.0 0–37.9 13.1 22.8 29.4 33.1

OG-DB1 21.3 ± 5.9 0–44.4 9.5 22.5 28.8 31.5

KY-DB1 15.4 ± 7.6 0–28.2 1.3 18.1 24.2 26.4

OT-EC1 18.6 ± 4.7 0–28.8 10.2 19.5 24.1 25.2

DI-DB1 14.3 ± 7.3 0–31.4 2.0 15.3 24.5 27.5

AU-EC1 18.1 ± 5.9 0–34.3 4.0 19.2 25.7 28.4

AU-DB1 19.6 ± 8.4 0–36.7 0.4 21.9 29.8 32.1

KA-EB1 19.5 ± 7.2 0–52.0 7.1 19.6 31.2 39.6

TT-EB1 16.8 ± 3.8 0–24.6 8.9 17.5 21.6 23.1

WK-EC1 25.2 ± 4.9 0–40.6 18.1 25.2 32.9 35.8

SD-EB1 18.8 ± 4.0 0–35.2 12.9 18.4 26.5 30.4

SI-DB1 20.7 ± 3.3 0–39.9 15.2 20.9 25.7 28.0

AY-EB1 20.4 ± 3.8 0–42.7 14.4 20.4 27.0 29.3

YS-EC1 21.3 ± 8.0 0–37.4 3.7 23.3 31.0 33.5

YN-EB1 10.8 ± 4.3 0–24.6 5.0 10.0 18.5 21.2

Abbreviation: SD, standard deviation.
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the datasheet formats vary slightly among plots in the
Monitoring Sites 1000 Project, we standardized stem
and individual tree information by referencing the
respective columns from each plot's datasheet (the cor-
respondence is shown in Table S3). This process allowed
us to identify 4056 individuals from 4328 crowns. For
each extracted crown, we added the latest GBH data of
the stem, census dates, and species name from the pub-
licly available dataset, along with crown area and can-
opy height information based on the present study.
Species names were verified and assigned corresponding
genus and family information based on YList, a data-
base of plant names in Japan (Yonekura & Kajita, 2003),
resulting in 45 families, 88 genera, and 151 species. Can-
opy height data were extracted within crown bound-
aries, and minimum, mean, median, standard deviation,
and maximum height values were calculated for each
crown.

2.7.3 | Some forest profile information based
on UAV-LiDAR

Based on our new dataset, we present some basic forest
profiles of Japanese natural forests, including terrain
slope, canopy height variation, forest gap ratios, crown
sizes, and functional compositions. To minimize the
effect of areas outside the plot boundary, we generated a
5-m buffer around plot boundaries and clipped the raster
datasets for terrain slope, canopy height, and forest gap
analyses accordingly. We used the GPS (Global Position-
ing System) coordinates of the plot corners provided by
the corresponding site managers for many sites. For sites
where the coordinates were unavailable, we recorded the
coordinates of the four corners during the fieldwork
using handheld GPS devices (GPSMap 62S and eTrex
Touch 35J, Garmin). All statistical indices were calcu-
lated in R ver. 4.4.1 (R Core Team, 2024) and we utilized

TABLE 4 Basic information of forest gaps defined by two different gap definitions.

Plot ID

Definition 1 Definition 2

n
Mean gap area
(m2) ± SD Gap area range Gap rate (%) n

Mean gap area
(m2) ± SD

Gap area
range

Gap
rate (%)

UR-BC1 59 15.1 ± 28.3 2.0–197.6 7.2 29 85.9 ± 122.7 10.2–510.4 20.2

TA-EC1 49 23.8 ± 37.5 2.1–167.8 10.7 20 123.4 ± 328.3 10.8–1490.8 22.5

AS-DB1 7 18.1 ± 19.4 2.3–49.6 1.1 4 38.9 ± 21.5 11.3–63.6 1.3

TM-DB1 22 8.3 ± 9.4 2.6–43.6 1.5 12 108.5 ± 179.1 14.5–668.0 10.6

OZ-DB1 33 11.7 ± 13.4 2.1–53.9 2.9 16 68.0 ± 80.3 10.4–332.3 8.2

HY-EC1 65 18.1 ± 36.4 2.1–220.3 9.7 32 51.8 ± 75.8 10.2–389.9 13.7

KM-DB1 16 14.6 ± 16.8 2.0–52.4 1.9 10 61.2 ± 48.1 24.9–167.9 5.1

AO-BC1 9 3.9 ± 1.7 2.1–6.9 0.3 13 20.2 ± 11.0 10.1–42.2 2.3

OG-DB1 13 12.6 ± 8.1 2.5–23.8 1.2 11 64.8 ± 77.0 10.0–269.8 5.2

KY-DB1 54 15.8 ± 21.8 2.0–102.2 7.3 16 157.6 ± 267.2 10.7–1062.3 21.5

OT-EC1 16 19.6 ± 20.8 2.2–69.5 2.6 10 40.3 ± 37.0 13.0–121.7 3.3

DI-DB1 31 16.1 ± 28.7 2.1–151.5 4.7 15 205.2 ± 536.7 11.7–2104.2 28.9

AU-EC1 23 18.0 ± 25.9 2.3–102.6 3.6 18 46.7 ± 58.6 10.1–206.6 7.2

AU-DB1 21 33.6 ± 56.6 2.0–173.0 7.3 13 118.1 ± 265.1 17.4–996.0 15.9

KA-EB1 18 9.0 ± 7.7 2.2–29.4 1.3 13 134.5 ± 199.5 10.1–619.3 14.6

TT-EB1 12 5.7 ± 3.9 2.0–15.5 0.6 8 43.7 ± 48.7 11.2–153.7 3.0

WK-EC1 3 4.3 ± 2.0 2.3–6.3 0.1 5 30.5 ± 24.2 11.0–70.6 1.2

SD-EB1 0 0 ± 0 0–0 0 5 28.8 ± 29.8 10.3–81.5 1.1

SI-DB1 2 4.5 ± 0.2 4.4–4.7 0.1 1 19.5 ± 0 19.5–19.5 0.2

AY-EB1 0 0 ± 0 0–0 0 0 0 ± 0 0–0 0

YS-EC1 17 12.1 ± 11.3 2.3–45.0 1.9 14 98.5 ± 122.6 10.5–321.7 12.8

YN-EB1 3 3.2 ± 1.3 2.3–4.7 0.1 10 242.4 ± 683.3 10.9–2185.5 20.0

Note: Definition 1, a height below 2 m and an area of at least 2 m2; definition 2, a height below one-third of the maximum canopy height (99th percentile of
CHM) and an area of at least 10 m2.
Abbreviation: n, the number of gaps; SD, standard deviation.
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“terra” package (Hijmans, 2021) and “sf” package
(Pebesma, 2018) to handle the spatial data.

First, the terrain slope of each plot was calculated using
the “terrain” function in the terra package, based on the
DTMs that were resampled to 2.5 m spatial resolution.
Mean slope values for each plot ranged from 2.5�

(Kayanodaira) to 35.0� (Kasugayama) (Figure 3 and
Table 2), with 9 out of 22 plots exceeding 25�, reflecting the
steep and varied topography of Japanese natural forests.
The median slope value for the entire dataset was 22.1�.

Second, we analyzed the size distribution of CHMs.
We calculated the mean, standard deviation, 5th, 50th,
95th, and 99th percentiles of CHM (Figure 4 and
Table 3). Mean height values ranged from 10.5 m
(Hayachine) to 25.2 m (Wakayama), with a median
height of 19.7 m across the dataset. The 99th percentile
height, representing the maximum forest height of each
plot, ranged from 17.6 m (Hayachine) to 39.6 m
(Kasugayama), with a median of 29.4 m.

Third, we analyzed forest gaps within each plot using
CHMs. While the measurements and the definitions of
forest gaps vary widely among prior studies (Tian
et al., 2023), we used two gap definitions based on verti-
cal height and horizontal extent: (1) gaps with a height
below 2 m and an area of at least 2 m2 (Solano
et al., 2022), and (2) gaps with a height below one-third
of the maximum canopy height (99th percentile of CHM)
and an area of at least 10 m2 (similar to Yamamoto, 1989
and Nakashizuka et al., 1995). We extracted gaps accord-
ing to these definitions using the “ForestGapR” package
(Silva et al., 2019). The gap ratio was calculated for each
definition by dividing the total gap area by the total plot
area (including 5 m margins). The number, size, and gap
ratio for each plot are shown in Table 4. Overall, the
ranking of plots by gap ratio was consistent between
the two definitions, though values were typically lower
with the first definition. Across 22 plots, the median gap
ratio was 1.7%, with a maximum of 10.7% at Mt. Daisetsu

TABLE 5 Basic information derived from the dataset of crown shapes.

Plot ID

The number of individuals
Mean crown area
(m2) ± SD

Crown area
range (m2)

Individual-number-
based ratio (%)

Crown-area-based
ratio (%)

Total Unidentified Species EC DB EB EC DB EB

UR-BC1 246 0 13 33.2 ± 30.8 3.3–199.0 21.5 78.5 0 24.3 75.7 0

TA-EC1 175 0 5 37.1 ± 23.4 4.1–140.8 87.4 12.6 0 88.6 11.4 0

AS-DB1 147 0 18 45.3 ± 36.7 4.0–213.4 0 100 0 0 100 0

TM-DB1 158 3 18 39.0 ± 32.2 3.2–184.2 3.1 96.9 0 2.6 97.4 0

OZ-DB1 137 2 12 56.8 ± 47.0 3.3–254.7 34.3 65.7 0 13.9 86.1 0

HY-EC1 302 0 10 25.1 ± 27.2 1.9–247.8 76.2 23.8 0 64.8 35.2 0

KM-DB1 105 0 12 80.2 ± 68.2 6.2–448.5 0 100 0 0 100 0

AO-BC1 198 3 19 40.7 ± 25.8 4.5–159.3 40.1 54.8 5.1 39.1 57.1 3.7

OG-DB1 110 1 23 66.9 ± 60.0 7.3–422.4 0 100 0 0 100 0

KY-DB1 96 0 7 76.7 ± 45.6 7.5–226.7 0 100 0 0 100 0

OT-EC1 236 0 6 33.5 ± 27.1 3.2–152.6 76.2 23.8 0 57.3 42.7 0

DI-DB1 105 1 12 52.8 ± 38.4 5.4–239.8 0 100 0 0 100 0

AU-EC1 303 0 11 29.5 ± 21.7 3.1–170.2 83.4 16.2 0.3 74.3 25.6 0

AU-DB1 118 0 19 63.2 ± 61.7 5.0–380.3 4.0 96.0 0 9.9 90.1 0

KA-EB1 182 1 25 40.1 ± 33.8 2.2–225.4 13.3 25.0 61.7 13.6 27.2 59.2

TT-EB1 133 0 18 55.1 ± 50.1 4.0–240.5 2.3 3.8 94.0 2.1 7.9 90.0

WK-EC1 235 0 14 39.9 ± 25.4 4.1–144.6 72.6 22.6 4.9 76.4 16.8 6.8

SD-EB1 133 3 13 63.4 ± 57.0 9.1–375.4 0 0 100 0 0 100

SI-DB1 222 0 30 32.2 ± 26.9 3.5–164.7 6.3 92.3 1.4 13.3 85.7 1.1

AY-EB1 167 0 18 51.8 ± 43.4 4.7–275.7 0.6 4.3 95.1 0.7 2.1 97.2

YS-EC1 130 1 9 55.1 ± 35.8 7.8–198.5 92.3 3.1 4.6 92.2 5.1 2.6

YN-EB1 457 54 46 10.7 ± 10.0 0.7–71.8 0 6.8 93.2 0 5.1 94.9

Note: “Individual-number-based ratio” represents the percentage of each functional type based on the count of individual trees, while “Crown-area-based ratio”
represents the percentage based on the crown area occupied by each functional type.
Abbreviation: EB, evergreen broadleaf trees; EC, evergreen conifer trees; DB, deciduous broadleaf trees; SD, standard deviation.
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and 0% at both Sadayama and Aya under definition
1. For definition 2, the median gap ratio was 7.7%, with a
maximum of 28.9% at Daisen-monjugoe and a minimum
of 0% at Aya.

Finally, we analyzed the crown information for can-
opy trees. For each plot, we summarized tree counts (the
number of individuals identified from the above), average
crown areas, and total crown areas occupied by three
functional types (deciduous broadleaf, evergreen broad-
leaf, and evergreen conifer) (Table 5). The mean crown

area ranges from 10.7 m2 (Yona) to 80.2 m2

(Kanumazawa), with a median of 27.8 m2 across the
dataset (Figure 5). Ratios of functional types differed
between tree counts and crown areas, particularly
between conifers and deciduous broadleaves: conifers
showed higher values in the count, while deciduous
broadleaves had higher values in the crown area
(Figure 6). The detailed analysis of crown size and
growth strategy is discussed elsewhere (Htoo et al., 2024;
Htoo et al. unpublished).

FIGURE 6 Ratio of crown area

compiled with three functional types

of trees in terms of (a) the number of

trees and (b) the crown area. Red

represents conifer trees, orange

represents deciduous broadleaf trees,

and green represents evergreen

broadleaf trees, respectively.

FIGURE 5 Distribution of the

crown area that reached the forest

canopy and was identified within

ortho-mosaic photos. The x-axis

represents log-scaled crown area.
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TABLE 6 File names and variable definitions of each data file.

Folder
name File name

File
format

Variable
name Types of data Variable definition

DTM Site name_Plot ID_DTM
(e.g., Aobayama_AO-
BC1_DTM)

Raster
(GeoTIFF)

DTM Numeric (double) Ground elevation within each pixel (m,
above sea level).

CHM Site name_Plot ID _CHM
(e.g., Aobayama_AO-
BC1_CHM)

Raster
(GeoTIFF)

CHM Numeric (double) Absolute canopy height within each pixel
(m).

Ortho Site name_Plot ID_Ortho
(e.g., Aobayama_AO-
BC1_Ortho)

Raster
(GeoTIFF)

Red, Green,
Blue

Numeric (8-bit
integer)

Digital number of each RGB band within
each pixel. Variable names represent data of
each wavelength.

Crown Site name_Plot ID _Crown
(e.g., Aobayama_AO-
BC1_Crown)

Vector
(Esri
shapefile)

site Character string Site name in Table 1.

plot Character string Plot name in Table 1.

tag_field Character string Actual tag number in the field at the time of
fieldwork.

stem_ID Character string Stem ID, corresponding to the official
Moni1000 dataset (Table S3).

indv_ID Character string Individual tree ID, corresponding to the
official Moni1000 dataset (Table S3).

family Character string Tree family name (“LAPG Family” in YList).

genus Character string Tree genus name.

spc_latin Character string Scientific name of the tree.

spc_japan Character string Japanese local name of the tree.

gbh_latest Character string Latest GBH value of the stem in publicly
available data.

ca_m2 Number (double) Crown area (m2) of the tree.

chm_min Number (double) Minimum canopy height within the shape,
derived from CHM.

chm_mean Number (double) Mean canopy height within the shape,
derived from CHM.

chm_median Number (double) Median canopy height within the shape,
derived from CHM.

chm_sd Number (double) Standard deviation of canopy height within
the shape, derived from CHM.

chm_max Number (double) Maximum canopy height within the shape,
derived from CHM.

gbh_date Character string Date of field survey for GBH measurement.
Format: YYYYMMDD

chm_date Character string Date of UAV flight in this study.
Format: YYYYMMDD

isDead Character string Tree status from the latest census data: “T”
for dead, “F” for alive.

confidence Character string Confidence in species identification. Most of
the crowns are “high”, but some are “low”
due to the lack of field tags, missing tree
census data, or potential field errors.

Note: YList, a database of plant names in Japan (Yonekura & Kajita, 2003, http://ylist.info/).
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2.7.4 | Data verification procedures

We note that the crown shape data at the Yona site cover only
about 60% of the plot due to the extremely time-consuming
fieldwork required for the high abundance of small canopy
trees. We could not identify the tree ID for delineated crowns
in a few cases. This was due to the absence of tree tags, dis-
crepancies between actual tag numbers and those in the pub-
licly available census data, or the occasional misreading of
tags during fieldwork. Crowns with such uncertainties are
noted as “low” in the “confidence” column of the dataset.

2.8 | Data structure

2.8.1 | Data files

Data files are shown in Table 6.

2.8.2 | File format

Digital terrain models (DTMs), canopy height models
(CHMs), and ortho-mosaic photos are provided in GeoTIFF
format. Crown shapes are provided as ESRI shapefiles with
UTF-8 encoding. All data products are projected in the
Japan Plane Rectangular Coordinate System (JGD 2011),
with the appropriate zone specified for each site (Table S1).

2.8.3 | Header information

Headers corresponding to variable names (see
Section 2.8.4) are included as the band names in the ras-
ter dataset (DTMs, CHMs, ortho-mosaic photos) and as
the first row in the vector dataset (crown shapes).

2.8.4 | Variable definition

The variables are listed in the order in which they appear
in each data file (Table 6). Site and plot names are consis-
tent with those used in the original Monitoring Site 1000
Project (Table 1) and related data papers (Ishihara
et al., 2011; Nakamura et al., 2022; Niwa et al., 2016;
Suzuki et al., 2012, 2019; Takafumi et al., 2021).

2.9 | Accessibility

2.9.1 | License and usage right

This dataset is provided under a Creative Commons
Attribution-NonCommercial 4.0 International license

(CC-BY-NC 4.0) (https://creativecommons.org/licenses/
by-nc/4.0/). The authors believe that archiving and shar-
ing datasets is important for advancing various fields in
science. At the same time, it is ethically important that
users recognize that the researchers who gathered these
data may be using them for scientific analyses, papers, or
publications that are currently planned or in preparation.
We therefore request that users contact the authors if the
dataset is to be used in any publication at least within
2 years of the data release.

2.9.2 | Location of storage

https://doi.org/10.20783/DIAS.669
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