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Abstract

Essential biodiversity variables (EBVs) have emerged as a crucial tool for monitor-

ing biodiversity change and provide a framework for standardized and integrated

data that align with national and global conservation targets. While EBVs have

static definitions, they offer flexibility in data products, allowing regions to develop

unique implementation strategies. To guide the development of EBV lists for

Japan, we compare data availability with Finland, a country with a similar environ-

ment. We review the status of primary data for EBVs in terrestrial ecosystems in

these two countries and then compare data for Japan with the Group on Earth

Observations Biodiversity Observation Network EBVs and the EBV lists recom-

mended by Europa Biodiversity Observation Network and Finland. Furthermore,

we summarize EBVs, remote sensing and modeling applications employed to pro-

duce them, and provide ideas for regional EBV priority lists. We found that Japan

has medium-to-high data availability across several EBV classes, particularly for

species distributions, phenology, and environmental disasters, which include

unique datasets. For Japan, we identified data gaps in the EBV classes, Genetic com-

position, Species traits, and Ecosystem structure. We then discuss how EBVs can con-

tribute to calculating indicators for Japan, such as the “30 by 30,” and highlight the

remaining data gaps required to realize their implementation. Finally, we provide

our perspectives on calculating EBVs at the national scale, focusing on Japan. With

several countries and regions developing EBV lists, comparative regional
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analyses can help elucidate key commonalities and differences to inform more

coordinated and effective responses to the global biodiversity crisis.
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1 | INTRODUCTION

Changes in the Earth system are observable and acceler-
ating due to changes in land use and climate, including
extreme weather patterns, pollution, natural resource
exploitation, alien species invasions, and extinctions
(IPBES, 2019). As these changes affect both biota and the
physical environment, they impact not only biodiversity
but also the viability and resilience of ecosystems. Such
changes directly impact human society through the
spread of pathogens and frequency of natural disasters
(e.g., pandemics such as COVID-19, droughts, flash
floods, and massive fires). In response, global bodies such
as the United Nations Framework Convention on Cli-
mate Change and the Convention on Biological Diversity
(CBD) have committed to halting climate change and
biodiversity loss; however, these goals have unfortunately
seen little progress (SCBD, 2020). At the 15th meeting of
the Conference of the Parties to the CBD (COP15) in
2022, a new global framework called the Kunming-
Montreal Global Biodiversity Framework (KMGBF) was
adopted. This framework emphasizes the necessity of
adapting whole-of-government and whole-of-society
approaches to halt and reverse current biodiversity trends
and put nature on a path to recovery by 2030. This global
consensus highlights the need for timely and accurate
reporting of the state and trends in ecosystems and biodi-
versity. Subsequently, new National Biodiversity Strate-
gies and Action Plans (NBSAPs) have also been adopted
or are currently under development in many countries.
For instance, Japan revised its NBSAP in 2023, aligning it
with the KMGBF and its global targets. As a result, Japan
aims to effectively conserve and manage 30% of the land
and oceans by 2030 (“30 by 30”) and promote nature-
based solutions to solve the multidimensional issues of
biodiversity through ecosystem-related approaches.

To monitor the progress of these global and national
targets and ensure their standardization across the world,
mechanisms and methodologies are being developed for
reporting the status and trends of biodiversity. The poten-
tial contribution of essential biodiversity variables (EBVs)
to global and national reports has become a recent topic
of interest (Gonzalez et al., 2023). The concept of EBVs,
developed by the Group on Earth Observations

BOX 1 What are essential biodiversity
variables (EBVs)?

The concept of essential biodiversity variables
(EBVs) was first introduced by the Global Biodi-
versity Observation Network (GEO BON) in 2013
(Pereira et al., 2013) and was inspired by the
broader concept of “essential variables” that orig-
inated from Earth-observation communities
focused on weather and climate (Navarro
et al., 2017; Pereira et al., 2013; UNEP/CBD/
SBSTTA/17/INF/7, 2013). “Essential variables”
are a minimal set of critical measurements
designed to harmonize data collection. Aligning
biodiversity monitoring efforts with these vari-
ables can enhance comparability across spatial
and temporal scales, supporting diverse assess-
ments and use cases and fostering greater syner-
gies among different users. Related frameworks
include the “Essential Climate Variables”
(Bojinski et al., 2014), “Essential Ocean Vari-
ables” (Lindstrom et al., 2012), and the newer
“Essential Ecosystem Service Variables”
(Balvanera et al., 2022). EBVs represent standard-
ized aspects of biodiversity that can be measured
(in situ or ex situ) using monitoring data in a
flexible manner. The result is an array of inte-
grated information products that are designed to
assess trends and changes in biodiversity.
Although EBVs reflect the state of biodiversity
and ecosystems, they do not primarily address
the direct or indirect pressures acting upon them.
GEO BON has defined six classes of EBVs (Box
Table 1): Genetic composition, Species popula-
tions, Species traits, Community composition, Eco-
system structure, and Ecosystem function. The first
three classes focus on species, whereas the latter
three focus on ecosystems. GEO BON also
defined 21 attributes across these 6 classes, with
each class comprising 2–5 attributes. EBVs
require the integration of different data types
(e.g., combining RS data and species occurrence
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Biodiversity Observation Network (GEO BON), an inter-
national network of researchers and stakeholders
(Navarro et al., 2017; Pereira et al., 2013), provides a stan-
dardized classification approach for various kinds of bio-
diversity data and variables representing key information
that reflects the primary dimensions of biodiversity
change (Box 1). By defining a minimal set of complemen-
tary essential measurements that align with other envi-
ronmental observation initiatives, the EBV framework
standardizes and prioritizes biodiversity monitoring
efforts by establishing clear guidelines for observation
data (Pereira & Cooper, 2006). There is a need to assess
how regions across the world with different climates,
geographies, biodiversity patterns, data-sharing cultures,
and sociopolitical characteristics can calculate the cur-
rent EBVs to best characterize their unique environ-
ments. It is also important to assess how these regions
can produce EBVs that can fill data gaps and effectively
report them. Many primary datasets needed to derive
EBVs can be accessed through open databases hosting
species occurrence and abundance records, community
checklists, species traits, and ecosystem or habitat-type
extents (Boyd et al., 2023; Jetz et al., 2019; Kissling,

data with model species' geographic potential dis-
tributions; Boxes 2 and 3). Core data collected
through monitoring efforts are systematically
integrated into EBV datasets or data products by
combining observations, experimental results,
and estimates from modeling data on species,
communities, and ecosystems into unified and
comprehensive sources of information.

Notably, EBVs are not themselves indicators
of biodiversity status; rather, they serve as foun-
dational variables from which indicators are
derived. Indicators are direct or indirect mea-
sures used to assess global goals and targets and
are essential for tracking biodiversity changes
and evaluating progress toward conservation
objectives. In this context, EBVs function as
intermediaries, effectively linking raw biodiver-
sity data to indicators that help achieve specific
environmental goals. This dual structure ensures
that EBVs play a key role in generating meaning-
ful indicators that accurately reflect the current
state and trends of biodiversity.

As such, although GEO BON initially defined
EBVs as “generic” variables intended for indica-
tor development, the concept has been adapted
to allow for flexible calculation. Some regional
groups have developed the EBV framework to
align with their biodiversity monitoring schemes
and have defined their own variables (here,
referred to as “EBV data products” that are typi-
cally derived from raw observation data) based
on specific taxa or local priorities (e.g., Finland,
Europa Biodiversity Observation Network
(EuropaBON), Figure 1). Notably, both Finland
and EuropaBON have defined their own EBV
data products, aligning them with GEO BON's
EBV classes. Finland's EBV data products were
based on an earlier version of GEO BON's defini-
tion of EBV attributes, which at that time
included 22 candidate EBVs (UNEP/CBD/
SBSTTA/17/INF/7, 2013). In addition, Finland
expanded upon the original framework by intro-
ducing new data products under Community
composition and Ecosystem function classes
(Vihervaara et al., 2017). Defining region-specific
EBV data products allows groups to implement
effective monitoring of EBVs that are relevant to
their needs, reflecting local issues and conserva-
tion targets (e.g., Table 4; Junker et al., 2023;
Turak et al., 2017). This approach directly con-
tributes to addressing national or regional biodi-
versity issues, as many challenges are regional in
nature, and some EBV attributes may need

regional interpretation to align best with regional
or local needs, practical costs, or data availability.
Consequently, there is a growing emphasis on
creating regional EBV workflows to monitor
regionally significant targets and issues. In addi-
tion, there are challenges associated with achiev-
ing global coverage of EBV classes due to spatial
and temporal inconsistencies for observational
data (Navarro et al., 2017). For example, while
some attributes for the Ecosystem structure and
Ecosystem function classes can be monitored effi-
ciently over space and time via RS data, others,
like Genetic composition, require in situ datasets
with typically lower spatial and temporal resolu-
tion as well as higher associated costs (Skidmore
et al., 2021). Acquiring standardized and frequent
in situ observations is difficult due to the lack of
global monitoring schemes, difficulties in inte-
grating datasets collected using various methods,
and data gaps in taxonomic, geographical, and
temporal coverage.

Although public biodiversity datasets exist—
such as museum records, field observations and
surveys, citizen science, and experimental data—
establishing an effective and comprehensive EBV
data production workflow remains a key
challenge.
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Ahumada, et al., 2018; Kissling, Walls, et al., 2018), and
these datasets are often employed to run models that con-
struct variables (Tehrani et al., 2021). For Japan, many
ecological observational datasets published in Ecological
Research can be used as primary data for EBVs, indicat-
ing the significant potential of contributions from
ecologists.

Structured national-scale observations are crucial for
assessing biodiversity trends at both regional and global
scales, as emphasized by Gonzalez et al. (2023), who pro-
posed the establishment of a global system for monitor-
ing and sharing data on biodiversity changes, the Global
Biodiversity Observing System (GBiOS). Their approach
fosters synergy between local data collection and broad-
scale biodiversity insights, effectively bridging the gap
between fieldwork and environmental strategies on a
national level. Although the implementation of monitor-
ing systems to generate EBVs at the national scale has
been limited, research groups in countries like Finland,
Australia, New Zealand, and the United Kingdom have
explored primary data and methodologies for calculating
EBVs within their borders. For instance, Vihervaara et al.
(2017) identified mismatches between Finnish biodiver-
sity indicators and EBVs and described potential
enhancements using remote sensing (RS) technologies.
They highlighted the ability of RS to derive multiple

monitoring EBVs as well as Finland's use of RS for track-
ing shore habitats and water quality to expand national
indicators. Turak et al. (2017) outlined a process for prior-
itizing EBVs at the national scale in Australia that
involves prioritization based on ecoregion characteristics
and available knowledge. They demonstrated this process
in New South Wales by identifying candidate EBVs for
tracking biodiversity changes across terrestrial, marine,
and freshwater ecosystems. Bellingham et al. (2020) dem-
onstrated the use of extensive biodiversity sampling in
New Zealand to implement multiple national-scale EBV
measurements at a relatively high spatial resolution.
Boyd et al. (2023) outlined an operational workflow to
generate annual species occupancy estimates at a
national scale for the United Kingdom to detect temporal
changes in biodiversity. They produced these annual
occupancy estimates for over 5000 species that align with
the EBV concept of Species distributions; however, this
approach relies on adequate sampling over time and
assumptions about species absence. In the United
Kingdom, the implementation of forthcoming monitoring
systems for EBVs will be aligned with biodiversity indica-
tors, policy goals, and the development of methodologies
for generating nationally relevant indicators (POST,
2021). Such examples of employing national datasets to
construct EBVs demonstrate the potential for

FIGURE 1 The objective of the paper regarding the conceptual information flow of essential biodiversity variables (EBVs) from primary

data to indicators, with the ultimate aim of contributing to national and global biodiversity goals. The Group on Earth Observations

Biodiversity Observation Network (GEO BON) developed the core EBV concept as an intermediary among primary data, data products, and

indicators. EuropaBON created a regional list of EBV data products, or EBV list, based on expert opinion, whereas Finland developed an

EBV-indicator table referencing the existing national biodiversity indicators, all aimed at facilitating more practical and efficient monitoring.

This study seeks to create EBV dataset tables for Japan and Finland by comparing the GEO BON concept, EuropaBON's EBV list, and

Finland's EBV-Indicator table. In addition, we linked the Japanese datasets for EBVs to Japan's 30 by 30 goals.
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TABLE 1 Japanese biodiversity datasets, their data providers, and connections to essential biodiversity variables (EBVs).
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1 ✓ Seed size and weight of tree species 2/1
2 ✓ Leaf phenology 1/-
3 ✓ Urban flowering phenology 2/-
4 ✓ Plant trait database 1/2
5 ✓ Various distribution surveys and censuses 3/5
6 ✓ Fine root dynamics and aboveground/soil environment 1/3
7 ✓ Decomposition rate, microbial community, and soil respiration studies 1/4
8 ✓ ✓ Acoustic monitoring of frogs 1/2
9 ✓ Herbivory on broadleaf trees 1/2
10 ✓ Bee occurrence, floral visits 2/2
11 ✓ Biogeochemical Nitrogen content -/2
12 ✓ Radioactive concentration in small mammals (Fukushima, 2012-) 1/-
13 ✓ Butterfly foraging length 1/2
14 ✓ Butterfly host record (caterpillars included) 1/-
15 ✓ Fungal distribution and functionality 2/-
16 ✓ Forest regeneration after windthrow 1/-
17 ✓ Camera traps of mammals in Fukushima evacuation zone 2/2
18 ✓ Reflectance and transmittance of leaves, shoots, trunks, branches 1/2
19 ✓ ✓ Vegetation maps, surveys, inventory 6/5
20 ✓ ✓ Big trees survey 1/3
21 ✓ Animal Distribution Atlas of Japan 1/3
22 ✓ ✓ Mammals distribution and habitat survey 1/8
23 ✓ Birds distribution and banding survey 2/3
24 ✓ Amphibian and Reptiles distribution survey 1/3
25 ✓ Insects distribution survey 1/3
26 ✓ Freshwater fishes distribution survey 1/3
27 ✓ Land and freshwater mollusks distribution survey 1/3
28 ✓ Ecosystem monitoring 5/2
29 ✓ Satoyama 2/3
30 ✓ Environmental Indicators (ikimono) -/5
31 ✓ Regular National Surveys -/8
32 ✓ Genetic diversity survey 1/2
33 ✓ Monitoring Sites 1000 (2003-) 4/3
34 ✓ Plant community surveys 3/1
35 ✓ Coastline alteration 1/-
36 ✓ Invasive species 1/3
37 ✓ Biodiversity web mapping 2/3
38 ✓ Genome database of endangered species 2/2
39 ✓ DNA barcoding 1/-
40 ✓ Snapshot Japan 2/2
41 ✓ Alpine camera phenological monitoring 2/-
42 ✓ Time-capsule project 1/-
43 ✓ Avian acoustic monitoring 1/1
44 ✓ Avian influenza risk map 2/1
45 ✓ Occurrence maps 1/1
46 ✓ Land Use map 1/1
47 ✓ Traditional landscape diversity 2/1
48 ✓ Satoyama index 1/2
49 ✓ IUCN typology integrated habitat map 1/3
50 ✓ Soilmap 1/-
51 ✓ ✓ Phytosociological Relevé database 1/2
52 ✓ Genome of forests 1/4
53 ✓ Genome of Cryptomeria japonica -/3
54 ✓ Longiborn beetles image database 2/1
55 ✓ Trap-nesting bees and wasps 2/3
56 ✓ Forest watersheds 1/1
57 ✓ ✓ River and reservoir environment and usage map 3/4
58 ✓ ✓ River Fish survey 2/4
59 ✓ ✓ Benthic fauna survey 2/3
60 ✓ ✓ Riverside plant survey 1/2
61 ✓ ✓ River birds survey 2/3
62 ✓ ✓ Riverside amphibians, reptiles, mammals survey 2/2
63 ✓ ✓ Riverside insect survey 2/2
64 ✓ Typhoon 1/-
65 ✓ Landslides 1/-
66 ✓ Earthquakes, volcanic eruptions 1/-
67 ✓ Cherry-blossoming records 2/-
68 ✓ Disaster revovery 1/-
69 ✓ Disturbance occurrence 1/-

AIST 70 ✓ Anthropogenic heat 1/1
ANEMONE 71 ✓ E-DNA metabarcoding 1/2
JAXA 72 ✓ Urban roughness 1/2
MSJ 73 ✓ Mushrooms 1/1
NARO 74 ✓ Genetic resources of vegetation and fruits 2/2
NFI 75 ✓ Forest inventory 1/7
NIED 76 ✓ Disaster occurrence 1/-
PEN 77 ✓ ✓ Phenological Eyes Network 2/-
S-NET 78 ✓ Specimen records 2/2

79 ✓ Disaster recovery 1/-
80 ✓ Beach loss due to climate change 1/-
81 ✓ Bumblebees capture data (invasive) 2/-
82 ✓ Disturbance cost (Beach loss) 1/-
83 ✓ Cherry-blossoming records-Kyoto, Tokyo 2/-
84 ✓ Wildlife genetic database 2/3

Sums of direct/indirect connections 5/2 1/4 1/4 1/5 36/5 12/19 4/3 2/3 7/4 3/9 2/4 6/22 6/24 2/2 1/17 3/1 10/6 1/6 1/7 5/3 16/11 125/161

Ratio of each class within of total direct/indirect connections

Ecosystem 
function

Community 
composition

Ecosystem 
structure

Species 
populations

NIES

EBV classFormat Genetic composition

0.12/0.4 0.11/0.08 0.18/0.130.06/0.09

Local 
examples

Species traits

0.38/0.15 0.14/0.14

FFPRI

JMA

DIAS*

RED

JaLTER*

BCJ

Note: Dark blue indicates a direct connection to an EBV, reflecting the primary objective of the dataset. Light blue indicates a partial connection, representing
additional potential uses of the dataset, regardless of its data coverage. Data formats include tabular, media (audio, photo, and video), and spatial (dedicated

raster or shapefiles).
Abbreviations of Providers: AIST, National Institute of Advanced Industrial Science and Technology; ANEMONE, All Nippon eDNA Monitoring Network
database; BCJ, Biodiversity Center of Japan; DIAS, Data Integration and Analysis System Program; FFPRI, Forestry and Forest Products Research Institute;
JaLTER, Japan Long Term Ecological Research Network; JAXA, Japan Aerospace Exploration Agency; JMA, Japan Meteorological Agency; NARO, National
Agriculture and Food Research Organization; NFI, National Forest Inventory; NIED, National Research Institute for Earth Science and Disaster Prevention;

NIES, National Institute for Environmental Studies; MSJ, The Mycological Society of Japan; PEN, Phenological Eyes Network; RED, River Environmental
Database; S-NET, Science Museum Net (connected to the Global and Japanese Biodiversity Information Facility); Local examples, Tohoku University,
University of Tokyo, University of Hyogo, Kyoto University.
*Provides access to data from different original sources.
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constructing nationwide operational workflows, but they
also reveal the challenges involved in developing them
effectively. Moreover, they highlight the need to ensure
the sustainability of monitoring by involving various
stakeholders, especially governmental sectors, and the
standardization of basic datasets, such as national statis-
tics and sampling regimes.

Japan has extensive biodiversity data and monitoring
activities, thereby having great potential for generating
EBVs over time to assess progress toward achieving global
biodiversity goals. However, challenges regarding data
accessibility and standardization remain to be fully realized.
The EBV concept is not widely known or extensively dis-
cussed in Japan, although the currently collected data most
likely align with EBV definitions. To develop an EBV-based
monitoring framework that follows the global concept, the
existing datasets should be summarized, and challenges
related to data accessibility, gaps, and application must be
addressed. Other countries with established nationwide
EBV monitoring systems should provide excellent guides
for Japan toward realizing this vision. In particular, Finland
is a good candidate for a number of reasons. First, it is
heavily forested with similar forest types to Japan. Second,
it provides a good roadmap for the utilization of RS data to
derive EBVs (Vihervaara et al., 2017). Third, Finland is
experienced in regional-scale EBV implementation, having
calculated some EBVs at the national scale and being
involved in the schema for EBV datasets in Europe through
Europa Biodiversity Observation Network (EuropaBON)
(Table 1).

Here, we review the current status of primary data
and datasets for EBVs in Japan and Finland. We compare
Japan's data availability with the GEO BON EBVs and
the EBV list and table of EuropaBON and Finland,
respectively (Figure 1). We then discuss how we can use
the lessons learned from these to develop an effective
EBV monitoring system at the national scale for Japan.
We also establish connections between EBVs and indica-
tors for Japan's NBSAPs using the “30 by 30” conserva-
tion target as an example in relation to the KMGBF.
Finally, we discuss our perspectives regarding efficient
and manageable EBV monitoring, including opportuni-
ties for collaborative studies between Japan and Finland
to improve biodiversity monitoring and conservation
efforts.

2 | CURRENT STATUS OF
BIODIVERSITY DATA FOR EBVs IN
JAPAN AND FINLAND

Observational biodiversity data are essential for generat-
ing national-scale EBVs. Here, we surveyed the existing

datasets related to terrestrial biodiversity and ecosystem
information in Japan, distinguishing between the pri-
mary datasets based on field and RS observations. In
Finland, Vihervaara et al. (2017) identified the links and
gaps between the existing national biodiversity indicators
and EBVs. Following this approach, we first assessed the
availability of monitoring, inventory, and processed data-
sets in Japan and Finland to evaluate the current cover-
age of biodiversity datasets for EBVs. We then conducted
a regional comparison among Japan, Finland, and
Europe as a whole. For Europe, we referred to the Euro-
paBON framework, which lists the group's recommenda-
tions for EBV data products (Quoss et al., 2024).
Although these products are referred to as “EBVs” in this
list, we herein refer to them as “EBV data products.”
This is because the EBV definitions are meant to be static
(Pereira et al., 2013), whereas the specific EBV data prod-
ucts or calculation of their values can be flexible. These
lists were developed through consensus among
researchers in EuropaBON from various fields during
multiple workshops (Hardisty et al., 2019; Lumbierres &
Kissling, 2023), making them a prioritized and harmo-
nized set of representative EBV products for Europe.

2.1 | Existing datasets and EBVs in
Japan

We assessed the availability of monitoring, inventory,
and processed datasets derived from field observations on
biodiversity and ecosystems in Japan by reviewing promi-
nent websites and databases focused on nature conserva-
tion, biodiversity observation, and forest resource
assessments. We primarily targeted datasets with nation-
wide coverage and local datasets registered in national
databases. We also included some local open-access data-
sets that are maintained by universities and local
researchers. Regarding RS datasets, while global data are
generally available (Vihervaara et al., 2017), we concen-
trated on the availability of data specifically from
Japanese data providers. Ecosystem monitoring maps for
Japan can be accessed via the Japanese Aerospace Explo-
ration Agency (JAXA) data portals and the Data Integra-
tion and Analysis System (DIAS) program, which is
currently hosted by the Japan Agency for Marine-Earth
Science and Technology and operated in collaboration
with multiple institutions. However, most of these maps
are coarse-resolution Earth-observation products (typi-
cally ≥10 m resolution). Higher resolution (3–10 m)
observations, such as those from the Advanced Land
Observing Satellite mission, are available but with inter-
mittent coverage and revisit times. As the primary focus
of this study was to examine the alignment between
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existing data and EBVs, we did not conduct in-depth ana-
lyses of the data itself, such as an assessment of the spa-
tiotemporal or taxonomic coverage. However, when
applying these data in practice, it is essential to consider
such potential biases.

In total, we identified 16 primary national data pro-
viders (Table 1) and summarized their datasets into
65 tabular, 5 media, and 27 spatial datasets (detailed list
in Table S1). Existing biodiversity datasets in Japan cover
all EBV classes, with at least one direct (dark blue in
Table 1) and several indirect (light blue) connections of
datasets available for each EBV. Direct connections refer
to datasets that can directly describe the EBV, whereas
indirect connections refer to datasets with different pri-
mary purposes that can be used to calculate the EBV. For
example, the purpose of species surveys is to gain infor-
mation on the distribution and abundance patterns of
particular species; therefore, this is directly related to the
EBV attributes, Species distributions and Species abun-
dances. However, these data can also be used indirectly
to calculate Community abundance if combined with
other species surveys or data.

Datasets for the EBV classes, Species populations,
Community composition, and Ecosystem function are par-
ticularly abundant in Japan. The abundance of these
datasets is driven by the need to meet national biodiver-
sity goals and targets. In Japan, another contributing fac-
tor is the alignment of these datasets with the research
interests of ecologists, although many datasets are still
not fully open. In addition, some datasets span multiple
EBV classes (e.g., vegetation maps, surveys, inventories,
and national surveys), providing valuable linkages among
classes. There are also multiple EBV connections in the
spatial datasets, such as the “big trees” data to inform
species' distributions and morphologies, or tree commu-
nity data that inform both species and ecosystem distri-
bution EBV attributes. In certain regions and particularly
for well-studied species, Japan has relatively abundant
data on genetic composition, an EBV class that is often
underrepresented in other countries (Hoban et al., 2022).
Apart from the nationwide data providers, we identified
local data providers, mainly universities, who collect
point-scale data related to their research (e.g., the bum-
blebee's dataset from the University of Tokyo) and often
manage experimental forests and areas and their related
data. Although their spatial coverage is limited, when
combined, they can cover wide latitudinal ranges and
serve as valuable resources for describing aspects of bio-
diversity lacking information in national datasets.

In terms of datasets for RS EBV, the spatial resolution
of the identified data is relatively coarse (generally 5 or
10 km), which limits its applicability. Data with resolu-
tions of 1 km or finer are generally preferable for

measuring biodiversity and validation efforts at national
scales. However, some RS-derived datasets still lack suffi-
cient repeatability, highlighting the need for further
efforts to enhance consistency and validation across
space and time. Some specific datasets for EBVs, such as
the Phenological Eyes Network, a camera-based monitor-
ing system that collects pictures daily during the growing
season, are particularly valuable for validating satellite
observations of phenological changes. Furthermore, there
are Japan-specific datasets for EBVs, such as the
Satoyama index (Kadoya & Washitani, 2011). This metric
reflects the mosaic nature of land use in Japan's tradi-
tional rural landscapes that provide important habitats
for many species (“satoyama” in Japanese), and it is cal-
culated based on the diversity of nonurban land uses
within a unit area, including farmland. The index aligns
with the Ecosystem structure class, as it incorporates phys-
ical parameters of traditional land use types in rural
areas. Given Japan's high frequency of natural distur-
bances, spatial datasets that observe the impacts and
extents of these disturbances are recommended for use in
the Ecosystem function class. Despite this, we identified
data gaps, particularly in certain taxonomic groups and
ecosystems. For example, tree species data are abundant
in major surveys, whereas grassland ecosystems are less
extensively monitored, with only limited continuous
monitoring conducted by governmental agencies and
academic communities (Noda et al., 2023).

Data providers include not only academic monitoring
bodies and projects, such as the Japan Long Term Ecolog-
ical Research Network (JaLTER), but also national
efforts, such as the Monitoring Sites 1000 Project led by
the Ministry of the Environment of Japan under a previ-
ous NBSAP. Launched in 2003, this project aims to moni-
tor �1000 sites nationwide covering diverse ecosystems
to accumulate long-term data, as outlined in Japan's 2nd
NBSAP (MOE, 2002). This project enables the early
detection of degradation in Japan's natural environment
using both qualitative and quantitative methods. Periodic
surveys are conducted by a broad group of researchers,
NPOs, and citizen scientists who contribute to the overall
quality, quantity, and variety of collected biodiversity
data. Such long-term, large-scale, and government-led
monitoring efforts are rare in Asia and represent a
remarkable advantage for Japan's biodiversity monitoring
system.

2.2 | Existing datasets and EBVs in
Finland

Following the procedure of compiling datasets and EBVs
in Japan, we gathered similar information from Finland
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to compare the available datasets and their relevance for
the EBVs in these two countries. The Finnish Natural
Resource Institute (Luke) and Finnish Environment
Institute (Syke) are the two major data providers respon-
sible for coordinating national monitoring schemes, syn-
thesizing information for ecosystem and natural resource
statistics, and implementing and reporting for environ-
mental policy and legal framework processes. In addition,

the Finnish Museum of Natural History coordinates some
species monitoring schemes, and the Finnish Biodiversity
Information Facility (FinBIF) is the major national data
repository for species observations. Moreover, there are
numerous individual organizations and research commu-
nities that produce valuable biodiversity data, and those
that are comparable to Japanese datasets are listed in
Table 2. Recently, a new Finnish Nature Information

TABLE 2 Finnish biodiversity datasets, their data providers, and connections to Essential Biodiversity Variables (EBVs).
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1 ✓ Genome data for some selected species 1/3

2 ✓ Game mammals 2/2

3 ✓ Species distribution of invasive species 1/1

4 ✓ Phenology of fructification of wild fruits 1/2

5 ✓ Flowering phenology 1/3

6 ✓ Leaf phenology 2/4

7 ✓ Pine branch elongation 2/1

8 ✓ Soil microbial and eDNA 2/8

9 ✓ Soil microbe community 2/4

10 ✓ Soil microbe physiology 1/2

11 ✓ ✓ Biomass from forest inventory 1/1

12 ✓ Standing and lying deadwood plot measurements 2/3

13 ✓ Species distribution of main trees 5/4

14 ✓ Agricultural land use 1/3

15 ✓ Vegetation cover 2/3

16 ✓ Genetic diversity monitoring 1/3

17 ✓ Terrestrial birds 3/6

18 ✓ Water birds 3/6

19 ✓ Species monitoring of threatened species (Red Lists) 2/1

20 ✓ ✓ Northern Lapland habitat monitoring 3/1

21 ✓ ✓ Distribution survey of various terrestrial mammals 1/2

22 ✓ ✓ Distribution data of terrestrial reptiles 1/-

23 ✓ ✓ Monitoring of butterflies and moths 5/4

24 ✓ ✓ Species distribution of bumblebees 1/8

25 ✓ ✓ Species distribution of terrestrial plants 2/6

26 ✓ ✓ Occurrence of migratory birds 4/-

27 ✓ Moth flying periods 1/-

28 ✓ ✓ Zoonation analysis for forests 1/1

29 ✓ Satellite observations** 4/4

30 ✓ Standing and lying deadwood drone measurements 2/3

31 ✓ ✓ Regional greenhouse net emissions 1/1

32 ✓ ✓ Butterfly and moth census 5/5

33 ✓ ✓ Species distribution of bumblebees 1/8

34 ✓ Vegetation height 1/3

35 ✓ Land cover map 1/1

36 ✓ ✓ Habitat types in protected areas 1/1

37 ✓ DNA barcode of selected species 1/-

38 ✓ ✓ Distribution data of terrestrial birds 3/4

39 ✓ ✓ Distribution data of terrestrial reptiles 1/-

40 ✓ Fine root dynamics 1/2

41 ✓ Aboveground/soil environment 1/2

42 ✓ Decomposition rate within study plot 1/2

43 ✓ ✓ Bird ringing data 4/-

44 ✓ ✓ Survey of pollinator species 2/2

45 ✓ ✓ Distribution data of terrestrial reptiles 1/-

46 ✓ ✓ Weather radar data of migratory objects 2/2

47 ✓ Phenological cameras 1/2

BF 48 ✓ Occurrence of migratory birds 4/-

CG* 49 ✓ Net Ecosystem exchange and gross primary production 2/-

FFA 50 ✓ Agricultural land use 1/3

FGI 51 ✓ Vegetation height by airborne Laser scanning 2/1

FinBOL 52 ✓ DNA barcode of selected species 1/-

GSI 53 ✓ Soil map 1/-

Sieniatlas 54 ✓ Phenology of fructification of mushrooms 1/7

Sums of direct/indirect connections 1/2 -/2 1/1 -/2 22/5 12/8 4/12 1/8 11/6 3/7 2/4 5/8 5/9 -/12 2/9 3/7 8/9 4/6 5/9 4/1 7/8 100/135

Ratio of each class within of total direct/indirect connections

Format

Luomus

Luke

FinBIF

FO

*oteitotnouL

Syke

0.15/0.16 0.16/0.130.02/0.05 0.34/0.10 0.21/0.27 0.12/0.28

Species traits Community 
composition

Ecosystem 
structure

Ecosystem 
functionGenetic composition

Species 
population

s
EBV class

FMI

Note: Dark blue indicates a direct connection to an EBV, reflecting the primary objective of the dataset. Light blue indicates a partial connection, representing
additional potential uses of the dataset, regardless of its data coverage. Data formats include tabular, media (audio, photo, and video), and spatial (dedicated
raster or shapefiles).

Abbreviations of Providers: BF, Birdlife Finland; CG, Climate Guide; FFA, Finnish Food Authority; FGI, Finnish Geospatial Research Institute; FinBIF,
Finnish Biodiversity Information Facility; FinBOL, Finnish Barcode of Life; FMI, Finnish Meteorological Institute; FO, Field Observatory; GSI, Geological
Survey of Finland; Luke, Natural Resources Institute Finland; Luomus, Finnish Museum of Natural History; Luontotieto, The Finnish Nature Information
Hub; Sieniatlas, Fungi Atlas; Syke, Finnish Environment Institute.
*Provides access to data from different original sources.

**Satellite products from various sources.
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Hub (Luontotieto) was established to serve as a national
gateway for all biodiversity and ecosystem data. This hub
provides a search engine for available datasets and their
metadata across key data-providing organizations in
Finland. It currently offers metadata for available data-
sets and allows the data to be classified by type or main
ecosystem class. Furthermore, the Luontotieto hub pro-
vides an overview of all Finnish biodiversity monitoring
schemes, indicators, and other information on the state
of nature.

To evaluate the usability of each Finnish dataset for
calculating EBVs, we classified the datasets by data for-
mat in the same manner as the Japanese datasets in
Table 1. In total, we listed 54 datasets from 14 primary
national data providers in Table 2, and a more detailed
list is provided in Table S2. Similar to Japan, there was a
trend of more datasets for population abundance (Species
populations) and habitat structure (comparable with Eco-
system distribution) (Vihervaara et al., 2017). Some EBV
datasets had temporal gaps in their monitoring, limita-
tions in spatial coverage to specific regions or sites, or
used sampling methods that were not designed to provide
comprehensive national data layers or contribute directly
to EBVs. Nevertheless, we included them in Table 2, as
their methods can be extended to improve their capacity
for informing EBVs.

2.3 | Differences and commonalities in
existing datasets between Japan and
Finland

The number of direct and indirect connections of datasets
and EBV, and data providers in Japan and Finland
showed interesting similarities and differences (Figure 2).
The top data provider in Japan is the Biodiversity Center
of Japan (BCJ) under the Ministry of the Environment,
whereas that in Finland is the Luke, affiliated with the
Ministry of Agriculture and Forestry. This highlights that
in both countries, governmental institutions play a cen-
tral role in securing biodiversity data. Nationwide data
hubs hold the second position, with JaLTER in Japan
and Luontotieto in Finland, underscoring their impor-
tance in ensuring data visibility and dissemination. The
third position is occupied by the national environmental
research institutions NIES in Japan and Syke in Finland,
both providing diverse and mostly interdisciplinary data-
sets for EBV. In addition, Syke provides marine and
freshwater-related data, but these were not included in
this evaluation due to our focus on terrestrial data. Inter-
estingly, the top three data providers in both countries
contributed more indirect EBV connections than direct
ones. This trend was most obvious in the BCJ datasets,

which had a higher number of indirect than direct EBV
connections. This contributed to enhanced EBV coverage,
particularly for the Community composition class, com-
pared with its Finnish counterpart, the Luke. We also
compared the availability of datasets using direct connec-
tions to each EBV attribute between Japan and Finland
(Figure S1). Regarding differences, within the Species
populations class, Japan has more datasets for Species dis-
tributions than Finland, as indicated by the asymmetrical
node heights in the EBV column. In addition, Japan has
a larger amount of data available for Ecosystem distur-
bances than Finland.

2.4 | Comparative assessment of
biodiversity data availability in Japan

Focusing on the terrestrial ecosystems and their descrip-
tions, we compared the availability and coverage of
Japanese biodiversity data (Table 1) with the GEO BON
EBV attributes and EBV data product lists recommended
by EuropaBON and Finland (Box 1). Due to key differ-
ences in geography, climate, and biodiversity priorities
between Japan and Europe, we assumed that data avail-
ability would vary by EBV class and attribute, and also
that certain EBV data products might need modifications
to best suit Japan's unique environmental and conserva-
tion needs.

First, we categorized the existing biodiversity data
(the sum of direct connections) in Japan for each EBV
class (Table 1) as having “high,” “medium,” or “low” data
availability compared with the GEO BON, EuropaBON
(Retrieved on March 30, 2025, from https://github.com/
EuropaBON/EBV-Descriptions/wiki/Master-EBV-List),
and Finland EBV lists. Japanese data availability for the
GEO BON EBVs at the national scale was classified as
either “medium,” with 4–6 direct connections based on
Table 1, or “high,” with ≥7 direct connections. In con-
trast, “low” indicated the lower availability of Japanese
national-scale data with ≤3 direct connections. Data cov-
erage for the regional EBV data products was decided
based on the type of data available. For example, in the
Species populations class, EuropaBON has EBV data
products related to the distributions and abundances of
terrestrial and migratory birds, and these data are also
available from the BCJ with adequate point data distribu-
tion across the country, so the data availability was classi-
fied as “medium.” For the EuropaBON flowering and leaf
senescence EBV data product in the Species traits class,
Japan has ample and high-quality related data, so this
EBV data product was classified as “high.” An example of
a “low” EBV data product is the abundance of certain
arthropod groups (e.g., other than butterflies and bees)
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with poor data coverage. Although this classification was
partially subjective, assessing all datasets in detail
was beyond the scope of this study.

The GEO BON EBV attributes and the data products
calculated for them by EuropaBON and Finland differed
from each other, demonstrating the issues faced when
comparing different ecoregions and their data. We found
that Japan had adequate or better data for about half or
more of the total EBV data products for each entity: 48%
for GEO BON (5 “medium” and 5 “high” out of 21 total),
69% for EuropaBON (11 “medium” and 13 “high” out of
35 total, with 1 inapplicable category), and 65% for
Finland (9 “medium” and 8 “high” out of 26 total). In

addition, we identified 10 unique EBV data products
in Japan not included in the lists for EuropaBON or
Finland, attributed to the Species populations, Species
traits, or Ecosystem function classes (Table 3).

Individual examination of the EBV classes revealed
that the Genetic composition class had only one EBV data
product recommended by EuropaBON and four EBV
data products recommended by Finland, reflecting their
poor data availability. While Japan has several datasets
focusing on the genetic diversity of endangered and agri-
culturally or economically important species, there is a
lack of genetic data on other wild populations. As pro-
posed by Hoban et al. (2022), effective population size

FIGURE 2 Comparison of the number of direct (left) and indirect (right) connections between datasets and essential biodiversity

variables (EBVs) by data provider in (a) Japan and (b) Finland, based on Tables 1 and 2. Data providers are ordered by the number of direct

connections, followed by total connections (direct + indirect), and then alphabetically. Colors indicate different EBV classes.
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TABLE 3 Biodiversity data quality and availability in Japan compared with the global-focused Group on Earth Observations

Biodiversity Observation Network (GEO BON) essential biodiversity variable (EBV) attributes, the regional-focused Europa Biodiversity

Observation Network (EuropaBON) EBV list, and Finland's EBV list.

EBV class GEOBON EuropaBON Finland
Additional
Japanese data

Genetic
composition

Genetic diversity Genetic diversity of selected taxa Co-ancestry

Allelic diversity

Genetic
differentiation

Population genetic
differentiation

Effective population
size

Inbreeding Breed and variety
diversity

Species
populations

Species distributions Birds Species distribution

Mammals

Reptiles

Prior. Invertebrates, key pollinators Mollusks

Plants Selected tree
species

Lichens

Alien taxa of concern

Species abundances Birds Population abundance Migratory birds

Mammals

Butterflies

Disease vectors

Crop and forest pests

Population structure by
age/size class

Species traits Morphology Body mass/Biomass

Physiology Physiological traits

Phenology Fructification of mushrooms and wild fruits

Flowering and leaf senescence Phenology Cherry
blossoming

Urban flowering

Leaf flowering

Migration of terrestrial birds

Emergence of butterflies

Arrival of migratory butterflies

Movement Migratory behavior

Reproduction Natal dispersal distance Seed size,
weight

Demographic traits

Community
composition

Community
abundance

Comm. biomass of selected functional arthropod
groups

Community biomass of soil microbes

Aerial biomass of migratory birds, bats and
insects

Abundance of pollinator insects

(Continues)
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(Ne), a fundamental parameter for genetic biodiversity,
can still be estimated even in the absence of direct
genetic data. Ne is closely related to census population
size (Nc), defined as the number of individuals in a theo-
retically ideal population, which can be estimated from
the Species distributions and Species abundances attri-
butes. The Species populations class has the widest data
coverage in both Japan and Europe, but data are incom-
plete for some taxa (Table S1). Data categorized as “high”
are most prevalent in the Species traits and Ecosystem
function classes. For the Species traits class, Japan has a
variety of long-term records of cultural importance,
mainly phenological observations of flower blossoming
and leaf senescence (Shin et al., 2023). Similar

nationwide and long-term phenological observations are
rare in Europe; one example is the recording of grapevine
budbreaks since 1740 in K}oszeg, Hungary (ICH, 2024).
However, there is a lack of direct Japanese datasets
related to three of the five GEO BON EBV attributes in
this class (Physiology, Movement, and Reproduction). In
the Ecosystem function class, data categorized as “high”
are attributed to the extensive records of environmental
disturbances in Japan. Disturbance drivers are quite dif-
ferent between Europe and Japan; fire is the dominant
natural disturbance type in Europe, whereas massive
fires are rare in Japan. In contrast, the major disturbance
drivers affecting Japanese terrestrial biodiversity are
biotic, such as herbivory by deer and agricultural pests,

TABLE 3 (Continued)

EBV class GEOBON EuropaBON Finland
Additional
Japanese data

Taxonomic/
phylogenetic
diversity

Taxonomic diversity of pollinator insects Taxonomic diversity

Trait diversity Functional composition of soil biota Functional diversity

Interaction diversity Species interactions

Ecosystem
structure

Live cover fraction Standing and lying deadwood

Ecosystem
distribution

Distribution of habitats Ecosystem extent and
fragmentation

Connectivity of habitats Habitat structure/
condition

Ecosystem vertical
profile

Vertical structure of vegetation

Ecosystem composition
by functional type

Ecosystem
function

Primary
productivity

Ecosystem productivity Carbon sequestration

Rate of decomposition Decomposition

Net primary productivity

Secondary productivity

Nutrient retention

Water filtration and
retention

Ecosystem
phenology

Ecosystem phenology

Ecosystem
disturbances

Fire disturbance Disturbance regime Typhoons

Disturbance as measured by the human
appropriation of net primary production

Earthquakes

Mammal herbivory Volcanic
eruptions

Bird herbivory

Note: Spatial arrangements indicate the correspondence between the EBV classes and GEO BON EBV attributes, and between EBV attributes and data products
included in the EuropaBON and Finland EBV lists. Colored cells represent individual EBV data products, and their fill colors indicate data availability in Japan

(Blue: High; Green: Medium; Yellow: Low; Gray: Not applicable).
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BOX 2 Remote sensing approaches for
phenology EBVs

Vegetation phenology, including the timings of
flowering, leaf unfolding, and senescence, deter-
mines annual photosynthetic production and the
seasonal availability of food and habitats for ani-
mals. Because of its fundamental role in regulat-
ing these ecological processes, phenology is
represented by the attributes Phenology and Eco-
system phenology within the EBV classes Species
traits and Ecosystem function, respectively, in the
EBV framework. Phenology is also related to the
Species populations and Community composition
classes by influencing the availability of food and
habitats, and to primary productivity in the Eco-
system function class by regulating the seasonal
cycle of photosynthesis. This makes phenology a
variable that spans several EBV classes, reflecting
its broad ecological significance, relevance, and
feasibility for RS; it was thus featured in a recent
priority list for RS-based EBVs (Skidmore
et al., 2021). Here, we focus on phenology as a
cross-cutting variable that influences multiple
EBV classes, emphasizing the importance of RS
techniques to provide accurate, timely data that
can inform several biodiversity and ecosystem
processes.

Phenological data records the onset of flower-
ing and other seasonal phenomena of interest
from both cultural and scientific perspectives,
leading to the collection of much data around the
world. In Japan, the flowering of cherry trees has
great cultural importance and has thus been well
recorded since ancient times. Aono and Kazui
(2008) published an unprecedented phenological
dataset about cherry tree flowering covering
>1200 years (812–2021) based on information
gathered about full bloom dates from diaries and
chronicles written by emperors, aristocrats, gov-
ernors, and monks. More recent data covers more
variables at a wider taxonomic scale: the Japan
Meteorological Agency (JMA) observed pheno-
logical events for 34 plant and 23 animal
species—such as dates of blooming, leaf coloring,
and the first songs of birds and insects—using a
unified nationwide observation method at
58 weather stations in Japan from 1953 to 2020
(Table 1, No. 60). While the JMA dataset covers a
shorter time period compared with Aono and
Kazui's dataset, it was collected using systematic

methods, making it suitable for understanding
long-term trends. This JMA dataset indicates an
early blooming and leafing trend for cherry blos-
soms (advancing by 0.9 days/decade) and a
delayed autumn coloration trend for maple
leaves (delayed by 3.2 days/decade). Since 2021,
these observations have been continued by the
National Institute for Environmental Studies
(NIES) through citizen science initiatives.

RS techniques, including in situ and satellite
observations, are well-suited for phenological
monitoring. These techniques are mainly based
on time series of vegetation indices (e.g., the Nor-
malized Difference Vegetation Index [NDVI]),
calculated from spectrometry data collected over
several decades (Duchemin et al., 1999;
Schwartz, 1998; White et al., 1997), or from the
RGB values of digital camera images (Ide &
Oguma, 2010; Peltoniemi et al., 2018;
Richardson, 2019; Wingate et al., 2015). The Phe-
nological Eyes Network (PEN), a network for in
situ RS, has provided long-term data on canopy-
scale camera images and canopy reflectance at
�30 sites worldwide, mainly in Japan
(Nasahara & Nagai, 2015). Global datasets
derived from satellite sensors with moderate spa-
tial resolution, such as the Moderate Resolution
Imaging Spectroradiometer (MODIS) (Ganguly
et al., 2010; Gray et al., 2019) and the Visible
Infrared Imaging Radiometer Suite (VIIRS)
(Moon et al., 2019), have also been widely used.
In Finland, information on forest phenology was
estimated using MODIS observations with
methods adapted for boreal forest ecosystems
(Böttcher et al., 2014; Böttcher et al., 2016). In
Japan, the RS of phenology has been particularly
focused on deciduous forests, and RS-based phe-
nology data have been used to estimate gross pri-
mary production (GPP) (Muraoka et al., 2013)
and make future predictions under climate
change (Hadano et al., 2013). Some limitations
include a lack of species-level resolution for
observations by MODIS and VIIRS at global and
regional scales (Schmeller et al., 2018) and time
intervals that, while frequent, may still be insuffi-
cient to capture phenological changes in regions
with frequent cloud cover or ecosystems where
key phenological events occur over short time
windows (e.g., flowering and greening in alpine
regions). In such cases, a ground-based approach
can be particularly useful. Especially in alpine
regions where frequent cloud cover limits satel-
lite observations, time-lapse camera monitoring
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and natural disaster-related, such as typhoons and earth-
quakes, as well as their secondary impacts, including
windthrow, landslides, and tsunamis (Hirayama
et al., 2020; Ishihara & Tadono, 2017). In addition, Japan
has several active volcanoes, with some erupting fre-
quently every 30–50 years (e.g., Mount Usu in Hokkaido),
causing repeated cycles of successional vegetation stages.
The differences in the drivers and causes of disturbance
suggest that related datasets for EBV data products may
need to be specified based on local importance, which
may make them inappropriate for inter-regional compari-
son. Finally, the Ecosystem structure class has a balanced
number of EBV attributes and data products categorized
as “high” and “low,” whereas the Community composi-
tion class is categorized as “low” for some community
abundance metrics, as well as trait and interaction diver-
sities. Although there is no direct connection to taxo-
nomic diversity, several datasets in the Species
populations class can inform this EBV.

The observed commonalities and differences between
Japan and Finland may also be attributed to various fac-
tors, including the mechanisms related to overuse or
underuse of biodiversity, the cultural significance of
biodiversity (e.g., tourism and religion), and politically
relevant issues, such as invasive species. Fundamentally,
data for the Species populations class are rich across all
regions, reflecting its essential role in producing policy-
relevant indicators. However, there are some EBV data
products in the Species traits and Ecosystem function clas-
ses that have particular relevance in Japan and perhaps
the greater Asia-Pacific region as well, such as phenologi-
cal events of cultural importance and regional environ-
mental disasters. These EBV data products are necessary
to better address specific and regional biodiversity
challenges.

In particular, enhancing data availability aligns with
the emerging approaches for efficient biodiversity data

has proven to be an effective method for pheno-
logical monitoring (Ide & Oguma, 2013). In the
future, analyses of photographs shared by moun-
tain hikers on social media may also offer a
promising complementary dataset.

In recent years, high-resolution satellite
observations (≤30 m) are available at a suitable
temporal frequency (e.g., �5-day resolution for
ESA Sentinel-2 satellites) to describe vegetation
phenology, and methods have been developed for
these data to estimate vegetation phenological
metrics for the global-scale biodiversity assess-
ments made by the European Space Agency
GlobDiversity project (Röösli et al., 2020). The
higher spatial resolution of Sentinel-2 allows a
better link between satellite observations and
community phenology compared with MODIS or
VIIRS, as the pixel size aligns more closely with
the actual patterns of vegetation distribution. In
Europe from 2016 onwards, the Copernicus ser-
vice on High Resolution Phenology and Produc-
tivity (HR-VPP) provides phenology and
productivity metrics at 10 m spatial resolution
calibrated with observations from carbon flux
measurement sites, phenological cameras, and
phenological databases (Tian et al., 2021). The
lower revisit frequency of Sentinel-2 satellites,
although relatively frequent, poses a challenge
compared with the daily observations of MODIS
or VIIRS, particularly in areas with short growing
seasons, snow cover, and frequent cloud cover.
Hence, observation frequency may limit the
accuracy of derived phenological metrics. To fur-
ther improve observation frequency, fusion of
high-frequency information from MODIS/
Sentinel-3 and high spatial resolution from Land-
sat/Sentinel-2 has been proposed (Feng
et al., 2006; Wang & Atkinson, 2018). Data fusion
can enhance the accuracy of the phenological
events detected in heterogeneous landscapes
when cloud-free and high-resolution images can-
not capture key vegetation phenological stages
(Diao et al., 2024; Tian et al., 2024). Recently, the
availability of daily PlanetScope imagery with
very high spatial resolution (3 m) and near-daily
image frequency provides novel opportunities for
monitoring the phenology of terrestrial ecosys-
tems. Fine-scale variations (Moon et al., 2021)
and flowering events (Dixon et al., 2021) can be
captured with these data, opening new avenues
for the detection of species-level phenology
from space that could inform the Species traits
class and its Phenology attribute. Recently,

geostationary satellite sensors, which observe the
same area at short time intervals, have also been
available for phenology monitoring. Frequent
observation enables monitoring during brief
breaks in cloud cover, even in frequently cloudy
areas, making more detailed phenology examina-
tion possible. An example is the 10-min temporal
resolution NDVI data from Himawari-8, which
has a relatively coarse spatial resolution of 2 km.
These sensors have been used to efficiently moni-
tor the phenology of forests in Japan (Miura
et al., 2019) and grasslands in Australia (Tran
et al., 2020).
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BOX 3 Biodiversity modeling approaches
for EBVs

Biodiversity modeling has emerged as a powerful,
comprehensive, and scalable approach to calcu-
late EBVs across spatial and temporal scales
(Boyd et al., 2023; Jetz et al., 2019; Kissling,
Walls, et al., 2018; Tehrani et al., 2021). Species
distribution models (SDMs) use data on species'
occurrences and environmental variables to
make predictions of potential geographic distri-
bution (Guisan et al., 2017), including for areas
and times without sampled occurrence data
(e.g., Tehrani et al., 2021). Predictions of SDMs
do not refer to realized distributions of species
(i.e., where species actually inhabit) but rather to
where they could potentially inhabit given a host
of assumptions. Potential distribution informa-
tion is very useful because it tells us where suit-
able environments are for the species, but SDM
predictions may need post-processing using
ancillary data such as expert maps so they can
best approximate actual ranges to inform the Spe-
cies distributions EBV attribute (e.g., Oeser et al.,
2024). Workflows for these models can be quite
complex, involving preparation and processing of
spatial data, cleaning data of spatial and tabular
errors, addressing data biases, tuning the com-
plexity of machine learning algorithms used for
modeling, and finally exploring and interpreting
model outputs (Sillero et al., 2021). Further, there
are many potential algorithms used for SDMs,
and although top-performing methods have been
identified, there is no single “best” solution for
all research questions (Valavi et al., 2022). Luck-
ily, there are many open-source programming
tools available for SDMs that can help
researchers implement methodological best prac-
tices (Kass et al., 2024). Additionally, interactive
tools that require little to no programming, like
Wallace EcoMod (Kass et al., 2023) or BON in a
Box (Griffith et al., 2024), make these tools avail-
able for a broader user base.

To produce accurate model estimates, data of
both high quality and quantity are essential. Cur-
rently, the wide availability of open datasets for
opportunistic species' occurrence data, such as
GBIF (https://www.gbif.org/) and the Japanese
satellite group JBIF (https://gbif.jp/en/), and
OBIS (https://obis.org/), and for climate data
such as WorldClim (https://worldclim.org/),

CHELSA (https://chelsa-climate.org/), and BIO-
Oracle (https://www.bio-oracle.org/), among
others, provides valuable resources for SDMs.
Expert range maps for some species are available
from data providers like the IUCN Red List data-
base (https://www.iucnredlist.org/), but as these
may be missing unsampled areas or follow politi-
cal boundaries, used alone, they may be inappro-
priate for biodiversity estimates (Orr et al., 2022).
Another strategy is to estimate the “area of
habitat,” which is a correction of an expert map
using ancillary data such as elevational limits
(Brooks et al., 2019), and these can be used as
alternatives to SDMs (though the products are
maps with single values instead of continuous
prediction surfaces).

Estimates of abundance are much more infor-
mative than those for distribution alone because
they allow us to make better inferences about
biomass, ecosystem function, population dynam-
ics, and extinction risk, for example. However,
data on abundance are more difficult to acquire
than species occurrences, as they typically
require structured sampling designs and signifi-
cant effort, resulting in a shortage for most taxa
(Kissling, Ahumada, et al., 2018). This means it is
critical to both gather more abundance data and
begin new long-term sampling regimes to build
on existing efforts like JaLTER, Monitoring Sites
1000, and the National Forest Inventory (see
Table 1). Some national Japanese datasets, such
as those for the Monitoring Sites 1000 Project,
have abundance data on select species, but these
are typically focused on plants and are narrow in
taxonomic scope. When the data is available,
models that predict species' abundance can be
fitted with many of the same methods as for
SDMs, and they can estimate environmental
drivers and map predicted abundance patterns
for different areas and times given future envi-
ronmental data (Waldock et al., 2022).

SDMs have clear applications for the Species
Populations class, but they can also be used to
make community estimates for the Community
composition class. Gridded estimates of commu-
nity composition can be made by overlaying
(or “stacking”) SDMs from individual species,
then optionally correcting assemblage estimates
using ancillary data on species interactions to
remove improbable co-occurrences (D'Amen
et al., 2015). Alternatively, joint SDM approaches
can be implemented that model multiple species'
distributions simultaneously and account for
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acquisition in two key areas: phenology and species dis-
tribution. First, phenology is a crosscutting ecological
variable represented by the Phenology and Ecosystem
phenology attributes within the Species traits and Ecosys-
tem function classes. It benefits from long-term observa-
tional datasets and is suitable for RS-based monitoring
(Box 2). Second, the Species distributions EBV attribute
can be effectively addressed using modeling-based
approaches, such as species distribution models (SDMs),
which are widely employed for estimating potential spe-
cies ranges across spatial and temporal scales (Box 3).
Furthermore, joint SDM approaches are expected to con-
tribute to estimating community-level properties, which
support the Community composition class. Together, the
RS- and model-based approaches are increasingly recog-
nized as cost-effective and scalable methods capable of
supporting multiple EBV classes and capturing spatio-
temporal biodiversity patterns across diverse ecosystems
and biomes.

3 | EBVs AND INDICATORS FOR
NBSAP TARGETS IN JAPAN

As EBVs capture the distribution, status, and trends of
species and ecosystems, they can be applied to calculate
indicators that measure the progress for each goal and
target, as well as their subcomponents of global
and national targets, such as KMGBF and NBSAPs (Kim
et al., 2023). Under the CBD definition, indicators can be

broken into different categories. Headline indicators are
a minimum set of high-level indicators that capture the
overall scope of the goals and targets of the KMGBF to be
used for planning and tracking progress of the Frame-
work. Complementary and component indicators support
or break down headline indicators into more specific
components to provide detailed information. For exam-
ple, the headline indicator recommended for reporting
progress on Target 3 (30 by 30) measures the coverage of
protected areas, other effective area-based conservation
measures (OECMs), and areas not formally designated as
protected areas that nonetheless contribute to biodiver-
sity goals; this is a promising metric that can be readily
assessed. For Target 3, for example, complementary and
component indicators measure species and ecosystem
status, evaluating the effectiveness of protected areas and
OECMs in ensuring species protection as well as ecosys-
tem health and connectivity (Table 4). Such indicators
and their subcomponents can be derived from EBVs, par-
ticularly from the classes Ecosystem structure and Species
populations, for which we identified an abundance of
available biodiversity data. These indicators reflect key
aspects of biodiversity status and trends, such as those
related to species distributions, ecosystem distribution,
and habitat connectivity, and are essential for assessing
the trajectories of different aspects of biodiversity. Moni-
toring the effectiveness of biodiversity conservation must
go beyond simply assessing protected areas, so these indi-
cators should play a crucial role in providing a holistic
view of progress. Furthermore, national-scale EBV assess-
ments can support the identification of ecologically
important areas that can qualify as OECMs by providing
indicator-based insights into biodiversity status and
trends. Such data-driven approaches can facilitate the
expansion of area-based conservation beyond formally
designated protected areas (Shiono et al., 2021).

At the national level, EBVs can also contribute to
monitoring biodiversity and establishing a regional sys-
tem for activities related to the implementation and man-
agement of OECMs. In Japan's new NBSAPs (MOE,
2023), one of the key targets is the domestic implementa-
tion and delivery of the 30 by 30 target, which involves
local stakeholders such as companies, universities, and
schools with “green areas” on their campuses or land. To
support this, Japan launched the 30 by 30 Roadmap in
2022 (MOE, 2022a). OECMs play a critical role in achiev-
ing this target, particularly by engaging local stake-
holders in the management of conservation sites. Japan's
policy to promote OECMs includes a scheme to certify
conserved areas as “Nationally Certified Sustainably
Managed Natural Sites.” These sites are meant to contrib-
ute to biodiversity conservation through the initiatives of
private entities and are based on criteria that require

shared environmental associations (Warton
et al., 2015). Community composition estimates
from these methods can be used to calculate vari-
ous biodiversity indices that inform EBV attri-
butes for the Community composition class, such
as maps of taxonomic richness and turnover
(e.g., alpha and beta diversity), as well as similar
maps for phylogenetic, functional, abundance,
genetic, and interaction diversity when the
appropriate datasets are available (Pollock
et al., 2020).

In sum, biodiversity models can provide the
core data needed to calculate different EBVs, and
these can be tailored to priority EBV attribute
values for countries, given other diverse data
inputs. As more community modeling applica-
tions are developed and techniques to integrate
different datasets progress, we expect that biodi-
versity models will continue to grow as key con-
tributors to EBV estimation over time.
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TABLE 4 Proposed components and complementary indicators for Target 3 (as proposed at the 15th meeting of the Conference of the

Parties to the Convention on Biological Diversity [SCBD, 2022]), and the criteria for 30 by 30 in Japan (MOE, 2022b), including essential

subcomponents of the indicators and their corresponding essential biodiversity variable (EBV) attributes.

Indicator level Indicators Subcomponent
Corresponding
EBV attributes Description No

Complementary
indicators

Protected area coverage of Key
Biodiversity Areas (KBAs)

KBAs Species
distribution,
Ecosystem
distribution

KBAs are sites that contribute
significantly to the global
persistence of biodiversity. They
are defined using EBVs such as
threatened species, species
distribution, and ecological
integrity.

1

Species protection index Species
abundance,
Species
distribution

The index measures the area-based
conservation targets met for
species within a country, directly
supported by species distribution
and species abundance EBVs

2

Red list of ecosystems
connectivity indicator (in
development)

Ecosystem
distribution

EBVs related to ecosystem extent,
ecosystem function, and ecosystem
structure could support this
indicator by providing data on
ecosystem health, connectivity,
and resilience.

3

Protected area connectedness
index (PARC-Connectedness)

Ecosystem
distribution

EBVs focusing on ecosystem
distribution and ecosystem
connectivity could contribute to
assessing the connectedness of
ecosystems across protected areas.

4

Red list of ecosystems Ecosystem
distribution,
Ecosystem
disturbance

EBVs such as ecosystem extent
and ecosystem function can inform
the assessment of ecosystem health
and risk of collapse, which are key
components of the Red list of
ecosystems.

5

Complementary
indicators

Status of KBAs KBAs Species
distribution,
Ecosystem
distribution

The condition of KBAs, whether
favorable or not, can be assessed
using species distribution and
ecosystem extent.

6

Protected area isolation index
(PAI)

Ecosystem
distribution,
Species
distribution

The index measures the degree of
isolation of protected areas and the
connectivity of species and
ecosystems between them.

7

Protected areas network metric
(ProNet)

Ecosystem
distribution

The metric assesses how well
protected areas form a cohesive
network to maintain biodiversity
and ecosystem services, which can
be measured by ecosystem
connectivity and extent

8

Coverage of protected areas and
Other Effective Area-based
Conservation Measures (OECMs)
and traditional territories (by
governance type)

Ecosystem
distribution

This value represents the simple
coverage of types of conserved
areas, which can be measured
using EBVs related to ecosystem
distribution.

9

(Continues)
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monitoring standards that can be supported by EBVs
(Table S3).

The validity of a proposed monitoring plan is assessed
based on the site's condition and its status in terms of bio-
diversity conservation value. Several criteria are consid-
ered: (1) area boundaries and naming; (2) governance;
(3) relevance of biodiversity elements, such as areas, spe-
cies, or functions important for conservation; and (4) con-
servation impact of activities, including the use of
appropriate monitoring methods and expert involvement.
Relevant EBVs can particularly contribute to (3) and (4).
In the case of (3), areas with pristine natural ecosystems
and species vital for conservation can be identified using
the EBV attributes Ecosystem distribution and Species
distributions, respectively. For (4), monitoring efforts
should ideally involve experts familiar with the site's nat-
ural environment and its associated biodiversity. The util-
ity and effectiveness of monitoring activities could be
significantly enhanced by sharing results of ecosystem
distribution monitoring in real time with experts via a
web platform, which would contribute to the assessment
and ongoing monitoring of OECM status.

While OECMs are expected to be monitored accord-
ing to their implementation plans, a key challenge is to
enable non-experts, such as local stakeholders, to effec-
tively design and perform these monitoring activities. For
example, citizen scientists enhance biodiversity research
by surveying under-sampled areas, such as private lands
and remote regions, thereby contributing to estimates of
species abundance using semistructured sampling as in
eBird and analyzing secondary data (e.g., photos and
audio) to reveal species interactions and habitat informa-
tion (Callaghan et al., 2021). Approaches that are both
accessible and robust are crucial, especially for partici-
pants without extensive scientific expertise. Such
participants can contribute valuable insights by assessing
the feasibility and practical application of EBV data prod-
ucts produced by scientists to monitor OECMs. The use
of indicator species is another way to simplify and
enhance the monitoring process. In Japan, abundant
insect species associated with particular ecosystems or
landscapes have often been used as indicators. For exam-
ple, the distribution and abundance of rhinoceros beetles

and small stag beetles can be considered potential indica-
tors of the health of coppice forests in satoyama areas
(MOE, 2024). Furthermore, EBVs for species distribu-
tions and functions can be used to identify indicator spe-
cies for different ecosystem types and conditions.

While high-resolution spatial data are needed for
monitoring OECMs, the currently available ecosystem-
based EBVs tend to have coarser resolutions, which
makes the generation of finer-scale maps of ecosystem
processes a priority. To maintain accurate spatial data,
field data must be used for verification. Moreover, moni-
toring data from OECM sites should be systematically
archived in data repositories to complement the EBVs
and enhance their utility. Such integration would enable
local-level monitoring for national-scale assessments,
ultimately establishing a feedback loop between OECM
implementation and EBV monitoring.

We examined the linkage among biodiversity data,
EBV attributes, global indicators, and national criteria for
the 30 by 30 targets and identified gaps among them
(Figures 3 and S2). The availability of biodiversity data
for each EBV class influenced the selection of indicators.
For example, data on the Species distributions and Eco-
system distribution attributes were typically available
and particularly applicable for the 30 by 30 indicators. In
contrast, Community abundance and Taxonomic diver-
sity from the Community composition class, as well as all
attributes of the Species traits class, were largely underuti-
lized for the current suggested indicators. Data on traits
such as phenology and taxonomic diversity are available
occasionally for Japan and could be effectively incorpo-
rated into indicators. This would promote a more bal-
anced utilization of EBVs across different classes,
reducing potential biases in biodiversity assessment.

Although each OECM is managed and monitored by
its respective stakeholders, the cumulative impacts of the
OECM network at the national scale must also be evalu-
ated. The connectivity of ecosystems and the integration
of mosaic landscapes with habitats for local biodiversity
within the OECM network can exert synergistic effects
that are particularly vital for maintaining ecological func-
tions, species migration, and dispersal, allowing genetic
exchange across regions. Patchy landscapes with high

TABLE 4 (Continued)

Indicator level Indicators Subcomponent
Corresponding
EBV attributes Description No

Proportion of terrestrial,
freshwater, and marine ecological
regions conserved by protected
areas or OECMs

Ecological
region
(Ecoregion)

Ecosystem
distribution

Ecoregions are defined by distinct
ecosystem types and can be
assessed using EBVs related to
ecosystem extent and distribution.

10
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habitat connectivity maintained via traditional agricul-
tural practices, such as satoyama, have harbored high
biodiversity over generations. Such landscapes provide
essential habitat for animals that depend on heteroge-
neous environments, such as various species of birds,
butterflies, damselflies, amphibians, and fishes, including
some species with conservation concern and important
ecosystem functions (Katoh et al., 2009). Monitoring the
overall connectivity, integrity, and stability of these land-
scapes is essential to fully capture the broader ecological
benefits of the OECM network. EBVs related to ecosys-
tem connectivity and structure can play a vital role in
tracking these synergies, ensuring that the OECMs not
only maintain the ecological integrity of individual sites
but also contribute to larger landscape-level conservation
goals.

4 | PERSPECTIVES

4.1 | Suggestions on moving forward
toward calculating EBVs at the national
scale in Japan

Here, we identified the availability and gaps of datasets
for EBVs in Japan and Finland, and we envision the next
step is to create a priority list of EBV data products for
Japan. High-priority EBVs that align closely with broader
biodiversity goals, targets, and local or national manage-
ment objectives, such as the Species populations and
Ecosystem structure classes, already have high data avail-
ability and ongoing monitoring activities. From a policy
perspective, this alignment ensures that the data col-
lected are meaningful for decision-making, reporting,

FIGURE 3 The links among biodiversity datasets in Japan, essential biodiversity variable (EBV) attributes, global indicators

(as proposed at the 15th meeting of the Conference of the Parties to the Convention on Biological Diversity [SCBD, 2022]), and the criteria

for 30 by 30 in Japan (MOE, 2022b). Only direct links to the spatial (S) and media (M) data are shown, listed in Table 1. The number of flows

represents the number of datasets (left column) and the number of corresponding indicators or criteria (right column), whereas the height of

the middle nodes represents how well connected an EBV is to the datasets and indicators. The codes for the 30 by 30 indicators are listed in

Table 4 for global indicators and Table S3 for Japan's national criteria. The figure was modified for a balanced representation; therefore, flow

widths are not representative of the data. The links among tabular (T) biodiversity data, indicators, and criteria for 30 by 30 in Japan are

shown in Figure S2.
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and conservation efforts. Aggregating this information at
the national scale can provide valuable insights into pro-
gress at the regional and global scales (e.g., CBD national
reports and Japan Biodiversity Outlook). This process can
also aid in addressing key challenges for biodiversity con-
servation and optimizing the use of limited resources by
focusing on the most needed and feasible EBVs. Monitor-
ing all potential EBVs is resource-intensive and often
impractical. By prioritizing the most relevant EBVs,
resources can be allocated more efficiently, and monitor-
ing efforts can be harmonized across regions and stake-
holders (Box 4). In this process, additional EBV data
products that are most relevant to evaluate regional and
unique environments should also be discussed. For
instance, as Japan is a nation of many islands, its bioge-
ography is characterized by frequent isolation, leading to
a high number of endemic species, which aligns with the
growing global recognition of the importance of island
biodiversity (Schrader et al., 2024). In addition, secondary
landscapes, such as satoyama, play a crucial role in biodi-
versity at the landscape level and highlight the current
issue of biodiversity underuse (WGCABES, 2021). The
Satoyama index can serve as an indicator of this issue,
but it needs to consider anthropogenic interventions as
key drivers in maintaining biodiversity. EuropaBON
selected EBV data products that align with their regional
priorities, including specific concerns such as invasive
alien species, animal diseases, pests, and pollution indica-
tors (Box 1). Similarly, Japan can select certain EBV data
products for conservation and monitoring that reflect its
unique national priorities and values, including specific
biodiversity disturbance drivers such as typhoons and
geological events, as well as secondary landscapes like
satoyama, which hold both cultural and ecological signif-
icance. Furthermore, Japan's relatively high proportion
of urban areas compared with its total land area empha-
sizes the significance of urban biodiversity and the qual-
ity of urban habitats.

On the other hand, data gaps or poor connections
between EBV data products and indicators hinder the
effective utilization of these products. To fill the data
gaps, launching entirely new monitoring activities for
EBVs might not be feasible. Thus, as a first measure,
efforts should focus on improving data integration and
accessibility, as well as opening “hidden” data across
both the public and private sectors. Integrating diverse
datasets such as citizen science, existing biodiversity
databases, and RS datasets (see Box 2 for RS-based phe-
nology) and making these data more accessible are key
to facilitating biodiversity monitoring for EBV data
products. For example, although Japan is a data-rich
country, it faces several challenges regarding data

accessibility. For global data users, the foremost chal-
lenge is the language barrier, as many of the datasets
are only available in Japanese on websites and forms.
Metadata are also often not translated into English, and
international standards such as the Darwin Core
(Wieczorek et al., 2012) and Humboldt Core (Guralnick
et al., 2018) are only beginning to appear for deposited
data. Thus, in contrast with the European landscape,
where data are generally easily accessible in multiple
languages and follow common formats, data in Japan
are obstructed by language issues and inconsistent
metadata. However, efforts are underway to make
Japanese data more accessible, such as integrating
Japanese vegetation maps with global ecosystem typolo-
gies (Keith et al., 2022; Végh et al., 2024) and accumu-
lating standardized biodiversity data through the Japan
Initiative for Biodiversity Information (JBIF). Currently,
JBIF is working to disseminate biodiversity information
globally and promote its use within Japan by adopting
the Darwin Core and opening data through GBIF. Such
global databases can serve as hubs for integrating the
existing data reported in Table 1, facilitating broader
access and usage. Furthermore, as Güntsch et al. (2024)
discussed, National Biodiversity Data Infrastructures are
essential in serving as key providers, facilitators, media-
tors, and platforms for the effective management,
including quality control, integration, and analysis of
biodiversity data at the national level (see Section 2.2:
Luontotieto in Finland).

In addition, more cost-effective methods should be
used to collect and generate primary data for EBV data
products. In addition to RS-based monitoring (Box 2) and
modeling approaches (Box 3), recent advancements in
environmental DNA (eDNA), camera traps, and sound-
scape recordings provide cost-effective alternatives to
conventional field observations and facilitate the collec-
tion of standardized biodiversity data. Integrating these
advanced methodologies with long-term monitoring
schemes can enhance biodiversity monitoring and
address the existing gaps of EBVs while contributing to
targets 20 and 21 of the KMGBF. Moreover, these
approaches can encourage strategic investment in capac-
ity building, development of regional biodiversity obser-
vation technologies, and improvement in data collection
and management services. While technical challenges
exist for these technologies, such as temporal mismatches
in available RS data across regions, there are also oppor-
tunities, such as sharing open algorithms for calculating
RS-based EBV data products through GEO BON's BON
in a Box tool (Griffith et al., 2024), for example. Lastly,
harmonizing data across various scales and platforms
remains a crucial task.
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4.2 | Cross-country collaboration can
further national EBVs and regional
comparisons

The insights presented in this study demonstrate that
countries on different sides of the globe with similar eco-
system types likely have related EBV workflows and thus
can learn much from each other if joint research initia-
tives are established. For example, Japan and Finland are
heavily forested countries with close to 70% forest cover,
and both would benefit from developing multiscale moni-
toring methods for the early detection of forest ecosystem
changes employing RS and long-term observation data.
By calculating EBVs related to forest ecosystem structure,
phenology, and species composition, joint studies
between countries could explore how biodiversity
responds to climate, forest management, and conserva-
tion practices between global regions. Another opportu-
nity is to take advantage of the extensive long-term
phenological data that both Japan and Finland possess to
detect changes in forest phenology for EBV production
and comparative studies. For example, satellite data with
validation via time-lapse cameras can be used to examine
the impacts of climate change on leaf flush and fall across
latitudinal gradients, with a focus on high-latitude, boreal
forests where warming is faster than the global mean
(Rantanen et al., 2022). By leveraging the strengths of dif-
ferent nations, such as data availability and advanced
monitoring capabilities, and by aligning their research
under the EBV framework, countries with environmental
similarities like Japan and Finland can work toward
more effective, globally integrated biodiversity monitor-
ing and conservation efforts.

This study also highlights the importance of region-
ally specific EBV data products. In Japan, for instance,
we had abundant data on the phenology of cherry blos-
som trees and disturbance drivers such as deer herbivory,
typhoons, and earthquakes that are specific to Japan's
unique geography, culture, and environmental concerns.
Some of these records are preserved in historical archives,
thereby providing valuable opportunities for long-term
trend analysis. Similarly, region-specific EBVs can be
found in other countries or regions. For example, the
EuropaBON's EBV list includes the distributions of inva-
sive alien terrestrial species of European concern, reflect-
ing region-specific priorities. These examples illustrate
how the process of developing EBV lists can uncover
regional challenges and reveal shared concerns that serve
as a basis for collaboration. By aligning such regionally
grounded strengths within the EBV framework, countries
such as Japan and Finland can contribute to more effec-
tive and globally coordinated biodiversity monitoring and
conservation efforts.

4.3 | Need for science-policy dialogue

To create a priority list for EBV data products,
dialogue with policymakers is crucial to ensure that data
collection efforts effectively address policy needs and
align with policy priorities. National and regional plat-
forms such as the Japan Biodiversity Observation Net-
work and the Asia-Pacific Biodiversity Observation
Network play a critical role in connecting scientific
knowledge with policy needs to convene a robust
science-policy dialogue (Takeuchi et al., 2021). These
platforms bring researchers, policymakers, and social
stakeholders, including NGOs and the private sector,
together to assess and track the progress of national and
global biodiversity goals. Local and regional scientific
outcomes and discussions should also be incorporated
into global initiatives such as the CBD to facilitate global
coordination of biodiversity trends.

Importantly, this study highlights the critical role of
governmental institutions as key data providers. For
example, the Monitoring Sites 1000 Project (https://www.
biodic.go.jp/moni1000/ [in Japanese]) serves as a
national model for large-scale biodiversity monitoring.
However, Japan faces continuous population decline,
which makes maintaining and ensuring sustainable mon-
itoring activities a critical issue. Science plays a key role
in guiding the efficient implementation of these activities.
For example, integrating advanced technologies, such as
RS, with current field-based monitoring approaches can
enable more sustainable biodiversity monitoring that
requires little human effort. Moreover, scientific reviews
and assessments by policymakers are essential to evaluate
how EBVs can contribute to addressing policy needs for
environmental monitoring. This includes the 30 by 30 initia-
tive and other targets aimed at tracking the progress of
national strategies, including initiatives such as the next
national biodiversity assessment (JBO4, retrieved on March
30, 2025, https://www.env.go.jp/nature/biodiversity/jbo.
html [in Japanese]).

Thus, strengthening the roles of governmental institu-
tions, including biodiversity data collection, can be
achieved through robust science-policy dialogue, thereby
ensuring that scientific advancements and policy imple-
mentation support each other. This would facilitate the
collection of effective EBV data products by improving
data integration and accessibility, and also by making
hidden data more open, as discussed in Section 4.1. In
addition, the role of venture companies in biodiversity
monitoring and supporting biodiversity impact assess-
ments has gained attention. This involvement can further
contribute to promoting a culture of biodiversity appreci-
ation across the private sector and advancing the goal of
a nature-positive society.
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5 | CONCLUSION

The results of our comparative analysis of data availabil-
ity and needs for EBVs highlight the necessity for dual

BOX 4 Schema for establishing a regional
EBV priority list

As explained in Box 1, selecting and prioritiz-
ing EBVs is a crucial step for implementing
effective monitoring that aligns with local
needs, conservation targets, and regional prior-
ities. Schemas for prioritizing EBVs have been
developed in previous studies. For example,
Skidmore et al. (2021) reported a prioritized list
of RS-based EBVs. They found that the classes
Ecosystem structure and Ecosystem function,
which capture habitat structure and biological
effects of disturbance, were the most relevant
and feasible for RS and were thus given higher
priority than other EBV classes for RS-based
approaches. This study underscores the poten-
tial of integrating RS into EBV monitoring
frameworks to improve biodiversity reporting
at global and local scales. More recently, Euro-
paBON developed a codesign scheme for EBVs
conducted through workshops with stake-
holders (Lumbierres & Kissling, 2023). This has
resulted in two main outcomes: first, knowl-
edge of EBVs has become far more widespread
in Europe than in other parts of the world, and
second, prioritized EBV data products are
aligned with their regional needs of Europa-
BON and thus reflect the European landscape
and challenges. The EBV workflow was defined
based on data gaps, needs, and novel monitor-
ing technologies identified through a survey of
experts. This process also facilitated the harmo-
nization of EBV monitoring and enhanced
internal collaboration across the EU. Below, we
have summarized a multicriteria evaluation
scheme for establishing a priority list for EBVs
within regional groups.

1. Selection of EBVs: The first step is to start
with a broad list of EBVs to be converted from
data based on field observation, RS observa-
tion, and/or modeling. This long list serves as
the basis for further evaluation.

2. Scoring based on key criteria: The criteria
for scoring can be flexible, balancing socie-
tal needs with practical feasibility. Example
criteria include (Skidmore et al., 2021):
a. Relevancy: Assesses how well each vari-

able supports policy reporting and man-
agement needs.

b. Feasibility: Determines whether scientific
methods and technologies are available to
monitor the variable.

c. Suitability: Evaluates how well the variable
fits within current research frameworks
and data workflows.

3. Expert discussions: Collaboration with
experts, including those from scientific policy
and monitoring, is essential to gather insights
into the definition, feasibility, and policy rele-
vance of each attribute.

4. Scoring, ranking, and review: Once informa-
tion is collected, each variable is scored based
on the criteria. The total score for each attri-
bute is calculated by summing these scores,
and this total score is used to rank the vari-
ables in terms of priority. Through internal
and, if necessary, external review, the list is
finalized for implementation, including how
resources should be allocated and which poli-
cies should be engaged to maximize impact.

5. Management of the list: The priority list is
published online, and a final public review is
conducted if necessary. The list may be peri-
odically updated to reflect societal needs and
advancements in monitoring technologies
(i.e., adaptive monitoring).

Establishing an EBV priority list ensures that
the most important and actionable EBVs are
monitored, significantly contributing to both sci-
entific understanding and policy implementation
within the regional context. By following a clear
and systematic prioritization process, Japan and
Finland can optimize their biodiversity monitor-
ing efforts, ensuring that the most critical biodi-
versity variables are addressed efficiently and
effectively. As the relative importance of EBVs
varies among stakeholders, it is crucial to involve
policymakers, conservation managers, local com-
munities, and other stakeholders in the process.
As the next step, the group will discuss how to
implement biodiversity monitoring for the priori-
tized EBVs, allocate resources effectively, and use
cutting-edge biodiversity monitoring technologies
to support the implementation process.
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consideration of the benefits of global standardization
and the reality of practical implementation at different
geopolitical scales. Our comparison of biodiversity data
among global, regional, and national scales revealed com-
monalities and differences, which led us to create a prior-
ity list of EBV data products for Japan. This process will
help address challenges related to the effective collection
and integration of datasets, facilitating global compari-
sons of biodiversity trends and achievement of targets
through initiatives such as GBiOS (Gonzalez et al., 2023).
The EBV framework serves as a critical foundation for
informing policy, guiding conservation planning, and fos-
tering regional to global collaboration. EBVs not only
play a pivotal role in tracking progress toward global and
national biodiversity targets but also help identify region-
specific environmental characteristics and challenges.

In conclusion, we found that Japan has moderate-
to-high data availability across several EBV classes and
that these EBVs can support biodiversity indicators, such
as those for the 30 by 30 target, although key gaps in the
data were revealed, which must be addressed for effective
implementation. The EBV framework provides a power-
ful tool for planning effective biodiversity data collection
at the national scale, fostering international collabora-
tion, and facilitating global comparisons. By addressing
the challenges of biodiversity conservation, the frame-
work enables significant national progress and meaning-
ful global contributions, helping to ensure more
coordinated and impactful efforts toward the CBD's 2050
vision for biodiversity: “lives in harmony with nature.”
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